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Preface 

This wheat special report provides an introduction to the CIMMYT Wheat Program's 
Crop Protection Subprogram. It is designed to help acquaint donors, visiting scientists, 
and other interested persons with the Subprogram's structure, activities, objectives 
involving the major wheat diseases, and philosophies. 

Specific CP projects and their respective investigators are listed in Appendix 1 on page 
102. The updated detai Is on these projects can be found in the 1993 version of the Wheat 
Program's annual project documentation. Appendix 2 contains a listing of publications by 
CP staff. 

E.E. Saari 
Leader, Crop Protection Subprogram 
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Overview of the Wheat Crop Protection Subprogram 

E.E. Saari, Leader 

Introduction 

In 1989, the CIMMYT External Program Review Panel (EPRP) recommended the 
creation of a Crop Production Research Group and a Crop Protection Research Group 
across the Institute. Another recommendation suggested that the Maize and Wheat 
Programs organize functional subprograms within the their respective programs. 
CIMMYT decided that crop protection activities should remain within the Crop 
Programs, but be reorganized along with other major program activities through the 
formation of subprograms. The Maize Program established subprograms based on major 
activities in 1989. The Wheat Program structured its activities into four subprograms as 
follows: 1) Germplasm Improvement (GI), 2) Genetic Resources (GR), 3) Crop 
Management and Physiology (CMP) and 4) Crop Protection (CP). The CP Subprogram 
formally began operations in September 1990. 

Other broad recommendations of the EPRP that had a bearing on our wheat crop 
protection activities included: 

• Increase research in integrated crop protection, 
• Give emphasis to research in seed health, 
• Give leadership for research and training in sustainability for maize and wheat 
production in the developing world, 
• Develop research capabilities in biotechnology as quickly as possible, 
• Develop strategic research in the understanding of resistance to biotic and 
abiotic stresses, 
• Conduct strategic research in crop protection, 
• Move upstream in research, training, and networking of relationships with 
National Agricultural Research Systems (NARSs), 
• Provide leadership for collaborative research objectives with NARSs, 
• Consult with NARSs for their specific training needs and develop ways to 
address these needs. 

Specific suggestions made by EPRP for CP research were that CIMMYT should: 

• Take a leadership role on research with chemical seed treatments, 
• Give attention to endophyte research, 
• Do research in crop husbandry as a means of controlling of diseases and pests, 
• Increase disease surveillance and monitoring research, 
• Be a catalyst for modelling and forecast research, 
• Promote crop lo~s studies and determine economic thresholds. 

The Interim External Review (IER) of CIMMYT was completed in March 1993. In the 
Review's Report, one of the major concerns expressed was the amount of time that the 
Wheat Program devotes to "...protecting the gains in yield potential from its erosion by 
newly arisen susceptibility to pathogens." They referred to an earlier reference that the 
proportion of time allotted by the Wheat Program to maintaining and expanding its 
breeding for disease resistance was placed in the neighborhood of 60%, which contrasts 
with the Maize Program" ...commits about 30% of its research resources to enhancing 
(rather than maintaining) disease resistance." Both the 1988 and 1993 external reviews 
expressed concern with the time spent on resistance breeding and the heavy burden this 
placed on the Wheat Program in terms of commitment and finances. The 1989 EPR 



further recommended that greater emphasis be placed on ".. .increased strategic research 
on germplasm improvement to allow a better understanding of the physiological basis for 
increases in yield potential and so improve the knowledge needed for a reduction of the 
present efforts into maintenance breeding". 

The Wheat Program's emphasis on "durable" resistance was applauded by the 1993 panel. 
However, in cases where resistance(s) was not readily available, a different arrangement 
for the research on resistance was suggested. The recommendation was to contract to 
developing countries the task of breeding for resistance to certain pathogens. The 1993 
IER recognized the importance of broadening genetic diversity through wide crosses. 
Such crosses were seen as sources for increasing yield potential and obtaining genetic 
protection for diseases such as Kamal bunt from highly resistant wheat relatives. 

It was acknowledged that staff positions within the CIMMYT Wheat Program have been 
reduced as funding from the CGIAR declined. The core-funded positions in the Wheat 
Program in 1993 was 26 and the planned reduction in core-funded positions in 1994 will 
be 22. 

The Crop Protection Subprogram 

The CP Subprogram has defined its mission as follows: 

"Assist the stabilization of wheat production in the developing countries by 
supporting the Gerrnplasm Improvement Subprogram in the development of 
gerrnplasm resistant to diseases and pests, by developing integrated crop 
protection technologies through research, and training of developing world 
scientists." 

The current activities of the CP Subprogram are divided into four basic areas. 

• Gerrnplasm: Evaluation of resistance and genetics of resistance (45-75%). 

• Disease and pest management (Integrated Crop Protection) (15-25%). 

• Training (5-15%). 

• Service (consulting, reviews, surveys, collaborative projects, networking, etc. 
(5-15%). 

The amount of time devoted to each area depends on the disease or pest concerned, the 
interest and specialty of the individual scientist, and the personal working relationships of 
individuals. The percentage figures represent estimates of the range of time different staff 
members devote to the four basic activities. 

The wheat and triticale diseases that are considered to be of major importance by the 
Gerrnplasm Improvement Subprogram have been empirically assessed (Rajaram and van 
Ginkel 1993, Rajaram et al. 1993). Based on these assessments and previous experiences, 
research activities are prioritized by the CIMMYT Wheat Program. The CIMMYT CP 
Subprogram groups the important diseases of wheat and triticale by those considered to 
be of worldwide and regional importance. 

The rusts 
The three rust diseases (leaf, stem, and stripe) are considered to be the most important 
diseases globally and are being actively researched by the CIMMYT CP Subprogram. 
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Primary emphasis is given to leaf rust, while stripe rust is considered next at this time. 
Stem rust is a disease that has been actively controlled by genetic resistances in bread 
wheat. However, there is a need to broaden the resistance basis of durum wheat and 
triticale. The CP Subprogram devotes a substantial portion of its energies and funds to 
work on the rusts. Currently, one senior staff, Dr. Ravi P. Singh, heads up the research on 
rust genetics. He is assisted by one post doctoral associate, Dr. Hong Ma, and a 
collaborative INIFAP scientist, Dr. Julio Huerta-Espino. 

Because the rust diseases are still considered the most important diseases, the Wheat 
Program expends considerable effort in other areas of rust research. There is a 
commitment to surveillance and assessment of diseases with the emphasis on rust 
diseases. Rust samples are collected each year and sent to either the Netherlands or the 
USA for race analysis. Surveys in Pakistan and Turkey are being conducted for rusts and 
other diseases. A regional rust monitoring nursery has been initiated in the Indo-Pak 
Subcontinent through the CIMMYT Regional Program based in Kathmandu, Nepal. 
Training of visiting scientists in resistance analysis and gene postulation work is carried 
out at CIMMYT as opportunities arise. Graduate students conducting rust research at the 
University of Minnesota and Colegio de Postgraduados, Chapingo, Mexico, have been 
supported by scholarship funds from CIMMYT. Training aids for rust research and 
teaching have been developed. These efforts involve contributions of time from many of 
the CP staff, and specifically from Dr. H. Jesse Dubin, CIMMYT's pathologistlbreeder 
stationed in Kathmandu and Dr. Eugene E. Saari, Leader of the CP Subprogram at EI 
Batan, Mexico. 

There is Special Project on the Durable forms of resistance in bread wheat to yellow 
(stripe) rust and durum wheat to stem rust. The objective of this project is to identify and 
make available durable resistance and training of young scientists, especially in Kenya 
and Ecuador. The project is funded by the Government of the Netherlands and supervised 
by Dr. Leon H.M. Broers. 

Septoria diseases 
The septoria diseases of wheat, in particular, Septoria tritiei, have been important in 
regions with high rainfall. Early CIMMYT semidwarf wheats were susceptible to S. 
tritici disease and serious losses were encountered in some areas. A major breeding effort 
to incorporate resistance was initiated in the 1970s. Good progress has been made, but 
this disease continues to be major consideration. The glume blotch disease caused by S. 
nodorum is of growing importance in some regions of the developing world. Dr. Lucy 
Gilchrist is in charge of research on the septoria diseases. She also over sees the 
management of the laboratory activities and handles the CP training component of the In
Service Wheat Improvement Training Course. 

Other nonspecific foliar diseases 
These diseases, excluding the rusts and septorias, fall under a new special project funded 
by the Belgian Government. Dr. Etienne Duveiller is in charge of the research. Some of 
the disease problems caused by this group of pathogens are second-generation, arising 
from changes in the cropping systems. There will be a concentrated effort on the spot 
blotch caused by the fungus Bipolaris sorokiniana (syn. Helminthospoium sativum) 
because of its growing importance in warmer, humid climates. This special project 
started in 1993 with a five-year funding commitment. Previously, Dr. Duveiller 
conducted research on bacterial diseases of wheat at CIMMYT, Mexico. 

Bunts and smuts 
The diseases caused by the bunt and smut fungi are a persistent problem in many areas of 
the world. The lack of attention in the incorporation of resistance and the inadequate or 
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poor use of chemical seed dressings have allowed these diseases to return to prominence 
in endemic areas. The diseases known as common bunt and loose smut are on the 
increase. In addition, the flair-up of Kamal bunt (KB) and the cultivation of highly KB
susceptible cultivars have brought excessive attention to this problem. It now represents a 
major difficulty for CIMMYT in the area of seed exchange and plant quarantine 
regulations. The KB research emphasis at CIMMYT is important because it affects 
CIMMYT's operations in northwestern Mexico, requires strong seed health measures to 
satisfy plant quarantine requirements, and affects the international distribution of 
CIMMYT nurseries. Dr. G. Fuentes-Davila conducts KB research in northwestern 
Mexico and has a small research program with loose smut. Initial efforts to establish 
collaborative work on common bunt is also bei ng sought. Dr. Fuentes was has been 
working on KB since 1988 and became an international core staff member in 1992. 

Barley yellow dwarf and aphids 
The significance of barley yellow dwarf (BYD) as an important disease of small grain 
cereals is slowly being acknowledged. The disease becomes a problem wherever aphids, 
which are a vector of the virus, have a population increase. The problems of aphids and 
BYD have a strong association with improved production technologies and cropping 
systems. Other virus diseases of wheat are being increasingly recognized in developing 
countries as more diagnostic research is conducted. However, these other virus or virus
like diseases appear to be of only local importance at this time. The cereal virus work 
with emphasis on BYD and aphids is guided by Dr. Lukas Bertschinger, who joined 
CIMMYT in 1992, filling the position vacated by the departure of Dr. Peter Burnett. The 
BYD project has been supported by Italian funding, but this funding has been scaled 
back, so some support activities have been reduced or eliminated over the past two years. 

Italian funds have supported a sequence of Italian scientists working at CIMMYT. The 
most recent one was Mr. Roberto Ranieri, who departed in December 1991 for graduate 
studies at Purdue University. Preceding him was Dr. Monica Mezzalama, who returned to 
Italy in 1990. Both contributed to the BYD research effort and published recent journal 
articles on BYD. Another position supported by the Italian funds was the work on 
Russian wheat aphid (RWA) by Dr. Jonathan Robinson. His research resulted in a Ph.D. 
degree from Helsinki University in 1992. A number of journal articles have been 
published from his work and others are still in press. CIMMYT Research Report No.3, 
which pulls together his body of work on RWA, is in press (Robinson 1994). These 
positions have not been replaced with the reduction of Italian funding. 

Fusarium head blight 
Fusarium head blight or scab of wheat is a disease that is important wherever moist 
conditions prevail from heading to maturity of the wheat crop. Serious outbreaks of the 
disease cause significant losses in yield, but the association of mycotoxins is factor of 
growing concern. The GI Subprogram has a shuttle breeding program in operation with 
China. The importance of scab in South America also provides valuable information and 
germplasm. The CP Subprogram currently has no active research program on scab. 
Routine screening for resistance is done by the GI Subprogram staff with the CP 
Subprogram laboratories providing the inoculum. There was a position at CIMMYT in 
the early 1980s devoted to fusarium head blight research. This position was filled by Dr. 
Girma Bekele, who was transferred in 1986 to an outreach position in the South 
American Regional Program based in Paraguay. Scab research was transferred at the 
same time, leaving no active program in Mexico. This position was eventually eliminated 
with funding reductions at end of October 1991. Fusarium research is sufficiently 
important that special project funding should be actively pursued. 
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Soilborne diseases 
Soilborne diseases were erratically dealt with by CIMMYT until the late 1980s. With the 
recommendation of the 1989 EPRP, an associate staff position in soil pathology was 
filled by Dr. Dennis Lawn. His initial work on soilborne diseases was rewarding, and a 
number of fungal pathogens were identified. It was possible to show that they were 
affecting yield. The presence of nematodes as pathogens affecting yield in Mexico was 
established. Nematodes have been also been recorded as soilborne pests in Turkey and 
Syria (Rathjen 1992). Unfortunately, the staff position on soilborne pathogens could not 
be funded from the shrinking core budget and the position was tenninated at the end of 
1991. The area of soilborne pathology is a promising area for research and deserves to be 
funded as a special project. 

Powdery mildew 
Powdery mildew has been a disease of economic importance in humid areas with high
input agriculture. Consequently, this disease ha.:, Jeen more of a problem in well 
managed systems and most notably a major disease in Europe. It is increasing in 
importance in the developing world as improvements in production result. Currently, it is 
regarded as a major disease in South America and China. The CIMMYT Wheat Program 
has done relatively little research on powdery mildew and there is currently no activity in 
the CP Subprogram. Depending on future staffing, some efforts on powdery mildew may 
be justified. 

Abiotic stresses 
Abiotic stresses are more often addressed by agronomists, but they are frequently 
encountered by CP Subprogram because of CP diagnostics. Such was the case of minor 
element deficiencies and toxicities in Turkey over the past few years. This will be an area 
of increasing importance as diagnostics improve and elemental reserves are depleted. It is 
a fruitful area for interdisciplinary research between CMP and CP. 

Insects 
The problems caused by insects are varied and often erratic in occurrence. Many of the 
insects that attack wheat are polyphages, which further complicates their management. 
Most of the recognized insect problems in wheat are localized and more prominent in 
Asia, Africa and Europe. Breeding for resistance is often difficult and not suited to all 
insect pests. 

The breeding for aphid resistance is possible and it addresses two problems, aphid 
damage and BYD virus transmission. Hessian fly, fcit fly, and saw fly are specific enough 
to permit resistance breeding. The vast majority of other insects would require the use of 
ICP or IPM techniques for their management. CIMMYT could make a valuable 
contribution in the area of breeding for insect resistance, especially in cooperation with 
the International Center for Agricultural Research in the Dry Areas (ICARDA). 
However, it would require a full time staff member (on special project funding) to give 
direction to the research. 

Other problems 
Other CP problems, such as damage caused by rats, birds, snails, etc., are generally 
localized but they can be devastating. Addressing these problems requires local 
information and expertise. 

Pathology In outreach 
The lone CP Subprogram staff position in outreach is stationed in Nepal. Previously, CP 
staff were also located in South America, West Asia, and East Africa. There have been 
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seven CP staff positions effected by reductions since 1989, and three of these positions 
have involved Outreach staff. 

Seed health 
The Seed Health Unit (SHU) was established as a separate unit under the office of the 
Director General in 1988. The SHU, which handles seed health and plant quarantine 
issues for both the Maize and Wheat Programs, is headed by Dr. Larry Butler, who works 
closely with the CP Subprogram. Because of the KB issues facing wheat, there are 
numerous interactive opportunities between the SHU and the CP Subprogram. 

Germplasm Development and Genetics of Resistance 

Germplasm development 
Work on gennplasm is at the core of the CP Subprogram's activities. Since gennplasm 
development is one of the products of CIMMYT and central to the Wheat Program, this 
provides direction to CP activities, which results in a synergistic advantage for the CP 
program. The "gray" area between breedi ng and the genetics of resistance is a subject that 
needs attention. Participation in this area of research has an advantage in the 
enhancement of host plant resistance. Consequently, the CP Subprogram interacts at 
several levels with the different breeding sections (bread wheat, durum wheat, triticale) 
of the GI Subprogram. The intensity of the interaction varies depending, to some extent, 
on the need and interest of the staff members involved. 

Basic subjects involve the identification of sources of resistance, development of 
protocols for screening germplasm for resistance, evaluation of breeders germplasm, pre
breeding, and genetic analysis of resistance. The search for sources of resistance begins 
within the breeding programs of the species concerned. If adequate variability is found, 
the emphasis is shifted to screening protocols. Once the protocols have been researched 
and customized to an effective and routine process, it is incorporated into the GI 
subprogram's regular procedure for gennplasm development. The CP subprogram 
remains responsible for the supervision and quality of the technical inputs but the 
application is carried out by the GI subprogram staff. 

The area of protocol development is an important research area for the CP subprogram. 
Screening techniques have to be reliable and efficient. The value of researching 
methodologies that improve output with less effort is one of the most effective research 
aspects of the CP subprogram. 

The continuous evaluation of breeders' gennplasm for resistance to various diseases and 
pests is a necessary ongoing activity. In order to accomplish this in the most efficient 
manner, the GI and CP subprograms have been reviewing operations and defining 
minimum routine requirements. In some cases because of either new or special interests, 
close involvement between CP and GI staff develops. This level of interaction is left to 
the individuals concerned since this represents professional interests and personalities. 

If resistance to a specific problem cannot be located within the breeding program, the 
interactive section becomes the wheat germplasm bank. This resource is explored in 
appropriate order for the crop concerned until either satisfactory sources have been 
identified or the bank accessions have been exhausted. If the variability is sufficient 
within the species, direct breeding and screening procedures can be initiated within the 
GI subprogram. However, sometimes a source of resistance resides in wild types or 
related species, which cannot be used directly in GI enhancement activities. In these 
situations, pre-breeding efforts to isolate or combine sources may be required. Such 
efforts often involve the development of genetic stocks, which can eventually be used by 
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the GI programs. Such pre-breeding activities lend themselves to joint genetic analysis, 
the understanding of the genes involved, and a measure of diversity. Such studies may 
occur jointly with either GR or GI, or a combination of these two groups, depending upon 
individual interests and commitments. 

In some cases, adequate sources of resistance cannot be located within the Bank 
accessions and it may be necessary to explore the resistance that may exist in alien or 
wheat progenitor species. Under these circumstances, the cooperation and strategic 
planning of the GR's wide crosses section is required. The species and targeted objective 
for resistance need to be planned and a project outlined. This invariably is a long and 
difficult route and is long-tenn in delivery of results. However, it is a proven route and, 
hopefully, new developments in applied molecular genetics will increase the delivery of 
such sources. 

The CIMMYT Wheat Program has a long history of breeding for disease resistance. Its 
success in wheat germplasm development and the acceptance of its germplasm around 
the world is testimony to this success. This represents CIMMYTs ability to breed high 
yielding germplasm that is widely adapted and possess the required levels of resistance to 
diseases. It would be in the best interests of CIMMYT its partners--the national 
agricultural research systems (NARSs)--to expand this to include other abiotic and biotic 
constraints. 

The CP Subprogram is well positioned to work in the area of host plant resistance and to 
provide support to breeding for resistance. This advantage is unique because of 
CIMMYT's global network that allows for multi location screening. However, germplasm 
improvement and crop protection are two well defined disciplines, and breeding for 
resistance straddles both. If the work in this area can be sustained and properly 
integrated, CIMMYT can continue to provide world leadership to this important area. 

Genetic stud ies 
CIMMYT is committed to minimizing the losses caused by diseases and pests through 
the incorporation of resistance. This commitment is the most feasible and economic for 
the agricultural community. For poor, small-scale fanners of the developing world, it is 
often the only protection available. Resistant cultivars are often the only hope small 
farmers have for averting incomprehensible losses that occur from factors they cannot 
manage. Under these circumstances, stability of resistance becomes paramount. Two 
basic concepts, which are the driving forces behind breeding for resistance at CIMMYT, 
have many labels but are best conveyed by the terms durability and diversity. These 
concepts influence CIMMYTs philosophy and approaches to breeding for resistance and 
also contribute to the issue of sustainability. 

The concept of durability can be defined as the relative longevity of a source of 
resistance. Other principles or mechanisms have been proposed but, by and large, they 
can or do fit under the concept of durability. Some of the favored terms include 
horizontal resistance; nonspecific, general resistance; and field resistance. Other terms 
implying durability but more descriptive are partial resistance, slow rusting, and some 
may include tolerance. 

It has long been acknowledged that when a single gene for resistance is overcome by a 
pathogen or pest, severe losses can occur. Diversity provides alternatives should a source 
be overcome. Different sources also provide for the development of new and different 
combinations of resistances. Certain gene combinations are known to have durability 
against pathogen populations. This knowledge can be a useful in efforts to provide stable 
resistance. Most resistance mechanisms that are considered long lasting are often 
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polygenic in nature. The generation and use of knowledge concerning diversity is one of 
CIMMYT's special advantages and should be exploited to the maximum. 

There is a great deal of interest in the biotechnology developments and the potential 
contributions to be made in germplasm improvement. Many of the projected benefits 
involve the transfer and incorporation of resistance factors. At CIMMYT the Applied 
Molecular Genetics Program is attempting to address such issues. The CP program has a 
number of cooperative initiatives currently underway (See project listing in Appendix 1). 

Another area in host parasite genetics, which is not well understood, is the phenomenon 
of association and disassociation of host-parasite genetic systems. This system seems to 
apply more to obligate or gene-for-gene systems than the non-specific pathosystem. This 
is a subject that deserves more analysis. However, to date, this is a research area that has 
not received much attention. 

Pathogen genetics is an another area that might provide opportunities by a developing a 
better understanding of the limits of the pathogen, but is an area in which CIMMYT is 
currently inactive. This type of research is being done primarily in universities and may 
be better suited to that environment. Some collaborative research in pathogen genetics 
may be justified where common interests exists. 

There have been several collaborative projects to study the races of the rust diseases. This 
effort has involved CIMMYT and NARSs scientists sending rust samples for 
identification of stripe rust (YR) to the laboratory at the Institute of Plant Protection, 
Wageningen, The Netherlands, and stem rust (SR) and leaf rust (LR) samples to the 
Cereal Rust Laboratory, USDA, University of Minnesota, St. Paul, Minnesota, USA. 
These isolates have been identified and preserved in liquid nitrogen. The collection 
represents a unique pathogen gene bank that can be used as tools for research on host
parasite genetics. Visiting scientists and students have used the collections to study host 
resistance either through conventional genetic analysis or by gene postulation work. Such 
activities have been useful to the global understanding of virulence distributions and 
determining the effective resistance genes in different regions of the world. These studies 
have also provided a better understanding of the role of pathogen evolution verses 
migration (long distance transport) of the rust fungi. Hopefully, these collaborative 
studies can be continued, but we must acknowledge that they are in danger of being 
discontinued because of a lack of funding. 

Disease and Pest Management 

The activities described in this section are divided into five categories and have a 
discipline orientation. They are, however, still allied to the objective of germplasm 
improvement and congruous with the over all mission of the CIMMYT Wheat Program. 

Surveillance and epidemiology 
One of the current goals of the CP program is to develop the criteria for the quantification 
of diseases and pests. It is the intent of the CP program to take a leadership role in the 
development of disease and pest distribution information and mapping. There will be a 
need to develop tables on the frequency of epidemic occurrence and severity maps for 
different regions. This should eventually lead to the modelling and quantification of the 
losses incurred and an assessment of the damage caused by each disease and pest. From 
these studies, it should be possible to calculate the value or resistance. 

Another long-term concern of breeding for resistance has been the "boom and bust"� 
cycles associated with the evolution of new races of a pathogen. As a result, CIMMYT� 
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has a history of involvement and support for surveillance programs and epidemiological 
studies both internationally and in Mexico. Major emphasis has been given to the 
surveillance of the rust diseases of wheat because of their importance. Other wheat 
pathogens have also been included in surveillance activities depending upon their 
occurrence and relative importance. Some the monitoring activities have receded over 
time while others have continued. 

For many years, because of importance of the rust diseases, a sequence of coordinated 
disease monitoring nurseries were distributed to most wheat growing countries by 
CIMMYT. These nurseries were originally designed to monitor disease presence, 
severities, virulence of the pathogen, and the resistance expression of commercial wheat 
cultivars. Two important functions of the nurseries were to monitor shifts or the evolution 
of new virulences (races) and track the long distance movement of the rust diseases by 
wind. This activity shifted to emphasize other dimensions in the 19805, and eventually 
was discontinued with changes in staff and program emphasis. The CP program is 
seriously considering the idea of re-initiating disease-specific monitoring nurseries, and 
has initiated some germplasm evaluation nurseries with this purpose in mind. There is an 
interest in such nurseries in many cooperating countries, especially, for the more 
specialized monitoring nurseries. Such nurseries can be more meaningful because of the 
increased knowledge base regarding the genetics of resistance that exists today. In 
addition, CIMMYT germplasm is much more widely distributed and used than 
previously. This places the use of selected regional disease monitoring nurseries on a 
more functional and scientific basis than previously. 

One of the more recent efforts in disease monitoring has involved the global surveillance 
for wheat rust races mentioned previously. However, funding for YR came to an end in 
1992 and special funding to continue this activity will have to be obtained. This leaves a 
vacuum for the identification and/or confirmation of YR samples, especially for the 
developing world. Unfortunately, there are no alternative laboratories that combine both 
the facilities required for safe work with this pathogen or the flexibility in the plant 
quarantine law that allows such work to be done. 

The value of race analysis or more properly virulence analysis is to understand which 
genes for resistance are present and effective in a given region. This knowledge can be of 
assistance to CIMMIT in its efforts to target crosses for resistance, determine which 
genes have durability and measure our diversity. National programs that have capacity to 
monitor rust races can assist their own national programs in determining sources of 
resistance and in the screening process. The information generated by national programs 
can also be networked with other labs in order develop a better understanding of the 
dynamics of rust evolution and its implication. CIMMIT should consider developing a 
framework for bringing in this type of data together for analysis. Some cooperation and 
standardization would be required to make such data more meaningful on a global basis. 
Data from such an effort would also provide supporting evidence for epidemiology 
studies. 

Arrangements for the identification of races of bunt and smut fungi were in place, but 
most of this support has now ended. This situation resulted from the elimination of 
research positions committed to such work in the developed countries, especially in the 
USA and Canada. We are hoping to re-establish loose smut race identifications with the 
Agriculture Canada Research Station at Winnipeg, but the determination of bunt races is 
still in question. 

Assistance and/or confirmation of foliar blights, some root pathogens, and bacteria 
organisms are possible with the cooperation of the Unite de Phytopathologie, Universite 
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Catholique, Louvain-la-Neuve, Belgium. Additional assistance is being sought for 
nematode identification. The traditional use of the services of the Commonwealth 
Mycological Institute, now renamed the International Mycological Institute (IMI), is still 
present, but a substantial service fee is now charged. This makes specimen identifications 
for the developing countries difficult. CIMMYT should discuss with IMI the possibilities 
or role it can play in this activity in the future. 

The identification of virus diseases of small grain cereals has always been a difficult task. 
However, the confirmation of barley yellow dwarf virus in plant tissue has been possible 
by use of ELISA at either the Department of Botany and Plant Pathology, Purdue 
University, Lafayette, Indiana, USA, or the Department of Plant Pathology, Rothamsted 
Experimental Station, Harpenden Herts, England. The continued involvement of Purdue 
University in this effort is now an unknown factor with the retirement of the 
collaborating specialist. More recently, permission was obtained by CIMMYT to receive 
BYD suspect samples in Mexico. These samples are dried leaf samples, which are 
processed and then destroyed. Other cereal virus identifications will depend upon willing 
collaborators, quarantine permissions, and availability of suitable antiserums. 

One bit of information to emerge from monitoring nurseries is a better understanding of 
the role of endemic and exodemic rust inoculum. The long distance transport of wheat 
rust spores by wind has been accepted, but the relative importance of introduced 
inoculum verses endemic inoculum in the developing world has only been elucidated in 
the developing world in the past 20 to 30 years (Saari and Prescott 1985, Stubbs 1988). 
There are patterns of regular rust spread and these can be important in cultivar 
considerations. Since some of these patterns ignore international boundaries, a procedure 
to piece together such information is essential in order to pass judgements on the relative 
vulnerability of cultivar recommendations. 

For example, some years ago a stepwise migration of rust from Turkey to India was 
diagnosed (Sharma et al. 1972). A new race of stripe rust that could attack the cross 8156 
(Cvs. Siete Cerros, Mexipak and Kalyansona, etc.) was dedicated in Turkey in 1967. 
Eventually, this race migrated to the Indo-Pak Subcontinent in 1970 using a weather 
pattern referred to as the "Western Disturbance" (Nagarajan and Joshi 1978). Today, we 
have a similar occurrence with a new stripe rust race that has virulence for the Veery #5 
cultivars. It was first detected in northeastern Syria in 1991 and, in 1993, reports of this 
virulence is being received from Iran. If the pattern holds, we can expect this virulence to 
make its appearance in Afghanistan and subsequently into the northern regions of 
Pakistan and India within one or two years. In any case, this knowledge allows us to 
anticipate possible cultivar alternatives for the Subcontinent where Pak 81 (Veery #5) is a 
major cultivar in Pakistan. 

Etiology of new and unrecognized diseases and pests 
There are two major aspects to the changing disease situation in a given locality. In the 
previous section, surveillance and monitoring were considered in the context of 
measuring endemic evolutionary changes or exodemic effect of the natural migration of 
pathogens and pests. In this section, consideration is given to the new and previously 
unrecognized diseases and pests, and the inadvertent introduction of a pathogen or pest to 
a new region of the world. These can represent a problem since they are often problems 
that need a judgement as to their relative importance to CIMMYT and other countries. 

For example, there is a "new" disease in Brazil identified as a "blast" disease of wheat, 
and originally it was thought to have evolved from the rice blast fungus (Cunfer et al. 
1993). However, subsequent studies indicate that this disease is actually a grass blast 
fungus species that can attack wheat (Valent and Chumley 1991). The extent to which 
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wheat is susceptible needs to be detennined. The disease, however, has been reported to 
be seedborne, which must be a concern for CIMMYT. Of course many developing 
countries are interested to know more about this disease. CIMMYT has an advantage and 
obligation to gather information about this disease and infonn its cooperators as to its 
potential dangers. If necessary, arrangements to identify resistant sources could be 
initiated in cooperation with the Brazilian scientists and this information and material 
could be made available to concerned countries. 

The Russian wheat aphid (RWA) and barley stripe rust are two good examples of 
introductions into South America which then spread by natural means to become a major 
problems for all countries of the Americas. These two problems have also affected 
CIMMYT's breeding and crop protection activities. In the case of the 
ICARDNCIMMYT barley program, it was in a position to screen effectively for 
resistance to RWA and barley stripe rust. Resistance was found and it was relatively easy 
to make good progress in the incorporation of resistance to the two problems. 

Resistance to the RWA in the bread wheats and durums was more difficult to find. 
However, sources have now been located and the process of transferring resistance is 
now going forward. (Robinson 1994). Progress in the continuation of the projects 
involving RWAwill be reduced since the associate scientist involved departed and 
budget reductions will not allow for the reinstatement of the position. 

CIMMYT should consider developing a special project for funding of aphid resistance 
breeding. Central Mexico is a favorable environment to conduct quality work on the 
RWA and six other aphid species indigenous to this area. There are four strains of BYDV 
identified so broad scale testing of BYD resistance can be extensive. A professional staff 
position in aphid resistance breeding would provide a thrust to the aphid-BYD virus 
resistance work, give direction for insect resistance breeding strategies and be a link 
person for work at ICARDA. Such a position would also provide the back-up for ICP 
problems being presented to the Wheat Program, make assessment of our gene bank 
possible, and exploit wide crosses for insect resistance. 

Soil pathogens have not received as much attention as they deserve. However, the 
common root-invading fungi identified as present in CIMMYT fields at EI Batan are 
Fusariwn spp., Helminthosporiwn spp., and Gaewnannomyces graminis var. tritici. 
Previous soil and plant analyses have also indicated that Pythiwn spp. are widely present 
and could be a problem in early damping off--a situation that is frequently overlooked 
(Singleton 1985, unpublished data). Similar observations were recorded in the Yaqui 
Valley of Northwest Mexico in March 1993. Initial analysis suggests that both Pythiwn 
spp. and Rhizoctonia spp. may be involved in the early damping off of wheat plants in the 
valley (Singleton 1993, unpublished). 

The nematode, Pratylenchus thornei, has been implicated as a serious wheat pathogen in 
some parts of the world.· Most of the recent critical work has been done in Australia but 
P. thornei is common in Mexico and found in extremely high populations in Baja� 
California (Geraldo-Martinez et al. 1991).� 

The cereal cyst nematode (Heterodera avenea) has been recognized as a problem in a 
number of locations in the world, but so far it is not a known problem in Mexico. 
However, this nematode's relative importance has increased in recent years partly due to 
recognizing its presence and the severity of losses it can cause. In Australia, it has long 
been a known pathogen but more recently it has been recorded as a potentially serious 
pathogen in the Middle East, notably in Syria and Turkey (Rathjen 1992). Management 
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of soilborne pathogens will need professional direction either by a staff person or through 
the use of collaborative arrangements. 

Seed health and plant quarantine issues are important subjects for CIMMYT and is vital 
to CIMMYT's ongoing delivery of germplasm to its clients. This subject will continue to 
increase in importance and will demand ever more attention. There are countries adding 
new quarantine operations where none existed before, while others are elevating the 
relative requirements of existing quarantines. These facts demand that CIMMYT 
increases its seed health activities in order to safe guard CIMMYT's product line of 
gerrnplasm exchange. 

In the area of pre-harvest seed etiology, the CP subprogram has a major role to play. 
There is also need to be concerned with the post-harvest activities, especially, with the 
application of chemical seed treatments. Many of these concerns are spearheaded and 
related to KB. In order to satisfy quarantine issues, a holistic approach to seed 
multiplication and technology will be required. There are a number of KB research 
projects underway (See list in Appendix 1, page 104) and additional projects in 
cooperation with the Seed Health Unit and International Nurseries Section of the GI 
Subprogram will most likely be developed as components of the holistic approach to seed 
health emerge. 

Disease control--management, chemical, and biological 
There are many issues that are embraced by Integrated Crop Protection (ICP). It is more 
commonly referred to as Integrated Pest Management (IPM) due to its original 
entomological roots. The concepts underlying ICP have increased in popularity because 
of environmental concerns stemming from the excessive use of chemicals and the 
increasing pollution problems. ICP is part, or a component, of the larger question known 
as "Sustainability", which is also sometimes referred to as "Alternative Agriculture". 

The use ICP (or IPM) was originally promoted, to a large extent, by the discipline of 
entomology, which was strongly dependent upon the use of insecticides as a primary 
means of controlling insects. ICP issues were further advanced with the heavy use of 
herbicides and fungicides in some crops. Added to these concerns is the expanding use of 
higher fertilization rates, which contribute in a large way to the pollution equation. 

The consequence from the growing concern over pollution has revived an interest in 
agronomic management procedures, use of genetic control systems and biological control 
agents for reducing pollution, while at the same time sustaining agriculture. The subjects 
of agronomy and genetic systems are not new to the CIMMYT Wheat Program, but 
certainly greater emphasis and better integration of the these issues into 
ICP/Sustainability are worth additional effort. 

Crop rotations and crop debris management are important elements in the "sustainable" 
world. Wheat straw management has numerous implications and brings its own set of 
problems with it. The benefits of the "new" technologies such as minimum or no tillage 
agriculture are numerous, including moisture conservation, erosion control and reduced 
costs. These technologies are spreading from the developed countries to the developing 
world. There is a window of predication in North America and Australia, which can used 
to anticipate some of the ICP problems of the future. 

South America and parts of the Middle East are beginning to adopt low tillage practices 
for wheat production. Reports are also increasing on the diseases and insects associated 
with the low tillage practices. Tan spot, Pyrenophora tritici-repentis, is already 
demanding some attention by the CP program. We can also expect increases other 
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diseases and pests such as septoria leaf blight, some virus diseases, and a number of 
insects. 

The changes in irrigated agriculture have been pronounced in the past 20 to 30 years. 
There has been a major increase in irrigated area and the amount of double and triple 
cropping being practiced. The double crop rotation of rice-wheat is now a major crop 
sequence on the Indian Subcontinent. Some new and different production constraints are 
being realized as a result of this practice. 

Leaf rust of wheat was the predominated disease in the Indo-Pak Subcontinent, but it is 
now controlled by resistant cultivars. The disease known as spot blotch caused by the 
fungus, Bipolaris sorokiniana, is now regarded as the most important disease in the rice
wheat rotation areas of central and east India, the Tarai of Nepal, and Bangladesh. Losses 
vary with the year but limited trials have placed the range of losses from 10 to 40%, 
depending upon the cultivar. Rice does not seem to be affected by this disease, but 
appears to playa role in carrying over the fungus from one season to the next. The area 
involved exceeds 7 million hectares on the Subcontinent alone. 

There are a number of other "second generation" disease and insect problems evolving 
with the intensification of agriculture. When wheat is involved in the rotation, new 
challenges for CIMMYT are forthcoming. One example involves soybean-wheat 
rotations, which increase the incidence of Rhizoctonia root rot and sharp eye spot. 
Another is the maize-wheat rotation, which increases aphid problems for both crops and 
subsequently BYD virus problems for wheat. Detennining the importance and what 
should or can be done with such problems is the future challenge for the CP Subprogram. 

The role of biological control agents in ICP has been promoted as a preferred means of 
disease and pest management. This approach has been emphasized particularly for 
predators and parasites of insects and nematodes. Insect control in wheat has depended 
upon chemical applications partly because of the erratic nature of insect outbreaks and 
the numerous polyphages insects involved. To date, relatively little effort has been 
expended in the breeding for resistance to insects. This is an area that holds promise with 
a number of insects. Progress in breeding for nematode resistance appears to merit 
consideration. In both instances additional funding and manpower would be required. 

An area of some interest, but not included in the CIMMYTs current program of 
activities, is the potential use of endophytes to manage diseases and pests. This is still an 
exploratory field and will probably need further developments before involving 
CIMMYT attention. 

Applied Molecular Genetics at CIMMYT is a relatively "new" program established after 
the EPR of 1988. Currently, priorities for biotechnology applications and the CP 
Subprogram deal with the development of probes for the following diseases: 1) KB 
resistance, 2) durable leaf rust complex, Lr34, and 3) alien introgression for BYDV 
resistance. Other diseases and pests with potential value for the development of probes 
involve resistance to aphids, stripe rust, and scab. 

Loss assessment 
Loss assessments are often involved in other agenda items but the relative importance of 
developing trials that allow for the proper measurement and influence of diseases and 
pests deserves to be addressed separately. Yield trials for breeders is the ultimate means 
of determining results of their efforts. Similarly, those concerned with breeding for 
resistance should be striving to assess the value of resistance. This is a subject area that 
has not been satisfactorily partitioned. Some trials have been conducted in Mexico and 
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some cooperative trials have been sporadically conducted from time to time with NARS 
collaboration. However, it represents a small effort relative to its importance. There are 
many different yield trials that have been conducted in the developing countries but most 
have not been critically compiled or assessed. This is an area where CIMMYT should 
become strategically involved to utilize the large existing data bases that exist. 

As the CP Subprogram develops, its research capacity and results accumulate. This 
information is reflected in an increasing capacity to publish journal articles and other 
types of publications that contribute to our knowledge on wheat CPo 

Training 

Well trained people are critical to any activity and CIMMYT has considered well trained 
people as one of its most important products. CIMMYT has had a long history of 
involvement in various training activities. The in-service training activities have been the 
most regular and important training function. Other training activities have depended 
upon time and funds available. 

In-service training 
In-service training in wheat improvement has been given on a regular basis since before 
CIMMYT's official opening. The 6-month in-service course in Mexico encompasses 
breeding and pathology. The CP Subprogram contributes to training through Dr. 
Gilchrist, and lectures or labs conducted by senior staff on specific topics. 

Visiting scientists and other visitors 
Wheat scientists visit CIMMYT for varying periods of time throughout the year. Many 
come on external funds while some are supported by CIMMYT funds. The visiting 
scientists program is flexible and usually unstructured. Generally, visiting scientists work 
along side the senior scientist directly related to their interests. 

Collaborative arrangements 
Several collaborative arrangements between advance institutions and CIMMYT exist. In 
crop protection, a number of working arrangements were made in the late 1980s. Most of 
these arrangements dealt with pathogen or resistance analysis. This network was 
supported by a consortium of special funding, but many of these funding agreements 
have expired. 

As previously mentioned, YR race analysis for developing countries involving the 
Institute for Plant Protection, The Netherlands, ended in 1992. The proposals for 
extension of this activity is still pending with DGIS in the Netherlands. There is no 
laboratory available to process important YR isolates at this time. This makes the 
understanding and screening for the new Yr9+ virulence in West Asia more difficult. We 
are expecting this virulence to migrate to Afghanistan and Pakistan within a year or two. 
This will challenge the substantial wheat area sown to the cultivar Pak 81 (a Seri M 82 
line) in these two countries. 

In 1992 Dutchllsraeli funding for septoria research terminated and 1993 will be the final 
year for the Dutch septoria project on Triticum dicoccodes. Both of these projects 
collaborated closely with CIMMYT on race analysis and identification of resistance. 

The support for the bacterial diseases projected by Belgium and its collaboration with 
.Universite Catholique de Louvain, Belgium ended in 1992, however as mentioned 
earlier, the Nonspecific Foliar Pathogens collaborative project started in 1993 for a five
year period. 
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The Italian Government has been supporting the BYD virus project for several years 
supported ELISA testing of BYD virus in England and the USA, students at different 
universities and research support in Italy and at CIMMYT. The BYD virus project has 
been scaled back and the current level of funding is now being pledged annually. It is 
hoped that this funding in support of BYD virus research will be maintained and placed 
on a longer term horizon. 

The collaborative project on LR and SR race identification with the USDA Cereal Rust 
Laboratory in Minnesota is a cooperative function with CIMMYT contributing through 
the support of a graduate student from the developing world. These students usually 
develop a thesis problem that relates to their country or region and involves CIMMITs 
interest in rust resistance. Currently, there is an Indian student working on the inheritance 
of leaf rust resistance of durum wheats. Dr. Julio Huerta, INIFAP in Mexico, previously 
did his PhD on this project and now is working with the CP and GI Subprograms on 
Mexican rust surveillance and resistance. Previous to that, a Masters student from Turkey 
worked on stem rust resistance in durum wheats. 

Two recent collaborative projects have been approved for support by the Overseas 
Development Administration (ODA) in the UK. The studies involve a Nepalese Ph.D. 
student on adult plant resistance to YR at Norwich, England and the development BYD 
virus strain analysis at Rothamstead for Kenya and Ecuador. 

Special short courses 
Occasionally, short courses or workshops are organized with the CP Subprogram 
involvement to meet special requests or needs. 

A workshop on Septoria diseases was held in September 1993 at CIMMYT, Mexico in 
cooperation with the IPO, The Netherlands. This workshop had participants from all parts 
of the developing world. A similar workshop for the North Africa region was held in 
Portugal in 1992, and South America in 1987. Funding for these workshops has been 
provided by the Netherlands Government, however, this funding will terminate this year. 

In November 1993, a course for wheat seed disease identification was held in Brazil and 
involved Dr. Larry Butler from SHU and Dr. G. Fuentes-Davila from the CP 
Subprogram. 

Specialized workshops provide training opportunities which address local and current 
needs of developing countries. However, funds in support of such activities are now 
difficult to obtain, and there seems to have been a decline in support for training among 
the traditional donors. This is an area that could use strong support. 

Graduate students 
Besides the graduate students associated with collaborative projects, students from other 
institutions occasionally participate in there thesis work at CIMMYT. Such arrangements 
vary depending upon the funding source, and the time and space available to the student. 
Students from the Netherlands have been involved with the special project on "Durable 
Resistance" handled by Dr. Broers. 

Students from the Colegio de Postgraduados, Chapingo, Mexico, receive technical 
supervision on research by CP Subprogram staff members in collaboration with the 
students professor. In some cases, CIMMYT has provided financial assistance to the 
graduate students. 
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Support for graduate student training is on the decline and additional funds would be 
welcome. A recent proposal submitted for a collaborative project on Bipolaris 
sorokiniana with Gottingen University, Germany, includes a Ph.D. student. This student 
would work on his thesis research at CIMMYT, Mexico with Dr. Duveiller. 

Teaching and training aids 
The CP Subprogram has endeavored to supply teaching and training materials and aids 
which can be of value to the developing world scientists. Earlier work in this area 
involved the development of a pictorial field guide to the identification of diseases and 
pests. Some video training films were developed and manuals have been produced. More 
recently, award-winning manuals on the Septoria Diseases and Rust Diseases were 
developed; manuals on the Bunts and Smuts and Bacterial Diseases are being developed. 
Manuals on scab and BYD viruses would also be desirable. 

We have many slides of diseases and pests but have not yet processed them as sets for 
distribution. There is demand for these by individuals and we should probably consider 
producing them in an organized fashion. Similarly, slide sets on methodologies would be 
useful. Videos would also be promising teaching tools, but our capacity for producing 
them is limited. 

Service 

Service includes different activities, but basical1y provides support or assistance to 
clients, colleagues and institutions. Consultation was a term frequently used in the past, 
but it is now considered as a less desirable function. However, interaction and 
communication with our associates and clients are still major considerations and 
important to the continued activities and interactions of CIMMYT. 

NARSs 
The NARSs still represent our primary interactive clients. Consequently, we continue to 
deal with the NARSs at several levels depending upon the capacity of the individual 
NARS and its needs. The CP Subprogram originally had several Outreach positions, 
which were active in functions such as disease and pest surveillance, screening and 
evaluation of germplasm. 

With reductions in staffing, there is only one CP Subprogram Outreach staff member 
today. The Regional Program in South Asia has been considered essential to CIMMYTs 
core activities, and a CP staff position is posted to Kathmandu, Nepal. The primary 
service area includes Nepal, India, Pakistan, and Bangladesh. 

Other interactions from base occur through the Outreach personnel. Due to limited funds, 
there are relatively few direct projects underway with NARSs. One project underway 
involves the wheat diseases and pest surveillance project being conducted in the Central 
Plateau of Turkey. This is a joint project involving Turkish, ICARDA, and CIMMYf 
scientists. This survey was designed to assess the current levels of the diseases and pest 
problems and other production constraints in the region. The survey attempts to 
determine if any substantial changes have occurred in the past 15 years since the last 
extensive surveys were done. The methodologies of the survey are being reviewed and 
the possibilities of using new mapping technics are being explored. There is one more 
year remaining of the three-year survey. 

There have been inquires as to the possible expansion of this survey to other areas of 
Turkey and several inquires have been received from other countries concerning the 
possible organization of such surveys in their countries. 
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Support from the CP Subprogram in Mexico through our South Asia Outreach Program 
has been given to the Pakistan Rust Survey conducted by the Central Disease Research 
Institute in Islamabad, Pakistan, for the past two years. Rust diseases still loom as an 
important factor in this area because of uniformity of the area and the difficulties in 
cultivar replacement. This support will be continued because there appears to be a new 
YR races that has the potential to attack some of the Veery lines being grown in the area. 

Regional program support 
The CP Subprogram at CIMMYT attempts to provide support to the Outreach Programs 
as needed. This is possible when the requests by Outreach and CIMMYTlMexico staff 
are compatible. Often the requests represent information or training. Occasionally, 
specialized equipment requests are received. The support to regional programs and 
NARS support are closely intertwined and difficult to separate. 

Specialized training for trainees or visiting scientists is a common request and one well 
suited to CIMMYT's capacities. Special training on rust race analysis and host resistance, 
KB research, septoria and foliar blight research, and BYD viruses are possible at this 
time. These training opportunities are, generally, arranged through Outreach personnel, 
with the duration of training varying depending upon the situation. 

Institutions 
Periodically, requests are received by either NARSs or Institutions for assistance in 
evaluation of programs or training. Request for training are usually for in-country or 
regional training for specialized needs. For example, concerns of KB have promoted 
requests for training of Plant Quarantine personnel on identification of seed disease. 
Training on methodologies used in disease management and for resistance screening are 
the most common requests. 

Institutional request are most often received from USAID, World Bank, and FAO. 
Occasionally, requests for expert consultancies are received from private sector 
companies having contracts with governments to do development work in agriculture in 
the developing world. 
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Rust Diseases of Wheat� 

Ravi P. Singh, Hong Ma, and Julio Huerta� 

Introduction 

The yield potential and productivity of wheat have steadily increased in many 
agroclimatic environments with genetic advance for disease resistance playing a principal 
role (Figure 1 for leaf rust resistance in Mexican cultivars). Due to these yield gains and 
subsequent increases in production, especially in optimum growing environments, the 
sustainability of yield is a central and continuing objective of the International Maize and 
Wheat Improvement Center (CIMMYT) wheat breeding programs. The potential genetic 
vulnerability to mutable pathogens, particularly the rust fungi, has received and should 
continue to receive priority. 
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Figure 1. Yield of historical varieties with and without fungicide, 
Obregon, Mexico, 1990-1991. 

Source: K. Sayre (pars. comm.) Data for normal planting in 1991/92. 

Wheat areas of the world where the three rusts were historically considered a major 
problem are shown in Figures 2-4. Table 1 compares the current importance of the three 
rusts with the historical importance in different epidemiological zones. Leaf rust (caused 
by Puccinia recondita f.sp. triticl) remains the most widely distributed rust disease 
followed by stripe rust (ca~sed by Puccinia striiformis). Stem rust (caused by Puccinia 
graminis f.sp. triticl) is currently well under control due to the use of resistant cultivars 
and perhaps due to the change in certain agronomic practices. 

Because of the dynamic nature of the rust fungi, several aspects could form the focus of 
research. CIMMYT's wheat program with global perspectives should consider the wider 
utility of the research topics. Being an institute that produces improved germplasm, we 
consider that research activities should be concentrated around the improvement of 
resistance, as resistance is the most important component of our product: the germplasm. 
The research on rusts in Mexico funded by the Rockefeller Foundation was initiated 
when Dr. N.E. Borlaug took the challenge in 1944 to find a solution to the well known 
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North American Puccinia pathway, where rust was overwintering in Mexico. Dr. Borlaug 
immediately envisioned the solution, Le., development of rust-resistant cultivars for 
Mexico. His well known work was incorporated into the formation of CIMMYT in 1966. 
Research on rusts at CIMMYT has never lost its momentum. Pre-1980 and early 1980s 
work focused on the following issues: 

• Creation of artificial epidemics in breeding nurseries at locations used for 
breeding wheat. 

• Selection of materials with resistance to the three rusts. 

• Testing of wheat gerrnplasm at regional, national, and international locations. 

• Rust epidemiology including grain yield loss assessments and fungicide 
evaluations. 

• Global monitoring of the rusts using trap nurseries. 

• Training scientists from national programs on various aspects of rusts. 

Following the recommendations of the External Program Review (EPR) Committee in 
1988, the Crop Protection emerged as one of the Subprograms within the Wheat Program 
(the others being Gerrnplasm Improvement, Crop Management and Physiology, and 
Genetic Resources). The EPR also recommended that these Subprograms should expand 
their activities in strategic research. Following this recommendation another objective, 
"Understanding the Genetic Basis of Resistance", became an important component of 
rust research at CIMMYT. 

Of the three rusts, stem rust resistance of CIMMYT-derived bread wheats has remained 
effective now for more than 30 years. This durable resistance has been attributed to the 
"Sr2 gene complex" derived from the cultivar Hope. Despite the fact that leaf rust and 
stripe rust pandemics have not been realized on CIMMYT wheats during the last 15 
years, sporadic epidemics on certain high yielding wheats have necessitated their 
replacement. If the current importance of leaf rust and stripe rust is evaluated (Table 1), 
the former definitely warranted more attention than the later. Therefore, initial strategic 
research on rust at CIMMYT has prioritized leaf rust compared to the stripe rust during 
the last 5 years. 

Current Research Activities and Highlights oCWork Cor the 1989-1993 Period 

Pathogenicity surveys and monitoring oC rusts in Mexico 
Wheat cultivation in Mexico occupies about 1 million hectares with an annual production 
of about 4.5 million tons. As indicated in Figure 5, the wheat-growing are.as are widely 
distributed from eastern to· northern Mexico. These areas could be separated into three 
distinct zones by the two mountain ranges: 1) the eastern lowlands east of the Sierra 
Madre Oriental Mountain Range, 2) the Highland Plateau between the Sierra Madre 
Oriental and the Sierra Madre Occidental, and 3) the Pacific Region. The areas 
predisposed to leaf rust includes the eastern lowlands across the Texas border from the 
Mexican states of Coahuila, Tamaulipas, and San Luis Potosi. The total area is about 
30,000 ha. Wheat is planted from November through January and harvested from April 
through May. Leaf rust can occur in various sparsely distributed areas of the Highland 
Plateau in the states of Chihuahua, Jalisco, Mexico, Tlaxcala, Guanajuato, and 
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Figure 2. Wheat areas of the world where leaf rmt has historically 
been a major problem. 

o 

Figure 3. Wheat areas of the world where stem rust was historically 
considered a problem and would probably be a major disease if 
resistant cultivars were not grown. 
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Figure 4. Wheat areas or the world where stripe rust has been a major 
problem. 

Highland Plateau 

Eastern L.owlands 

Sierra Madre Oriental 
Sierra Madre Occidental 

Mountain Range 
Mountain Range 

The Pacific Region 

Figure 5. Distribution of wheat growing areas In Mexico that are 
favorable to P. recondita infection. 
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Michoacan (total area of about 63,000 ha). Wheat is planted either in May-June or 
December-January and is harvested in October-November or May. Although this 
continuous planting is ideal for the survival of rust throughout the year, it is a problem 
only in summer-sown wheat. The possible areas for leaf rust infection in the Pacific 
Region include Sinaloa and southern Sonora. Wheat is planted from November to 
February and harvested from April to June. This is the major wheat-growing region in 
Mexico with an approximate area of 500,000 ha. 

An analysis of leaf rust collections from the above three zones has indicated that the three 
zones could be epidemiologically distinct. There are a few common pathotypes in a.11 
three zones, but each zone was characterized by distinct sets of pathotypes. 
Approximately 30 pathotypes are now available in our collection, about half of which are 
used routinely in postulating resistance genes in wheat cultivars and advanced lines. The 
North American system for the nomenclature of P. recondita tritici proposed by Long 
and Kolmer (1989) was adopted for Mexico with an addition of two Mexican host sets 
(Singh 1991). Leaf rust resistance genes Lrlca, 9,19,21, 22a, 25, 29, 30, 32, 33, 34 
remain effective in Mexico. Selected pathotypes are also used routinely in inoculating 
breeding plots. 

Pathotypes that occur more commonly on durum wheats and triticales were also 
identified. These pathotypes carry virulences for certain resistance genes present in 
durum wheats and triticales and are now used in inoculating durum and triticale breeding 
plots. 

Only six pathotypes of P. graminis tritici have been identified in Mexico. It is rare to find 
stem rust in commercial fields because of the durable resistance to this disease in 
CIMMYT-derived wheats grown in Mexico. 

Global pathogenicity analysis network 
Although certain developing countries carry out their own rust pathogenicity analyses, 
numerous other countries lack facilities and trained personnel to do so. Until the early 
19805, global rust incidence and virulence were measured on lines carrying single or 
multiple resistance genes, which were part of the Regional or International Disease Trap 
Nurseries (RDTN or IDTN). During the late 1980s, a formal arrangement was established 
with the Cereal Rust Laboratory (CRL), S1. Paul, Minnesota, to carry out global 
pathogenicity analyses of leaf rust and stem rust. A similar formal arrangement was made 
for stripe rust with IPO, Wageningen, the Netherlands. National programs in various 
countries were encouraged to collect and forward plant samples infected with rust 
diseases to the designated labs. The results were sent back to the programs sending the 
samples. Several pathotypes, especially those considered to be unique, are maintained in 
liquid nitrogen at CRL or IPO for any future use. The leaf rust and stem rust surveys 
combined with detailed analysis fonned the Ph.D. thesis dissertation of a Mexican 
scientist. The abstract of that thesis follows: 

"Virulence of Puccinia recondita (leaf rust) and P. graminis f.sp. tritici (stem 
rust) was studied to provide a guide in breeding wheat and understanding 
pathogen evolution. No morphological differences exist among phenotypes, so 
virulence was used as a marker. For leaf rust and stem rust, 1477 and 350 isolates, 
respectively, from 490 and 310 collections from 32 and 24 countries were 
characterized. Eight epidemiological zones were used for grouping collections. 
Virulence to 16 differential hosts was detennined for each rust isolate. Virulence 
to additional lines was determined for selected isolates from each country. Leaf 
rust populations specific to durum and bread wheats were found. Durum wheat 
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races were generally avirulent to North American P. recondita tritici differentials, 
but virulent to durum wheats. Thatcher, Little Club, and Morocco bread wheats, 
used as susceptible hosts, were resistant to many durum rust isolates. Few bread 
wheat isolates were virulent to Lr9, 21, and 24, about 50% to Lr1 and 3, and 75% 
to Lr10. Selected isolates had no virulence to Lr19, and less than 10% to Lr25, 29 
and 32. LrB,3bg, 15, 20, 28 and 33 behaved as differentials. Virulence and race 
frequencies indicated that no countries had the same populations. No differences 
existed between stem rust collections made from the various hosts. Most isolates 
were virulent to Sr7b, 9g, 15, and 17. The frequency of virulence to Sr28 was 
high except in South Asia and southern Africa. Few isolates were virulent to Srge, 
whereas Sr6, 8a, 8b, 9b, 10, 11,21,30, and 36 responded as differentials. 
Selected isolates were virulent to Sr9f, 18, 19,20, and MeN, and generally to 
Sr7a, 9a, 9d, 12, 14, 16,23, Kt-'2', H, and X. No virulence to Sr22, 24, 26, 27, 31, 
32,33, and 37 was found and only a few isolates were virulent to Sr13, 25, 29, 
and Gt. Sr;, 34, 35, Agi, Tmp, Tt-3, U, Wst'2', and dp-2 were differentials. 
Simpson, Gleason, and the Shannon indexes of genetic diversity showed 
differences between countries and zones. Nei's genetic distance more adequately 
measured the relatedness between zones and countries than did Rogers distance." 

Besides the service component, the network had for the National Programs, we now have 
a better understanding of the variation in the rust populations. Moreover, the collection of 
the rust gerrnplasm could be a very useful material to study evolution, migration, 
molecular variations and genetics of resistance. 

Leaf rust resistance in bread wheats 
Numerous bread wheat cultivars derived from CIMMYT gerrnplasm have been released 
in various countries. The ability to diversify the genetic base for resistance depends on 
available knowledge of the resistance genes occurring in the gerrnplasm. Race-specific or 
known genes for resistance can be postulated in a cultivar if the pathogen possesses 
diverse combinations of avirulence and virulence genes. This method, which is based on 
the gene-for-gene relationship, was used to postulate known genes in 73 released 
cultivars in Mexico and 71 wheats from the Indian subcontinent. These cultivars were 
also evaluated for their adult plant resistance for at least two seasons in the field. 

Mexican cultivars--The research on Mexican cultivars is described in Singh and Rajaram 
(1991) and Singh (1993). Thirteen known genes were present singly or in combination: 
Lrl (in 22 cultivars), Lr3 (4), Lr3bg (2), Lrl0 (10) Lr13 (41), Lrl4a (7), Lr16 (6), Lr17 
(10), Lr19 (1), Lr23 (5), Lr26 (10), and Lr27+Lr31 (7). Additional temperature-sensitive 
(effective at low temperature) seedling resistance occurred in 46 cultivars. This 
temperature-sensitive seedling resistance in at least 31 cultivars could be due to Lr34. 
Most of the 15 remaining cultivars showing temperature-sensitive seedling resistance 
definitely do not carry Lr34. Other known genes appeared to be absent in the Mexican 
cultivars, however, a few of these were identified in certain advanced CIMMYT lines. 

Fifty-eight cultivars displayed varying degrees of adult plant resistances (Figure 6) when 
tested with pathotypes possessing virulences for the known genes they carry (except 
Lr34). This indicated that, in addition to Lr34 and other temperature-sensitive seedling 
resistance genes, other genes effective only in adult plants also occurred in Mexican 
cultivars. The variability of adult plant responses indicated variability for these genes or 
their combinations. Various cultivars displayed acceptable to very high levels of adult 
plant resistance. 

Indian and Pakistani cultivars--The research on Indian and Pakistani wheats is 
described in Singh and Gupta (1991). In total, nine known genes and one unknown gene 
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were identified either singly or in combination in a group of 71 wheats: Lr1 (in 20 
cultivars), Lr3 (5), LrlO (21), Lr11(1), Lr13(43), Lr17(5), Lr23(14), Lr26(2), 
Lr27+Lr31(2), and the unknown gene in two cultivars. Additional temperature-sensitive 
seedling resistance appeared to occur in 27 cultivars. This resistance in at least 15 
cultivars appeared to be due to Lr34. Similar to Mexican wheats adult plant resistance 
was common. 

Wheat cultivars from other countries and CIMMYT-named lines 
Work is currently underway to postulate seedling resistance genes and characterize adult 
plant resistance in numerous wheat cultivars or important breeding lines. The cultivar 
groups include: 

• Important named CIMMYT lines appearing in the pedigrees of recent wheats. 

• Newly developed high yielding CIMMYT wheats. 

• Additional wheats from the Subcontinent (India, Pakistan, Nepal, and 
Bangladesh). 

• Winter and spring wheat cultivars from China. 

• Spring wheat cultivars from the former USSR. 

• South American cultivars (Brazil, Argentina, Chile, Paraguay, etc.). 
• Released CIMMYT-derived cultivars from other developing countries. 

• Released cultivars from Australia. 

Characterization and genetics of components of partial (slow rusting) resistance 
A study (Singh et al. 1991a) of spring bread wheat germplasm developed at CIMMYT 
showed highly significant phenotypic variability for each component of partial resistance 
(namely, uredial appearance period described as the day the first uredia appeared, latency 
period, uredial number, and uredial size differences within the high infection types) to 
Puccinia recondita f.sp. tritici. All of the wheat genotypes displayed a longer uredial 
appearance and latency periods and decreased uredial number and uredial size when 
compared to the susceptible check cultivar 'Morocco'. Positive correlations between 
uredial appearance period and latency period, and uredial number and uredial size, and 
negative correlations between uredial appearance and latency periods and uredial number 
and uredial size, inclusive, suggested that the components of partial resistance were either 
tightly linked or under pleiotropic genetic control. Compared to 'Morocco', all entries had 
slow disease progress in the field and variation occurred in the germplasm for the area 
under the leaf rust progress curve. Disease progress was negatively correlated with 
uredial appearance and latency periods, whereas a positive correlation was observed with 
uredial number and uredial size. Certain genotypes displayed high levels of partial 
resistance resulting in low disease severity in the field. 

In a further study at CIMMYT, Das (1990) investigated the genetics of the components 
using random F6 lines from the cross involving slow rusting 'Sonoita 81' and fast rusting 
'Yecora 70'. Between 3 to 4 genes were estimated for the control of each of latency 
period, uredial size, and uredial number. Area under the disease progress curve in the 
field was also controlled by 3 to 4 genes. Strong associations among various components 
further supported the fact that the three components were either under pleiotropic genetic 
control or were controlled by closely linked genes. 
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In a more recent study using an Lr34 near-isogenic pair, Jupateco 73R and Jupateco 73S, 
we have concluded that gene Lr34 reduced the disease progress in the field by increasing 
the latency period and by reducing the number and size of uredia. 

These studies, therefore, indicate that slow rusting or partial resistance can easily be 
selected in the field by selecting reduced final disease severity. 

Genetics of durable leaf rust resistance 
Understanding the genetic basis of durable resistance and searching for the genetic 
diversity of such resistance have received the highest priority. Genetic analyses were 
completed for various cultivars displaying different degrees of adult plant resistances. 
Results of the genetic basis of resistance in Frontana and three other CIMMYf wheats 
are given in Singh and Rajaram (1992). 

A summary of the genetic analysis data of seven wheats, which carry different levels of 
adult plant resistance, is given in Table 2. Jupateco 73R carries only one partially 
effective gene, which is presumed to be Lr34. Nacozari 76 and Sonoita 81 carry Lr34 
together with an additional partially effective additive gene. Parula and Trap carry at 
least two additive genes together with Lr34 and Frontana carries three additive genes 
together with Lr34. Pavon 76 and Apache 81 also carry two additive genes, but Lr34 is 
absent. 

A study of intercrosses (Table 3) among the adult plant resistant wheats indicates that 
Frontana, Trap, Parula, Nacozari 76, and Sonoita 81 probably share common genes 
because of the absence of segregation or very limited segregation. The two genes in 
Pavon 76 and Apache 81 are different. This indicates that Lr34 and a total of 
approximately seven additional partially effective genes are present in this group of 
cultivars. Therefore, high genetic diversity occurs for partially effective additive genes. 

Although Frontana and various other wheats carry Lr13, genetic studies in Mexico have 
indicated that this gene is not associated with the partial adult plant resistance studied so 
far. Lr13 may have played an important role in areas where virulence to it is lacking, but 
it appears that this gene has been ineffective in Mexico for over 20 years. 

The leaf rust severities or the levels of slow rusting on the cultivars can be related to the 
number of genes they carry (Figure 7). When susceptible cUltivars display 100% leaf rust 
severity at EI Batan (Mexico), cultivars with only Lr34 display approximately 40% 
severity; cultivars with Lr34 and one or two additional genes display 10 to 15% severity; 
and cultivars with Lr34 and two or three additional genes display 1 to 5% severity. Leaf 
rust could further increase to unacceptable levels on cultivars that carry only Lr34, or 
Lr34 and one or two additional genes. However, cultivars with Lr34 and two or three 
additional genes show a highly stable response in environments tested so far with final 
leaf rust ratings of less than 10%. Our results have shown that a low final disease severity 
can also be achieved in the absence of Lr34 by combining the other partially effective 
additive genes. However, we believe that the presence of Lr34 in the gennplasm is 
extremely beneficial as it is also linked with partial resistance to other diseases. 

Stripe rust resistance 
Research began in 1991 to evaluate the stripe rust resistance in CIMMYT wheats. 
Because virulence for resistance gene Yr9 (gene located in the 1B/1R translocation that is 
now very common in CIMMYT wheats) is undetected in Mexico, we are concentrating 
our efforts towards the adult plant resistance in non-1B/1R carrying wheats. 

26 



25 

20 -0 
~ 15.. 
CIII 
>;:; 10 
'3 
(,) 

5 

0� 
10 20 30 40 50 60 70 80 90 100 110 120 130� 

AULRPC (% of Yecora 70)� 

Figure 6. Dlltrlbutlon of 62 Mexican cultlvar., which dllplayed lu.ceptlble 
.eedllng reaction at 20·25 °C, for their Area Under the Leaf Ru.t Progre•• 
Curve (AULRPC) during the 1991-92 lealon at Cd. Obregon, Mexico. 

Lr13, LrT3, 
100� INIA 66, YECORA 70, 

JUPATECO 735 

80 

-
~ 60" a: Lr34 
CIII -II 40� JUPATECO 73R 

..J 
" ~ " " Lr34 + 1 to 2 minor genes� 

20� ", NACOZARI 76, SONOITA 81 
;; " .......-....

~---- .r.-..:::::"':::::::=-._' Lr34 + 2 to 3 minor genes 0 
10 20 30 40 FRONTANA, PARULA, TRAP 

Cays Cata Recorded 

Figure 7. Leaf ru.t progress for lelected cultlvars. 

25 

20-0 
~ 15..•> 
;:l 10:; 
(,) 

5 

0� 
10 20 30 40 50 60 70 80 90 100� 

% Severity� 

Figure 8. DI.trlbutlon of 58 Mexican cultlvars, which dllplayed IUlceptlble� 
leedllng reaction at 14-17 °C, for their adult plant Itrlpe ru.t severtty� 
durtng the 1982 ••••on .t Toluca, Mexico.� 

27 



Field responses of 58 Mexican cultivars that were susceptible as seedlings to P. 
striiformis pathotype 14E14 indicated that genes for adult plant resistance were common 
in CIMMYT wheats (Figure 8). Jupateco 73S was the most susceptible cultivar. 
Inheritance studies indicated that a single gene conferred adult plant resistance in 
Jupateco 73R, Condor (an Australian cultivar), and Nacozari 76 (Table 4). This gene is 
now known as Yr18 (Singh 1992b). The durable stripe rust resistance of Anza is 
controlled by Yr18. Resistances of Apache 81 and Zaragoza 75 were also monogenic, but 
the genes were different from Yr18. Tonichi 81 carries Yr18 and two additional partially 
effective genes (Table 4). These three genes in Tonichi 81 interacted in an additive 
manner and when present together reduced the severity of stripe rust to below 5% at 
Toluca (Mexico). Tonichi 81 does not carry any seedling resistance gene (Table 4) and 
has shown very low average coefficient of infection whenever tested globally in 
CIMMYTs international screening nurseries. Adult plant resistance of Pavon 76 was due 
to the additive interaction of two partially effective genes, which were different from 
Yr18. 

Association of Lr34, Yr18 and leaf tip necrosis 
Recent studies (Singh 1992b, McIntosh 1992) have shown that genes Lr34 and Yr18 were 
either very closely linked or were under pleiotropic genetic control. Dyck (1991) 
indicated the possibility of linkage of Lr34 with leaf tip necrosis and Singh (1992a) failed 
to recover recombinants for the two genes. Although the presence of leaf tip necrosis is 
not an attractive trait, our results at Ciudad Obregon (Mexico) have indicated that its 
effect on yield is minimal. Therefore, this character could be used as a marker for both 
Lr34 and Yr18, and is present in nearly 40% of the released high yielding cultivars in 
Mexico and 60% of the current CIMMYT wheat germplasm. 

Association of Lr34, Yr18, and Bdvl 
The CIMMYT-derived U.S. spring wheat cultivar, Anza, is known to carry tolerance 
(slow yellowing) to barley yellow dwarf virus. In a recent study (Singh et a1. 1993b), we 
have shown that this tolerance of Anza and several other wheats is controlled by a 
common gene, Bdvl. Using the Jupateco 73R and Jupateco 735 near-isogenic pair, we 
have now confirmed that Bdvl is either pleiotropic or closely linked withLr34 and Yr18. 
Tolerance conferred by Bdvl has remained effective wherever this gene has been used 
and could also be of a durable nature. 

Current breeding approaches to achieve durable leaf rust resistance based on the 
"Lr34 complex" and stripe rust resistance based on the" Yr18 complex" 
The Lr34 and Yr18 durable resistance complexes are defined as the product of the 
additive interaction involving Lr34 or Yr18 and 2 to 3 additional partially effective (slow 
rusting) genes. When these partial genes are present alone, the level of resistance may not 
be acceptable. However, the resistance based on additive interactions is highly effective, 
hence acceptable, and stable across environments. The following steps are being 
followed at CIMMYf to combine Lr34 or Yr18 and other additive genes in high yielding 
wheats: 

• Selecting parents that lack effective major genes (use of pathotypes with wide 
virulence combinations). 

• Maintaining genetic diversity (crosses of cultivars with different sets of additive 
genes). 

• Maintaining high disease pressure (artificial epidemic with chosen pathotypes at 
hot spot locations). 
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• Selecting plants or lines with low terminal disease severity, Le., <5% (higher 
possibility to achieve combinations of three or more additive genes). 

• Maintaining leaf tip necrosis (a morphological marker for Lr34 and Yr18). 

• Using multilocational testing (evaluation of the effectiveness and stability of 
resistance across environments). 

• Conducting genetic analysis of selected wheats (confirmation of the presence of 
additive genes). 

Results of a leaf rust resistance selection experiment (Project ID CPLR8907) have 
verified that the above approach can successfully be applied. 

Work is currently underway to study the genetics of adult plant resistance to leaf rust and 
stripe rust in various cultivars of CIMMYT, South American, Chinese and Subcontinent 
origin. 

Genetic analysis of resistance to leaf rust and stem rust In durum wheats 
High yieldi ng durum wheats derived from the CIMMYT germplasm are grown on 
approximately 40% of the global durum wheat area. Because of the lack of information 
on their genes for resistance to rusts, studies on inheritance of resistance to stem rust 
(Singh et al. 1992) and leaf rust (Singh et at. 1993a) were recently completed. Because 
resistance to stem rust was based on a few genes, immediate measures are being 
undertaken to increase genetic diversity in the germplasm. Leaf rust resistance was based 
on combinations of adult plant effective genes, which were common to the genes present 
in worldwide resistant cultivar Iumillo. This resistance complex could be of a durable 
nature. 

Resistance to leaf rust and stripe rust in Triticum tauschii and synthetic hexaploid 
derivatives 
We are in the process of investigating resistances in the above-mentioned materials. 
Approximately 200 T. tauschii, 35 T. turgidwn, and 250 synthetic hexaploids are 
included. The objectives of the study are: 1) to map the genes present in T. tauschii and 
T. turgidwn and 2) to transfer the useful genes from the above two species to bread 
wheats. Some interesting findings for leaf rust resistance include: 

• Few T. tauschii accessions are resistant. 
• Gene Lr1 was identified in some accessions of T. tauschii, which is a further 
evidence that T. tauschii is the donor of the D genome in bread wheat. 
• Resistance gene-specific suppressors occur in both T. turgidwn and T. tauschii. 
• Suppressors are absent in T. turgidwn for certain genes present in T. tauschii. 
• Suppressor genes are absent in certain T. tauschii accessions. 

Yield Joss assessments 
Yield loss assessments due to leaf rust has been an integral part of the program. Three 
studies are worth mentioning: 

Comparison ofthe effect of leaf rust on the grain yield of resistant, partially resistant, 
and susceptible spring wheat cultivars--This study was completed and published (Singh 
et a1. 1991b). A brief summary of the findings follows. 

Three hypersensitive resistant cultivars, six partially resistant (slow rusting) cultivars, and 
one susceptible spring bread wheat cultivar were evaluated for grain yield, test weight, 
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and kernel weight under artificially created epiphytotics of leaf rust with and without 
fungicide protection for three years. Rusted plot yields were 4% lower compared to 
fungicide-protected plot yields for cultivars with hypersensitive resistance. In rusted 
plots, grain yield and kernel weight averaged 8% less for cultivars with partial resistance 
but varied from 2 to 20% less depending on the cultivars. The susceptible check cultivar, 
Yecora 70, averaged 27% lower grain yield, 22% lower kernel weight, and 6% lower test 
weight in rusted plots. Slight reduction in test weight was also observed for each cultivar. 
Losses in grain yield could, therefore, be reduced to levels similar to those of 
hypersensitive resistant cultivars by the use of partial resistance. 

Evaluation ofthe contribution of leaf rust resistance to the yield performance ofbread 
wheat (Project ID No: MPPP9001)-Sixteen bread wheat genotypes developed over the 
past 30 years by CIMMYT, which were/are widely grown in Mexico and many other 
countries, were evaluated for the contribution of resistance to current, prevalent races of 
leaf rust during the 1990-91, 1991-92, and 1992-93 seasons. The evaluation was 
conducted in an irrigated, high yield potential area in northwestern Mexico under high 
leaf rust pressure with and without control of the disease. Of the 16 genotypes, 5 were 
susceptible, 2 moderately susceptible, 6 partially resistant (slow rusting), and 3 resistant. 
The ranges in percent yield loss from leaf rust during 1990-91 averaged over planting 
dates for susceptible, moderately susceptible, partially resistant, and resistant genotypes 
were 37-66%, 34-39% 8-21%, and 8-12%, respectively. 

Average percent yield gain per year with leaf rust protection (chemical spraying) was 
0.7%/year for normal plantings (Figure 1). This provides an estimate of the improvement 
in genetic yield potential in the absence of yield-constraining factors and is similar to 
other estimates of gains in yield potential over time from other trials at CIMMYT. 

Without leaf rust protection, the estimate for percent yield gain per year increased 
dramatically to 2.7%/year for the normal plantings (Figure 1). Even though good 
progress has been made over the past 30 years in improving yield potential per se, the 
potential contribution from maintaining sound levels of leaf rust resistance for use in 
areas where this disease occurs appears to be substantially greater. 

Data are now available for three years of study and needs summarization. 

Role ofgene Lr34 in protecting yield under heavy leaf rust pressure--Jupateco 73R and 
Jupateco 73S, reselections from the cultivar Jupateco 73 for the presence and absence of 
Lr34, respectively, were assessed for their yields in the presence and absence of leaf rust 
at Cd. Obregon during the 1992-93 season under three planting dates. The loss in the 
absence of Lr34 ranged between 60 to 84%, whereas it ranged between 14 to 18% when 
Lr34 was present. In other words, the presence of Lr34 alone reduced the loss by an 
average of 57% over three planting dates. 

Mapping adult plant effective additive genes 
Several partially effective additive genes are now identified in bread wheats that are 
involved in durable leaf rust resistance. Two collaborative projects (CPLR8906 and 
AMGW9101) are currently underway to locate these genes and identify linked molecular 
markers that could assist in the identification and selection of resistance genes. 

In the first project, we are developing chromosome substitution lines of Frontana, Parula, 
Pavon 76, Genaro 81, and Ciano 79 in the leaf rust susceptible monosomic series Lal 
Bahadur. After five or six backcrosses, we should be able to measure the effects of each 
gene when present alone, provided that the genes are located in different chromosomes. 
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In the second project, we are looking for RFLP or RAPD markers for Lr34 and other 
additive genes, which segregate in the cross Parula/Siete Cerros. We also plan to initiate 
similar work for stripe rust resistance genes. 

Current and future emphasis 
The current and future emphasis of CIMMYT research related to rusts and resistance can 
be summarized as follows: 

• Providing broad range support to breeding programs in terms of the creation of 
artificial epidemics, evaluation, and selection of germplasm. 

• Providing training on various aspects of rust management and resistance to 
participants of in-service trainees and visiting scientists. 

• Continuing Mexican and global pathogenicity surveys, mapping of distribution, 
frequency of occurrence, and influence of resistance. 

• Characterizing resistance and genetically analyzing it (especially durable type). 

• Mapping of resistance genes and identification of molecular markers for 
selected resistance gene complexes. 

• Searching for genetic diversity of resistance in related wheat species and 
incorporation of such resistance in high yielding wheats. 

• Assessing yield loss of wheats with different levels of resistance. 
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Table 1. Curreot (C) aod hi.torical (8) iaportaDce of wheat 
leaf, .te., aDd .tripe ru.t. for various epideaiologioal
aODe•• 

Leaf ru.t ste. ru.t stripe ru.t 

Zooe C 8 C 8 C B 

Africa 
North Major Major Local Ma or Local Local 
East Local Local Major Major Major Major 
Southern Local Local Local Major Rare Rare 

Asia 
Far East Local Local Local Major Major Major 
C.ntral Major Major Minor Minor Local Local 
South Local Major Minor Major Local Local 
South.a.t Major Major Minor Minor Rare Rar. 
We.t Local Local Local Major Major Major 

Au.tralia,� 
.ew ZealaDd Local Local Local Major Local Rare� 

Europe
East Major Major Minor Major Local Local 
West Local Major Minor Major Major Major 

.orth AaericaMajor Major Minor Major Local Local 

South AaericaMajor Major Local Major Local Local 

Major. s.vere lo.s•• without the cultivation of re.i.tant 
vari.ties, minor • usually occurs, but of little 
.ignificance, local • only occurs in a small part ot the 
region, 10•••• in th.s. areas may b. occasionally s.v.r. if 
susceptible cultivars are grown; rare • not present, rarely 
se.n, or a. in Australia and New Z.aland r.c.ntly 
introduced. 
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Tabl. 2. Lr g.n•• , adult plant l.af ru.t r ••pon••• and 
additiYe geDe. oonferring adult plant re.i.tanoe. of tbe 
cultivar•• 

Cultivar 
Lr qene(.) 

Adult plant 
leaf rust 
response 

Additive qene. 
for leaf rust 

resi.tance 

Inia 66 
Yecora 70 
Jupateco 7JS 
Jupateco 7JR 
Nacozari 76 
Sonoita 81 
Parula 
Trap 
Frontana 
Pavon 76 
Apache 81 

13,17 
1,13 
17,27+31 
17,27+31,34 
10,34 
1,13,34 
13,34 
1,3,10,13,34 
13,T3,34 
1,10,13 
1 

100S 
100S 
100S 
40MSS 
lSMSS 
10MSS 
1MSS 
1MSS 
lMSS 
20MSS 
30MSS 

Lr34 
Lr34+1 gene 
Lr34+1 gene 
Lr34+2 qene. 
Lr34+2 gene. 
Lr34+3 genes 
2 genes 
2 gene. 

~ablo J. oe.ot1a ~ol.t1oa••1p of ad.lt plaat loaf ru.' re.1.t.... 1. t .. aroo••• of 
ree1.t..t ault1.~•• 

CIl1t1va~ 1l0co&.~1 Sonoita '.nlo 1'rap '~ontono 'avon Apache 

Jl1potoco 71. '11 PI '1 PI PI DJ D 
...cou~i 76 PI PI PI PI 0 D 
Sonoita PI PS DP:2PO~111. S D 
1'rap I D 
,rontano D D 
Pavon 76 D 

i PI • Partially .tailar (at loa.t one 90no in c~n). 
3 I • '1ailar (at loaat 2 or J 90no. in c~n). 

D • Difforont (no c~n 90nO). 

Table 4.....d rr gene., .eedling infection type (IT), adult 
plant .tripe ru.t re.pon.e. and additive gene. conferring adult 
plant resi.tanoe of tbe cultivars wben t ••ted witb P. .trjj~o~j. 
patbotype 14B14 

Named Seedling Adult plant Additive qene. 
Yr gene(.) IT stripe ru.t for .tripe 

response ru.t re.istanceCultivar 

Jupateco 738 None 7-8 80S 
Jupateco 73R lB 7-8 15M rrlB 

18 7-8 20M rrlBCondor 
Nacozari 18, Bjy 7-8 20M rr18 

rrlB+2 gene.Tonichi 81 18 7-8 1M 
2,7 7-8 30MSS 1 qeneApache 81 

20MS 1 geneZaragoza 75 None 7-8 
pp2 gene.Pavon 76 6,7 7-8 5M 
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Evolution of Virulence Combinations in Wheat Leaf 
and Stem Rust in Mexico 

Julio Huerta-Espino 

CIMMYT-INIFAP Cooperative Project 

In Mexico, wheat is the third most important crop after maize and beans. Leaf rust caused 
by Puccinia recondita f.sp. tritici is currently controlled by the use of resistant cultivars. 
It must be assumed that, with time, virulent cultures will appear. In Mexico, there are 
three different epidemiological zones (Figure 5, page 22) and the levels of leaf rust 
resistance required are different also. HistoricaJly, leaf rust resistant varieties have been 
used, but often have failed when virulence in the pathogen population changed. These 
changes generally followed the introduction of the corresponding resistance gene in 
production fields. Sometimes the change in virulence occurred within a few years of the 
introduction of cultivars with the resistance, and likely was due to the increase in 
frequency of an existing virulent pathogen phenotype. In other cases, the resistance lasted 
a number of years and then failed, probably as a result or a mutation for virulence in the 
pathogen, followed by an increase in its frequency over several years. A few resistances 
have lasted for many years and virulent phenotypes either do not exist or they exist at low 
frequencies and remain so. In recent years, rapid developments have been made in 
understanding variation in pathogen populations. Virulence is the major genetic marker 
used but currently a number of other techniques that may be more selective neutral 
including isozyme banding, DNA fingerprinting, and ribosomal gene sequencing are also 
being developed for use with specific material. 

Race surveys are conducted in many of the major wheat growing areas of the world. In 
Mexico, as breeding for rust resistance developed, race surveys have provided essential 
information not only to determine the direction of the breeding program (adult plant 
resistance, additive resistance, durable resistance, nonspecific or partial resistance and the 
combinations of these types of resistance), but also to detect new virulent pathogen 
phenotypes. Pathogenicity is used as a marker to study the movement of spores of 
different races, to track changes in race frequencies, or to track virulence to specific 
resistance genes. 

Leaf Rust in Mexico 

Race surveys were established in a regular basis in 1976 in northwest Mexico where 
wheat is fall seeded under irrigation, as well as in central Mexico where wheat is planted 
during the spring and summer under rainfed conditions. 

From 1976 to 1979, virulence to Lr1, 2a, 2c, 3,17, and 10 was common. From 1982 to 
1987, limited surveys were conducted due to the priority to solve Kamal bunt problem. 
However a shift to Lr26 virulence occurred after the Veery'S' derivatives were released 
for commercial use. Virulence to Lr26 increased in the Northwest first and then in 
Central Mexico. This has been the only remarkable change in the virulence in most wheat 
growing areas of Mexico. 

No rust can be found in the Yaqui Valley in commercial fields due to the effective 
resistance that the varieties growing now have. Therefore, rust trap nurseries are 
necessary to find out which races arrive in the exogenous inoculum since no 
oversummering occurs. From 1992-1993, two races were common: TCBrro and 
TBDrrM (Singh 1991). Differences among these two races are the virulence avirulence 
to Lr26, 10, 17, and 27+31. 
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Races that were common in the Yaqui Valley during 1976-1977 seem to be present in the 
Bajio area where wheat is fall-seeded. However, virulence to Lr16 and Lr24 were 
common during the 1991-1992 growing season. Virulence toLr16 was present only in 
the Coahuila area (Singh 1991). 

Stem Rust in Mexico 

According to Luig (1983), races Q and M were the most common in Mexico from 1928 
to 1939. In northern Mexico in 1943, races H, G, M, and Q were common. Races G and 
Q were also common in Central Mexico (Stakman et al. 1950). In 1972, a stem rust 
survey was conducted in the Yaqui Valley. The results indicated that races Rand Q were 
the most frequent. All isolates were avirulent to Srge, 98% were virulent to Sr6, 72% to 
Srll and 99% to Sr8a (Roelfs and McVey 1972). In 1973, races RKR, RTS. RPR, QFC, 
and QTR of the isolates were the most common in Central Mexico, whereas QTR, RTR, 
and MCC, were the most common from Nuevo Leon, and races RRR, RTR, QFC, QTR, 
RPR, QCC, and QKC, of the isolates were the most common in Sonora Mexico (Roelfs 
and McVey 1973). In 1978, races QFC, QTR, RTS, HQM, HQC, RKR, RPR, and RCR 
were the most common. No virulence was found to Srge or SrTmp (Roelfs et al. 1979). 
During 1988 and 1989, no stem rust was found in commercial fields. Samples from 
nurseries, however, showed that races RTR, QFC, GFC, RKR, MCC, and RTR were the 
most common races in Mexico. During the summer of 1992, several commercial fields in 
the Oaxaca state (mainly planted with early Spanish wheat introductions) were found 
infected with stem rust at about 20% severities. Races identified were not different from 
these previously mentioned. 

Yield Loss Assessment 

Yield loss assessment due to leaf rust in Mexico has been established on a regular basis 
since 1978 as an integral part of the CIMMYT-INIFAP Wheat Pathology Cooperative 
Program, mainly in northwestern Mexico. In the Yaqui Valley, losses due to the leaf rust 
in wheat have been estimated at more than 40%. The leaf rust epidemic in South Sonora, 
Mexico, during the 1977-1978 growing season required the use of fungicides by farmers. 
Fungicides had not b~en used in more than 25 years of growing resistant varieties. Yearly 
yield loss estimations have oscillated from 18 to 44% in susceptible varieties. Most 
varieties growing in the Yaqui Valley have an adult plant or partial resistance type, 
therefore some leaf rust in the farmer fields can be seen. However generally the leaf rust 
inoculum arrives late in the season and no oversummering has been found. Early 
infections are difficult to find and most of the infections usually begin with exogenous 
inoculum. As a result of the yield loss assessment, chemical control is an alternative for 
the Yaqui Valley farmers. The use of chemical control has not been necessary because of 
the effective resistance of the varieties currently being grown. 
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Yellow Rust on Bread Wheat 

L.H.M. Broers 

Introduction 

Yellow rust (Puccinia striiformis Westend. f.sp. triticz) of wheat can be a major disease 
in environments where cool, moist weather prevails, like in northwestern Europe, the 
highlands of South and Latin America, northwestern USA, and the highlands of East 
Africa. Stem rust (P. graminis) on durum wheat is a major problem in North and East 
Africa where warmer weather conditions prevail. 

Of all available methods to protect wheat from yellow rust, genetic resistance is probably 
the easiest and cheapest. Since Biffen (1906) discovered the Mendelian inheritance of 
resistance to yellow rust, breeders have put a lot of effort in breeding for resistance. 
Selecting clean, disease-free plants resulted in resistant varieties. However, the resistance 
that was selected for very often appeared race-specific and was overcome by new races 
of the pathogen. Stem rust resistance in durum wheats from CIMMYf, for instance, is 
obtained by monogenic hypersensitivity genes. All advanced lines from the durum 
program have a low infection type (IT=1-2) with stem rust race GFC. Probably only Srge 
is holding in Mexico. In Ethiopia, Srge is not holding and residual resistance is rare in 
this material. 

The experience with the boom and bust cycle urged plant breeders to look for other types 
of resistance that might be more durable. Therefore, the objective of this project to 
characterize durable/partial/quantitative resistance of bread wheat to yellow rust and of 
durum wheat to stem rust. Some of the obtained results will be highlighted in this paper. 

Does Partial Resistance to Yellow Rust Ex~t? 

The project was started with the experience of leaf rust on wheat and barley in mind. 
Both pathosystems are characterized by two different resistance mechanisms: 
hypersensitivity resistance and partial resistance (PR). The former one is characterized by 
the presence of host cell coilapse at the site of penetration. The latter one is not 
accompanied by this cell collapse. Based on this difference, the two types of resistance 
can be distinguished phenotypically. Since the partial resistance in both pathosystems 
appeared to be durable, the same mechanism was looked for in the bread wheat yellow 
rust system. 

A large number of lines from CIMMYT's germplasm bank were screened for yellow rust 
resistance by exposing them to an artificial epidemic of yellow rust using a race nursery 
design (Zadoks and Schein 1979). The results showed a high correlation between 
infection type and severity for yellow rust on wheat. Moreover, no genotypes appeared 
with infection type 9 and very low severity. If PR to yellow rust is a common feature in 
wheat, one expects to find at least some genotypes with this feature as in wheat, and 
barley, with their respective leaf rusts. 

From this screening, some genotypes were selected with intermediate to high infection 
types and range of severities. In subsequent testing of these genotypes, it appeared that 
lines with high infection types did not possess resistance at all and that lines with some 
resistance showed infection types that changed with time and plant development stage. 
Again, a high correlation was found between infection type and disease severity. This 
confirms data of the first screening and also agrees with data obtained in Kenya (Danial 
1993). The conclusion must be that partial resistance to yellow rust sensu Parlevliet does 

37� 



not exist. In winter wheat, durable resistance to yellow rust is incomplete, temperature 
sensitive, and of the adult plant type (Qauyoum and Line 1985). Johnson (1988) points 
out that race-specific resistance can also be incomplete, of the adult plant type and 
sensitive to the environment. Hence, phenotypically, the two types of resistance are 
difficult to distinguish. In other words, only the durability test can distinguish them 
which is unpractical in breeding programs. 

Characterization of Quantitative Resistance in Spring Wheat to Yellow Rust 

Characterization of resistance to cereal rusts is often done through an analysis of 
resistance components. The yellow rust fungus grows systemically in the leaf. Therefore, 
components for resistance are difficult to measure using the established inoculation 
techniques. To be able to measure precisely components of resistance, a method was 
developed to point-1~oculate flag leaves. Pre-inoculated agar pieces appeared to be a 
successful method ,) ubtain point inoculation. Unlike other rusts, very high spore 
densities should be used in order to obtain good infection and reduce escapes. 

This technique was used to analyze components of yellow rust resistance in ten 
genotypes with different levels of quantitative resistance. 

In seedling stage, significant genotypic variation was detected for latency period (LP), 
infection frequency (IF), and disease severity (DS). Low percentages of infected leaves 
were found on Pavon F 76 and Parula. Each leaf received ca. 130 germinated spores. 
Nevertheless, 60 to 70% of the leaves of Pavon F 76 and Parula were not infected 
compared to only 20% of the leaves of Morocco. These leaves did not show any reaction 
of resistance which indicates that a very effective mechanism is operating in a very early 
stage of the development of the fungus which dramatically reduces the chance of 
infection. 

In addition, the development of the fungus was retarded in infected leaves as was shown 
by a prolonged LP and a low DS. Reduction of infection chance and reduced growth of 
infections work in concert to reduce disease severity in the field. 

The resistance in Pavon F 76, Parula, and Opata M 85 is often referred to as adult plant 
resistance (APR) because of their susceptible seedling infection type. Assessment of 
components of resistance in seedlings showed clear genotypic differences were observed. 
Apparently, the resistance in these genotypes is already expressed at least to some extend 
in early plant growth stages, which agrees with data of Sharp (1968). 

In the adult plant stage at high temperatures, none of the resistant genotypes showed 
sporulation (IT=1-2) and components could not be measured. At low temperatures, 
components were measured as sporulation was observed on all genotypes with infection 
types ranging from 6 to 9. Apparently, temperature has a large effect on the expression of 
resistance and resistance is better expressed at higher temperatures. This agrees with 
results obtained with quantitative resistance to yellow rust in winter wheat. 

Large genotypic differences were found for all components at low temperatures. Latency 
period was highly negatively correlated with IF. But correlation with lesion size was low 
and sometimes non-significant. On the contrary, growth rate of lesions showed relatively 
high and significant correlations with LP and IF. The components showed associated 
variation where a long LP, a low IF, and a small GRI tended to go together. 

IF is the most important component for explaining genotypic differences in the field as it 
had the highest correlation with disease severity. Jupateco 73S may exemplify this. Its LP 
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is 4 to 5 days longer than that of Morocco and is ranked as the sixth most susceptible 
genotype. For IF, however, it was ranked third which may explain the susceptibility 
observed in the field (also ranked third). 

The conclusions that can be drawn from this work are: 

1) Early resistance phenomena in the leaf cause leaves to escape from infection 
even at very high spore densities; 

2) So-called APR to yellow rust in bread wheat is already expressed at the 
seedling stage; 

3) Expression of APR is better at higher temperatures; 

4) Components of resistance showed associated variation, and correlate well with 
field data; 

5) IF seemed to be the most important component to explain differences in the 
field. 

Genetic Analysis of Durable, Quantitative Resistance 

Anza, Enkoy, Fan Lui, Israel, Napo 63, and Crespo 63 are genotypes that have shown a 
long lasting resistance to yellow rust in different parts of the world. Using Taichung 23 as 
a susceptible parent, crosses were made to study the inheritance of the resistance in these 
genotypes. The results from the F3 in Mexico and the F4 in Mexico and Ecuador indicate 
that resistance is based on two to four additive genes. Based on the data of the component 
analysis, Taichung 23 might have a gene for resistance as well, which is very common as 
no transgression was observed in crosses with Taichung 23. Therefore, the number of 
genes might even be higher compared to Morocco. Except for Crespo 63 and Napo 63, 
none of the genotypes have resistance genes in common. This means that many different 
genes are present in the wheat gene pool, which contribute to durable resistance. Yr18 
was only present in Anza, indicating that it is only one of the many genes for durable 
resistance to stripe rust. 

Development of Guidelines for Breeders to Select for Quantitative Resistance 

A selection program was started to develop guidelines for breeders to make selection for 
quantitative resistance more efficient. Four selection criteria were chosen: 

Sl selection of most resistance genotypes; 

S2 selection against most resistant and most 
susceptibl~ genotypes; 

S3 selection against most susceptible genotypes; 

S4 selection for partial resistance sensu Parlevliet. 

First, a population was generated with 40 F2 populations from crosses made by the Bread 
Wheat Section. Due to the absence of virulence for Yr9 in Mexico, more than 80% of the 
F2 plants had no infection at all. This made application of S2, S3, and S4 impossible. The 
experiment was repeated with a different population. Almost 600 genotypes from the 
gennplasm bank were mixed to obtain a pseudo F2. Selection was carried out in Mexico 

39� 



(Toluca and Celaya), Ecuador (Quito), and Kenya (Njoro). At all locations, selection was 
done in pseudo F2 and pseudo F3. Then selected lines were crossed and selection was 
repeated in the F2 and F3. Now the selection experiment will be in the evaluation phase. 
The selected F4 lines from all locations and selection criteria has been combined with the 
proper checks into one experiment, which has been planted in Njoro, Kenya; Toluca, 
Mexico; and Ecuador. 

Assessment of Quantitative Resistance 

Assessment of quantitative resistance can be influenced by a number of factors of which 
interplot interference is one. Interplot interference is the phenomenon that, in small 
adjacent plots, the disease level in a plot is influenced by its neighbors. In general, an 
underestimation of resistance is the consequence. In the literature, interplot interference 
is different for different pathosystems, therefore, the interplot interference was assessed 
for yellow rust on bread wheat in Njoro and Kenya and for stem rust on durum wheat in 
Obregon. Comparing disease severity and genotypic differences in large isolated plots 
with small adjacent plots showed that in the case of yellow rust interplot interference was 
hardly present. For stem rust, interplot interference was clearly present. However, its 
magnitude was much smaller than for the barley leaf rust. Although all rusts are 
windborne diseases, there interplot interference can differ largely. It was hypothesized 
that the level of systemic growth (large for yellow rust, intermediate for stem rust, and 
small for barley leaf rust) is related to the relative importance for new, alloinfection. 
Thus, the more important the systemic growth, the less important new infections are for 
disease development and the less important interplot interference is. 

Future Plans 

The yellow rust system has been investigated much more than the stem rust system. 
Therefore, more emphasis will be put on the latter in the near future. A genetic analysis is 
in the F3 stage now, component analyses have just been completed and a project has just 
started with the germplasm bank to investigate Triticum dicoccum as a source for 
quantitative or partial resistance to stem rust. 

The yellow rust wheat system will concentrate on the evaluation of the selection 
experiment. Moreover, a histological study was initiated to elucidate the resistance 
mechanism of quantitative yellow rust resistance. 
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Research on Septoria Diseases at CIMMYT 

L.I. Gilchrist S. 

Importance and Distribution 

Septoria leaf blotch (SLB) is one of the factors limiting wheat production in Oceania 
(Australia, New Zealand); the Mediterranean Basin (Spain, Portugal, Morocco, Algeria, 
Tunisia, Turkey, and Israel); the highlands of East and Southern Africa (Ethiopia, 
Rwanda, Uganda, Zimbabwe, and South Africa); North and Central America (Canada, 
USA, and Guatemala); South America (Argentina, Chile, Peru, Uruguay, Paraguay, 
Brazil, Ecuador, Colombia, and Bolivia); and Europe (France, Switzerland, Poland, 
Germany, England, Scotland and Romania). See Figure 9. 

• >50% 
• 25% to 50% 

• 10·25% 

Figure 9. World distribution of Septoria tritici and relative losses attributed 
to the dhease. 

Yield losses attributed to heavy incidences of Septoria trilici and Septoria nodorum of 
wheat have been reported to range from 31 to 53%; these losses in yield resulting in 
shrivelled grain unfit for milling. Losses of grain yield in epidemic situations are upwards 
to 50%, but on a sustained worldwide basis, these two pathogens reduce the total crop by 
about 2%. In 1982, that loss was estimated to be 9 million metric tons with a value of 
over US$ 1 billion. . 

Historical Perspedive at CIMMYT 

The Mexican semidwarfwheats introduced in the 19605 were widely distributed. The 
dwarf wheats that replaced local wheat varieties were successful because of their wide 
adaptability, yield potential, and disease resistance in the optimum environment of MEL 
At the end of the 19608 and beginning of the 19708, CIMMYT expanded its action to 

42� 



high rainfall areas (ME2). This area represents temperate environments with an average 
of more than about 500 mm of rain during the cropping cycle. Despite of the significant 
increases in wheat production in many countries, in others, production was impaired due 
to epidemics of SLB and Glume Blotch (GB). Susceptible germplasm, changes in 
agronomic practices, and the extension of wheat cultivation into humid regions where 
wheat had not been previously grown commercially have contributed to the spread of 
SLB GB. 

CIMMYT started collecting information on resistance to the septoria diseases with the 
distribution of the First International Septoria Nursery (ISEPTON) beginning in 1971. 
Germplasm entered in the first five nurseries attempted to identify resistance to SLB in 
international environments. This resulted in the identification of three primary sources of 
resistance : 

• Russian and Romanian winter wheats, 

• Lines from the southern wheat-growi ng areas of Brazil and Argentina, and 

• To a lesser extent, lines from the United States. 

In 1972, the breeding program started with the idea to combine semidwarf plant types, 
high yield potential, leaf and stripe rust resistance, with resistance to SLB. In a second 
stage of the breeding program, a group of advanced lines with resistant sources in an 
adapted background was utilized and crossed (with a group of Chinese lines with an 
acceptable resistance reaction) in 1986-87. These efforts have resulted in a good level of 
SLB resistance in the advanced lines of the CIMMYT germplasm. 

Resistance breeding efforts have been facilitated in Mexico by the existence of one 
~cation where Septoria tritici is endemic (Patzcuaro in the State of Michoacan). There is 

a good supply of inoculum and there is, usually, a severe epidemic every year. Toluca in 
the State of Mexico is another location where most of the breeding and selection work is 
done under artificially inoculated conditions. Final selection and evaluation are done at 
Patzcuaro. 

From 1970 to 1989, the CIMMYT pathology support to the breeding program was for 
identification of sources of resistance and to create good epidemics under field 
conditions. With the objective to resolve the septoria problem, CIMMYT promoted a 
collaborative project from 1986 to 1990 on septoria tritici leaf blotch between the 
Research Institute for Plant Protection (IPO), Wageningen, The Netherlands; Tel Aviv 
University (TAU); and CIMMYT. This project had the following objectives: 

1) Screening of wheat germplasm to identify sources of resistance and tolerance 
to SLB. 

2) Incorporation of resistance by crossing and selection of resistance by shuttle 
breeding. 

3) Study of the genetics of resistance to SLB. 

4) Survey of the pathogenicity of SLB in the cooperating countries and the 
septoria prone geographical regions. 

5) Individual training and organization of workshops. 
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IPO concentrated on points 1,4, and 5. Concerning point 1, IPO's contribution was 
limited to the screening of winter wheat germplasm. Regarding point 5, IPO provided 
individual training for one year enabling candidates to study SLB (point 4) in detail, 
especially with respect to the variabil ity of this pathogen. 

TAU concentrated primarily on points 1,2, and 3. During the 1988-1989 and 1989-1990 
cycles, more than 8000 wheat and triticale accessions were screened (point 1) at the Bet 
Dagan Experimental Station, Israel. Studies on the inheritance and evaluation of 
gennplasm (point 2) were conducted and published in Euphytica in 1990. 

The incorporation of resistance by crossing and selection of resistance (point 3) was done 
with families developed by crossing four internationally adapted spring wheat varieties 
(Genaro 81, Marco Juarez INTA, Pavon 76, and Seri 82) with resistant gennplasm with 
TAU lines in a limited backcross. Backcross lines (2-3 backcrosses to the recurrent 
parent) were planted in Toluca, Mexico. In addition, new families from 1989 and 1990 
crosses selected in Israel during the 1989-1990 season were tested in Mexico in 1991. 
Thirty-two lines were selected from 1991 to the present and these lines are now in the last 
stage of evaluation under Toluca conditions. 

The results obtained from the survey and pathogenicity studies (point 4) showed that the 
group of T. durwn and the group of T. aestivwn cultivars, differentiate strongly among 
the Septoria tritici isolates. Some isolates were compatible only with T. durwn or T. 
aestivwn, while some of them were compatible with both. Analysis of variance using 
percent of pycnidial coverage of the isolate x cultivar matrix (48 isolates x 12 bread 
wheats cultivars) showed highly significant interactions as well as main effects. 

In general, the isolates from The Netherlands showed a very low virulence, while isolates 
from the Mediterranean area, East Africa, and South America showed a range from low 
to high virulence. All research on pathogenicity was carried out on the seedling stage 
under controlled conditions. 

The information generated by point 4 could be extremely important in the decisions 
regarding present and future research on Septoria tritici. 

Sources of Reshtance and Inheritance Studies 

There are a large number of reports concerning the wide range of resistant varieties. 
Although incorporation of resistance to Septoria tritici is an objective in the breeding 
program, we know little about the number and nature of the genes controlling resistance 
or how they relate to each other. In other research centers, genetic studies have generally 
been conducted on seedlings in the greenhouse and have been oriented towards simple 
Mendelian inheritance. However, in a practical plant breeding situation, selection is 
practiced in the field for a multiple array of traits, most of which are expressed in later 
stages of plant development and often quantitatively inherited. 

Simple inheritance has been previously demonstrated in some cultivars; other modes of 
inheritance have also been found, i.e., partially dominant genes, from one to three 
recessive genes. The literature and some MS and PhD theses carried out in American 
Universities in collaboration with CIMMYTs breeding program suggest that resistance to 
S. tritici resistance is a qualitatively inherited trait. The number of genes and nature of the 
gene action varies depending on the genetic background of the cultivars selected. We 
now have a good level of resistance, but a limited knowledge about the inheritance 
background in the CIMMYT advanced resistant lines. 
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Research Achievements of the Last Three Years 

The objectives in the present Septoria tritici project are discussed in the following 
sections. 

Identifying wheats with tolerance and assessing the loss caused by S. tritiei damage 
Losses are generally related with the expression of foliar damage. However, some 
material does not respond according to the level of damage. Susceptible germplasm 
under Toluca conditions has between 30 and 45% yield reductions. Another group of 
lines with very high levels of foliar damage was selected over a period of three cycles 
using treatments with and without fungicide. The data are consistent and show a range of 
losses between 13 and 23%. Some lines that show a resistant reaction can lose as much as 
a susceptible one. This information can be the base for future research about tolerance 
and resistance mechanisms involved. 

Screening and the identification or germplasm resistant to S. tritiei 
Segregating material of the breeding programs is inoculated with infected straw during 
tillering. Sometimes when conditions are not favorable, the inoculation is reinforced by 
spraying a spore suspension. Advanced lines of the bread wheat and durum wheat 
breeding programs are evaluated under field conditions each year. The inoculation is 
done with a controlled mix of isolates on a set of resistant varieties pre-selected under 
greenhouse conditions. During the last three years, germplasm coming from Wide 
Crosses, the Germplasm Bank, and the discontinued Germplasm Enhancement Section 
was also under evaluation. 

New sources and combinations of old sources were selected in the bread wheat section as 
very resistant. This material involves: 

• Resistance derived from certain Bobwhite'S' lines. 

• Combination of Bobwhite with other resistant sources (e.g., Brazilian, Chinese, 
and advanced lines of the program). 

• Resistance derived from various early and short Brazilian material. 

• Resistance derived from Chinese germplasm. 

• Resistance related to crosses incorporating Agropyron curvifoliwn. 

• Crosses with triticale. 

In durum wheat, a group of advanced lines was selected and a group of the Germplasm 
Bank involving introductions were screened. During the 1991 and 1992 cycles, 325 
Triticwn dicoccon (emmer) accessions in the CIMMYT wheat collection were evaluated: 
24% were extremely resistant to septoria, but moderately to very resistant to stripe rust 
and leaf rust; 31% were highly resistant to septoria and seemingly immune to both rusts. 
These emmer accessions can be considered valuable for both bread wheat and durum 
wheat improvement and may well represent untapped sources of resistance. The material 
selected is available for CIMMYT's breeding programs and national programs. 

Elucidating the basis of resistance 
A study was carried out under Ing. Ivan Mattus, as a masters degree student in the 
Colegio de Post Graduados, Centro de Genetica Montecillos in 1992. The experiments 
have been completed and the data are undergoing analysis. The following advanced lines 
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were included in the study: TRAP#l'S'/BOW'S', SUZHOE#6//ALD/PVN, LIRNSNB'S', 
BOBWHITE (resistant check), and KAUZ'S' (susceptible check). 

A second study under field conditions is underway at this moment and the lines under 
test are a group of Chinese materials: #1959, Shangai#5, YM#6, Sumai#3, BOW'S', 
(resistant check), and KAUZ'S' (susceptible check). 

Another study on the inheritance with durum wheats was carried out in field in the last 
Toluca cycle. Resistant varieties Altar 84 and Sula crossed with susceptible Bejaga Red. 
Preliminary results from the F2 and F3 generations indicate that two different recessive 
additive genes confer SLB resistance in Altar 84 and Sula. Transgressive segregation for 
higher resistance level observed in Altar 84/Sula crosses suggests that even higher levels 
of resistance could be achieved. 

Exposure of resistant germplasm to septoria virulence spectra in hot spots 
A group of 30 bread wheat lines was selected on basis of three years of evaluation at 
Toluca and Patzcuaro and the background data from IPO Holland and Tel Aviv 
University in Israel (Septoria tritici Project). These lines were used to start the "Septoria 
tritiei Monitoring Nursery". The objectives of this nursery are: 

• Test the validity of virulence differences and host resistance obtained in 
seedling tests at IPO. 

• Verify the performance of the resistance in the hot spots to serve as possible 
sources in breeding programs. 

• Survey pathogenicity of SLB and make stability observations in the pathogen 
population in the cooperating countries. 

This nursery has been sent to 20 locations and it will continue to evolve in the future. The 
first results are being returned and when sufficient returns are obtained, information will 
be extracted. 

In durum wheat, we have less information and a set of 125 lines selected in Toluca and 
Patzcuaro during three cycles was assembled in a nursery and sent to the countries of 
North Africa where SLB is a problem in this crop. The information has not yet arrived, 
but it will be important in the planning of future breeding and inheritance studies. 

Studying virulence spectra or S. tritici in Mexico and studies or the population 
dynamics with Mexican .olates 
This research is under development, but proceeds slowly because of the lack of good 
controlled conditions and limited facilities. However, even with these limitations, we 
detected differences in the S. tritici populations between pazcuaro and Toluca. This 
confirms the alternating host response observed in the field at the two locations. The 
population at Patzcuaro is more virulent than that at Toluca. There are also differences 
within the populations of each location. Significant differences were found between 
varieties, isolates, and the interactions between isolates-varieties in a field trial during the 
1992 Toluca cycle. 

Future Research 

The following are areas of future research that should be undertaken: 
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1) To search for new sources of SLB resistance. New evaluations will be done in 
synthetic germplasm (wide crosses) and introductions from winter wheat origins. 

2) To produce a superior genetic stock based on multiple gene combinations. This 
objective will be carried out on basis of the information of the inheritance studies. 

3) To continue the inheritance studies to elucidate the base of resistance of the 
best resistant lines. 

4) To continue the study of Septaria tritici populations in Mexico. This 
knowledge permits a better manipulation of the infection in the germplasm and 
can be used also to obtain information on the most resistant lines. 

5) To continue with the coordination of the Septoria Monitoring Nursery and 
obtain information about the diversity of the population of the pathogen in the 
areas affected. This information will be useful in the breeding program. 

6) To transfer the resistance of T. dicaccan to bread wheat and durum wheat. 

7) To collect information about Septaria nadorwn-resistant germplasm and 
promote exchange with other programs. 

8) According to the recent tendencies toward zero tillage, the foliar diseases will 
increase; new planning of research in this area will be necessary. 

9) Develop methods to assess crop losses caused by SLB in developing countries. 
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Wheat Improvement Research Training Course� 

LJ. Gilchrist S.� 

Introduction 

CIMMYT has two important products: genetic material and trained people. One is of 
little value without the other. The goal of the CIMMYT Wheat Improvement Training 
Course is to produce competent wheat improvement specialists, who are able to act as 
effective researchers in their national wheat research programs. 

Since its establishment in 1966, CIMMYT has maintained and kept its firm commitment 
to collaborate with national research institutions. CIMMYT strives to improve their 
research and human resources capabilities to better meet the needs of their client farmers. 

Through 1991, this program has provided training to more than 550 young breeders and 
plant pathologists from more than 80 developing countries. The basic focus of the course 
is the identification of farmer and market needs in relation to plant and grain types and 
biotic and abiotic constraints that limit production in various geographic areas. According 
to the national program requests we occasionally extend the course for an additional two 
months to meet specific training needs. 

Course Content 

The course content is 60% breeding, 30% pathology, and 10% other topics. The course 
has adopted a ratio of 65% field work and 35% classroom. The pathology discipline 
during the training course covers the four small cereal crops: bread wheat, durum wheat, 
triticale, and barley. The following topics are covered: 

• General aspects of epidemiology and concepts of disease resistance. 

• Breeding for disease resistance. 

• Theoretical lectures of the more important diseases. 

• Identification of diseases in the field and confirmation of laboratory diagnoses. 

• Identification of seedbome diseases. 

• Methodologies of disease loss assessment. 

• Scoring of diseases and the use of specific and general scales to select resistant 
germplasm. 

• Collecting, storage, and increase of inoculum of the more important pathogens 
and how to create and ensure epidemics. 

• Integrated control measures for each disease using resistance as a base. 

The Future 

Future plans include: 

• Continuing the present objectives. 
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• Developing training materials to guarantee continuity in training regardless of 
changes in personnel. 

• Emphasizing specific training when it is required by the national programs. 

• Implementing a follow-up program once trainees return home with the objective 
of maintaining communication with fellow researchers and judging the relevance 
of the training received. 
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The Nonspecific Foliar Pathogens (NSFP) 

E. Duveiller 

In trod uction 

This special project, which started in January 1993, is funded by the Belgian 
Administration for Development Cooperation (AGCD). It intensifies CIMMYf's efforts 
on several wheat diseases caused by pathogens lacking definitive physiologic 
specialization and having the capacity to attack more than one crop species. These 
diseases can be considered as new limiting factors for wheat production in several areas. 
This situation results partly from the recent progress obtained in genetic resistance to 
rusts, making other diseases more important than earlier, but is also due to the expansion 
of wheat in nontraditional environments and to changes in agricultural practices. The 
project intends to respond to concerns that have arisen on sustainability of wheat 
production, particularly in relation to cropping systems: rice-wheat (12,000,000 ha), 
soybean/wheat, zero tillage. 

Because of its importance and the area involved, particularly in the warmer environments 
(South Asia and South America), research on resistance to spot blotch of wheat caused by 
Bipolaris sorokiniana and the evaluation of cropping systems on the development of this 
pathosystem will be the project's major objective. Field trials are conducted in Mexico at 
Poza Rica (Nov.-March), a location characterized by ME5 growing conditions. 

Tan spot caused by Pyrenophora tritici-repentis is increasingly becoming important and 
expertise is needed to improve screening methods for this disease occurring in more 
temperate conditions (ME2). Field research at CIMMYf is conducted during the rainy 
season (May-Sept.) at EI Batan. 

. As a result of the experience obtained with bacterial diseases at CIMMYf, with the help 
of Belgian aid from 1987 to 1992, support to incorporate resistance to bacterial leaf 
streak caused by Xanthomonas campestris pv. undulosa will continue. Finally, it is 
expected to increase the knowledge on Alternaria leaf blight caused by Alternaria 
triticina, a seedborne disease that may cause damage in Obregon (MEl). 

The project is coordinated by E. Duvei1ler and provides the financial support for a 
research assistant, I. Garcia. It is closely related to the Laboratory of Prof. H. Maraite at 
the University of Louvain (UCL) in Belgium where an associate scientist, T. Di Zino, has 
been recently hired to work at Louvain-Ia-Neuve. This research fellow will focus on the 
identification of samples collected by CIMMYf staff and cooperators outside Mexico 
and on the detailed study of host-pathogen relationships (Le., modulation of resistance, 
toxins). 

Finally, in addition to visits with cooperators, some support to selected national programs 
(NARSs) will be possible through a modest pledge that is part of the grant. This will be 
coordinated from Mexico. 

Spot Blotch 

In the 1990 meeting on "Wheat for the Nontraditional Warm Areas" at Iguazu Falls, 
Brazil, B. sorokiniana, the causal agent of spot blotch, was confirmed as the most 
economically important foliar pathogen of wheat in all warm zones, particularly those 
characterized by coolest month mean temperatures above 17.5 and 22.50 C (Dubin and 
van Ginkel 1991). The disease is the main limiting factor to growing wheat after rice in 
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several warm areas (Rajaram 1988). Controlling the disease requires an integrated 
approach to reduce the fungal inoculum. This can be achieved by using seeds with a low 
level of infection, spraying appropriate fungicides, eliminating secondary hosts and crop 
residues, and improving agronomic practices and genetic host resistance. 

From the numerous studies that have been undertaken in the past, several observations 
can be made: 

• Breeding progress towards the selection of resistant genotypes, the key factor to 
increase yields or make wheat a commercial crop in several areas (Le., The 
Philippines), has been limited, due principally to the high variability of the 
pathogen and insufficient knowledge on environmental factors that modulate 
disease expression and host response. 

• Host/pathogen interactions and factors controlling the production of toxic 
determinants or the fungus penetration and growth in plant tissues are not well 
known or quantified. 

• Yield losses and the economical threshold for fungicide treatment as a 
complementary measure to crop management and host resistance need to be better 
documented. 

• Crosses derived from wheat and Thinopyrum curvifolium (= Agropyrum 
curvifolium) possess improved resistance to spot blotch and may offer promising 
perspectives to overcome limitations due to this disease (Villareal et al. 1992). 
However, the assessment of resistance to spot blotch may need to be improved 
and new sources of resistance have to be investigated. 

The pathogen and its cycle 
Bipolaris sorokiniana (Sacc. in Sorok) Shoemaker, teleomorph Cochliobolus sativus (Ito 
& Kuribayashi) Drechs. ex Dastur, (syn. Helmimhosporium sativum Pamm. King and 
Blakke) is a highly virulent pathogen worldwide, particularly in wheat and barley. It can 
be found on many Gramineae, including rice (Misra 1973). The fungus may be present 
only in trace amounts on one crop, which serves as a "green bridge" to a "target" crop. 

The main sources of inoculum of B. sorokiniana are infected seeds, infected crop 
residues, volunteer plants, secondary hosts, and free dormant conidia in the soil (Reis 
1991). Immediately after planting, the fungus starts growing on the moistened seed and 
just after emergence, as early as the first leaf stage, sporulation is induced in the presence 
of direct sunlight. Bipolaris sorokiniana causes seedling blights, spot blotch on the leaf, 
crown rot, node infection, head blight, and black point on the kernels. Spot blotch on 
above-ground plant parts is prevailing in the warmer wheat growing areas, whereas root 
rot is causing more problems in regions such as Queensland, the prairies of Canada, and 
Rio Grande do SuI, Brazil. 

Conidia produced on the first leaves can be transmitted by rain splashes and wind, 
building up polycyclic epidemics. Conidia germination on the leaf surface can be 
completed within 4 hours; appressoria form frequently at the juncture of the epidermal 
cell wall after 8 hours. Hyphae from initially infected cells enter adjacent cells in 24 
hours and host cytoplasm becomes granular 24 hours after pathogenesis (Bisen and 
Channy 1983). 

Most Helminthosporium species are favored by moderate to warm temperatures (18�
320 C) and particularly by humid, damp weather. For a disease outbreak, leaves must� 
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remain wet for more than 18 hours. The number of spores in the field will be maximum 
at crop maturity; they can survive freely in the soil for about 37 months. High spore 
concentration, longer relative humidity, and higher temperature induce less plant 
resistance and faster onset of an epidemic. Leaf damage is retarded by dry climate unlike 
the root or crown fungi that can follow their invasion of diseased plants. Since crop 
rotation and environmental conditions influence inoculum potentials, research is needed 
on disease interaction with soil conditions and fanner-dependent factors such as 
fertilizers, organic malter, water, plant residues, and weeds. 

The fungus is heterotallic and C. sativus, the sexual stage, has only been reported in 
nature in Zambia, where the presence of two compatibility groups must occur to produce 
perithecia and ascospores (Raemaekers 1988). A nonspecific opportunistic pathogen such 
as B. sorokiniana, which takes advan,tage of stress conditions (Le., damp soil or 
inadequate fertilization) and invades overly mature leaves and seeds, is in fact a weak 
parasite, perhaps little more than a saprophyte. Strict saprophytes cannot colonize until 
tissues die. In contrast, B. sorokiniana has a basic ability to form appressoria and 
penetrate living plant tissue, a relatively unexploited ~cological niche. The modulation of 
these mechanisms, particularly in relation with production of toxic determinants (Pringle 
1976) should further be studied in view to understand the molecular basis of disease 
development and to improve selection methods for host resistance. 

Yield losses 
There is a clear need for more intensive research on the main factors causing the yield 
depression or stagnation in the rice-wheat system following the increased use of this 
rotation in South Asia. In the Gangetic Plain of India, Nepal, and Bangladesh, leaf blights 
caused by nonspecific foliar pathogens are considered major constraints to improved 
wheat yields. Yield loss due spot blotch is about 20% in Sonalika in Bangladesh whereas 
14 and 8% losses have been reported in more recent genotypes such as Akbar and 
Kanchan, respectively (Razzaque and Hossain 1991). Yield loss estimates may reach 
80% in the warmer areas. However, data come principally from experiment station trials 
and are derived from chemical control trials. In many areas, it is often difficult to have a 
loss estimate based on farmers fields and to identify losses actually caused by a single 
pathogen since several diseases may occur together in some areas; this may be the case 
for spot blotch and tan spot caused by P. tritici-repentis, for instance in Nepal or 
Paraguay. 

Since host resistance is not satisfactory, crop loss assessments should be undertaken to 
determine points in terms of time and loss at which chemical control becomes an 
economically viable supplement (Hobbs et a!. 1988). Price and availability of fungicides 
have a major influence on farmers' choices. Options are likely limited, but farmers need 
criteria to decide whether a treatment is appropriate or not, and when they can treat 
during the growing season. 

Also, losses due to spot blotch may be related to nitrogen fertilization and agronomy
oriented trials should be planned by pathologists. In rice, brown spot caused by 
eochlioholus miyabianus, a fungus of the same genus as C. satwus, is increasing when 
nitrogen deficiency is induced after the middle of the growth period, and in a deficient 
culture solution, N is more effective than P or K in reducing the number and size of 
lesions (Ou 1985). 
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Pathogen variability 
The species B. sorokiniana is extremely diverse, varying from mild pathogens to 
intermediate types and virulent specialized ones. Its distribution and importance are 
illustrated in Figure lOa. It is possible that new biotypes constantly arise in nature and in 
artificial culture; the frequency and extent of genetic changes may be of great importance 
in experimental work. Progenies of monoconidial cultures may differ in pathogenicity 
(Wood 1962). £1 Nashaar and Stack (1989) showed a shi ft towards more aggressive 
isolates in a population from a wheat field continuously cropped with wheat since 1882 
compared to isolates from commercial fields. 

Hetzler et al. (1991) confirmed this high variation and identified 15 pathotypes according 
to resistance reactions in a 12-member differential set. There was a tendency for isolates 
from warm and dry regions to be less virulent and most virulent isolates came from 
Southern and Central Africa, suggesting a geographical racial differentiation (Hetzler 
1992). Typing isolates' virulence spectrum and monitoring pathogen populations 
according to hot spot wheat growing areas should be continued to understand the 
biological basis of this variability. It probably explains the difficulty of obtaining host 
resistance to spot blotch. In addition, data may help the breeding programs in increasing 
their resistance basis to the disease. The question that can be raised is whether variation 
in aggressiveness can be related or not, to a response of the pathogen to environmental 
conditions. Due to possible differences in aggressiveness of the pathogen population 
according to plant parts, it seems justified to consider differently isolates from leaves, 
grain, or crown when samples are collected in a disease survey. 

Research of genetic resistance 
The level of resistance in commercial spring bread wheat is rather low. Though the 
inheritance of seedling resistance to spot blotch has been reported to be controlled by one 
or two dominant factors (Srivastava et aI. 1971, Adlakha et a1. 1984), resistance appears 
principally polygenic and incomplete since all varieties are eventually infected and show 
symptoms more or less rapidly (Mehta 1981b). However, few studies have been done to 
quantify the components of this partial resistance like conidial production, sporulation 
period, latency period (time before conidia production--duration of spore germination 
and formation of appressoria), the rate of lesion extension, and final lesion size (Mehta 
1981a). 

Chinese varieties and genotypes coming from hot spot areas such as Brazil and Zambia 
are among the best sources of resistance identified to date. In addition, crosses especially 
with T. curvifoliwn (Le., CS/A.curv.//Glen.81/3/Ald'S'/Pvn'S') showed apparently good 
level of resistance (Villareal et a1. 1992). It is important to identify the genetic basis of 
these differences since single gene resistance may soon break down in face of a high 
inoculum pressure (Hobbs et a1. 1988). In a comparison of field resistant and susceptible 
genotypes including Ciano T 79 (susceptible), and CS/A.curv.//Glen.81/3/Ald'S'/Pvn'S' 
and the Chinese genotype Suzhoe#1 (both resistant), Alvarez Zamorano (1992) did not 
find differences between germination time of conidia on leaves of susceptible and 
resistant genotypes. However, preliminary qualitative histological observations indicate 
that resistance is possibly associated to an higher accumulation of tannins and pectic 
compounds and a to lower presence of polysaccharides in the host tissue. This study 
should be followed up by quantitative analysis. 

The relationship between earliness or lateness and resistance to spot blotch is not clear 
and tall and late plants tend to escape infection. Results showed that the greater the 
distance between leaves below the fag leaf and the flag leaves and ears, the lower the 
levels of spot blotch on those organs, supporting a theory of stepwise progression of the 
disease up the plant, beginning initially on the lower leaves (Brandle et a1. 1987). 
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Pleiotropic effects between plant height and resistance to spot blotch may exist. 
Interestingly, treatment of plants with growth retardant increase resistance in wheat 
(Popova and Temirbekova 1981). In contrast, earliness is a necessity where crop rotations 
are very narrow. Hence, the relationship between earlinessllateness and plant height 
should be further studied. 

Response to spot blotch in wheat should be analyzed in terms of resistance to the fungus 
itself or of toxic compounds that are produced by the pathogen and which production or 
effect might be related to environmental factors. Are the host reactions different due to 
true genetic differences between the fungus isolates or are they just showing 
modifications in plant susceptibility? The picture may be rather complicated since at least 
two toxins, (pre)helminthosporol and victoxine, are involved (Pringle 1976). Why are 
several genotypes reported resistant in one area and breaking elsewhere? Discrepancies 
do not necessarily mean inconsistencies, but there is a need for more understanding of 
these relationships. Therefore, a test nursery (known as the Helminthosporium 
Monitoring Nursery) as been organized by CIMMYT to identify host reactions and 
pathogen aggressiveness in key locations. The need for such information has perhaps not 
been enough emphasized or understood. 

Razzaque and Hossain (1991) reported the difficulty of screening for resistance to spot 
blotch under field conditions and suggested that the 0-9 two-digit screening method does 
not properly represent infection severity. It may be necessary to better characterize 
symptom expression as well as the correlation between evaluation made at seedling stage 
and on adult plants. 

Finally, although Dhaliwal et al. (1986) have found little resistance in wild wheats and 
Aegilops spp., the low disease severity observed in crosses derived from T. curvifolium 
sown in the hot spot area of Poza Rica, Mexico, indicates that the alien sources of 
resistance, including infusions of T. tauschii and Elymus spp. should be exploited. 

Host/pathogen relations and toxic determinants 
Pathogenicity potential and toxin production are two different aspects of the disease. Spot 
blotch symptom type seems variable; chlorosis is not always observed around the lesion. 
More study of the mechanism of toxin production and host/pathogen relationship might 
help to provide guidelines for the accumulation of genes of resistance. Are the 
differences in disease response only due to a variation among fungal strains or are they 
resulting from an alteration or differences in the mechanism of production of toxin under 
environmental circumstances? 

In a study of 33 strains all differing in virulence, resistance in wheat appeared to be 
. related to genotype reactions to fungal toxins, but some virulent strai ns of the fungus may 
produce moderate amounts of toxin while a weak strain may produce the maximum 
amount (Fadeev et al. 1982). With the support of the Belgian counterpart, it is expected 
to characterize the spectrum of toxins produced at the strain level and to obtain purified 
non denatured components to study their toxicity. 

In vitro screening techniques of callus cultures derived from immature embryos and 
surviving exposure to purified culture filtrate produced by B. sorolciniana may offer 
another possibility to select for genetic resistance providing that the improved resistance 
induced by mutagenesis is heritable and that other undesirable changes did not occur 
during the selection process. 
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Control 
Control of B. sorokiniana depends on an integrated concept namely: the use of resistant 
varieties, disease-free seed, seed treatment with fungicides, proper crop rotation and 
proper fertilization, plowing of infected plant debris, and by the use of chemicals. 
Fungicides, such as triadimefon, fentinacetate-maneb, and propiconazole, have been 
reported effective but product cost and availability will be the major criteria for the small 
farmers (Hobbs et a!. 1988). Under a favorable environment, 1- or 2-week intervals for as 
long as necessary may be needed to maintain the disease under control. 

In Brazil, it is not recommended to plant seed lots with more than 30% black point (Reis 
1991). Clearing out or plowing in the stubble, grass weeds, and volunteer cereals reduce 
inoculum as does crop rotation (Diehl et al. 1982). The effect of tillage practices and crop 
rotation systems on the epidemiology of spot blotch needs further investigation. Finally, 
the mixture of varieties should not be ignored. 

Progress requires more than routine screening for disease resistance. Although the latter 
may perhaps be refined to take into account possible type of disease response, it is 
essential to better understand the effect of environmental factors driving epidemics and 
host/pathogens relationships. 

Tan Spot 

Tan spot or yellow spot has been reported from most wheat growing regions in all 
continents. Its distribution and importance are illustrated in Figure lOb. The disease 
affects wheat, rye, and barley as well as many other grasses. On wheat, it often occurs as 
a nonsporulating component of a leaf spot complex and may therefore go undetected. It is 
most severe in areas where wheat stubble is retained on the soil surface for conservation 
purposes. Grain yield losses up to 50% have been reported and have been attributed 
primarily to a reduction in grain size. Both the teleomorphic (Pyrenophora tritici
repentis) and anamorphic (Drechslera tritici-repentis) stages of the fungus are common 
in nature. The teleomorph characterized by black pseudothecia occurs on wheat stubble 
and straw that are an important source of initial inoculum for epidemics in areas where 
wheat debris is retained on the soil surface or is only partially buried by tillage. Infected 
seed, other grasses, volunteer wheat, and infected plants in nearby wheat fields constitute 
additional sources of inoculum, mostly in the form of conidia. 

Isolates of P. tritici-repentis exhibit a certain degree of host specificity measurable as 
quantitative differences in disease incited on different wheat genotypes, but should not be 
considered distinct races. Recent advances on tan spot research have been presented by 
Francl et a1. (1992) and Schilder and Bergstrom (1993). 

It is planned to increase research efforts on tan spot at CIMMYf. Several field 
inoculation methods are currently under investigation with the aim to improve screening 
for resistance. Conidia production on agar medium is time consuming and it is not easy to 
produce inoculum for screening numerous entries. In 1993, although the screening 
methodology can be improved, about 1,500 wheat entries were tested for resistance to tan 
spot. The production of mycelium in liquid medium was investigated as an alternative to 
the production of conidia on agar plates. 

Bacterial Leaf Streak or Black ChaIT 

Bacterial leaf streak caused by Xanthomonas campestris pv. undu/osa (Smith, Jones & 
Reddy) Dye 1978 is the most serious bacterial disease of wheat and triticale. Its 
distribution and importance are illustrated in Figure lOc. This disease is seed-transmitted. 
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It is sporadically reported in many countries, but it is not very well known and difficult to 
control. Its importance seems to have increased in the recent years, particularly in the 
warmer areas (Le., Brazil, Paraguay) where wheat crop has extended. Results 
accumulated during more than five years at CIMMYf on this disease have been 
published (Duveiller 1992, 1993). 

With the aim to better quantify disease importance, a series of severity assessment scales 
has been developed and a formula has been proposed to calculate yield losses. The latter 
can be estimated to 20% when 50% of the leaf area is diseased and may reach 40%. 

Epidemiological studies have been conducted in three Mexican locations to characterize 
climatic conditions favorable to the disease. Rain is important for dispersal of the 
pathogen, but temperature above 200 C is decisive for disease development. 

Since bactericide treatments are largely unsatisfactory, the application of serological 
methods has been analyzed to propose a routine seed indexing procedure, which is easier 
to organize than dilution plate method with the isolation of bacteria on a semi-selective 
agar medium. 

After spraying a bacteria suspension in the field on cereals at tillering stage and scoring 
disease severity at flowering stage, it has been possible to identify resistant genotypes in 
triticale and wheat. In bread wheat, a complete diallel analysis of five parents known for 
their differences in susceptibility to the disease has shown the presence of five resistance 
genes of different strength. 

Practical means to reduce the risk of epidemic are based on discarding contaminated seed 
and introduction of resistant genes in germplasm improved for disease-prone areas. 
R~search efforts on bacterial diseases of wheat will be continued on a modest scale in the 
framework of the NSFP project. The work will focus on the incorporation of resistance 
identified earlier. Various F7 entries resulting from crosses done for the former project 
will be ready for testing. In addition, some screening will be followed to identify new 
sources,of resistance. Finally, a methodology manual, entitled Bacterial Diseases of 
Wheat and Triticale, will be developed in collaboration with Dr. K. Rudolph at GOttingen 
University (Germany). 

Alternaria Leaf Blight 

This disease is principally known in India and may cause some problems in northwestern 
Mexico. Its distribution and importance are illustrated in Figure 10<1. The causal agent, A. 
triticina, is closely related to Alternaria spp. a common saprophyte and the exact 
importance of the pathogen is not easy to determine. It is also reported in the Middle East 
(Syria) (Mamluk et a1. 1990) and North Africa (Aggarwal et al. 1993) and the durum 
wheats seem to be more susceptible. Interestingly, similar to the Helminthosporium, the 
pathogen is producing toxins. Although, losses may occasionally be significant, research 
on this disease will receive a low priority. 

56� 



Figure 10. Reported distribution of the four pathogens studied in the framework or 
the project: a) B. sorokiniana, b) P. tritici-repentis, c) X.c. pv. undulosa, d) A. 
triticina). The spot size illustrates qualitatively the importance or the respective 
pathogens in a given area. 

Bipolaris sorokiniana 

a 

b 
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Karnal Bunt (Tilletia indica) and Research Efforts at CIMMYT 

G. Fuentes Davila 

Introduction 

Distribution of the disease 
The first report of Kamal bunt (Til/etia indica syn. NeovossUJ indica) was from India in 
1931 (Mitra), later from Mexico (Duran 1972), Pakistan (Munjal 1975) and Nepal (Singh 
et al. 1989). In India before 1968-69, the disease was apparently confined in the states of 
Punjab, Haryana, Delhi, Uttar Pradesh, Rajasthan, Jammu and Kashmir, and Himachal 
Pradesh (Munjal 1975). However, infected samples were obtained from Bihar and 
Madhya Pradesh in 1978-79 and from West Bengal in 1980-81 as indicated in Table 5 
(Joshi et al. 1983, Singh et al. 1985). About 99 districts from 10 states have been affected 
with the disease (Table 6). Figures 11-16 show the areas with presence of the disease 
from 1975-76 to 1980-81. Munajal (1975) estimated an annual loss of 0.2% in 
northwestern India due to Kamal bunt, while Joshi el al. (1983) calculated a 0.3-0.5% 
loss out of the total production. 

The first report of Kamal bunt in Mexico came from the Yaqui Valley, Sonora, in the late 
1960s and later from the Mayo and Guaymas Valleys, Sonora; Fuerte Valley, Sinaloa and 
Sto. Domingo Valleys, South Baja California (Figure 17). Recently, it has been reported 
from Costa de Hermosillo and Caborca, Sonora. Results of levels of infection in the 
southern part of Sonora state (not including Guaymas, Costa de Hermosillo and Caborca) 
are shown in Table 7. Incidence levels in Guaymas, Costa de Hermosillo, and Caborca 
are shown in Table 8. 

Nine counties from Sonora, seven from Sinaloa and, one from South Baja California 
(Table 9) have been quarantined by the Mexican Department of Agriculture and Water 
Resources (SARH). Counties from the state of Guanajuato where teliospores have been 
found include Apaseo el Grande, Celaya, Cueramaro, Irapuato, Penjamo, Salvatierra, 
Tarimoro, Valle de Santiago, and Yuriria. 

Annual losses in northwestern Mexico due to Kamal bunt have been estimated by 
Brennan et al. (1990) to be US$7.02 million, without taking into consideration the 
quarantine of Mexican railroad boxcars by the United States. They classified losses into 
direct costs those related to yield and quality losses and loss of seed exports. Indirect 
costs are those related to restrictions in planting bread wheat, cost of seed transportation 
from KB-free areas, seed treatment, and fumigation of grain with methyl bromide. 

Kamal bunt has been reported from the following districts of Pakistan: Nohshera, 
Mardan, Charsadda, Peshalsar, Shabi, Bonair, Haripor, Abbottabad and Mansera. 

In Nepal, Kamal bunt was reported from the Doti district by Singh et al. (1989). 

The Karnal Bunt Research Program 
The Kamal Bunt Research Program is a cooperative endeavor between the KB section of 
Crop Protection Subprogram and bread wheat, durum wheat, triticale, agronomy, wide 
crosses, germplasm enhancement (terminated), applied molecular genetics laboratory, 
seed health unit, experimental stations, and the Office of Inter-institutional Relations of 
CIMMYT. 

Outside CIMMYT, our more close cooperators include: 
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• SARH (Mexican Department of Agriculture and Water Resources, primarily the 
Department of Plant Health) in Mexico City (Federal District), Texcoco and 
Toluca (state of Mexico), Huamantla (Tlaxcala), Celaya (Guanajuato), Los 
Mochis (Sinaloa), and Ciudad. Obregon, Navojoa, and Hennosillo (Sonora); 

• INIFAP (the Mexican National Institute for Agricultural Research, Husbandry 
and Forestry) in Celaya, Los Mochis, and Cd. Obregon; 

• Punjab Agricultural University, IARI in Delhi and G.B. Pant University of 
Agriculture and Technology in India; 

• United States Department of Agriculture in Frederick, Maryland and in Fresno, 
California. 

The main objectives of the KB program are: 1) breeding for resistance to KB, 2) control 
methods, 3) epidemiology, 4) legal aspects for seed movement within Mexico, and 5) and 
maintenance of a small research effort on the other smut and bunt diseases. Other 
responsibilities deal with teaching, training, and participation in national and 
international meetings. 

Breeding for Resistance 

This project has three phases: 1) identification of sources of resistance, 2) incorporation 
of resistance genes into suitable genotypes, and 3) development of advanced lines that 
could be used by national programs. 

Identification of sources of resistance 
Gennplasm evaluated originates from the different breeding programs of CIMMYf, 
including the Gennplasm Bank and CIANO (candidate lines for release as commercial 
cultivars). Since the incidence of this disease in the Yaqui Valley is erratic, artificial 
inoculations have been necessary to identify sources of resistance to KB. Along this 
aspect, experimentation has been necessary to improve techniques and to achieve better 
cost-efficiency in our activities, like inoculum preparation and concentration, timing for 
inoculations, number of head to inoculate, inoculation by spraying, evaluation by 
counting number of healthy and infected kernels, data records, improvement in 
communication with the breeders, and use of reliable susceptible lines that could be used 
as basis for our work. 

The boot-injection inoculation technique has proved to be reliable on evaluating 
germplasm for genetic resistance. It is accepted that this technique may overcome the 
resistance of some experimental lines, but at the same time, there is a good number of 
materials that have consistently shown low percentage of infection through several years 
of testing, and through the tests done each year on different planting dates. The control 
used has shown consistently high percentage of infection. 

We are initiating studies to detennine the relationship between artificial and natural 
infection using a limited number of genotypes. It will include pubescent lines, since this 
morphological characteristic might affect the fungus in some genotypes. 

Since bread wheat is more susceptible to KB than durum wheat and triticale, efforts have 
concentrated on the former. Therefore, the number of durum and triticale lines in the 
program have been reduced. For example, in 1988, durum lines were reduced from 258 
to 69 and triticale lines from 327 to 54. 
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From this area of research, we make a nursery designated as "Kamal Bunt Screening 
Nursery", comprised of lines that have shown low levels of infection under artificial 
inoculation for at least two cycles. The nursery is shipped to cooperators primarily from 
India, Pakistan, and Mexico, although it has been sent to other countries. For example, 
the 4th KBSN was sent to CIANO and CIAPAN in Mexico, India (PAU, G.B. Pant. 
Univ., and the NBPGR wheat scheme), Lybia, Rep. of South Africa, Pakistan, Greece, 
Syria, and Turkey. Seed sets of the 5th KBSN were sent to: CIAPAN in Mexico, Rep. of 
South Africa, Zaire, India, Pakistan, France, Greece, Iraq, Colombia, and Lybia. The 6th 
KBSN was sent to Argentina, Australia, China, Colombia, France, Greece, India, Iran, 
Iraq, Lybia, Nepal, Pakistan, Rep. of South Africa, Syria, and Zaire. Infection data 
obtained in Mexico are also sent to cooperators. 

Since the initiation of this program, testing and evaluating gennplasm for resistance to 
KB have been the most important tasks. In 1988, almost all our work was concentrated 
on the nurseries to be evaluated (more than 5,200 entries), having little time for 
experimentation. The highest percentage of infection was 86.6. In 1989, the total number 
of lines inoculated were 5,293, and the total number of spikes inoculated, including 
experiments, were 43,311. In 1990, the number of lines inoculated were 3,916 (39,444 
spikes). 

We have initiated a joint project (CPKB9301) with Mexican breeders and pathologists 
from the Bajio area to identify sources of resistance to KB in bread wheats adapted to 
that region. 

Segregating populations and advanced lines 
By crossing genotypes, which have been identified as resistant to T. indica, with 
commercial varieties and lines that possess high yield potential, good agronomic type, 
good quality, and resistance to other diseases, the breeders have developed a great 
number of lines in various segregating populations. To artificially test them, we provide 
the inoculum and technical assistance in the inoculation and evaluation procedures. The 
number of lines tested on one planting date during 1990-91 was as follows: 

F3 256 
F4 569 
F5 128 
F6 6 
F7 4 

Advanced Lines 266 

Advanced lines were tested on two planting dates. Sixty-eight lines fell within the 0-2.5% 
infection range, 61 within 2.6-5.0, 92 within 5.1-10,43 within 10.1-30, and 2 over 30%, 
while the susceptible check showed a mean of 73%. Based on yield, quality, and 
resistance to leaf rust, br.eeders from INIFAP-CIMMYT proceeded to make further 
selections. In September' 1992, two advanced lines from this group, considered tolerant to 
T. indica were released by INIFAP; one for southern Sonora and the other for northern� 
Sinaloa. The pedigree of these lines are:� 

WUH/GLEN/4/1NWA.DIST//INW3/GEN 
CMl00587-E-OM-oY-030M-8Y-1Y-OM 

CHUAN MAI#18/BAU� 
CM91045-6Y-OM-OY-IM-8Y-oB� 
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This research is tied to projects CPKB8801 and GIBW8707. In the next few years, 
candidate lines for commercial use will increase as well as the incorporation of resistance 
genes to T. indica, in CIMMYf's germplasm. In 1991-92, 1060 advanced bread wheat 
lines were artificially tested. 

We are about to finish the first phase of a genetic study on resistance to T. indica (Project 
CPKB9(03). This study includes 12 parents, 66 F1s and 66 families of F2s, making a 
total of about 14,000 spikes, which were tested in 1991-92; while in 1992-93, we 
inoculated 18,642 spikes from the F3. 

Chemical and Cultural Control 

We have participated closely with CIANO researchers to evaluate chemicals for control 
of KB (Project CPKB8803), both as seed treatments and foliar applications. We have 
also tried fumigants applied to the soil to test their effectiveness on killing teliospores. 
These studies will have an important impact on quarantine regulations. We are working 
with our colleagues in agronomy to study the effect of fertilizer, plant density, and other 
factors on KB incidence. 

Epidemiology 

Projects CPKB8902, CPKB9002, and CPKB9102 are oriented to study the epidemiology 
of KB. Similarly, we have been working with CIANO scientists to see the infection trend 
on different planting dates in the Yaqui Valley and its relation to weather conditions. A 
joint project (CPKB900S) with the USDA-ARS in Frederick, Maryland, aims at testing 
diverse populations of the KB pathogen. 

Legal Aspects ror Seed Movement within Mexico 

Since 1988, we have been involved in arranging phytosanitary permits to move grain, 
seed, and reserve seed; visits from Sanidad Vegetal personnel to inspect our operations 
during harvest; inspections of grain fumigations, and fumigation and disinfection of 
machinery. These activities have required our participation in more than 70 meetings 
with Sanidad Vegetal personnel from Mexico City, Toluca, Texcoco, Huamantla, 
Hermosillo, Cd. Obregon, Navojoa, and Los Mochis. 

We have served as consultants providing data and suggestions to update the Internal 
Quarantine No. 16 against KB in Mexico, so that costs derived from the regulations could 
be reduced. We have had some joint projects with Sanidad Vegetal; for example, in Cd. 
Obregon we have studied differences between sample size and the number of infected 
kernels recovered. Also, Project CPKB9201 has the objective to determine presence and 
distribution of KB in the Bajio area. We have also carried out KB surveys in central 
Mexico and Los Altos de Jalisco. 

Teaching, Training, and National and International Meetings 

We participate in the wheat improvement and pathology training course and have trained 
personnel from INIFAP and from EMBRAPNCENARGEN in Brazil. We have 
participated in national and international meetings and research planning meetings with 
INIFAP and SARH. We have also played a role as liaison between researchers, farmers, 
and industry representatives. 
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Other Smuts and Bunts 

Project CPKB9202 is designed to identify wheat lines or cultivars that possess resistance 
to loose smut of wheat (Ustilago triticl). 

A project (CPKB9203) in conjunction with the applied molecular laboratory of 
CIMMYT and EMBRAPNCENARGEN from Brazil has been established to 
differentiate between T. indica and T. barclayana using molecular markers. 

As a continuous effort, we are trying to publish in scientific journals results from our 
research. 
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Figure 11. Incidence of Kamal Bunt 
of wheat in India, 1975-76. 

Figure 12. Incidence or Karnal Bunt 
of wheat in India, 1976-77. 

• IKRCTID lOKI 
" " 
I ~ 

I 

71 



Figure 13. Incidence of Karnal Bunt 
of wheat in India, 1977-78. 

Figure 14. Incidence of Kamal Bunt 
or wheat in India, 1978-79. 
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Figure 15. Incidence of Kamal Bunt 
of wheat in India, 1979-80. 
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Figure 16. Incidence of Karnal Bunt 
or wheat in India, 1978·81. 
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Figure 17. Wheat-producing areas in Mexico affected by Kamal bunt. 
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BYD Viruses and Activities at CIMMYT 

L. Bertschinger 

Review or Research on BYD Viruses: World 

The pathosystem 
Barley yellow dwarf (BYD) is the most economically important and widespread virus 
disease of small grain crops in the world. The disease is caused by a group of closely 
related viruses, which are aphid-transmitted virus and belong to the luteovirus group, 
members of which cause the yellows diseases. The BYD viruses (BYDVs) are presently 
subdivided into two major subgroups based on serological relationships (Rochow 1970a, 
Rochow and Duffus 1981), cytopathological ultrastructure of infected cells (Gill and 
Chong 1979) and dsRNS profiles obtained from infected tissue (Gildow et al. 1983). 
Subgroup 1 includes the isolates (strains) PAY, MAV, and SGV, while subgroup 2 
includes the isolates RPV and RMV. The acronyms have originally been chosen 
according to their principal aphid vector species (e.g., RPV for Rhopalosiphum padi 
virus; Rochow 1970b). These viruses are persistently transmitted, meaning that once an 
aphid acquires the virus, it will transmit it for life. The virus is not known to multiply in 
the insect. Newborn nymphs (young aphids) are virus-free and acquire BYDVs by 
feeding on infected plants. 

BYDVs can infect more than 100 Gramineae species and more than 20 aphid species 
have been reported to be vector of a BYD virus. The virus partially plugs the phloem, 
interfering with translocation, and infection can cause severe stunting of plants, inhibit 
root formation, delay heading, and consequently reduce yield. Disease symptoms vary 
depending on the crop species or cultivar affected, including, yellow or red leaf 
discoloration, which begins at the leaf tip and margins and moves rapidly down the 
whole leaf, stunting, reduced tillering, and stiffening. Often the symptoms of BYD in 
bread wheat, durum what, and especially in triticale are not particularly apparent. The 
presence of BYD can be masked by abiotic stresses, such as nutritional 
deficiencies/toxicities, or by the presence of other diseases such as rusts and foliar 
blights. 

The pathosystem of BYDVs is extremely complex. Figure 18 may be one way of 
conceptualizing this complexity arising from the interaction between virus, host plant, 
and virus vector with the environment and time. 

Importance: distribution and yield loss 
BYDVs are ubiquitous across the globe where Gramineae (wild or cultivated) are grown. 
They are the most common and widely distributed cereal viruses in the world. Incidence 
studies, particularly in the developing world, have been conducted only in some countries 
(Figure 19). Significant differences in strain prevalence and incidence between different 
zones in Latin America and Africa were determined (Figure 20). In bread wheats, yield 
losses after artificial introduction of viruliferous aphids into field plots ranged, on 
average, from 14 to 50%, depending on the growth stage infected (81% highest), in 
barleys from 19 to 55 (93% highest), and in oats from 22 to 75 (88% highest) (compiled 
by Pike 1990). BYD viruses are a serious problem for crop productivity especially, as 
considered until now, in high rainfall areas. Only in a few developing countries has 
average yield loss been estimated or have yield loss studies been conducted (Figure 21). 

Current research trends and achievements 
Controlling BYD--For controlling BYDVs, three strategies have been followed in the 
past: 
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• Breeding for host plant resistance (principally to the virus, but resistance to the 
vector might be beneficial as well), 

• Applying pesticides to control vector populations, 

• Manipulating the crop including forecasting, changing planting dates, etc., to 
minimize the risk of infection by avoiding crop exposure to peaks of vector 
inflights. 

Sources of resistance and germplasm improvement--In this report, "resistance" is used as 
defined by Cooper and Jones (1983)1 . So far, no major gene has been identified in bread 
wheats that confers resistance to infection by BYD viruses. It is now understood by many 
BYD researchers that the search for resistance genes within the genus Triticum yields 
variable results, as the lines showing less severe symptoms tend to be tolerant rather than 
resistant to the virus. Tolerance depends on genes that do not impede virus 
multiplication, which would have no effect on reducing the virus reservoir and might 
even increase it through increased biomass (Plourde et al. 1992). 

The incompletely dominant Yd2 gene in barley, transferred from Ethiopian landraces, is 
probably the most exploited gene for germplasm improvement for resistance/tolerance to 
BYDVs. It is well characterized and confers tolerance and/or resistance (depending on 
the virus strain) to BYDVs. It appears to be only effective against subgroup 1 strains. 
First results of transferring this source of resistance to bread wheat has not yet met the 
expectations (limited gene expression). 

High levels of resistance to BYD viruses (PAV and RMV) in Agropyron spp. were 
reported in the early 19805. Derivatives (partial amphiploids; 56 chromosomes) of the 
hybrid between Thinopyrum intermedium (Host) Barkworth and Dewey [syn. Agropyron 
intermedium (Host) P.B.] and hexaploid wheat were tested for resistance to BYD viruses 
in the 19805 and proved promising, Le., resistant. The resistance derived from the partial 
amphiploid TAP 46 has been transferred to hexaploid wheat through recombination 
during cell culture (Griggs 1992). 

At present, there is only one marker known for resistance/tolerance to BYDVs, which 
could assist in selection. Leaf tip necrosis is a marker for a tolerance gene (Bdvl) in 
bread wheats (Singh et al. 1993). 

Molecular probes have been explored with some success at CSIRO (Canberra Australia). 
They have markers specific to alien genomes for the recognition of an introgression from 
Th. intermedium. 

Genetically engineered cross protection is being evaluated as a means of controlling 
BYD (Vincent et al. 1992). Classical cross protection between BYDV isolates has been 
demonstrated (Ranieri et at. 1992). However, it will take some time until transformation 
techniques in wheat become routine. Until such time, use of transgenics expressing viral 
coat proteins for cross protection will not be feasible. 

1 Cooper and Jones' proposed terms for the various responses of plants to the challenge ofviIUs inoculation 
and infection ue now generally accepted by plant pathologists and virologists (Mltthews 1991). For 
convenience, these terms ue briefly described: Response of plants to inoculation: Il1fectible (host, plant can 
be infected)--immune (nonhost, plant cannot be infected); virus response of plant: susceptible (virus readily 
infects and/or replicates and/or invades)--resistam (virus infection and/or replication and/or invasion 
restricted); disease response of plant: se1lSitive (plants react severely)--toleram (little or DO appuent effect 
on the plants). 
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Hydroxamic acids have been demonstrated to playa significant role for aphid resistance 
in wheats and might help control BYDVs in the future as well (Niemeyer et al. 1992). 

Application ofpesticides and manipulating crop enviranments--Application of aphicides 
to reduce infection with BYDVs requires detailed knowledge of the local pathosystem, 
aphid population dynamics, bridging crops, etc., and is expensive. 

Late planting has proven to be successful for avoiding exposure of the crop to high aphid 
populations, but potential yield might be reduced as well due to the shorter growing cycle 
(Plumb 1984). In general, it appears to be complex to make such control means beneficial 
to crop production in developing countries. Promoting resistant or tolerant germplasm 
still appears to be most feasible. 

The variability ofBYDVs arand the warld--In the past years, it has become evident that 
the current classification of strains based on vector specificity is equivocal. As more 
isolates are studied from around the world, it becomes clear that the variability of 
BYDVs cannot be reflected by the present classification system (Irwin and Thresh 1992). 
This variability is also reflected on the molecular level as evidenced by the sequenced 
genome of an Australian BYDV and three North American BYDVs. Further studies are 
necessary to clarify how much this variability affects the sources of resistance and 
tolerance to BYDVs. 

It is evident that the worldwide distribution of BYDVs is uneven. As a whole, it appears 
that PAY-like variants are the most common, but other strains can be predominant in 
particular agroecological zones. 

Diagnasis--ELISA techniques are routinely used in numerous laboratories for BYD virus 
detection and virus titre measurement. The presence of plant viruses has also been 
detected in plant tissues by other diagnostic techniques, including immunosorbent 
electron microscopy, RNA-hybridization with eDNA, and by using virus group-specific 
primers and PCR. Researchers are increasingly preferring these techniques. They may be 
advantageous compared to ELISA because of specificity, sensitivity, targeting of 
determined sequences, etc. 

Review or Research on BYD Viruses: CIMMYT 

Present institutional setting and objectives 
Research on BYD viruses has had restricted core funds from the Dipartimento 
Cooperazione AHo Svillupo (DCAS) of the Republic of Italy when DCAS and CIMMYT 
signed a research contract in 1985, which would be managed and coordinated by 
CIMMYT. It was considered as a cooperative effort between institutions in developed 
and developing nations directed toward the transfer of improved technology, knowledge, 
and expertise from developed countries to those low income developing countries where 
BYDV is a problem. The project aimed to reduce losses caused by the virus disease. The 
project was extended at the end of 1988 with the goal to strengthen the international 
network of researchers familiar with BYD viruses established during the first phase of the 
project. The objectives were to strengthen institutional relationships among developed 
and developing country research institutions, offering training opportunities for national 
program scientists in developing countries, and extensively screening germplasm and 
delivering this gennplasm to national program collaborators. 

The second phase of the CIMMYTIDCAS was concluded 1992, but Italy has continued� 
funding for 1993. Italian collaborators during this 2nd phase were the universities of� 
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Udine, Piacenza, Viterbo, and the CNR Applied Virology Institute in Turin. Some 
laboratories and small grain programs (Purdue University, University of California, 
Rothamsted Experimental Station) were financially supported by the program for their 
active collaboration in offering diagnostic services or developing germplasm. Many other 
institutions and programs, particularly the Agriculture Canada Station (Ste-Foy) in 
Quebec, have extensively exchanged germplasm in the past with the BYDV Section at 
CIMMYT. 

There is some probability of a project extension from Italy even if with reduced funding. 
All formal commitments between CIMMYT and project collaborators in developing as 
well as developed countries have been terminated. However, BYD has been considered 
an essential activity of CIMMYT, implying that the center will allocate funds to the 
program. 

The Rockefeller Foundation (1984) and USAID (1985-1988) provided some additional 
funding, which was channeled to the University of California at Davis to develop 
gennplasm that is resistant/tolerant to BYD viruses. 

In April 1993, an GDA-holdback project for supporting the study of the variability of 
viruses causing the BYD disease in maize and small grain cereals was approved for a 
three-year period. This project aims to: 

• Determine the presence, variability, and distribution of variants of BYD in East 
Africa (focus: Kenya) and South America (focus: Ecuador), 

• Determine the interaction of these BYDVs with germplasm selected by 
CIMMYT and NARSs, and 

• Help NARSs to formulate methods for BYD control. 

The project will allow for doing variability studies at Rothamsted Experimental Station 
(UK), which cannot be done at CIMMYT because of quarantine regulations, and support 
the NARSs of Kenya and Ecuador. 

A core CIMMYT staff member headed the BYD section, assisted by an Italian associate 
scientist, until he left in August 1991. The project supported an associate scientist to 
work on Russian wheat aphid and other cereal aphids until he left in October 1992. 
Presently, the BYD Section includes one associate scientist, three permanent technicians 
(field and laboratory), and one or two temporary field workers. 

Accomplishments: diagnosis, germplasm improvement, epidemiology 
Facilities and infrastructure have been established to diagnose BYDV infection (by 
ELISA; maximum of 1600 samples processed per week if two persons work full-time in 
the laboratory), screen germplasm in large numbers, rear aphids in large quantities, 
conduct experiments using artificial inoculation in the field or in the greenhouse, and 
conduct epidemiological studies. 

BYD viruses from Mexico have been isolated and identified as PAY, MAV, RPV, RMV, 
and SGV serotypes. Isolates are maintained in-vivo (except SGV) with aphid species that 
had been identified as the most efficient vector species of the respective serotype in the 
Valley of Mexico. 

Aphid-rearing facilities exist for field and greenhouse infestation of plants with aphids.� 
Stock colonies of Diuraphis noxia (Morvilko), Diuraphis mexicana (Baker),� 
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Metopolophiwn dirhodwn (Walker), Rhopalosiphwn padi, R. maidis (Fitch), R. 
rufiabdommalis (Sasaki), Sitobion avenae (Fabricius), Sipha flava (Forbes), and 
Schizaphis graminwn (Rondani) are maintained. 

Research and networking accomplishments of CIMMYT's BYDV Section are reviewed 
in detail in the Wheat Special Report No. 15 (Bertschinger 1993). 

A summary of 1985-91 activities is given below: 

• Screened over 30,000 cereal lines for resistance/tolerance to BYD viruses 
mostly under natural infection conditions (predominance: MAV-Mex). 

• Identified a gene for tolerance to BYDV. 

• Distributed BYD screening nurseries (4 bread wheat sets, 3 triticale and durum 
wheat sets, 10 barley sets) to national programs. A high variation of screening 
resulting across sites has been noted. 

• Studied the epidemiology of BYD viruses and population dynamics of their 
aphid vectors in Mexico (MAV-Mex appear to be predominant in the Valley of 
Mexico). 

• Assisted in surveying BYD virus serotypes from South America and Africa. 

• Studied the genetics of resistance to BYD viruses in wheat. 

• Assessed yield loss due to BYD in wheat and barley, and studied its relation 
with virus titres as measured by ELISA. Demonstrated that ranking of lines 
according to yield losses due to BYD viruses is not necessarily consistent with the 
ranking according symptom expression severity. 

• Assessed the mechanism of resistance to BYD viruses in selected cereal lines. 

• Sponsored the training of three graduate students. 

• Funded research on BYD viruses in selected national; programs (Argentina, 
Chile, China, Colombia, Ecuador, Kenya, and Zimbabwe). 

• Assisted in teaching CIMMYT trainees in Mexico and instruction in country 
workshops. 

• Organized an international conference on BYD, edited and published the 
proceedings. 

• Produced four issues of a BYD newsletter. 

• Fostered an active network of BYD workers. 

• Conducted Russian wheat aphid research that included: 

1) Unsuccessful transmission tests with Mexican isolates of BYD viruses, 

2) Establishing methodologies for testing tolerance, antibiosis, and 
antixenosis to cereal aphids in the field or in the greenhouse. 
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3) Identifying sources of antibiosis and tolerance and also some of 
antixenosis in barleys, dicoccums, and Turkish wheats the latter two as part 
of CIMMYTs prebreeding strategies (Burnett 1991). 

4) Fingerprinting aphid colonies of different species and from different 
origins by RAPD marker and PCR techniques (Robinson et al. submitted). 

Since 1992, activities have included: 

• Initiating testing for tolerance under field conditions with artificial infection 
(PAV-Mex, and RPV-Mex) and a particular field design facilitating assessment of 
sensitivity to BYDVs (Project CPBD9206). 

• Evaluating 1554 bread wheats, 61 durum wheats, 174 triticales, and 229 barleys 
(Project CPBD9206) for tolerance to BYDVs. 

• Testing of genome donor species of hexaploid wheat (Project CPBD9206). 

• Evaluating 509 entries of Triticum dicoccum, 45 entries of Triticum 
monococcum L., and 152 entries ofAegi/ops squarrosa Tausch. 

• Initiating a protocol for characterizing germplasm for components of resistance 
in the greenhouse (Project CPBD9201; capacity: 45 entries tested for 4 serotypes 
per month). More than 500 genotypes were tested. 

• Continued monitoring for assessing the variability of BYD viruses in developing 
countries (micro-scale temporal monitoring, macro-scale spatial monitoring). 
Presently accumulating samples from Mexico, Ecuador, Iran, Pakistan, and other 
zones, and a set of contrasting antibodies for simultaneous testing (Project 
CPBD8801). 

• Identifying introgressions from Thinopyrum intermedium in hexaploid wheat 
and characterizing them in terms of resistance to BYD viruses (Project 
CPBD9205). Collaborated with CSIRO (R. Appels) for evaluating an RFLP for 
the identification of plants with introgressions. Studies initiated at CIMMYf for 
using this RFLP. 

• Studying the relation between symptom expression and temperature for 
improving our biological understanding of the variability of symptom readings 
between testing sites (Project CPBD9203). 

• Studying the relation between plant age at inoculation and symptom expression, 
virus titres and yield loss in selected bread wheats and barleys (Project 
CPBD9202). 

• Studying the effectiveness of a new insecticide (Imidacloprid) for controlling 
cereal aphids (Project CPBD9204). 

• Initiating a study on aberrant BYDV symptoms (leaf curling of RPV-Mex, 
possibly caused by an interaction with another pathogen) and other cereal viruses 
(leaf-hopper transmitted), mainly through networking with other virologists 
(Project CPBD9301). 
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• Finding Rhopalosiphum rufiabdominalis Sasaki on bread wheat, durum wheat, 
triticale, and barley roots and lower stems in Tepalcingo and Toluca. Colonies 
have been established at EI Batan. Studies will be initiated in October for 
understanding their role in the epidemiology of different BYDV strains in Mexico 
(Project CPBD9301). 

• Collaborating with B. Skovmand (Head, Germplasm Bank) in prebreeding 
activities to identify and analyze sources of Russian wheat aphid resistance in 
Turkish wheats and dicoccums. 

• Collaborating with L. Butler (Head, Seed Health) to initiate studies on the 
epidemiology of barley stripe mosaic virus in bread and durum wheats and 
triticales (transmission efficiency, seed transmission rates etc.). 

• Evaluating the continuation of the BYDV Newsletter (more than 300 
questionnaires sent out) and options for funding the newsletter for improving 
communication among BYDV researchers. 

• Visiting Ecuadorian and Colombian national programs for identifying options 
for future collaboration (variability studies, testing of selected germplasm with 
determined protocol). 

• Participating in the Turkey virus, disease and pest survey and collecting samples 
for BYDVs and other cereal viruses (wheat soilborne mosaic virus, leaf- and 
plant-hopper transmitted viruses) for testing at CIMMYf and in other laboratories 
(ICARDA, Rothamsted Experimental station, RAC Switzerland and others). 

Prospects or CIMMYT's BYDV Section 

Focus and objectives 
The general research strategy of CIMMYf's BYDV Section is outlined in the Wheat 
Special Report No. 15 (Bertschinger 1993). It is summarized in this document for the 
External Review of the Crop Protection Subprogram. 

Most of the research and activities related to viruses in CIMMYT's Wheat Program have 
emphasized BYD viruses and will do so in the future. However, further viral pathogens 
of small grain crops (e.g., soilborne or plant- and leafhopper-transmitted viruses) may 
require attention in the future as evidenced by the Turkey Wheat and Barley Disease and 
Pest Survey initiated 1992. The above mentioned research strategy may also be applied to 
other viruses in the future. 

Particular projects will be- developed based on the goals mentioned. Present ongoing 
projects are listed after the job description in this document and discussed in detail with 
four sets of updates in the Project Documentation book. 

The overall goals of the BYD Section 
Many components of the pathosystem conceptualized in Figure 18 require further studies 
for better understanding their contribution to BYD epiphytotics. The emphasis of the 
BYDV Section's activities lies on the host plant component of this pathosystem. The 
principal goal of the section's program is germplasm improvement. However, it is 
generally understood that a sound knowledge of a pathogen's epidemiology and ecology 
and of the pathogen's interaction with the host plant and its environment is essential to be 
able to efficiently allocate germplasm into contrasting environments. 
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Therefore, the BYDV Section's ultimate 4 goals are: 

• Identify and characterize sources of resistance and tolerance to BYDVs (sensu 
Cooper et al. 1983) and make them available for breeding of advanced gerrnplasm 
material emphasizing bread wheats. 

• Support breeding activities in the development of advanced gerrnplasm with 
resistance and/or tolerance to BYD viruses. 

• Make identified sources available to small grain improvement programs in 
developing countries, especially those interested in BYD viruses. 

• Strengthen NARSs of developing countries in their ability to assess the 
importance of BYD in their respective agro-ecological zones and in their 
approach to other methods of BYD control. 

Areas or CIMMYT's research and research support 
All of the activities outlined for the specified research areas do not need to be developed, 
but several appear potentially beneficial to the progress of the program. Overall activity 
times are given, which the staff of the BYD Section should allocate to the respective 
research activities. Training activities (10%) and general expertise for advising the Wheat 
Program in virus and aphid related problems (10%) fill the remaining 20%. 

Diagnosis (20%)--This involves worldwide pathogen mapping and monitoring 
(variability, prevalence, incidence, yield losses; priority: bread wheat and barley) and if 
feasible, monitoring of vector variability and evaluating, developing, and applying 
modem diagnostic methods that facilitate this assessment and further developing them so 
that they may be used by NARS scientists. 

Support of the Germplasm Improvement Subprogram in breeding for resistance and/or 
tolerance to BYD viruses (25%)--This involves establishing and managing protocols and 
facilities for routine testing for resistance and tolerance to BYD viruses and providing 
leadership and expertise to the department in handling BYD viruses in their field plots. 

Identification and analysis ofthe inheritance ofgenes of resistance and tolerance to BYD 
viruses (20%)--This involves identifying and characterizing sources of resistance and 
tolerance components to BYD viruses. This will generate knowledge that facilitates a 
rapid incorporation of identified sources of resistance and tolerance components into 
advanced material (inheritance analysis, identification of genes). 

Pathosystems research (15%)--This involves identifying and.characterizing viral 
pathogens of small grain cereals and their respective vectors and studying and 
characterizing the pathogen x host genotype x environment interaction. 

Priorities for the 1992-95 period 
Further diagnosis is required for improving our knowledge on the variability and 
prevalence of BYDVs in different environments, particularly in areas that have not been 
covered by the surveys in the past. 

New diagnostic tools need to be evaluated in relation to their suitability for a worldwide 
assessment of BYD incidence and variability. 

Germplasm of wild and cultivated relatives needs to be tested for sources of resistance 
(sensu Cooper et aJ. 1983). The donor species of the genome of hexaploid wheats should 
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receive priority. The material with suspected introgression from Th. intermediwn needs 
to be characterized for several BYD viruses, and the resistance incorporated into 
advanced material. Further sources of resistance need to be incorporated into susceptible, 
sensitive advanced lines for achieving greater variability in the gennplasm. Molecular 
markers for the components of virus and aphid resistance may be the selection tool of 
choice in case there is a comparative advantage of marker assisted selection vs. other 
selection protocols. If a transfer of a source from a related species is desired, developing 
mapping populations at the level of the related species should receive priority. Markers 
could then be developed, which would assist in the efficient transfer and selection in the 
hexaploid background. 

Methods need to be explored that facilitate comprehensive scoring for BYD severity and 
the analysis of scores across years and environments (e.g. scoring correction by 
accounting for titre-symptom expression-plant age-environment interactions). 

Operational avenues 
Activities at CIMMYT's headquarters: 

• Breeding support, identification, and characterization of the different 
resistance/tolerance components, inheritance studies. 

• Evaluation, if necessary, for development and routine application of diagnostic 
tools that facilitate pathogen detection (mapping and monitoring, identification of 
sources of resistance, etc.). 

Activities at CIMMYT headquarters and in collaboration with CIMMYT's regional offices 
andNARSs: 

• Testing of gennplasm and field experiments with previous characterization of 
its resistance/tolerance components and attributes at CIMMYT headquarters. 

Activities related to other research areas (pathosystem research, virus variability studies, 
etc.) may be developed at headquarters or in outreach and by NARSs depending on the 
comparative advantage related to the particular research objective. 

Further guidelines on program implementation and infonnation exchange are given in 
Bertsehinger (1993). 

Selected References 

Bertsehinger, L. 1993. Research on BYD Viruses: State of the Art of the CIMMYT 
Program and Its Future Research Focus. Wheat Special Report No. 15. Mexico, D.F., 
CIMMYT. 

Burnett, P.A., ed. 1990. World Perspectives on Barley Yellow Dwarf. CIMMYT, 
Mexico, D.F., Mexico. 511 pp. 

Burnett, P.A. 1991. Breeding for resistance to barley yellow dwarf. Pages 179-193 in: 
D.C. Peters, l.A. Webster, and C.S. Chlouber. eds. Aphid-Plant Interactions: Populations 
to Molecules. Proceedings of an Oklahoma State University centennial event, August 12
17, 1990. Oklahoma State University, USDA. 

Comeau, A., and Makkouk, K..M. 1992. Barley Yellow Dwarf in West Asia and North 
Africa. Proceedings of a workshop, 19-21 November 1989, Rabat, Morocco. ICARDA, 
Aleppo, Syria. 239 pp. 

83 



Cooper, J.I., and Jones, A.T. 1983. Responses of plants to viruses: proposal for the use of 
terms. Phytopathology 73:127-128. 

Gildow, F.E., Ballinger, M.E., and Rochow, W.F. 1983. Identification of double-stranded 
RNAs associated with barley yellow dwarf virus infection in oats. Phytopathology 
73:1570-1572. 

Gill, e.e., and Chong, J. 1979. Cytopathological evidence for the division of barley 
yellow dwarf virus isolates into two subgroups. Virol. 95:59-69. 

Griggs, T. 1992. Smart genetics beat a devastating wheat virus. Pages 17-19 in: Partners 
in Research for Development 5, April 1992. ACIAR, Canberra, Australia. 

Irwin, M.E., and Thresh, J.M. 1992. Barley yellow dwarf virus epidemiology: a study in 
ecological complexity. pages 3-30 in: A. Comeau and K. M. Makkouk, eds., Barley 
Yellow Dwarf in West Asia and North Africa. Proceedings of a Workshop, 19-21 
November 1989, Rabat, Morocco. ICARDA, Aleppo, Syria. 239 pp. 

Niemeyer, H.M., Copaja, S.V., Givovich, A., Cuevas, L., and Barria, B.N. 1992. 
Involvement of hydroxamic acids in aphid resistance of cereals. AR Newsletter 6:10-11. 

Pike, K.S. 1990. A review of barley yellow dwarf virus grain yield losses. Pages 356-361 
in: P.A. Burnett, ed., World Perspectives on Barley Yellow Dwarf. Mexico, D.F., 
CIMMYT. 

Plumb, R.T. 1984. Chemical and cultural control of barley yellow dwarf virus. In: P. A. 
Burnett, ed., Barley Yellow Dwarf: Proceedings of the Workshop. CIMMYTlMexico. 

Plourde, A., Comeau, A., and St-Pierre, e.A. 1992. Barley yellow dwarf resistance in 
Triticum aestivum x Leymus angustus hybrids. Plant Breed. 108:97-103. 

Ranieri, R., Uster, R.M., Shaner, G., Burnett, P.A., and Vallejo, J. 1992. Cross protection 
among Mexican barley yellow dwarf virus isolates. APS/MSA joint meeting, August 8
12, Portland, USA. 

Rochow, W.F. 1970a. Barley yellow dwarf virus. In Descriptions of Plant Viruses, 32. 
Kew, Surrey, UK: Commonwealth Mycology Institute (CMI)/Association of Applied 
Biologist (AAB). 

Rochow, W.F. 1970b. Barley yellow dwarf virus: Phenotypic mixing and vector 
specificity. Science 167:875-878. 

Rochow, W.F., and Duffus, J.E. 1981. Luteoviruses and yellow diseases. In: Kurstak, E., 
ed., Handbook of Plant Virus Infections and Comparative Diagnosis. Amsterdam, The 
Netherlands: Elsevier. 

Singh, R.P., Burnett, P.A., Albarran, M., and Rajaram, S. 1993. Bdvl--A gene for 
tolerance to barley yellow dwarf virus in bread wheats. Crop Sci. (in press). 

Vincent, I.R., Uster, R.M., Ueng, P.P., Wen, F., Lei, C.H., Klein, R.E., and Larkin, B.A. 
1992. Biotechnology: a new weapon against barley yellow dwarf virus. pages 189-196 in: 
A. Comeau and K.M. Makkouk, eds., Barley yellow dwarf in West Asia and North� 
Africa. Proceedings of a workshop, 19-21 November 1989, Rabat, Morocco. ICARDA,� 
Aleppo, Syria.� 

84 



macroclimate 
and -ecosystem 

,J,;.--

Emanaqe~ 
~-. 

~ -'. 

, 

virus ,J,;.- _-/ -

J/~,J,;.-' ·-t···' 
plant - J••

-,::-7 ~ 

~vector 

FIgure 18. Conceptualization of. INIthoIyItem for 
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• Reported, but no incidence data available 
• Reported as "wide spread" and as a "serious problem" 

BYD occurence in Northern America, Western Europe and Autralasia 
__ Area of IfOwinl concern 
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other references. For Industrialized couatrlelln North America, 
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incidence data are available. 
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FIgure 20. Occurrence or BYDVs as detected with polyclonal antisera against 
Mexican BYDV wolata iD random samples of bread wheat and barley in 
CIMMYT nurseries during 1988-90 (Webby et aL 1992). Below each pie 
chart, the number or samples tested (a) and the number of samples infected 
(b) are displayed (alb). The small circles Indicate presence or absence of 
serotypes as idenUfied by symptomatic sampling. 

• Reported hut no yield loss data available 

FIgure 21. Average yield of the wheat crop due to BYD disease as complied 
from Comeau and Makkouk (1992) In the developing world and Eastern 
Europe. 
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Seed Health at CIMMYT 

L.D. Butler 

The CIMMYT Seed Health Unit (SHU) began its independent operations in 1989 with 
support responsibilities to both the Center's Maize and Wheat Programs. SHU reports to 
the Director General to facilitate its principal role as an independent "auditor" of: 

• The viability and safety of CIMMYT maize (Zea mays)and wheat (Triticum 
spp., T. aestivum, T. turgidum, and X Triticosecale) seed for international 
shipments. 

• The safety of maize, wheat and barley (Hordeum vulgare) seed arriving at 
CIMMYT. 

• Seed health procedures carried out by the Center's germplasm improvement 
programs. 

Laboratory tests and field inspections have been established for CIMMYT operations in 
Mexico to: 

• Monitor and certify the quality of CIMMYT germplasm products in terms of the 
absence of pathogens and viability of seed. 

• Prevent the establishment and spread of exotic pests and diseases that may 
arrive in seed from outside Mexico. 

Most international exchange of seed by CIMMYT occurs through Mexico where seed 
health policies and procedures are undertaken in cooperation with the Mexican plant 
protection and quarantine authorities (Sanidad Vegetal). CIMMYT is an active member 
of the Permanent Group for Plant Health in Mexico which is chaired by Sanidad Vegetal. 

Germplasm Introductions 

General entry requirements for germplasm of maize, wheat, and barley 
Shipments arriving from outside Mexico are checked by Mexican authorities for 
appropriate origin and phytosanitary documentation. Occasionally samples are drawn 
from these by quarantine officers for analysis in national laboratories. Reports of these 
analyses are eventually sent to CIMMYT but the shipment is usually released to 
CIMMYT upon entry on the basis of a valid international phytosanitary certificate and a 
certificate letter of origin. Shipments arriving without appropriate documentation are not 
released by Sanidad Vegetal unless special arrangements have been made. Seed 
obviously infested with insects is destroyed at the port of entry. Ordinarily, wheat, maize, 
and barley seed is not required to be treated prior to entry. However, wheat seed 
originating from the United States must be treated with fungicide. Exceptions have been 
granted for seed of such origin that are to be stored in the CIMMYT germplasm bank or 
designated for laboratory analysis only. 

SHU regulatory procedures 
Intensive sampling and examination of all received introductions are conducted in SHU 
laboratories. Generally, on the basis of phytosanitary documentation and a satisfactory 
standard examination, the introduction is released to the consignee. Exceptions are 
introductions of: 
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• Wheat from the Indian Subcontinent that must pass seed-wash residue tests for 
absence of Kamal Bunt (Tilletia indica) teliospores: 

• Maize from the northeastern USA that must pass tests for Stewart's Bacterial 
Wilt (Erwinia stewartit); and 

• Maize from Southeast Asia that must pass tests for absence of oospores of 
downy mildews (Peronosclerospora and Sclerophthora spp.). Introductions found 
infested with live insects are either immediately placed in a freezer at -lS oC for 
two days or fumigated with magnesium phosphide for two days with at least 2 
g/m3. 

All introductions must be treated with an authorized fungicide before planting. At this 
time, maize and wheat (including barley) seed arriving untreated are treated with Thiram 
and Vitavax 300 (carboxin plus captan, Uniroyal), respectively; seed arriving treated with 
an unspecified or unacceptable chemical are super-treated with these, as well. Further, 
introductions of maize from Southeast Asia and India are additionally treated with 
metalaxyl for downy mildews and wheat from the Indian sub-continent with 
chlorothalonil for Tilletia indica as surety measures. 

All released accessions are planted in designated introduction blocks, which are 
physically separated from breeding and trial plots. These blocks are maintained by 
gennplasm improvement programs, but inspected at various stages of crop growth by 
SHU and other CIMMYT pathologists. These blocks may also be inspected by Sanidad 
Vegetal pathologists. Plants/plots symptomatic of unusual diseases are removed; samples 
are taken for examination in CIMMYT laboratories and the remaining tissues are 
destroyed. 

Since CIMMYT cooperates fully with Sanidad Vegetal to prevent the entrance of 
economically significant exotic pests and pathogens into Mexico, SHU is, of course, 
concerned with all groups of pathogens and pests potentially harmful to Mexico. 
Pathogens considered of quarantine interest to Sanidad Vegetal to date are noted in Table 
10. However, CIMMYT also feels a strong responsibility to prevent the importation of 
any organism considered potentially harmful by SHU. Organisms considered as such at 
this time are listed in Table 11. Further, although weed species have not been designated 
quarantine risks as yet, SHU ensures that shipments are cleaned of weed seeds before 
planting. 

Standard test procedures 
Shipments released by Sanidad Vegetal are delivered directly to SHU for documentation 
review and sample processing. Phytosanitary documentation is removed and entry 
particulars are checked for veracity. Each packet in a shipment is considered to be a 
separate entry. Consignees are informed that SHU has received the introduction by a 
report which includes a description of the shipment particulars (origin, number and kind 
of entries, total weight). Composite samples are drawn from at least 10% of entries for 
seed health testing; all entries in shipments composed of less than 10 are sampled. The 
amount of sample drawn is contingent upon the total quantity available. Greenhouse 
planting is required of those shipments containing such small quantities of seed that 
laboratory tests are impracticable. Composite samples are routinely evaluated by visual 
examination of dry seed, seed wash residues, and incubation tests as described below. 

• Dry seed is observed under a stereo microscope for smut sori, nematode galls, 
ergot sclerotia, and other pathogen signs, weed seeds, insect damage, etc. 
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• Samples are also washed in flasks by agitation in water plus Tween 20; the wash 
water is filtered through Whatman #1 paper filters. Under a stereo microscope at 
4OX, residue is observed directly for indications of spores of smuts and bunts 
(Tilletia spp., Sphacelotheca reiliana, Urocystis agropyri, Ustilago maydis), 
and/or oospores of downy mildews (Peronosclerospora and Sclerophthora spp.). 
Suspect samples are confirmed by observation under a compound microscope. 

• Seed is subjected to freezing blotter tests (4) in replicated sets (nondisinfested 
and surface disinfested in 10% commercial bleach solution for 3 minutes) for 
detection of pathogen species within the Fungi Imperfecti as Fusarium, 
Helminthosporium (Drechslera), Septoria, Diplodia, and Cephalosporium spp. 
Samples are seeded on moistened germination paper in transparent plastic boxes, 
sealed with parafilm, and incubated for 48 hours in an incubator at 250 C for 
maize and 200 C for wheat and barley. At the end of this period, boxes are 
removed and placed in a freezer at -150 C for 24 hours. This procedure kills the 
seed, facilitating subsequent observation, but does not significantly affect the 
viability of fungal organisms that may be present. These boxes are then incubated 
at 20 and 250 C for wheat and maize, respectively, for 10-14 days in an incubator 
providing illumination in 12 hour cycles by cool-white and near-UV florescent 
lamps (one each). Fungal colonies are subsequently identified under a stereo
microscope; compound microscopes are used to confirm identifications. 

• Maize seed (particularly sweetcorn) originating from the northeastern USA is 
specifically subjected to growing-on tests as described by McGee (1982) in 
checks for Erwinia stewartii (bacterial wilt of maize). 

• Maize seed originating from South and Southeast Asia are tested for downy 
mi Idews using procedures (examination of softened, macerated tissues stained 
with trypan blue) described by Rao et al. (1985). 

SHU is now equipped and capable of employing biochemical tests for detection of viral 
and bacterial diseases. Using commercial serological products and protocols described by 
Converse and Martin (1990), ELISA tests are now routinely conducted for certifying the 
absence of Barley Stripe Mosaic Virus in CIMMYT wheat and barley seed distributed 
through our international nursery testing system. Similar routine tests for Maize Dwarf 
Mosaic Virus are planned beginning in 1993. Further, SHU is also now testing exported 
wheat seed for the presence ofXanthomonas campestris pv. undulosa using 
immunoflourescence microscopy and protocols described by Duveiller and Bragard 
(1992). 

The number of introductions processed by SHU varies considerably from year to year 
depending on germplasm improvement program requirements. However, wheat 
introductions always comprise the major part of exotic accessions. The number of 
accessions processed by SHU since its inception in 1989 are summarized in Table 12. 

Pathogen interception 
A wide array of fungal pathogens has been detected on seed introductions of barley, 
maize and wheat (Table 13) since the inception of SHU in 1989. Although a storage 
problem rather than a pathogen of maize plants, Aspergillus flavuslparasiticus are 
included as a point of potential interest in terms of their toxigenic potential. We have 
chosen to use nomenclature of the most common usage in North America and for asexual 
stages rather than teleomorphs. As might be expected, Fusarium and Helminthosporium 
spp. have comprised the major portion of pathogens intercepted. The largest number of 
pathogen species and most varied have been observed on wheat seeds. This is, perhaps, a 
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reflection of both the larger number of wheat introductions (see Table 12) and origins 
than those of maize and barley combined. Wheat accessions have been received from 45 
countries since 1989 while maize from 31 and barley from 12. On average, however, 
wheat seed harbors a greater variety of organisms, including saprophytes, than maize 
from anyone origin. 

Interceptions have been handled on a case by case basis depending on the organism, 
incidence level, and perceived threat. Most of the pathogens detected have been common, 
cosmopolitan organisms that have not been considered threats and were dealt with by 
surface-disinfestation with 1% sodium hypochlorite and/or fungicide treatments 
(carboxin and captan, thiram or similar). In the cases of the interceptions of wheat seeds 
infected with, for example, Claviceps pupurea, Tilletia indica, T. caries, however, the 
introductions were destroyed. Similarly, the accession in which a single spore ball of 
Urocystis agropyri was detected was destroyed as well. On the other hand, the wheat 
introduction in which a Pyricularia sp. from South America was detected was surface
disinfested, treated with fungicide and planted in the greenhouse rather than the field. 

Weed seeds (principally A venae spp.) have been detected in wheat introductions from 
every region indicated in Table 13 as have insects (principally Sitophilus spp.), or insect 
signs, in both wheat and maize accessions. However, high risk insects, indicated in 
Tables 10 and 11, have not been intercepted. As noted previously, introductions infested 
with weed seeds are cleaned before release (weed seeds are destroyed) and those infested 
with insects are placed in a freezer at -150 C or fumigated with magnesium phosphide for 
48 hours. 

Internationally Distributed Seed 

SHU regulatory procedures 
All exported CIMMYT wheat and maize germplasm must be accompanied by two 
documents: 

• An international phytosanitary certificate issued by the government of Mexico; 
and 

• A CIMMYT Health Certificate in either English or Spanish (see examples 
provided at the end of this document). 

Certification by the government of Mexico is based upon random checks of whole seed 
by officers of Sanidad Vegetal. Certification by SHU is based upon examination of whole 
seed and seed washates, incubation and, most recently, serological tests. 

The maize program submits individual samples of entries of EVTs and IPPTs; the wheat 
program, due the far greater number of nurseries and entries involved, submit composite 
samples of each nursery or shipment composed of a sample of each entry unless 
otherwise directed. The Maize Program fortunately does not suffer from the presence of a 
pathogen of limited distribution and general international quarantine interest (with the 
possible exception of a downy mildew species, Peronosclerospora sorghl). The large 
majority of maize seed for international distribution originates from the CIMMYT maize 
station in Tlaltizapan, Morelos--a very low disease incidence site. Accordingly, SHU has 
been confident to certify the safety of small miscellaneous shipments as well as large 
international nurseries on the basis of pathogens detected on the EVTs and IPPTs alone 
(Table 14). 
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Although most internationally distributed wheat seed is multiplied in dry, low disease 
incidence sites as Hermosillo! (Table 16), some materials are of seed from high-rainfall, 
high-disease incidence areas (during summer cycles) such as Toluca and EI Batan (Table 
15). Differences of relative incidence of seedbome pathogens between these 
environments are notable, however, pathogens detected from such areas are cosmopolitan 
(Table 15) and do not constitute a regulatory problem. Nevertheless, SHU certification 
requirements for wheat are much more stringent due to our attempts to ensure the 
absence of contaminant teliospores of Kamal bunt (Ti/letia indica). All wheat shipments 
must be washed in sodium hypochlorite solution (which destroys exposed spores of T. 
indica); composite samples of washed material are examined and must be certified free 
of Kamal bunt spores before the material is allowed to be shipped. 

Standard inspection/test procedures 
Seed multiplication areas of both wheat and maize are inspected by myself at least twice 
during anyone cycle. We find no consistency of occurence of a given pathogen in the 
field and on the seed due in the main to stringent standards of observation, selection, and 
harvesting procedures of the breeding programs. 

All laboratory tests as previously described for introductions are applied to samples of 
internationally distributed seed as well. However, tests for E. stewartii in maize are 
generally not conducted; no CIMMYT pathologists have ever seen symptoms of 
Stewart's Wilt in CIMMYT nurseries. The disease, although of quarantine interest and 
reported to be present in Mexico, is apparently not common and our materials very 
resistant. 

Serological tests for Barley Stripe Mosaic Virus in wheat and Maize Dwarf Mosaic Virus 
in maize have been routinely conducted for one year. Although both pathogens are 
endemic in Mexico, consistently negative results of these tests will enable SHU to ensure 
the absence of these in our seed on future certificates. 

Physical and Human Resources 

Staff 
Current personnel include one pathologist doctorate as head of SHU assisted by two 
biologists as laboratory technicians. Proposed future staffing would include an addi~nal 
pathologist with a Masters Degree. 

Laboratory and greenhouse facilities 
The SHU laboratory is located within the CIMMYT laboratory complex, which includes 
facilities for general pathology, physiology, soil analysis, cereal technology, and applied 
biotechnology. Current facilities include one laboratory with four separate rooms 
designated as Main, Culture, Stores and Office (Figure 22). Due to resource limitations, 
this facility is used for evaluation of both exported and imported material. However, 
sections in the main room are divided into three activity areas: 1) export germplasm 
sample preparation and germination test evaluation; 2) introduction sample preparation 
and preliminary examination; and 3) general microscopic examination of all samples and 
tests. The major portion of laboratory equipment including incubators and germinators 
are located in this room and the major part of examinations are conducted here. 

1 Seeds infected with Kamal bunt were detected at harvest in the 1992 harvest from the Hermosillo site,� 
which is no longer considered as a multiplication site of internationally distributed wheat seed. Seed that� 
will be used for 1994-95 nurseries wiII originate from Tepalcingo, Morelos and Mexicali, Sonora--both� 
dry, low-disease incidence sites as well.� 
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Serological tests, however, are conducted in a virology activity area located within the 
applied biotechnology laboratory. The culture room is also divided into activity areas for: 
1) culture preparation and pathogen isolation; and 2) photo- and immunoflourescence 
microscopy. Both seed and laboratory chemicals are kept in the stores. Working surface 
areas in the SHU laboratory are disinfested daily with sodium hypochlorite solution and 
the storage room frequently fumigated with magnesium phosphide. Given the nature of 
the organisms of quarantine interest to Sanidad Vegetal and SHU, the relatively low risks 
of importing exotic pests and pathogens of wheat and maize, generally, and the controls 
imposed by SHU on introductions, we believe that these laboratory facilities are 
sufficient for the safe processing of our present introduction requirements. 

Space is made available to SHU in the CIMMYT greenhouse complex on a demand 
basis. Growing-on tests, for instance, are conducted in separated table areas as are 
introductions, which have not been cleared for field planting. A quarantine greenhouse 
has been proposed, but the construction of this greenhouse will be decided by future 
resource availability. Until such time, however, imports of vegetative material will be 
avoided. 

Equipment 
Laboratory equipment located in the SHU facility itself (with one exception) and used 
routinely for processing of imported and exported seed samples are listed in Table 17. 
The ELISA plate reader is available for use by SHU, but is located in the applied 
biotechnology laboratory facility. A computer has been included in this list because 
efficient processing must include efficient management of data by which critical 
assessments of origin, volume and risk can be made. Occasional equipment requirements 
as mills, fume hoods, etc., are fulfilled by use of such equipment within the general 
laboratory complex. The SHU facility, however, is self-sufficient in routine 
microbiological laboratory equipment as hot plates, stirrers, balances, ovens, and 
automatic pipettes for ELISA tests and supplies as glassware, chemical reagents, and 
media. 
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Table 10. A list of pathogens considered seed-borne in wheat, barley, and maize and of high 
quarantine risk by the Direccion General de Sanidad Vegetal, Mexico. 

WHEAT BARLEY MAIZE 
Anguina tritiei Clavieeps purpurea Cephalosporium maydis 
Clavieeps purpurea Hymenula cereaJis Erwinia stewartii 
Til/etia controversa Barley Stripe Peronosclerospora maydis 
Barley stripe Mosaic Mosaic Virus Sclerophthora rayssiae pv. zea 

Virus Maize Dwart Mosaic Virus 

Table 11. A supplementary list of potentially seed-borne pests and pathogens considered seed 
health concerns by the CIMMYT Seed Health Unit. 

WHEAT MAIZE 
pathogens ~ pathogens ~ 

Pyricularia sp. Cephus cinctus Clavibacter Trogoderma 
Urocystis agropyri ' Mayetiola michiganense granarium 

destructor spp. nebraskense 
Trogoderma Maize Chlorotic 

granarium Mottle Virus 

Table 12. Numbers of introductions of maize, wheat and barley processed by the CIMMYT Seed 
Heahh Unit from 1989 to 1992. 

YEAR 
QBQf .l.SaS. ~ ~ 

~. 

Maize 4634 1331 1620 2859 
Wheat 16431 16761 23835 11497 
Barley 816 2654 2186 147 
• To the end of November, 1992 
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Table 13. Seed·bome pathogens detected by the CIMMYT Seed Health Unit in samples of maize 
(m), wheat (w) and barley (b) introductions since January 1989. 

AREA' 
PATHOGEN2 Af AS CA EU ME NA SA sc SP 
Aspergillus m m m 

flavuslparasiticus 
Botryodiplodia spp. m m m m 
Cephalosporium m m m m m 
acremonium 

Claviceps purpurea W 

Curvularia spp. m,w b,m,w m b b,w b,m,w m,w W 

Diplodia maydis m 
Fusarium spp. W b,w W W b,w W W m 
F. acuminatum W 

F. avenaceum W W W b,w W b,w W W W 

F. culmorum m b,w W W W W 

F. dimerum W W b,w W 

F. equiseti W W b,w W b,w W W W 

F. graminearum m,w b,w b,w b,w b,m,w m,w W W 

F. heterospora W 

F. moniliforme m m m m m m m m 
F. niva/e W W W W W W 

F. poae m,w b,w b,w b,w m,w W m,w 
F.sambucinum W b,w m W 

F. semitectum W W W W W 

F. trincinetum b,w b 
He/minthosporium spp. m,w b,m,w b m,w 
H. avenae W 

H. carbonum m m m m m 
H. cynodontis m W W 

H. dematoideae W W m 
H. dictyoideae w 
H. halodes W W 

H. hawaiiensis m m,w W b,m,w W 

H. maydis m m 
H. rostratum W W 

H. sativum m,w b,w b,w W m,b,w W W 

H. siccans W W 

H. teres b 
H. tetramera m,w W b,w W 

H. tritici-repentis w 
H. tuberosa b w 
H. turcicum m 
H. victoriae W W W w 
PyriQJlaria sp. w 
Septaria nodorum w w w w W W 

Tilletia carieslfoetida w w w 
T. indica W 

Urocystis SQI'OPyri W 

Un. 1UIII b 
U. tritici w w 

1 AF.Africa: Aa-Aaia: CA-CentrII AmericII: Eu-Europe; ME.Mkde East; NA-Nor1t'l America;� 
SA.South America: Sc-SCandinavia; SP.South Pacific.� 
2 The use of .spp.• indicat.. tNt the org""'" wu nat idMtlll.d to speciel.� 
imports of vegetative mat'" will be avoided.� 
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Table 14. Pathogens detected on samples of maize seed internationally distributed in 1992.a 

Pathogen Incidence (%) 
Cephalosporium acremonium 6.0 
Curvularia spp. 0.2 
Fusarium equiseti 0.1 
F. graminearum 0.1 
F. moniliforme 39.6 
Helminthosporium carbonum 0.3 
H. rostratum 0 1 
H. Spp.b 0.2 
acomposite mean of seed from all locations; > 90% originated from Tlatizapan, Morelos. 
blncludes H. cynodontis, H. sativum, etc. 

Table 15. Pathogens detected on samples of wheat seed originating from CIMMYT nurseries in 
TolUCa! EI Batan, Mexico and internationally distributed in 1992193.a 

Pathogen Incidence (%) 
Fusarium avenaceum 2.7 
F. culmorum 0.7 
F. dimerum 0.8 
F. graminearum 11.4 
F. nivale 1.8 
F. poae 0.8 
F. Spp.b 0.4 
H. sativum 1.3� 
Septoria nodorufT1C 0.2� 
Xanthomonas campestris pv. undulosa 100.0� 
acomposite mean of all nurseries.� 
blncludes F. crookwellense and sambucinum.� 
cOn dururns only.� 

Table 16. Pathogens detected on samples of wheat seed originating from CIMMYT nurseries in 
Hermosillo, Sonora and internationally distributed in 1992193.' 

Pathogen Incidence (%) 
Curvularia spp. 0.02 
Fusarium dimerum 0.01 
F. graminearum 0.29 
F. sambucinum 0.10 
Helminthosporium hawaiiensis 0.02 
H. spiciferum 0.20 
H. sativum 0.15 
H. spp. 0.01 
Xanthomonas campestris pv undulosa 25.00 
.Composite mean of all nurseries. 
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Table 17. A list of non-expendable equipment used in the CIMMYT Seed Health Unit laboratory 
facility for imported and exported seed processing. 
ITEM 
Autoclave, table-top 
Computer, desk-top 
ELISA Plate Reader 
Freezer, up-right 
Germinator, illuminated 
Incubator, illuminated 
Laminar Flow Hood 
Magnifying Glass,lighted Microscope, 
compound 
Microscope, stereo,zoom 
Microscope, epiflourescent2 
Moisture Tester,digital 
Pump, laboratory 
Seed Counter 
Seed Divider, riffle 
Seed Treater, laboratory 
Shaker, wrist-action 
Water Bath 

1 N/K =not known. 
2 For immunoftourescent microscopy. 

NO. MANUFACTURER 
1 Napea 
1 IBM 
1 Dynatech 
1 Mabe (locally produced) 
3 Hoffman,Seedburo 
3 Precision 
1 EACI 

1 Apco 
2 Zeiss 
3 Bausch & Lomb, Zeiss 
1 Zeiss 
1 Steinlite 
1 Thomas Scientific 
1 Count-A-Pak 
1 Gamet 
1 Gustafson 
1 Burrell 
1 Precision 

MODEL' 
8000-DSE 
PS/2 
MR 700 
N/K 
SG25SS, S-6900 
818 
92-775X 
N/K 
K7C 
B&L 31-26-94,SV-8 
K7C( + condenser) 
SS250 
DOA-P104D-44 
701 
H3985 
BLT 
75 
50 

Figure 22. A schematic representation of the CIMMYT Seed Health Unit laboratory facility at EI 
Batan, Mexico. 

Main Lab 

(gn) (in) (ex) 

.~ -
(ph) 

Culture Store Office 

(cu) 

gm :II general microscopic examination of samples and tests.� 
in :II introduction sample preparation and preliminary examination.� 
ex :II export sample preparation and germination evaluation� 
ph:ll photo- and immunoflourescence microscopy.� 
cu. culture preparation.� 
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South Asia Regional Wheat Pathology/Breeding:�
Review of Current Activities� 

H.J. Dubin 

Introduction 

The concept for the present South Asia regional wheat pathologylbreeding position was 
developed in 1984. Previously, there had been support on a smaller scale. The rationale 
behind the posting was: 

• This region was the home of the Green Revolution and the production gains 
achieved should be safeguarded and increased, if possible. 

• The areas has around 32 million hectares of contiguous wheat and is basically 
one large epidemilogical unit with respect to the rusts. 

• Diseases have traditionally played a significant role in reducing wheat 
production. 

• A large percentage of the poorest people in the world live in this region. 

Thus, it was felt that a strong CIMMYT presence in wheat pathologylbreeding was 
appropriate to help NARSs in their quest for better resistance to diseases. The regional 
base was placed in Kathmandu, Nepal, at the request of the Nepali government and H.J. 
Dubin was posted there in October 1985 and continues in that position. An overview of 
current activities in the South Asia Region is presented in the following sections. 

Current Technical and Scientific Activities 

Outreach programs (regional, in this case) are critical to CIMMYT's continued success. 
Outreach staff are the eyes and ears that help CIMMYT focus on the needs of the 
NARSs, our clients. Many outreach activities that fall under technical and scientific 
issues are not easy to quantify. Our role is often to help the programs focus on realistic 
objectives to improve disease resistance and ultimately yields. Thus, we should be 
facilitators and catalyzers. In some countries, our support is basically collegial and in 
others it is more hands-on with the researchers. To be effective in helping NARSs 
requires a people-to-people approach where a rapport can be established, thus providing a 
knowledge of their reality and how we can be of help. We have to establish and maintain 
credibility. The feedback to CIMMYT base in Mexico is essential. 

Technical support 
This can be defined in many ways, but for our purposes, it let's call it working with 
NARSs technically where we have a comparative advantage in helping. In this section, 
only technical support given in relation to pathologylbreeding is discussed. A good deal 
of technical support is associated with visits to national programs in the region. In 1992, 
78 days were allocated to regional travel for such visits. Some of the examples of the 
type of technical support we are giving to national programs in the region are listed 
below: 

Strengthening of the regional rust virulence survey·-CIMMYT serves as the facilitator
catalyst in increasing cooperation among countries in the region. Since India has the 
strongest rust virulence survey in the region, samples are sent there for analysis. 
Information is fed back to the cooperators via CIMMYT because, in some cases, direct 
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communication is not possible. Training of personnel is also done in relation to this work. 
This initiative is linked to the rust research at the University of Minnesota where 
CIMMYT is supporting an Indian scientist who is working on his PhD. Until very 
recently, IPOlHolland had strongly supported the yellow rust survey in the LDCs and we 
were an integral part of the project. CP is actively pursuing a renewal of this support. 

Breeding for durable resistance to rust--This effort began formally with a workshop in 
Delhi in February 1992 that involved a select group of breeders and pathologists who 
discussed the concept of durable resistance and the methodology CIMMYT is using to 
obtain it. Those who wished to try the method were sent specific gerrnplasm to cross and 
then start the selection process. Previous to this, the regional pathologist/breeder had 
discussions during his travels in the region concerning selection techniques for APR and 
slow rusting and the best materials to use in the various programs. The above program 
formalized our work somewhat. The work of S. Rajaram and R.P. Singh at CIMMYf is 
important to the success of this activity. We also participated in the ICARIPARC/ACIAR 
project on the genetic basis of rust resistance in the Indian and Pakistani wheats, which 
finished a few years ago and helped provide information on APR. 

Helminthosporium leaf blight (HLB) cooperative research--This effort focuses on serving 
as a catalyst for cooperative regional research. CIMMYf organized a workshop on the 
problem and the participants carne up with ideas on how to address it that included 
etiology, loss studies, and testing and selection of the best resistant material in the region. 
This cooperation is integrated with the Belgian/CIMMYf foliar blight project and was 
linked previously to the GTZ-Goettingen one that recently concluded. 

Computer training--The availability of powerful PCS has allowed us to help the national 
programs utilize these new tools to become more efficient in their research and analyses. 
Computers have been purchased and short courses held for learning how to use them. The 
use of many programs (Le., MSTAT, SYSTAT, PLOTIT, LOTUS, and word processing) 
has been taught. Speciality programs have been used for stability analysis, such as 
GEBEl, Westcott Geometric, and stochastic dominance. 

Communications, information, and idea factory--This category is for items that do not fit 
well into a specific project. A good deal of time is spent on working with and infonning 
programs on things that will be of help to them or may affect them regionally in 
pathology and breeding, e.g., Kamal bunt, the movement of rust races into the area, the 
increase in BYD, or the importance of soilborne diseases. An important issue concerns 
the need to maintain the genetic diversity of resistance to the rusts and in some countries 
to diversify even further. 

Collaborative research 
Research activities are accomplished by working with the national program scientists. 
This research is considered a national effort with CIMMYf as an intellectual and/or 
physical participant. We do not have our own agendas, researchers, or experiments. 
However, we do try to help the staff focus clearly on resolving the problems of diseases 
or other breeding issues in their country. The work also serves as a training vehicle. What 
follows are brief examples of some ongoing or recently completed experimental work in 
which CIMMYT directly participated. 

Breeding for HLB resistance in Nepal--In an attempt to obtain higher levels of HLB 
resistance, apparent diverse sources of resistant lines were obtained and by use of 
AUDPC, the best lines were selected for use in crosses. Parents came from Brazilian and 
Chinese wheats and alien sources (Agropyron curvifolium crosses). Three-way crosses 
are being used with the third cross being a well adapted Nepali cultivar with a moderate 
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level of resistance. F2 individuals selected this season clearly showed good levels of 
resistance even in early heading lines. It has been shown that there is a negative 
correlation between HLB and heading date and height which confounds selection. In 
infection rate studies, covariance analysis helps correct for this and later heading lines 
can be usefully selected. We believe that well adapted cultivars with acceptable levels of 
HLB and leaf rust resistance can be obtained. 

Soil solarization in Nepal--Soil solarization has been used to determine losses due to 
soilborne diseases in the Tarai of Nepal. Little is known about the importance of 
soilborne wheat diseases in the region, but observations of roots indicate that root rot in 
some areas is quite common. Solarization was used in an effort to determine the potential 
and actual losses in an environmentally friendly manner. The research was done over 
several years at the National Wheat Research Program (NWRP) in Nepal in conjunction 
with H.P. Bimb, NWRP pathologist. Results indicate that potential losses ranged between 
10 and 23%. Farmer field trials showed conservative losses of 4%. Solarization reduced 
root and subcrown internode necrosis and HLB as well as increased height, total yield, 
and several yield components. Its positive effects on yield are carried into the next crop. 
Bipolaris sorokininana was the most important pathogen. Recent preliminary evidence 
shows that solarization increases Mn in the soil and this may be associated with disease 
reduction. The above work is closely linked with the rice-wheat crop management 
research under way in South Asia. 

Yield losses in Nepal--General observations in the Tarai indicate the importance of HLB 
in decreasing wheat yield losses, but no hard data were available. Therefore, studies in 
cooperation with NWRP were carried out to estimate potential and actual losses due to 
the disease. Bipolaris sorokininana and Drechslera tritici-repentis are the principal 
pathogens. Over several years, propiconazole was used to control HLB and potential 
losses were determined to be between 19 and 28%. HLB was significantly negatively 
correlated with yield. In one year, studies in farmers' fields by a PhD student at NWRP 
showed actual losses estimated at 7%. Additional cooperative studies are being carried 
out with the rice-wheat crop management research team to ascertain the effects of 
changing management on both soilborne and foliar diseases. 

Cultivar mixtures--Investigations on the comparative behavior of three wheat cultivars 
and their mixtures in India, Nepal, and Pakistan have had some interesting results. 
Although wheat mixtures are common in South Asia, little was known about the behavior 
of wheat cultivar mixtures over a broad range of environments. In conjunction with 
scientists from the three countries and M.S. Wolfe, ETH, Switzerland, studies were 
carried out over a three-year period. The main objectives were to compare 1) the stability 
of yield of a three-component mixture with that of the individual components over a 
range of environments, and 2) natural infection by different diseases of the mixture with 
that of its components. The results provide strong evidence that the mixture behaved in a 
usefully predictable manner, yielding at least as well as the means of the components, 
over a range of diverse environments in South Asia. The mixture was less variable over 
all environments compared with the components but was not necessarily more stable. It 
restricted yellow and leaf rusts and foliar blight relative to the means of the components. 
No single method of stability analysis gave an unequivocal idea of stability. 

Additional studies on the effects of cultivar mixtures on HLB were recently done at 
lAAS in cooperation with R.C. Sharma. Appropriate mixtures reduced HLB between 30 
and 50% as compared to the mean of the components. The mixtures outyielded the mean 
of the components in three out of four experiments (5.7 to 8.5%). Mixtures are being 
tested in farmers' field trials in Rampur area of Nepal in conjunction with IAAS. 
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Returns to wheat research in Nepal--Concern in the Nepali government and investor 
community as to the returns to agricultural led to some studies conducted by the 
CIMMYT Economics Program, the regional wheat program, and NARC. The results 
show that investment in wheat research has given internal rates of return from 75 to 84% 
during the last 30 years. Experimental data showed that if replacement of old cultivars by 
new rust resistant ones had not occurred, losses of 2.5% per year would have resulted. 
Further studies will attempt to assess the genetic gains in the new wheat cultivars. 

Germplasm distribution--In general, germplasm requests go directly to Mexico and we 
support the logistics by serving as a clearinghouse for the requests. Due to cumbersome 
rules on germplasm movement among countries in the region, we are the honest brokers 
in facilitating the shipment and receipt of germplasm in many cases. 

Visiting scientists and training--Various types of activities are included from short-term 
visits to advanced degree support. In 1992, one Nepali scientist was trained in pathology 
in India; another participated in the in-service breeding/pathology course at 
CIMMYTlMexico and a Nepali pathologist was awarded a scholarship to study for a PhD 
in the UK. Three Indian and three Pakistani breeders and pathologists visited CIMMYT 
for several weeks. One Indian scientist went to CIMMYT to do research on rust 
resistance gene postulation and another went to the University of Minnesota to work on a 
PhD in rust genetics. 

Communication--Increased regional communication is achieved by supporting exchange 
of national staff for regional meetings as well as visits around the area. In December 
1991, 10 scientists participated in a workshop held in Kathmandu concerning the 
problems of helminthosporium leaf blight. Also, several breeders and pathologists from 
the region participated in the rice-wheat workshop in May 1992. International 
communication is helped by visits to Mexico and en route stops at centers of excellence. 

Administrative and Liaison Activities 

Administrative and liaison responsibilities take up about 40% of the time of the 
CIMMYT pathologistlbreeder in Kathmandu. A partial list of these activities includes: 

• Office management entailing the supervision of two office staff, two drivers, 
and auxiliary staff. 

• Accounting for CIMMYT core, USAlD, IRRI/ADB, and SDC budgets. 

• Logistical support for visitors, trainees, and PhD students. For example, in 1992 
there were 78 visitors, 32 trainees (regional and international), and one PhD 
student. 

• Logistical support for a rice-wheat work in the region. 

• Equipment purchase and importation for the region (USS40,OOO in 1992). 

• Interface with Nepali government with regard to the Memorandum of 
Understanding with CIMMYT. 

• Periodic contacts with the leaders of the NARSs and donor agencies in the 
region. 

• Liaison with other IARC staff, especially in relation to the rice-wheat program. 
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• Investigate possibilities of acquiring research support fund. 

• Prepare the ICAR-CIMMYT workplan. 

The Future in South Asia 

Assuming a continued outreach presence of CIMMYT, it is imperative that we maintain 
close working relations with national programs so as to assure the relevance of our 
support in the region. The type of work being carried out should be continued, especially 
the breeding for rust and HLB resistance. Increased efforts must be given to the 
identification and incorporation of durable rust resistance. Where feasible, disease 
surveys and epidemiological research should be strengthened and ultimate control 
methods should be of an integrated nature. 

At present, we are participating closely in the rice-wheat crop management research, 
which highlights the need to take a systems and integrated approach to disease control. 
Integrating pathology research with crop management research and breeding will be 
critical for better understanding how to control disease in a sustainable manner. 
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Appendix 1. Current Projects of the Crop Protection Subprogram 

Note: Details can be found in Fischer, R.A., and G.P. Hettel, eds. 1993. Research Project Updates and 
Descriptions of New Projects for the CIMMYT Wheat Program. Mexico, D.F.: CIMMYT. 

• Project terminated. 

Lear Rust (13 projects) 

CPLR8901: Characterization of known Lr genes and additional adult plant resistance in 
bread wheat cultivars from various countries and important CIMMYT genotypes. R.P. 
Singh. 

* CPLR8902: Comparison of partial adult-plant resistance to leaf rust in IBWSN 
gennplasm in 5-year increments beginning with the 4th IBWSN. R.P. Singh, B. 
Skovmand, and S. Rajaram. 

CPLR8903: Genetics of adult-plant resistance to leaf rust in bread wheats. R.P. Singh. 

* CPLR8904: Analysis of stability and durability of partial adult plant resistance to leaf 
rust in CIMMYT wheats. R.P. Singh and S. Rajaram. 

* CPLR8905: Study of additiveness and transgressive segregation for improved adult 
plant partial resistance to leaf rust. RP. Singh and S. Rajaram. 

CPLR8906: Chromosomal location of adult plant resistance genes to leaf rust. RP. Singh 
and A. Mujeeb-Kazi. 

CPLR8907: Comparison of crossing and selection methodologies for the transfer of adult 
plant partial resistance to leaf rust in a high yielding background. R.P. Singh and S. 
Rajaram. 

* CPLR8908: Backcrossing additional genes for partial adult plant leaf rust resistance in 
'Kauz'. R.P. Singh and S. Rajaram.� 

CPLR8909: Evaluation of losses due to leaf rust and testing of new fungicides. R.P.� 
Singh and P. Figueroa.� 

CPLR8910: Genetics of leaf rust resistance in triticales. R.P. Singh and W.H. Pfeiffer.� 

MPPP9001: Evaluation of economic yield importance of leaf rust resistance in bread� 
wheat. K. Sayre and R.P. Singh.� 

AMGW9101: RFLP mapping of durable leaf rust resistance genes/factors in bread wheat.� 
DA. Hoisington, R.P. Singh, and F. Acevedo. 

CPLR9201: Identification of sources of leaf rust partial resistance in ICARDA-CIMMYT� 
barley germplasm. L.H.M. Broers and H. Vivar.� 

Stem Rust (6 projects)� 

CPSR8901: Evaluation of durum wheat genotypes for partial resistance to stem rust.� 
L.H.M. Broers.� 
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CPSR9001: Interplot interference in the durum-stem rust system. L.H.M. Broers. 

CPSR9002: Analysis of components of partial resistance in durum wheat to stem rust. 
L.H.M. Broers. 

CPSR9003: Some histological observations on partial resistance in durum wheat to stem 
rust. L.H.M. Broers. 

CPSR9004: Genetic analysis of some durum wheat genotypes that have shown partial 
resistance to stem rust. L.H.M. Broers and O. Abdalla. 

CPSR9301: Evaluation of Triticum dicoccum for resistance to stem rust. L.H.M. Broers 
and B. Skovmand. 

Yellow Rust (15 projects) 

* CPYR8901: Development of a method to inoculate yellow rust on adult plants of wheat 
for subsequent measuring of components of partial resistance. L.H.M. Broers. 

CPYR8902: Genetic analysis of some bread wheat genotypes that have shown durable 
resistance to yellow rust in different yellow rust hot spots of the world. L.H.M. Broers, D. 
Danial (Kenya), and M. van Ginkel. 

* CPYR8903: Comparison of methods to select for partial resistance in wheat to yellow 
rust. L.H.M. Broers and D. Danial (Kenya). 

CPYR9001: Comparison of methods to select for partial resistance in wheat to yellow 
rust. L.H.M. Broers. 

CPYR9002: Comparison of methods to select for partial resistance in wheat to yellow 
rust (gene bank material). L.H.M. Broers. 

CPYR9003: Component analysis of adult plant resistance in wheat to yellow rust. 
L.H.M. Broers. 

* CPYR9004: Influence of certain weather conditions on infection types of yellow rust 
on wheat. L.H.M. Broers. 

CPYR9101: Analysis of stripe rust (YR) race and seedling virulence patterns, field 
response data, and the relationship to commercial cultivars and CIMMYT gennplasm. 
E.E. Saari and R. Stubbs. 

CPYR9201: Interplot interference of yellow rust in bread wheat. L.H.M. Broers and D.L. 
Danial (Kenya). 

CPYR9202: Effect of leaf age on the expression of adult plant resistance in yellow rust. 
L.H.M. Broers. 

CPYR9203: Influence of temperature on the expression of adult plant resistance in wheat 
to yellow rust. L.H.M. Broers. 

CPYR9204: Measurement of allo-infection in a wheat yellow rust epidemic using a white 
mutant of yellow rust. L.H.M. Broers. 
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CPYR9205: Genetics of adult plant resistance to stripe (yellow) rust in bread wheats. 
R.P. Singh. 

CPYR9301: Resistance to stripe (yellow) rust in hexaploid synthetic wheats. H. Ma, R.P. 
Singh, and A. Mujeeb-Kazi. 

CPYR9302: Effect of gene Yr18 in protecting grain yield loss. H. Ma and R.P. Singh. 

Rusts (6 projects) 

CPRU8901: Mexican P. recondita and P. graminis pathogenicity survey on bread wheat, 
durum wheat, and triticale. R.P. Singh. 

CPRU8902: Global P. recondita, P. graminis, and P. striiformis pathogenicity surveys. 
R.P. Singh, J. Huerta, A. Roelfs, and R. Stubbs. 

* CPRU8903: Genetics of stem rust and/or leaf rust resistance in durum wheat. R.P. 
Singh and O. Abdalla. 

* CPRU9101: Genetics of yellow rust resistance in wheats carrying Lr34 for leaf rust 
resistance. R.P. Singh. 

CPRU9201: Disease gradients in three cereal rust systems. L.H.M. Broers. 

CPRU9301: Chromosomal location of gene(s) for resistance to stripe rust and stem rust 
in wheat. H. Ma, R.P. Singh, and A. Mujeeb-Kazi. 

Smuts and Bunts (16 projects) 

CPKB8801: Identification of sources of resistance to Tilletia indica, the causal agent of 
the Kamal bunt disease of wheat. G. Fuentes-Davila; S. Rajaram; M. van Ginkel; A. 
Mujeeb-Kazi; W. Pfeiffer; and O. Abdalla. 

CPKB8802: Improvement of inoculation and evaluation techniques and selection criteria 
in applied research on Kamal bunt. G. Fuentes-Davila. 

CPKB8803: Chemical control of Kamal bunt by application of fungicides during the 
flowering stage, and seed treatment. G. Fuentes-Davila and F. Salazar-Huerta. In this 
project, several investigators from CIANO and CIMMYT have been involved (S. 
Valenzuela-Rodriguez, J.F. Salazar-Huerta, P. Figueroa-Lopez, and J.M. Prescott). 

* CPKB8901: Seed assay for teliospores of Tilletia indica in central Mexico (and in the 
Bajio area). G. Fuentes-Davila; R.A. Fischer; C. Velazquez-Cruz; S. Martinez-Ruiz; J. 
Ireta-Moreno; J. Gutierrez-Samperio. 

CPKB8902: Sporidia trapping of Ti//etia indica, the causal agent of the Kamal bunt 
disease of wheat. G. Fuentes-Davila. 

* CPKB9001: Effect of fungicide dressing on survival of Tilletia indica in buried wheat 
grain. S.K. Mann, G. Fuentes-Davila, and R.A. Fischer. 

CPKB9002: Longevity of teliospores of Tilletia indica in the soil. G. Fuentes-Davila and 
J.e. Valdez-Abril. 
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CPKB9003: Heritability of resistance to KB in bread wheat as determined by diallel 
analysis. G. Fuentes-Davila, S. Rajaram, and M. van Ginkel. 

CPKB9004: Identification of sources of resistance to Ustilaga nuda, the causal agent of 
loose smut of barley. G. Fuentes-Davila and H.E. Vivar. 

CPKB9005: Testing diverse populations of the Kamal bunt pathogen to confirm 
worldwide applicability of local resistance, breeding and seed treatment research at 
CIMMYT, and to develop new approaches to seed treatment procedures. G. Fuentes
Davila, L. Butler, S. Rajaram, and M. Bonde. 

CPKB9101: Tilletia indica: Studies on the inoculation of wheat under natural conditions. 
G. Fuentes-Davila, E.E. Saari, and S. Nagarajan. 

* CPKB9102: Effect of fumigants on viability of Tilletia indica teliospores in soil. G. 
Fuentes-Davila and D.A. Lawn. 

CPKB9201: Kamal bunt seed assay in Guanajuato, Mexico. G. Fuentes-Davila and 
M. Rosas-R. 

CPKB9202: Identification of sources of resistance to Ustilaga tritici, the causal agent of 
loose smut of wheat. G. Fuentes-Davila and S. Rajaram. 

CPKB9203: Fingerprinting and identification of Til/etia indica and Tilletia barclayana 
using molecular markers. M. Fischer, C. Castro, and G. Fuentes-Davila. 

CPKB9301: Identification of bread wheats adapted to the Bajio area tolerant to 
Tilletia indica. G. Fuentes-Davila, S. Rajaram, J. Naro-Sanchez, and 
E. Soois-Moya 

Septoria tritici (9 projects) 

CPST8901: Septaria tritici disease monitoring nursery. L. Gilchrist, P. Fox, C. van 
Silfhout (IPO, Holland), and Z. Eyal (Israel). 

CPST8902: Evaluation of resistant Septaria tritici material. L. Gilchrist, S. Rajaram, M. 
van Ginkel, A. Mujeeb-Kazi, and B. Skovmand. 

CPST8903: Characterization of resistant, slow developing, and tolerant material to 
Septaria tritici. L. Gilchrist, S. Rajaram, and K. Sayre. 

CPST8904: Study of the inheritance of Septaria tritici resistance in selected durum wheat 
lines. L. Gilchrist, O. Abdalla, and C. Velazquez. 

CPST8905: Septaria tritici resistance study in durum wheat outside of Mexico. L. 
Gilchrist, O. Abdalla, P. Fox, and B. Skovmand. 

CPST9101: Septaria tritici virulence distribution for bread wheat in Mexico. L. Gilchrist, 
C. Velazquez, R. Gonzalez (INIFAP, Patzcuaro); E. Villasenor (INIFAP Chalco,� 
Juchitepec), J. Ireta (INIFAP, Tepatitlan, El Tigre).� 

CPST9102: Relationship between Septaria tritici virulence reactions in 30 wheat� 
varieties under the field and greenhouse conditions. L. Gilchrist and C. Velazquez.� 
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CPST9201:Inheritance of resistance to Septoria tritici blotch (Mycosphaerella 
graminicola) in bread wheat. L. Gilchrist, S. Rajaram (CIMMYT), I. Mathus (MS 
Student), and Jose D. Molina (CP Chapingo). 

CPST9301: Inheritance of resistance to Septoria tritici blotch (Mycosphaerella 
graminicola) in Chinese wheat germplasm. L. Gilchrist and S. Rajaram. 

Virulence Collection (1 project) 

CPVC8901: H. sativum, H. tritici repentis, S. tritici, S. nodorum, and Fusarium 
graminearum virulences collection. L. Gilchrist and C. Velazquez. 

Helminthosporium (11 projects) 

CPHS8901: Monitoring nursery for Helminthosporium sativum diseases. L. Gilchrist, P. 
Fox, J. Hetzler (GOttingen University, Germany), and YR. Metha (IAPAR, Londrina, 
Brazil). 

CPHS8902: Identification and evaluation of resistance material to H. sativum in the field 
(leaf, spike, grain and node reaction) in cereals. L. Gilchrist, A. Mujeeb-Kazi, S. 
Rajaram, W.H. Pfeiffer, H. Vivar, and B. Skovmand. 

CPHS8903: Resistance to Helminthosporium sativum in bread wheat: relationship of 
infected plant parts and association of agronomic traits. L. Gilchrist and W.H. Pfeiffer. 

CPHS8904: Progress in developing bread wheat resistant to H. sativum. L. Gilchrist, 
W.H. Pfeiffer, and S. Rajaram. 

CPHS8905: Variability infection study of H. sativum under Poza Rica conditions. L. 
Gilchrist and J. Lopez-Cesati. 

CPHTR8907: Adaptation of a selection screening method with Helminthosporium tritici
repentis in seedlings under greenhouse conditions and adult plant in field conditions. L. 
Gilchrist and C. Velazquez. 

CPHS9001: Resistance to Helminthosporium sativum in triticale: Association of plant 
parts to infection and agronomic and physiologic traits. L. Gilchrist and W.H. Pfeiffer. 

• CPHS9002: Hystopathological and hystochemical studies of H. sativum, in resistant 
and susceptible bread wheats and wide cross lines: Relationship between three planting 
dates and grain infection in Poza Rica (Master Degree Thesis, C. Postgraduados, 
Chapingo). L. Gilchrist (CIMMYT), R. Alvarez (C P Student), S. Osada (C P Advisor), 
and E. Cardenas (C P Advisor). 

CPBS9301: Yield loss and factors influencing spot blotch expression. E. Duveiller and I. 
Garcia Altamirano. 

CPBS9302: Characterization of Bipo/aris sorokiniana aggressiveness in Mexico. E. 
Duveiller and I. Garcia Altamirano. 

CPPT9301: Improvement of screening methodology and testing for resistance to� 
Pyrenophora tritici-rePentis. E. Duveiller and I. Garcia Altamirano.� 
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Bacterial Diseases (10 projects) 

* CPXA8701: Evaluation of potential bacteriocide seed treatments for control of 
Xanthomonas campestris pv. undulosa. E. Duveiller. 

* CPXA8801: Study of yield losses in bread wheat attributed to Xanthomonas campestris 
pv. undulosa. E. Duveiller and H. Maraite (V.CL., Belgium). 

* CPXA8802: Heritability of resistance to Xanthomonas in triticale as detennined by 
diallel analysis. E. Duveiller, O. Abdalla, and R. Trethowan. 

CPXA8803: Study of the possibility of biological control of bacterial leaf streak. 
E. Duveiller. 

* CPXA8901: Improvement of a detection method using growing-on technique for 
Xanthomonas in the greenhouse. E. Duveiller. 

* CPXA8902: Application of monoclonal antibodies (Mas) in detection of Xanthomonas 
in the seed. E. Duveiller, and C Bragard (V.CL., Louvain-Ia-Neuve, Belgium). 

CPXA8903: Epidemiology of bacterial leaf streak caused by Xanthomonas campestris 
pv. undulosa. E. Duveiller and H. Maraite (V.CL. lLouvain-Ia-Neuve, Belgium). 

• CPXA8904: Heritability of resistance to Xanthomonas in bread wheat by diallel 
analysis. E. Duveiller and M. van Ginkel. 

CPXA8905:Publication on bacterial disease of wheat and triticale. E. Duveiller. 

* CPXA8906: Study of near-isogenic lines with different dwarfing genes or earliness to 
understand the relationship between plant size and bacterial leaf streak expression. E. 
Duveiller, W.H. Pfeiffer, M. van Ginkel, and S. Rajaram. 

Barley Yellow Dwarf (14 projects) 

* CPBD8401: Screening gennplasm lines for resistance to barley yellow dwarf viruses 
(BYDVs) under natural infections in the field. P.A. Burnett; M. Mezzalama; R. Ranieri; 
S. Rajaram; W. Pfeiffer; H. Vivar; O. Abdalla; A. Mujeeb-Kazi; B. Skovmand; C 
Qualset; and A. Comeau. 

CPBD8501: Studying the genetics of resistance to barley yellow dwarf viruses (BYOVs) 
and evaluating progenies from selected crosses for their resistance to BYDV. P.A. 
Burnett; M. Albaren; S. Rajaram; R. Singh; H. Vivar; R. Ranieri; M. Mezzalama; A. 
Comeau, and C Qualset. 

* CPBD8601: The effect of barley yellow dwarf viruses (BYDVs) on the yield of cereals 
in Mexico. P.A. Burnett, M. Mezzalama, and R. Ranieri. 

CPBD8701: Trapping live cereal aphids and detennining the percentage that are able to 
transmit barley yellow dwarf viruses (BYDVs). P. Burnett, M. Mezzalama, and R. 
Ranieri. 

* CPBD8702: Variation in serotypes of barley yellow dwarf viruses (BYDVs) in cereals 
in the Toluca Valley and Mexico. M. Mezzalama, P. Burnett; R. Ranieri; D. Jeffers, and 
S. Koch. 
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CPBD8801: SUlVey of barley yellow dwarf viruses (BYDVs) serotypes in cereal 
nurseries in Latin America, Asia, and Africa. G.N. Webby; R. Lister; P. Burnett; 
Outreach staff and Cooperators. 

* CPBD9001: Assessment of barley yellow dwarf virus titres in "field resistant" barleys, 
wheats, and wide crosses. R. Ranieri and PA. Burnett in co-operation with H. Vivar, R. 
Singh, M. Kazi, S. Rajaram, G. Romano, J. Vallejo, and B. vanos. 

CPBD9201: Identification of sources of resistance in selected germplasm lines of spring 
bread wheat, spring barley, triticales and wide cross material. L. Bertschinger, A. 
Mujeeb-Kazi, W.H. Pfeiffer, J. Robinson, R.P. Singh, B. Skovmand, R. Villareal, and H. 
Vivar. 

CPBD9202: Characterization of the relation between virus titres symptoms, expression, 
and yield loss in selected contrasting bread wheat and barley lines inoculated at various 
growth stages. L. Bertschinger, J. Segura, and RP. Singh. 

CPBD9203: Characterization of the interaction between BYDVs, host genotype, and 
temperature in selected bread wheat lines. L. Bertschinger. 

CPBD9204: Testing imidacloprid for its suitability in controlling cereal aphid 
populations and BYD viruses. L. Bertschinger and K. Sayre. 

CPBD9205: Characterization, improvement, and genetic analysis of hexaploid wheat 
with introgression(s) from Thinopyrum intermedium in relation to its reaction to BYD 
viruses. L. Bertschinger, R. Appels (CSIRO Canberra), A. Mujeeb-Kazi, M. Fischer, M. 
van Ginkel, and M. William. 

CPBD9206: Testing of germplasm for tolerance and resistance to BYD viruses. L. 
Bertschinger, S. Rajaram, M. van Ginkel, B. Skovmand, and H. Vivar. 

CPBD9301: Identification and characterization of viruses of small grain cereals and of 
vector species of such viruses. L. Bertschinger. 

Russian Wheat Aphid (3 projects) 

CPBD8901: Screening germplasm for resistance to Russian wheat aphid (RWA). PA. 
Burnett, J. Robinson, S. Calhoun. and R. Rodriguez. 

AMGB9101: RFLP mapping of the resistance gene(s) to Russian wheat aphid in barley. 
F. Dorregaray, D. Hoisington, and J. Robinson. 

AMGP9201: Molecular fingerprinting of cereal aphids. J. Robinson, M. Fischer, and 
D. Hoisington. 

Soilborne Diseases (7 projects) 

• CPSP8801: Effects of crop rotation and management practices on incidence of� 
soilborne diseases at EI Batan. K. Sayre, M. Bell, and D. Lawn.� 

• CPSP8802: Infections due to, and population dynamics of, soilborne pathogens of� 
cereals at EI Batan, determined with fumigation trials using methyl bromide and� 
dazomet. D. Lawn and K. Sayre.� 
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• CPSP8803: Determining reproductive differentials of Pratylenchus thornei on triticale, 
bread wheat and durum wheat genotypes. D. Lawn and 
I. Ortiz-Monasterio. 

• CPSP8901: Bread wheat resistance to the lesion nematode, Pratylenchus thornei. D. 
Lawn, S. Rajaram, M. van Ginkel, and J. Bosco. 

• CPSP8902: Screening cereals for resistance to Sclerotium rolfsii. D. Lawn and 
B. Skovmand. 

• CPSP8903: Take-all of wheat at the EI Batan Research Station. D. Lawn. 

• CPSP9001: Common root rot of wheat at EI Batan. D. Lawn, H.J. Dubin, and 
L. Gilchrist. 

Pest Surveys (1 project) 

CPSU9301: Wheat Diseases and Pest Survey in Turkey. E.E. Saari, H-J. Braun, T. 
Payne, L. Bertschinger, Omar Mamluk, K. Makkouk, L. Cetin, A.F. Yildirim, N. Bclat, 
S. Cali, F. Eyuboglu, S. Elbustan, K. Hizmetleri, M. Kalayci, and N. Zencirci. 
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Appendix 2. Publications of CP StafT 
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Bertschinger, L. 1994. Development and use of simulation models for virus disease epidemics. In: L.V. 
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Bertschinger, L 1994. A double digit scale for evaluating tbe sensitivity of gennplasm to BYD viruses 
under field conditions. In preparation. 
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dwarf viruses inoculated at different plant ages. In preparation. 
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Newsletter Vol. 34. Colorado State University. 

Braun, H-J., and E.E. Saari. 1990. The Turkey/CIMMYT Winter Wheat Program: A Review of Progress 
to Date and Future Assessments. Mimeographed Report, CIMMYT, Ankara, Turkey. 55 pp. 
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1990. Albena, Bulgaria. Institute for Wheat and Sunflower "Dobroudja", Bulgaria Agriculture Academy. 
400 pp. 

Braun, H-J., and E.E. Saari. 1992. An assessment of the potential of Pueeinia striiformis f.sp. tritiei to 
cause yield losses in wheat on the Anatolian Plateau of Turkey. pg. 121-123, FJ. Zeller and G. Fischbeck, 
eds., Proceed. of the Eighth European and Mediterranean Cereal Rusts and Mildews Conference, 
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