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Evaluation of Cropping Systems on the Development of Wheat Pathogens 
and Research for Better Resistance to Foliar Blights 

The non-specific foliar wheat pathogens 

Fourth Annual Progress Report: Year 2003 

Executive Summary 

This report presents the results of trials and research conducted with the support of DGCD 
during the fourth year of this collaborative project between CIMMYT South Asia and UCL 
(Universite catholique de Louvain). The goal of the project is to enhance the control of foliar 
blights of wheat through strengthened research partnerships with National Agricultural 
Research Systems (NARS) and small farmers in South Asia. The project supports applied 
research and joint activities conducted by CIMMYT and NARS whereas basic research is 
conducted in Belgium as part of a contract between CIMMYT and UCL. 

With the research progress and the fourth year of the project, more data are being 
summarized and analyzed. As a result, a great deal of efforts was undertaken during 2003 to 
submit several publication proposals to referee journals. Since this is time consuming and the 
work contains an advanced level of analysis reflecting the progresses made through the 
project, this fourth report includes different sections, each one around a defined research 
topic intended to be published. A similar approach was followed to present the work 
conducted in 2003 in South Asia and in Belgium. 

In February-March 2003, Mr. Mercado spent one month in Nepal to conduct field 
observations at IAAS's Rampur experimental farm in the tarai lowland. Ms. D. Vromman, a 
student from UCL, conducted part of her M.Sc. thesis at the same location under the guidance 
of Dr. E. Duveiller and Dr. R.C. Sharma .. This experience was very positive and her work was 
completed in Sept. 2003. Also, two Nepali students completed their M.Sc. thesis at IAAS in 
the same year (Yub Raj Kandel and Bijaya Bijukachhe); an abstract of their work is given 
hereafter in the report (section 1 and 2). We feel that this type of collaboration and support 
not only contributes to training and expected research outputs but is a key component of 
capacity building in Nepal. It offers a great potential toward benefiting the Nepal Agricultural 
Research Council (NARC) in a near future in case they are hired by the system. The 
possibility of collaborating with CIMMYT is particularly attractive to Nepali students. Mr. 
Diraj Gautam completed the first year of his field research work related to the association 
between foliar blight and root health. At the end of2003, three other Nepali students started a 
M.Sc. thesis program at IAAS with support of the project: RB. Neupane, S. Gurung and A. 
Neupane. Their work is related to genetics ofresistance, the relationship between crop 
growth stage and disease severity, and epidemiological aspects. Similarly, arrangements were 
made to receive a new Belgium student in early 2004 to follow-up with the work done by D. 
Vromman. 

Foliar blight research in South Asia is catalyzed by CIMMYT South Asia and is conducted 
through National Programs. The project supports directly local scientists. Several small grant 
proposals were approved in 2003 to cover operational costs of specific trials or research 
conducted in farmers' fields and on station by NARC scientists. As in former years, the 
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project backstopped all plant pathology aspects associated with the mainstream wheat 
breeding programs. It included evaluating disease resistance in wheat germplasm tested in the 
region through international and regional nurseries targeted for the Eastern Gangetic plains, in 
particular the Helminthosporium Monitoring Nursery (HMN), EGPSN and EGPYT. 

Dr. E. Duveiller continued serving as head ofCIMMYT South Asia Regional Office (SARO) 
administration. His responsibility consists in supervising daily managerial tasks by CIMMYT 
national support staff, local employment contracts, financial operations of projects under 
CIMMYT South Asia, audit reports and other collaborative projects affiliated to CIMMYT. 

The role of CIMMYT in South Asia is to catalyze and support research conducted by 
National research Programs on foliar blights. Spot blotch caused by Bipolaris sorokiniana 
and tan spot caused by Pyrenophora tritici-repentis are the major biotic constraints of wheat 
in Eastern Gangetic plains. Project activities are conducted in Nepal, Bangladesh and India. 
In 2003, the following aspects were underlined: 

• Support to surveys conducted by NARC (Khumaltar) staff in tarai and hills of Nepal with 
CIMMYT participation and joint evaluation of foliar blights in farmers' fields. This 
program however was limited by the increasing security concerns related to political 
uncertainties in 2003. 

• Dr. Duveiller visited Bhairhawa, Rampur, Parwanipur, Tarahara command areas in Nepal 
where several trials were implemented in 2002-2003 season. He also visited Jessore 
(Bangladesh). Field visits in India included Pantnagar, Coochbehar in West Bengal, 
Varanasi and Kamal. 

• Disease assessment was done in the 6th EGPSN and 4rd EGPYT, two regional nurseries 
targeted for eastern plains of the Indian sub-continent and data were analyzed. 

• Pre-breeding activities and the evaluation of genetic stocks with resistance to foliar 
blights included 150 entries identified among the best parental lines. These lines were 
evaluated in collaboration with NARC (Parwanipur and Bhairhawa), IAAS (Rampur) and 
Wheat Research Center staff in Jessore (Bangladesh). Results are summarized in annex, 
at the end of this report. 

• Supporting and strengthening data analysis in on-going field trials conducted by NARS. 

• Holding mini-workshops to catalyze new research on foliar blights though small 
competitive grants to NARC, Nepal. 

• Call for project concept notes: several mini-projects concept notes were developed by 
NARC and IAAS scientists. After discussion and evaluation, they were supported by. 
seed-money from the DGCD project. Through this system, activities were enhanced in 
2002-2003 in Parwanipur, Janakpur (farmers' fields), Bhairhawa and Rampur. This 
support is important considering the continuing· reduction of financial support faced by 
national programs in 2003 as a result of the political situation in Nepal. 

• Providing institutional support to NARS including through purchasing equipment needed 
to improve foliar blight research. 

• Assisting with pathology aspects in farmer participatory approaches used by CIMMYT 
and NARS to promote the adoption of diversified varieties and reduce farmers' 
vulnerability. 
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• Dr. R.C. Sharma from IAAS worked in closer collaboration with the project and 
participated to a technical meeting in Louvain-a-Neuve in Sept. 2003. 

• Dr. Duveiller made two trips to Central Asia that showed the prevalence and potentially 
high severity of tan spot in this region close to South Asia, particularly if zero tillage is 
going to be adopted on a large scale in areas where a wheat monoculture is used. Plant 
samples collected in June 2003 were confirmed to be infected by P. tritici-repentis at 
UCL. After a visit with Prof. Maraite in Aug. 2003, CIMMYT sponsored a three-month 
training in Belgium for a scientist from Kazakhstan. Another positive spill-over effect 
was the initiation on experimental basis by CIMMYT South Asia, of a tan spot screening 
nursery to be screened in Almaty in 2003-2004. 

• In Nov. 2003, we concluded the analysis of the l 11
h HMN and sent the reports to 

cooperators. 
• Lastly, trials were planted in 2003 in view of a fourth visit ofD. Mercado to Nepal along 

with a M.Sc. student from UCL, Mr. A. de Lespinay who will spend eight weeks in Nepal 
in 2004. 

In this report, section 1 and 2 consist of research abstracts of the M.Sc. thesis concluded by 
two Nepali students at IAAS with the project support. Section 3 is a· comprehensive synthesis 
of epidemiological studies conducted in the last two years in Nepal. The objective of this 
research is to understand in details how foliar blight diseases and affect different genotypes. 
Section 4 gives a summary of control measures that help reducing losses due foliar blights 
following a holistic approach. Section 5 to be published in 'Field Crop Research' in early 
2004, provides a detailed analysis and demonstration of the considerable effects of different 
stresses that influence disease severity in the field. In this paper, the effect of disease is 
separated from abiotic factors, and the consequence of disease severity on agronomic and 
yield components is documented. Section 6 testifies the level of interaction between 
CIMMYT and partners from national programs. The report gives valuable information on the 
stability of resistance across locations based on three year HMN data using common 
genotypes. This paper will be published in a 'Plant Breeding' in 2004. 

Prof. H. Maraite leads the research team based in Belgium at UCL, Louvain-la-Neuve. Mr. 
Diego Mercado, who has been hired by UCL in late 2000, works on a Ph.D. program under 
the guidance of Prof. H. Maraite. In the framework of this res~arch, Mr. Mercado spent two 
months in Nepal and India in Feb-March 2003 to conduct field observations in the tarai area, 
principally in Rampur Institute of Agriculture and Animal Sciences (IAAS) experimental 
farm and in Bhairahawa (NARC) research station. He also gave a demonstration of the 
phytotoxic effect ofleaf blight fungal toxin on wheat at Banaras Hindu University in 
Varanasi (India). 

Research conducted in Belgium is centered on the modulation of genetic resistance by 
environmental factors (i.e. heat) and the identification of physiological indicators of · 
resilience to stress that may affect disease resistance. Another aspect includes the varietal 
reaction to toxin(s) produced by foliar blight causing fungi and their role in modulating the 
stability of genetic resistance considering plant physiology. Lastly, the research includes the 
characterization of wheat pathogens isolated from leaf blight samples collected during 
surveys in Asia. These surveys continued in India, Nepal and covered parts of Central Asia 
during the 2002-2003 season. Leaf samples were randomly taken in farmer fields and 
research stations across the northeast regions oflndia (Uttar Pradesh, West Bengal and 
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Assam), the tarai of Nepal, and from different regions of Kazakhstan, Kyrgyzstan and Russia. 
Dr. A. Zhanarbekhova spent three months in Belgium with support from CIMMYT and UCL 
which contributed to speed-up the samples analysis. Besides the identification and isolation 
ofleaf blight pathogens, the population race structure of Drechslera tritici-repentis isolates 
was further studied on a wheat differential set developed by Lamari et al. (2003). These 
results are discussed in section 7. 

During the growing season in South Asia, a trial was conducted by CIMMYT at two 
locations (Bhairahawa and Rampur) in the lowlands of Nepal with the help of NARC and 
!AAS partners. The objectives of this experiment were: i) a field study of the effect of stress 
caused by non-optimal sowing date on contrasting wheat genotypes for resistance to foliar 
blight, ii) to evaluate the stability of leaf chlorophyll concentration as an indicator of 
resilience to a high temperature stress and its relationship with resistance to this disease, and 
iii) to assess the wheat resistance to foliar blight caused by Bipolaris sorokiniana and D. 
tritici-repentis. The trial was part of the M.Sc. thesis by Ms. Delphine Vromman who 
obtained her degree from UCL in 2003. Results of this experiment are presented in section 8. 

Foliar blight pathogens have been reported to produce several host and non-host 
specific toxins. In this way, helminthosporol is the most important sesquiterpenoid toxin 
being produced in culture media by B. sorokiniana. The effect of this phytoxin on wheat 
leaves, the correlation between disease reaction at various plant developmental stages and 
helminthosporol sensitivity were further investigated. Results are discussed in section 9. 

Several studies in South Asia have been suggesting that Alternaria triticina was 
causing leaf blight in wheat. These reports are indicating symptoms on wheat where various 
kinds of Alternaria have been found but no evidence is given that these fungi were A. 
triticina. Thus, a study was undertaken to clarify the exact significance this pathogen might 
have on wheat and to compare the pathogenicity of different reference strains of A. triticina 
with Alternaria spp. isolated from foliar blight lesions collected in wann areas but neither 
colonized by tan spot nor spot blotch pathogens. Section 10 describes the methodology used 
and results obtained during this experiment. 

Meetings in 2003 

• E. Duveiller attended CIMMYT's Headquarters project week held in Mexico in March 
2003. 

• E. Duveiller was invited to attend the 1st Central Asia Wheat Conference, Almaty, 
Kazakstan, June 9-13, 2003. 

• E. Duveiller attended the 42th All India Cordinated Wheat & Barley Workers' Meeting in 
Pantnagar, India, August 22-25, 2003. 

• E. Duveiller attended the Pakistan Wheat Planning Meeting in Islamabad, Sept. 30-0ct. 2, 
2003. 

Journals · 

•Sharma, R.C. and Duveiller E. 2003. Using a selection index for improving 
Helminthosporium Leaf Blight resistance, maturity, and kernel weight in spring wheat. 
Crop Science 43: 2031-2036. 
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Conference Proceedings 

• Duveiller, E., Sharma, R.C., Bhandari, n., Bhatta, M.R., Gharti, n.B., Karki, C.B., Ortiz
Ferrara, G., Sharma, S., Sharman. and Shrestha, S.M., 2003. Practical approaches to 
sustainable foliar blight management in wheat with special reference to rice-wheat 
systems in the Gangetic Plains. In J.B. Rasmussen, T.L. Friesen and Shaukat Ali (Eds.) 
Proc. of 4th International Wheat Tan spot and Spot Blotch Workshop, Bemidji, USA, July 
21-24, 2002, NDSU, Fargo, 42-50. 

• Duveiller, E., Garcia A., I., Fischer, R.A. and Budhathoki, C. 2003. Effect of crop rotation, 
tillage and residue management on tan spot in subhumid tropical highlands. In J.B. 
Rasmussen, T.L. Friesen and Shaukat Ali (Eds.) Proc. of 4th International Wheat Tan spot 
and Spot Blotch Workshop, Bemidji, USA, July 21-24, 2002, NDSU, Fargo, 86-92. 

• Shanna, R.C. and nuveiller, E. 2003. Effect of stress on Helminthosporium leaf blight in 
wheat. In J.B. Rasmussen, T.L. Friesen and Shaukat Ali (Eds.) Proc. of 4th International 
Wheat Tan spot and Spot Blotch Workshop, Bemidji, USA, July 21-24, 2002, NnSU, 
Fargo, 140-144. 

• Shanna, R.C. and nuveiller, E. 2003. Improving the effectiveness of selection for 
resistance to Helminthosporium leaf blight in wheat In J.B. Rasmussen, T.L. Friesen and 
Shaukat Ali (Eds.) Proc. of 4th International Wheat Tan spot and Spot Blotch Workshop, 
Bemidji, USA, July 21-24, 2002, NDSU, Fargo, 51-54. 

• Shanna, R.C., Kandel, Y.R., nuveiller, E. and Shrestha, S.M. 2003. Characterization of 
Helminthosporium leaf blight resistance in wheat at different growth stages. In J.B. 
Rasmussen, T.L. Friesen and Shaukat Ali (Eds.) Proc. of 4th International Wheat Tan spot 
and Spot Blotch Workshop, Bemidji, USA, July 21-24, 2002, NDSU, Fargo, 153-158. 

• Duveiller, E., Sharma, R.C., Bhandari, n., Bhatta, M.R., Gharti, n.B., Karki, C.B., Ortiz
Ferrara, G., Sharma, S., Sharman. and Shrestha, S.M., 2002. Practical approaches to 
sustainable foliar blight management in wheat with special reference to rice-wheat 
systems in the Gangetic Plains. In J.B. Rasmussen, T.L. Friesen and Shaukat Ali (Eds.) 
Proc. of 4th International Wheat Tan spot and Spot Blotch Workshop, Bemidji, USA, July 
21-24, 2002, NDSU, Fargo, 42-50. 

• Bhandari, n., Bhatta, M.R., nuveiller, E. and Shrestha, S.M. 2003. Foliar blight of wheat 
in Nepal: resistance breeding, epidemiology and disease management. In J.B. Rasmussen, 
T.L. Friesen and Shaukat Ali (Eds.) Proc. of 4th International Wheat Tan spot and Spot 
Blotch Workshop, Bemidji, USA, July 21-24, 2002, NnSU, Fargo, 34-41. 

• Mercado, D., Renard, M-E, Duveiller, E. and Maraite, H., 2003. Chlorophyll content and 
Chlorophyll fluorescence as indicators of resilience to temperature stress in wheat and its 
relationship with the resistance to Bipolaris sorokiniana. In J.B. Rasmussen, T.L. Friesen 
and Shaukat Ali (Eds.) Proc. of 4th International Wheat Tan spot and Spot Blotch 
Workshop, Bemidji, USA, July 21-24, 2002, NDSU, Fargo, 60-64. 

• Mercado, n., Renard, M-E, nuveiller, E. and Maraite, H., 2003. Recent leaf blights 
surveys in South Asia and characterization ofDrechslera tritici-repentis. Associated with 
leaf blight symptoms. In J.B. Rasmusse~, T.L. Friesen and Shaukat Ali (Eds.) Proc. of 4th 
International Wheat Tan spot and Spot Blotch Workshop, Bemidji, USA, July 21-24, 
2002, NDSU, Fargo, 20-23. 

• Mercado, n., Renard, M-E, nuveiller, E. and Maraite, H., 2003. Pathogenicity on wheat of 
Alternaria spp. Associated with leaf blight symptoms. In J.B. Rasmussen, T.L. Friesen 
and Shaukat Ali (Eds.) Proc. of 4th International Wheat Tan spot and Spot Blotch 
Workshop, Bemidji, USA, July 21-24, 2002, NDSU, Fargo, 64-67 
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Blotch Workshop, Bemidji, USA, July 21-24, 2002, NDSU, Fargo, 122-127. 
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to Helminthosporium leaf blight in wheat. In J.B. Rasmussen, T.L. Friesen and Shaukat 
Ali (Eds.) Proc. of 4th International Wheat Tan spot and Spot Blotch Workshop, Bemidji, 
USA, July 21-24, 2002, NDSU, Fargo, 68-73. 

• Sharma, RC., Gyawali, S., Shrestha, S.M., Chaudhary, N.K. and Duveiller, E. 2003. Field 
resistance to Helminthosporium leaf blight in wheat genotypes from diverse origins. In 
J.B. Rasmussen, T.L. Friesen and Shaukat Ali (Eds.) Proc. of 4th International Wheat Tan 
spot and Spot Blotch Workshop, Bemidji, USA, July 21-24, 2002, NDSU, Fargo, 145-
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• Singh, D.P., Maraite, H., Mercado, D., Renard, M.-E. and Duveiller, E. 2003. Comparison 
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toxin in wheat. Ill J.B. Rasmussen, T.L. Friesen and Shaukat Ali (Eds.) Proc. of 4th 
International Wheat Tan spot and Spot Blotch Workshop, Bemidji, USA, July 21-24, 
2002, NDSU, Fargo, 74-78. 

Nursery reports 

• Duveiller, E. and R.C. Sharma (eds). Results oft}ie 11th Helminthosporium Monitoring 
Nursery 2002-2003. Jointly organized by CIMMYT, NARC and IAAS, and conducted in 
South Asia Partnership with cooperation from Bangladesh, India and Nepal. CIMMYT
South Asia, Kathmandu, pp. 1-34. 

•Ortiz-Ferrara, G., Bhatta, M.R., Duveiller, E. and Sharma, R.C. (Eds.) Results of the 4th 
Eastern Gangetic Plains Yield Trial (41h EGPYT 2002-2003). NWRP (NARC) and 
CIMMYT-South Asia Regional Program. p 1-29. 

•Ortiz-Ferrara, G., Bhatta,'M.R., Duveiller, E. and Sharma, R.C. (Eds.) Results of the 6th 
Eastern Gangetic Plains Screening Nursery (6th EGPSN 2002-2003). National Wheat 
Research Program (NWRP) NARC and CIMMYT-South Asia. Kathmandu, pp 1-125. 

Thesis completed by Nepali and Belgium students with support from the project in 2003 

• Bijukachhe, B. 2003. Effect of tillage and weed flora on the performance of wheat 
genotypes and the severity of Helminthosporium Leaf Blight. Thesis submitted to the 
Tribhuvan University, IAAS, RamP.ur, Chitwan, Nepal. July 2003. pp 1-82. 

•Kandel, Y.R 2003. Incidence of Bipolciris sorokiniana and Pyrenophora tritici-repentis and 
characterization of host resistance in wheat. Thesis submitted to the IAAS, Rampur, 
Chitwan, Nepal. July 2003. p 94. 

• Vromman, D. 2003. La Resistance varietale du ble l'helminthosporiose du ble causee par B. 
sorokiniana et D. tritici-repentis, UCL, 132p. 
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1. INCIDENCE OF BIPOLARIS SOROKINIANA AND PYRENOPHORA TRITICI
REPENTIS AND CHARACTERIZATION OF HOST RESISTANCE IN WHEAT 

Yuba Raj Kandel 

ABSTRACT 

Successful cultivation of wheat (Triticum aestivum L.) in warm areas of South Asia is 
constrained by Helminthosporium leaf blight (HLB), a disease complex caused by Bipolaris 
sorokiniana (Sacc. in Sorok.) Shoem. andPyrenophora tritici-repentis (Died.). There is a 
lack of epidemiological study in rice wheat system documenting the incidence of both 
pathogens and the factors associated with their development. The experiment was conducted 
to examine initiation and development of B. sorokini'ana and P. tritici-repentis at different 
growth stages of wheat genotypes possessing different levels of resistance. Replicated field 
experiments were conducted at the Institute of Agriculture and Animal Science, Rampur, 
Nepal in a group balanced strip split plot design during 2002 and 2003 wheat growing 
seasons. Six genetically diverse genotypes differing in maturity and level of resistance to 
HLB were sown on three dates; November 26 (optimum), December 11 and December 26 
(late). HLB pathogens were isolated from infected leaves at weekly interval starting from 1 
week after germination till maturity. Disease symptom started with the infection by B. 
sorokiniana from the first seedling leaves within a weak after germination, increased slowly 
throughout January and became more prominent by mid February. However, infection by P. 
tritici-repentis started near booting stage due to distantly dispersed airborne conidia as 
evident by airborne conidia trapped on the spore sampler installed in the research block. 
Aerial incidence was also monitored at weekly interval during wheat growing season. B. 
sorokiniana dominated during whole experimental period. The maximum infection by both 
the pathogens were found during last week of March and first week of April. This result 
indicated that the pathogens could multiply very fast to build up the inoculum pressure even 
at low humidity with increased temperature. Although late planting reduced seedling 
infection, there was a higher HLB development after heading, and reduction in yield due to 
disease had increased with delayed seeding which indicated confounding effect and/or 
enhancing effect of heat stress on disease development. During early stages the incidence was 
comparatively lower in late and resistant genotypes but in later stages the differences were 
reduced suggesting high«;:r temperature and higher inoculum pressure in later stages made the 
plants vulnerable to attack by the pathogens. HLB significantly reduced yield, yield 
components, and other related characters. In susceptible genotypes the reduction in flag leaf 
duration ranged between 10 and 22 days whereas for resistant genotypes, there was only 
slight reduction in flag leaf duration due to HLB. Physiological maturity was less affected by 
the intensity ofHLB disease than flag leaf duration. Disease severity as measured by 
AUDPC/day was relatively lower in late and resistant genotypes than early susceptible 
genotypes in all seeding conditions however, there was considerable yield loss ranging from 
18.3 to 26.2%. BL 14 73 was found tolerant with relatively lower yield reduction due to 
disease in spite of disease severity as highly as susceptible genotype RR 21. 
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2. EFFECT OF TILLAGE AND WEED FLORA ON THE PERFORMANCE OF 
WHEAT GENOTYPES AND THE SEVERITY OF HELMINTHOSPORIUM LEAF 

BLIGHT 

Bijaya Bijukachhe 

ABSTRACT 

An experiment was conducted in a strip-split plot design with 8 wheat genotypes at the 
research block oflnstitute of Agriculture and Animal Science (IAAS), Rampur, Chitwan 
during the winter season of2002/03. The purpose of study was to observe the effect of 
tillage (surface and conventional seeding) and weed flora on the performance of wheat 
genotypes and the severity ofHLB. Eight wheat genotypes namely, RR 21, BL 1473, NL 
297, Kanchan, BL 2217, Milan/Shanghai-7, NL 750 and PBW 343 were sown between tow 
rows or rice stubbles (25 cm) and pressed with bare feed in surface seeding. With the same 
row spacing same genotypes of wheat were sown by conventional method. For each variety 
there were plots with and without weeding and fungicide treatment. High weed density was 
found under surface seeding. Fungicide treatment and tillage systems were found significant 
enhancing the days to maturity and increasing the test weight, kernel per spike, grain yield, 
biological yield and harvest index. Milan/Shanghai-7 was found the most resistant to HLB 
while RR 21 was the most susceptible genotypes. Higher disease severity was found in 
conventional method than in surface seeding. Kernel per spike, harvest index, biological 
yield and grain yield were significantly high in conventionally tilled wheat but test weight 
was higher in surface seeded wheat. Among the tested genotypes, Milan/Shanghai-7 
produced significantly higher grain yield ( 4.4 t/ha) in weed free and disease protected plots in 
surface seeding and was at par with conventionally tillage. Kanchan produced the lowest 
grain yield (2.3 t/ha ), which was at par with RR 21, BL 14 73 and BL 2217 under similar 
condition in surface seeding. There was no significant effect of weeds on HLB development 
and yield attributes of wheat. 
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ABSTRACT 

Duveiller, E., Kandel, Y.R., Shanna, R.C., and Shrestha, S.M. 2004. Epidemiology of Foliar 
Blights (Spot Blotch and Tan Spot) of Wheat in the Plains Bordering the Himalayas. 
Phytopathology 

Helminthosporium leaf blight (HLB) caused by Cochliobolus sativus and Pyrenophora tritici
repentis is a serious constraint to wheat yields in the plains of South Asia. This study 
elucidates HLB development and its impact on yield. Analysis of disease progress shmyed 
the role of sowing time and growth stage on severity. C. sativus and P. tritici-repentis were 
first observed on leaves sampled at the seedling and tillering stages, respectively. Leaf 
infections progressed slowly for four to six weeks after sowing and then developed rapidly as 
mean temperature increased. Airborne conidia of C. sativus and P. tritici-repentis were 
observed seven weeks after emergence. They peaked close to harvest time, with C. sativus 
conidia outnumbering P; tritici-repentis. Seed infection is likely a source of primary 
inoculum. The disease caused an average 30% reduction in grain yield, with higher losses 
under delayed seeding. Increase in AUDPC per day or per degree-day better explained 
potential yield losses. This study using six contrasting genotypes is the first detailed report on 
the epidemiology of foliar blight pathogens in South Asia. Relative humidity and temperature 
favored the epidemic. The study shows the importance of combining crop management and 
genetic resistance for controlling HLB in the warmer wheat growing areas. 

Additional keywords: Bipolaris sorokinian~, Drechslera tritici-repentis, Indo-Gangetic 
Plains, integrated crop managem~nt, resista'.nce, rice-wheat system, Triticum aestivum, yield 
loss. 

Successful production of bread wheat (Triticum aestivum L.) in the warmer regions of South 
Asia is constrained by several biotic and abiotic stresses (13, 14, 16, 25, 38, 49). In the vast 
Indo-Gangetic Plains, late planting is a major limitation to higher wheat yields (25). The most 
important of the biotic stresses is foliar blight, also referred to as Helminthosporium leaf 
blight (HLB) in this part of the world because it occurs as a complex of spot blotch, caused 
by Cochliobolus sativus (Ito & Kurib.) Drechsler ex Dastur ( anamorph Bipolaris sorokiniana 
(Sacc. in Sorok) Shoem.) and tan spot, caused by Pyrenophora tritici-repentis (Died.) 
Drechs. (anamorph Drechs!era tritici-repentis (Died.) Shoem.) (17, 42, 57). Globally, an 
estimated 25 million ha of wheat land are under spot blotch pressure (57). Of these, 
approximately 10 million ha are in the Indian Subcontinent, including 9 million ha in India 
alone, mostly in the rice-wheat cropping system (33). In warmer areas of the tropics where 
the disease is the main factor keeping wheat from becoming a commercial crop, up to 80% 
grain yield losses due to foliar blight have been reported (7, 17, 32, 36). In South Asia, yield 
losses due to foliar blight have been reported to reach up to 20-30% in farmers' fields and 
experiment stations (11, 17, 42, 49). In years when rain occurs late in the crop cycle, 
especially during grain filling, yield losses can be staggering, and complete crop loss has 
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been observed (44). Although there is a lack of information on damages due to tan spot in 
Asia, Hosford (26) and Rees et al. (37) reported 40% and 49% grain yield losses, 
respectively, due to tan spot at higher latitudes, suggesting that this foliar disease should not 
be overlooked. 

Crop growth stage and weather conditions, in particular high temperatures and relative 
humidity favoring long hours ofleafwetness, are considered to be associated with foliar 
blight symptom development (9, 35, 39, 45). In South Asia, Saari (42) pointed out that the 
most widely adopted rice-wheat cropping system provided a favorable environment for the 
survival and multiplication of foliar blight pathogens. Preliminary epidemiological 
observations suggest that the combined effects of high temperature, high relative humidity, 
and long periods (more than 12 h) ofleaf wetness caused by rainfall and/or dew are 
conducive to foliar blight development in the Indo-Gangetic Plains where wheat is grown 
from November to April (14). In Brazil, Reis (39) suggested that for a foliar blight outbreak 
to occur, wheat leaves must remain wet for more than 18 h at a mean temperature of l 8°C or 
higher. In Asia, Nema and Joshi (35) reported that infection by C. sativus was more rapid and 
more severe at 28°C than at 20°C or 25°C, but that lesions developed faster at a lower (22°C) 
than higher (25°C or 28°C) temperature. In eastern India, Singh et al. (53) reported that a 
temperature of around 28°C plus 92% relative humidity at heading and flowering favored the 
maximum foliar blight development. 

In Nepal, Dubin and Bimb (12) reported a higher level of conidial dispersal of P. tritici
repentis in February, accompanied by higher foliar blight incidence, and indicated that C. 
sativus became predominant only later in the season, as temperature increased and wheat 
maturity progressed. But other factors, such as minimum tillage or surface seeding, irrigation, 
late planting, or low soil fertility, may be responsible for higher foliar blight severity in the 
wheat-based cropping systems of the Indo-Gangetic Plains. Under US conditions, Francl (23) 
found that dew periods after intermittent rains were conducive to tan spot development, and 
that the inoculum load was much greater after flowering. 

Previous studies in South America reported that seeding dates could be adjusted slightly to 
reduce spot blotch incidence on wheat during the post-flowering period (24, 55, 58). By 
adjusting the sowing date, it was possible to keep high air temperatures from coinciding with 
critical physiological growth stages (e.g. anthesis). Also, early seeding is recommended for 
reducing losses due to foliar blight in areas where rainfall increases at the end of the wheat 
season, as it does in Assam, the southern parts of eastern India and Bangladesh, and parts of 
South America. In Uttar Pradesh (eastern India), Singh et al. (53) reported that late-sown 
(Dec. 30) wheat fields suffered more from foliar blight than plots sown on the optimal date 
(Nov. 30). In the southern hemisphere, Toledo and Guzman (55) reported that early-seeded 
wheat (April 20-May 10) in Bolivia showed higher spot blotch incidence, especially under 
high humidity conditions. Similarly, Wall et al. (58) indicated that delayed summer seeding 
allowed wheat to escape the heaviest foliar blight infection in Zambia. Although different 
abiotic stresses interact with in HLB development (3 8), these observations show that more 
quantitative information is needed to understand the role of climatic conditions and seeding 
date on the expression of host resistance/tolerance. Such information would be essential to 
making crop management recommendations that would effectively control devastating HLB 
epidemics in the rice-wheat cropping system of South Asia. 

Given that no detailed epidemiological study on the rice-wheat system is available and that 
the main source of primary inoculum of foliar blight pathogens is still largely unknown, 
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exactly when the disease starts and how both pathogens spread in wheat genotypes urgently 
needs to be documented. It is equally important to understand changes in disease severity 
associated with differences in seeding time that affect agronomic traits and growth stages. 
Critical growth stages of wheat sown on the optimum and late seeding dates are expected to 
be affected by different environmental conditions. The interaction between crop growth stage 
and the level of airborne inoculum of foliar blight pathogens and, as a result, disease severity 
and poor agronomic performance, are not well understood, particularly under conditions in 
South Asia, where wheat is essential for food security. The present study was conducted to: 
(i) observe symptom initiation and foliar blight progress in contrasting wheat genotypes; (ii) 
monitor airborne conidia of C. sativus and P. tritici-repentis throughout the wheat season; 
(iii) suggest important potential sources of inoculum for both pathogens; (iv) determine the 
effect of weather conditions on disease progress in the field, and (vi) study the effect of foliar 
blight on grain yield and changes in agronomic traits of wheat grown under optimum, 
intermediate, and late seeding conditions. This information is critical for an efficient 
integrated crop management strategy to control leaf blights caused by C. sativus and P. 
tritici-repentis in warmer wheat growing areas all over the world. 

MATERIALS AND METHODS 

Test site 

The trial was conducted in Nepal at the experimental field oflnstitute of Agriculture and 
Animal Science (IAAS), Rampur (Chitwan), during the 2001-2002 (2002) and 2002-2003 
(2003) wheat growing seasons. The Rampur site (27° 40' N and 84° 19' E) is located at 228 
meters above sea level, about 20 km away from the Himalayan Mountains. This foothills 
location belongs to the eastern Indo-Gangetic Plains that span Bangladesh, India, and Nepal. 
For the past several years, HLB severity on wheat has been high in Rampur, as it has been in 
the eastern plain zone of the Indian Subcontinent, where millions of resource poor people rely 
on wheat (16). The location is characterized by a humid subtropical climate that favors the 
natural occurrence of severe foliar blight epidemics each year. Daily rainfall, average air 
temperature, and relative humidity during the wheat-growing season have been recorded from 
emergence to harvesting in the two test years. The soil type at the experimental site is a 
medium textured loam. 

Wheat genotypes and trial management 

Six genetically diverse wheat genotypes, Sonalika (=RR 21), BL 1473, Nepal 297, NL 750, 
NL 781, and Milan/Shanghai-7, differing in genetic background, yield potential, maturity, 
and level ofHLB resistance were used in the study. Sonalika, BL 1473, and Nepal 297 are 
commercial wheat cultivars in Nepal that are susceptible to HLB. NL 750 and NL 781 are 
well adapted, advanced breeding lines with high levels of resistance. Milan/Shanghai-7 is an 
HLB-resistant genotype developed at CIMMYT from a cross of two foliar blight-resistant 
parents: 'Milan' and 'Shanghai-7'. The six genotypes were classified as early orlate 
maturing based on previous information. The early maturing genotypes are Sonalika, Nepal 
297, and BL 1473, with an average of 70 days to heading; the remaining genotypes, with an 
average of 82 days to heading, are_ considered late maturing in Nepal. 

The field experiment was laid out in a strip-split-plot system in a randomized complete block 
with four replicates. Two factors were assigned to the main strips: seeding date and fungicide 
spray. The two strips for fungicide spray consisted of a strip fully protected by multiple 
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spraying and a non-protected strip. Each intersection plot formed by the horizontal (fungicide 
spray) and vertical (seeding date) strips was further arranged in a group-balanced randomized 
complete block. Intersection plots were split in two to adjust for early and late maturing 
groups of genotypes. The three genotypes.in each maturity group were randomly assigned to 
three experimental plots within a group block. 

In both years, the three seeding dates used were Nov. 26 and Dec. 11 and 26. The optimum 
sowing time in the region ranges from Nov. 20 to Nov. 30. The fungicide-protected strip was 
sprayed every 10 days with Opus (BASF) ( a.i. 125 g/liter epoxiconazole) at a rate of 1 liter 
ha-1 of commercial product in 250 liters of water starting from 50 days after seeding until 
crop physiological maturity. An additional adjacent non-treated strip identical to the 
fungicide non-protected strip was seeded in each replicate so that leaf samples for pathogen 
observation in the laboratory could be collected weekly without affecting disease 
development and yield components in experimental plots. 

Each individual experimental plot was 2 m x 1 m and consisted of four rows with 0.25-m 
spacing sown using the standard seed rate of 120 kg ha-1

. Fertilizers were applied (120, 60, 
and 40 kg ha-1 of N, P20 5 and K20, respectively) as a basal dose, except for 20 kg N ha-1

, 

which was top-dressed at tillering. Three irrigations were given as required for a successful 
wheat crop in Nepal's lowland environments. Plots were kept free from weeds by hand 
weeding. Weather conditions were optimal for wheat cultivation in both years but slightly 
cooler than normal in 2003. Grain yield of commercially grown varieties was normal in both 
years in the region. 

Airborne conidia, leaf sample collection and pathogen observation 

To understand the association between inoculum and epidemic development, the amount of 
conidia of both pathogens floating in the air above the field was monitored in both years for 
17 weeks from emergence, using a Rotorod® Model 20 sampler (Multidata, St. Louis Park, 
MN) installed in the research field. The sampling head is fitted with two spore-collecting 
rods, one at each end. The system, controlled by a timer, rotates for one minute at 10-minute 
intervals, at 2400 rpm (revolutions per minute) (1). This motion stirs the air and tends to draw 
it onto the sampling rods from a vertical region that extends beyond the length (25 mm) of 
the rods' sampling surface. The spore-collecting rods, made sticky by applying a thin layer of • 
vaseline, were replaced weekly with new, clean rods. The total number of conidia trapped on 
the rods' sampling surface was counted every week with the help of a light microscope at 
1 OOX magnification. To study the incidence of both pathogens, leaf samples were collected 
from each of the fungicide non-protected additional plots, at seven-day intervals, starting one 
week after emergence until Zadoks' DC92 (56, 59) growth stage to be incubated and 
observed in the laboratory. Twenty leaves from different plants were randomly sampled per 
plot (five leaves from each of the four rows in a plot). Samples consisted either of severely 
infected single leaves or the lowermost leaf of a plant when infection was not visible. After 
surface sterilization in 1 % chlorine and rinsing in sterile distilled water, leaf blades were cut 
into 1-cm long pieces around a lesion and incubated at room temperature in Petri plates 
containing sterile, moist blotting paper. The plates were incubated at room temperature on a 
shelf under continuous light for 48 h, followed by a dark period of 16 h. This alternating 
light/darkness regime has been used successfully in Rampur, where it allows profuse conidia 
formation of both pathogens (51). After incubation, the leaf pieces were observed directly 
under a stereomicroscope. The occurrence of both pathogen species was determined by 
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examining conidia production, and the number ofleaves infected by C. sativus and P. tritici
repentis was counted. 

Disease assessment in the field 

Trials were conducted under natural epidemics in both seasons. Disease severity in the 
susceptible parent (Sonalika) exceeded 90% diseased leaf area in both years. After anthesis, 
disease severity in each plot was evaluated using the double-digit scale (00-99) developed as 
a modification of Saari and Prescott's scale for assessing severity of wheat foliar diseases 
(21, 43). This double-digit system is widely used to assess foliar blight severity in wheat; 
Sharma and Duveiller (50) recently applied it in a selection index to select for higher 
resistance to HLB in wheat. The first digit (D1) indicates disease progress in height, and the 
second digit (D2) refers to severity measured based on diseased leaf area. Four individual 
disease scores per plot were recorded at three- to seven-day intervals over a three- to four
week period depending on seeding date. Intervals were longer for timely seeded wheat and 
shorter for late sown wheat. For each evaluation, percent disease severity was estimated 
based on the following formula: 

% severity= ( (Di/9) x (D2/9) x 100) 

The area under the disease progress curve (AUDPC) was calculated using the percent 
severity estimates corresponding to the four ratings, as outlined by Shaner and Finney (47): 

AUDPC = t[(y, + Yi+l )12[¥,+, -X) 
i=l 

where, Yi= HLB severity on the ith date, Xi = ith day, and n = number of dates on which 
HLB was recorded. The AUDPC gives a quantitative measure of epidemic development and 
disease intensity ( 40). 

As outlined by Reynolds and Neher (40), the AUDPC was standardized by dividing by the 
total number of days in the evaluation period (AUDPC/day) to directly compare among 
epidemics of different lengths for the three seeding dates. The AUDPC was also standardized 
by dividing by the total number of degree days (AUDPC/DD) for making comparisons 
among epidemics related to different temperature effects for the three seeding dates. Under 
Nepal conditions, the average temperature during the disease assessment period is lower for 
timely seeded wheat than late seeded wheat. Hence, the number of degree days in an 
assessment period was calculated as the sum of daily mean temperatures (°C) during that 
period. 

Assessment of agronomic traits 

Days to heading (DHD) was recorded when approximately 50% plants in a plot had spikes 
fully emerged from the boot. At maturity, plant height from ground level to the tip of the 
spikes was measured in each plot. The number of seed bearing tillers in each plot was 
counted to determine the effective number of tillers per square meter. Seeds on 10 spikes 
randomly selected from each plot were counted to determine the number of kernels per spike. 
Plants were hand-harvested at ground level to collect all aboveground biomass. Each plot 
bundle was dried in the sun for several days and weighed to record biomass yield. After 
threshing, grain weight was recorded and harvest index (%) was calculated as the ratio of 
grain yield to biomass yield. One thousand kernels were randomly counted from each plot's 
seed package and weighed to determine 1000-kernel weight (TKW). 
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Data analysis 

Statistical analysis included a combined analysis of variance across two years using Genstat 
software (Genstat, 2002; Genstat for Windows, 6th edition, Lawes Agricultural Trust, 
Rothamsted Experimental Station, UK). The number ofleaf samples with C. sativus and P. 
tritici-repentis was plotted for successive weeks of observation to evaluate early incidence 
and infection by both pathogens on plant leaves and to detect possible differences in 
resistance or conidial load among genotypes. Similarly, the number of conidia of both 
pathogens counted on the spore sampler was plotted against time to determine when they 
were detected in the air and in what amount, and whether there was any association with 
conidia observed on wheat leaves. The graphs were compared to infer on possible sources of 
inoculum of both pathogens. All graphs were plotted using Sigma Plot software (SigmaPlot® 
2000. SPSS Inc. Chicago, USA). 

Varietal resistance to HLB was characterized on the basis of frequency of leaves infected by 
pathogens, AUDPC, reduction in flag leaf duration, and losses in grain yield and its 
components. The values for AUDPC/day and AUDPC/DD under the three seeding dates were 
compared to determine whether the disease causes more severe destruction of plant leaves 
and, hence, greater grain yield reduction, under timely or late seeding. Values for yield
related traits under fungicide-protected and non-protected conditions were compared to 
determine losses caused by the disease. Reductions in grain yield for three seeding dates were 
compared to determine disease contribution to yield losses in timely or late seeded wheat in 
the Indo-Gangetic Plains. 

RESULTS 

\Veather conditions 

Mean daily temperature and relative humidity showed a similar trend, typical of the Indo
Gangetic Plains in both years. Overall, average temperatures were lower in 2003 than in 2002 
during most of the wheat-growing season. In particluar, the month of March (considered 
critical for foliar blight development across South Asia) was cooler in 2003 than 2002 (Fig. 
1 C). Mean daily temperature decreased from sowing time until mid January in both years. 
However, low temperatures continued for a longer period in 2003 due to a record long spell 
of cold and foggy weather. Relative humidity was higher in 2003 than 2002 during most of 
the wheat-growing season, with the exception of December. During the study, total rainfall 
and number of rainy days were higher in 2003 (518 mm and 30 days) than 2002 (143 mm and 
16 days) (Fig. ID). Average relative humidity was almost always above 70% until the 151 

week of April in both years. Although the trials were irrigated, higher rainfall in 2003 likely 
contributed to increased relative humidity in the crop canopy. For all seeding dates, wheat 
had reached physiological maturity by April 10 in both years. Hence relative humidity was 
not a limiting factor for disease development. 

Aerial incidence of pathogens 

The first occurrence of C. sativus conidia was recorded in the 3rd week of Dec., whereas P. 
tritici-repentis conidia were detected in the last week of January in both years (Fig. IA). The 
highest number of conidia, overwhelmingly corresponding to C. sativus, was observed in the 
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3rd and the 4th week of March in 2002 and 2003, respectively, with more than 3000 conidia 
counted. The number of C. sativus conidia in the air was much higher compared to P. tritici
repentis, indicating its greater importance in causing foliar blight. This observation suggests 
that early infection by both pathogens was probably not caused by airborne primary 
inoculum, as no known host crops were growing in the field at the time of wheat sowing. 
However, airborne secondary inoculum could cause new infections and rapid disease 
development in late February-March, since both pathogens are characterized by polycyclic 
epiphytotics. 

Incidence and infection on leaf samples 

Infections by C. sativus started on lower leaves near ground level within a week after 
emergence in both years (Fig. lB). In contrast, leaf infection by P. tritici-repentis became 
evident six to eight weeks after seeding. 

Despite early detection of C. sativus on leaf blades, infection remained at a low frequency for 
approximately the first six weeks for all three planting dates (Fig. lB). But with 25% infected 
leaves observed before the end of January in both years, the overall percentage of infected 
leaves, irrespective of genotypes, was considerably higher for the early sowing than the other 
planting dates, which suggests leaf infection and host susceptibility are associated with 
growth stage (Fig. 2). In the case of P. tritici-repentis, three to four weeks after the first 
microscope observation were needed to reach 25% infected leaves. Unlike for C. sativus, 
there was no clear association between P. tritici-repentis conidia formation on leaves and 
early sowing time, although in 2002, more P. tritici-repentis conidia were detected on leaves 
sampled from the Dec. 26 seeding. 

Overall, there were two to four times more sampled leaves harboring C. sativus than P. tritici
repentis for all three sowing dates (Fig. lB). These results show that infection by C. sativus 
was more serious than infection by P. tritici-repentis. Both pathogens were detected mostly 
on leaves from a relatively larger number of samples collected from early maturing, 
susceptible wheat varieties (Sonalika, BL1473, and NL297) than the three resistant genotypes 
when the crop was at an earlier growth stage. However, this difference between resistant and 
susceptible varieties decreased later in the season, at advanced growth stage (Fig. 2). Late 
planting showed reduced seedling infection at an early stage (Fig. 2), perhaps because 
seedlings were exposed to lower soil and air temperature compared to normal seeding which 
in tum slows the fungi growth. However, lower seedling infection had no effect on disease 
development later in the season. Furthermore, under late sown conditions C. sativus 
multiplied quickly as the plants grew, and was present on almost all plants before heading 
(Zadoks' DC51), whereas in early sown plots it occurred at a later growth stage (Zadoks' 
DC65). Similarly, there was higher P. tritici-repentis incidence in late sown wheat (Fig. 2), 
suggesting that high temperatures or heat stress affecting plant physiology under late sown 
conditions might predispose the wheat crop to increased susceptibility to both nonspecific 
pathogens. 
The maximum number ofleaves (out of 480 samples collected each week) infected by both 
pathogens was found during the last week of March (Fig. lB). Interestingly, the maximum 
number of conidia of each pathogen in the air was observed to occur around the same period 
the maximum number ofleaves harboring conidia was observed in the laborafory, during the 
last week of March and first week of April in 2002 and 2003, respectively (Fig. lA-B). 
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Foliar blight severity in the field 

Disease severity was very high in 2002 and 2003, with the susceptible genotype Sonalika 
showing more than 90% severity. The combined analysis of variance indicated a significant 
year effect (P< 0.05) on AUDPC and AUDPC/day, but not on AUDPC/DD (Table 1). The 
AUDPC and AUDPC/day was higher in 2002 than in 2003. 

Seeding date had a significant effect on AUDPC (P<0.05), AUDPC/day (P<0.01), and 
AUDPC/DD (P<0.01). The AUDPC value was higher for early sowing than late seeding in 
2002 but not in 2003 (Table 2). In both years values for AUDPC/day and AUDPC/DD 
increased as seeding was delayed. Seeding date x year interactions were significant {P<0.01) 
for the three disease parameters, suggesting that relative disease severity across the three 
seeding dates changed in two years. Disease severity mean analysis (Table 2) showed that 
relative ranks across three seeding dates were different for AUDPC as opposed to adjusted 
disease progress curves, AUDPC/day, and AUDPC/DD. This result showed that AUDPC 
values were very variable across seeding dates compared to more stable standardized 
parameters AUDPC/day and AUDPC/DD. Mean values for disease severity indicators for the 
same seeding date also changed in two years, with lower values in 2003 than in 2002, 
resulting most likely from lower sums of temperatures, with the exception of the Dec. 26 
sowing. 

The effect of maturity groups (early and late maturing genotypes) referred to as 'group' in 
Table 1, as well as its interaction with seeding date and year, were significant (P<0.01) for 
AUDPC and AUDPC/day. However, maturity group x year interaction was not significant for 
AUDPC/DD (Table 1). Within the early maturity group, genotypes differed very significantly 
(P<0.01), regardless of the disease progress scoring method, whereas genotypes within the 
late maturing group differed only in AUDPC/day and AUDPC/DD (P<0.05) but not AUDPC, 
suggesting that AUDPC/day and AUDPC/DD were more exact parameters than AUDPC in 
discriminating small differences in resistance or susceptibility among genotypes possessing 
higher levels of disease resistance. The interaction between genotype and seeding date or year 
was always significant within the early maturing group of genotypes only (Table 1 ). 

The AUDPC value did not show a specific trend across seeding dates, as the highest AUDPC 
values in 2002 and 2003 were recorded for the Dec. 11 and Dec. 26 seeding dates, 
respectively (Table 2). However, AUDPC/day and AUDPC/DD increased significantly as a 
function of sowing time from Nov. 26 to Dec. 26 in both years, suggesting that these adjusted 
AUDPC parameters are more precise than non-adjusted AUDPC. The study of individual 
genotypes showed a linear increase in AUDPC/day (0.88 < r < 0.99) and AUDPC/DD (0.85 < 
r < 0.99) across the three seeding dates, particularly in the group of early maturing genotypes 
showing a higher apparent infection rate (Fig. 3). The average AUDPC, AUDPC/day, and 
AUDPC/DD of the resistant genotypes were much smaller compared to the mean of the three 
susceptible genotypes (Table 3). This result suggests that HLB can be more damaging if 
wheat seeding is delayed beyond the optimum sowing period, a situation common in South 
Asia, where wheat is grown after rice (16). 

Agronomic traits 

Year had a highly significant effect (P<0.01) on grain yield, flag leaf duration, plant height, 
and days to heading and maturity. It had a significant (P<0.05) effect on biomass but did not 
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affect TKW, harvest index, number of kernels per spike, and tiller number (Table 4). Seeding 
date significantly affected all traits (P<0.05). Seeding date x year interaction was significant 
for all traits except harvest index and tiller number, which suggests that relative differences 
between seeding dates for these traits changed in two years. However, the magnitude of 
seeding date x year interaction was mostly lower than the main effects of seeding date and 
year except for TKW and number of kernels per spike. 

The effect of fungicide protection was highly significant (P<O. 01) on all agronomic traits 
except number of kernels per spike and days to heading, indicating that the disease was 
effectively controlled. Fungicide x year interaction was significant only for flag leaf duration 
and days to maturity. Seeding date x fungicide interaction was significant for grain yield, 
TKW, harvest index, flag leaf duration, days to maturity, and tiller number, suggesting that 
there were relative differences in these traits under fungicide-protected and non-protected 
conditions across the three seeding dates. Seeding date x fungicide x year interaction was 
significant for grain yield, TKW, harvest index, flag leaf duration, and plant height, 
suggesting that complex interaction was involved in the expression of these traits. Although 
two- and three-factor interactions involving seeding date, fungicide spray, and year were 
often significant, main effects were much more important than interaction effects in most 
cases, as shown by the fact that mean squares values for main effects were much higher than 
for interactions. 

Maturity group effect was always highly significant on agronomic traits, suggesting that 
separating the six genotypes into two groups was effective (Table 4). Two-factor interactions 
of maturity group with year, seeding date, and fungicide spray were mostly significant for all 
traits except days to heading, tiller number, and plant height. This indicated that relative 
differences between early and late maturing genotypes for various agronomic traits varied 
according to seeding date under fungicide-protected and non-protected conditions in both 
years. The three wheat genotypes within each maturity group significantly {P<0.01) differed 
for all agronomic traits, confirming their genetic diversity (Table 4). 

In both years, mean values for all agronomic traits were always higher for the first two 
seeding dates than for late seeding on Dec. 26 {Table 5). But although the lowest values were 
always associated with the Dec. 26 seeding (except for kernels per spike in 2002), the 
differences between Nov. 26 and Dec. 11 sowing dates were not always significant. Hence, 
the significant seeding date x year interaction for agronomic traits, except harvest index, was 
due to changes in relative values and rankings for the three dates in both years. 

Mean values for grain yield, TKW, biomass yield, flag leaf duration, and days to maturity 
were always higher in fungicide-protected plots than non-protected plots (Table 6). The 
lowest mean values for all agronomic traits were always associated with late planting (Dec. 
26) under both fungicide-protected and non-protected conditions. Hence, seeding date x 
fungicide interaction was primarily due to changes in relative values for the three dates, under 
fungicide-protected and non-protected conditions. 

Average grain yield losses due to HLB associated with the Nov. 26, Dec. 11, and Dec. 26 
seeding dates were, respectively, 20, 30, and 32% in 2002 and 18, 29, and 45% in 2003 (Fig. 
4B). As expected, percent yield reductions due to disease differed in the two test years but 
were always higher for late sown wheat (Fig. 4). This showed that late planted wheat was 
more severely affected by the disease than timely seeded wheat, which is consistent with the 
above observations on AUDPC and supports observations by Nass et al. (34), who reported 
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that late seeding caused large yield reductions. Yield losses in the present study may be partly 
attributed to higher AUDPC/day and AUDPC/DD for the Dec. 26 planting compared to the 
Nov. 26 and Dec. 11 seeding dates in both years (Table 2). The AUDPC/day and 
AUDPC/DD values for early susceptible genotypes were much higher than those for late 
resistant genotypes under all seeding conditions (Fig. 3). 

Mean values of the six genotypes for disease parameters and agronomic traits that differed 
under fungicide-protected and non-protected conditions are given in Table 3. The six 
genotypes differed for all traits under fungicide-protected and non-protected conditions, 
confirming variation in their levels of HLB resistance and agronomic traits. Disease 
parameters confirmed genotypic differences among the three susceptible cultivars, with the 
lowest disease severity observed in BL1473. Similarly, among the three resistant genotypes, 
Milan/Shanghai-7 and NL 750 showed lower disease scores than NL 781. Also, 
Milan/Shanghai-7 presented the highest grain yield but the lowest reductions in grain yield, 
biomass yield, and TKW. Among three susceptible cultivars, BL1473 showed the lowest 
reductions for grain yield, biomass yield, TKW, harvest index, and flag leaf duration. Despite 
being more susceptible to HLB, BL1473 showed reductions in grain yield (24%), TKW 
(15%), and HI (1 %) comparable to those ofresistant genotypes NL750 and NL781, 
suggesting disease tolerance. 

DISCUSSION 

Although numerous preliminary reports have stressed the importance of Helminthosporium 
leaf blight or foliar blight and, in particular, spot blotch caused by C. sativus as major biotic 
constraints to growing wheat in warmers areas (10, 14, 17, 24, 31, 36, 42), this is the first 
detailed study aimed at understanding the epidemiology of foliar blight in wheat that 
combines in the same field experiment, observations on disease progress in wheat genotypes 
with contrasting levels of resistance, conidia collection in the air above experimental plots, 
analysis of infected leaf samples, and evaluation of HLB effects on major yield components. 
Conducted over two wheat seasons in the eastern Indo-Gangetic Plains, this study included 
three sowing dates and a fungicide treatment, making it possible to determine precisely how 
yield losses are caused by foliar blight and influenced by cropping practices. It was carried 
out under natural conditions in a region where foliar blight is a major constraint each year, 
and where wheat, a key food crop for millions of resource poor small farmers, is grown in a 
rice-wheat cropping sequence (16). 

Several earlier studies have underlined the effect on foliar blight development of high 
temperature and relative humidity accompanied by long duration ofleafwetness (36, 39). 
The present study was conducted under winter conditions in South Asia, characterized by the 
absence of significant rainfall during the first weeks of the wheat growing season. The 
relatively low average temperature did not limit the onset of infection by C. sativus. Although 
leaf wetness could not be measured, humidity did not appear to be a limiting factor for foliar 
blight development in either year. Despite the absence of rainfall, the high relative humidity 
occurring in the Indo-Gangetic Plains as a result of high level of soil residual moisture at the 
end of the monsoon and rice crop, along with foggy days that can last until late January, favor 
long hours of dew formation on leaf blades, conditions that are ideal for the establishment 
and multiplication of wheat pathogens. Bisen and Channy (5) have shown that conidia of C. 
sativus can germinate completely in 4 hand infect cells within 24 h. The disease, which is 
polycyclic, progressed steadily in all genotypes as a result of inoculum pressure and 
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secondary infections in parallel with progress in wheat growth stage and increasing 
temperature. Although there was higher rainfall in 2003, which contributed to increased 
relative humidity, the low frequency of rainy days did not hamper disease establishment and 
development, as shown by the number of leaves of susceptible genotype Sonalika infected by 
C. sativus by early February in both years (Fig. 2). 

This study confirmed that HLB in South Asia is a disease complex of spot blotch and tan 
spot, and that combined genetic resistance to both causal pathogens ( C. sativus and P. tritici
repentis) is needed in this region of the world. Spore collection in 2002 and 2003 showed the 
overwhelming predominance of C. sativus, which is characterized by an abundant 
multiplication rate, whereas P. tritici-repentis is more difficult to observe and thus often 
overlooked (12, 29). These results differ from the general impression among wheat 
pathologists in South Asia and from previous, more limited, epidemiological studies 
suggesting that P. tritici-repentis dominates early in the wheat season, when temperature is 
cool, and that C. sativus only becomes prevalent when the weather warms up at the end of 
wheat season (12). In Nepal, variable levels of P. tritici-repentis incidence have been 
reported over the years, and C. sativus was considered more prevalent in the early 1990s (12). 
Sharma et al. (52), however, reported a higher prevalence of P. tritici-repentis compared to 
C. sativus across the Nepal lowlands in three out of four years (1998 to 2001 ), although they 
did find specific lowland sites where C. sativus was predominant. These contrasting results 
could be attributed to variations in environmental conditions in different years and locations. 
Nonetheless, in certain years P. tritici-repentis can reach epidemic levels (12, 52) and 
multiplies later in the season, when temperatures are considered more conducive for C. 
sativus multiplication and infection, which shows that tan spot is also a potential threat to 
wheat in the non-traditional, warmer wheat growing areas, which is consistent with 
observations in southern Brazil (30). 

Results of the present study showed that the maximum amount of conidia in the air was 
accompanied by exponential disease development, as evidenced by the number of infected 
leaves harboring both pathogens (Fig. lB). The aerial incidence of both pathogens peaked at 
about the same time (Fig. lA), which differs from observations by Dubin and Bimb (12) in a 
lowland location of Nepal where aerial dispersal of P. tritici-repentis conidia peaked in 
February, while C. sativus dominated later in the season due to the effect of higher average 
temperature. In our study, the one-week delay in reaching the peak conidial count for both 
fungi in 2003 may have been due, at least in part, to the cooler temperatures prevailing that 
year (most of the season, until the fourth week of March) compared to 2002. The increase of 
conidia in the air after the wheat crop reaches post anthesis suggests that maximum conidia in 
the air results from generalized epidemic foliar blight development in the surrounding trial 
plots and commercial fields and is typical of polycyclic epidemics. 

The origin of primary inoculum remains unclear for both pathogens. Our results suggest that 
seed infection and, possibly, pathogen survival in the soil are the likely principal sources of 
C. sativus inoculum, although the level of pathogen survival in plots flooded during the 
preceding rice season has yet to be quantified (12). In Nepal, Burlakoti (6) reported that more 
than 90% seeds of a HLB susceptible variety were infected with C. sativus. The origin of P. 
tritici-repentis primary inoculum is not clear, since the teleomorph is not known to occur in 
South Asia and wheat stubble does not survive from one wheat season to the other. Thus the 
possible role of alternate grass hosts and, more importantly, seed infection (2) needs to be 
studied further. 
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In this study, the slow increase in the incidence of P. tritici-repentis conidia could in part be 
due to lower temperatures in the early weeks of plant growth, low seed infection rate, the 
absence of aerial inoculum, and the relative competition with C. sativus for target sites on the 
host. Tan spot development may be suppressed under environmental conditions that favor 
spot blotch (10). Francl (22) reported that P. tritici-repentis conidia could be transported over 
long distances(> 100 m); however, in this study differences in conidial weight and size may 
have limited the number of P. tritici-repentis conidia caught on the Rotorod® sticks. 

Duveiller et al. (20) reported accelerated foliar blight development after flowering (starting 
late February till early March) with the advancement of plant growth stage. A significant 
correlation between age of the plants and leaf susceptibility to HLB was found by Nema and 
Joshi (35). Tiller and Mehta (54) concluded that older flag leaves were more susceptible to 
infection by Bipolaris sorokiniana. Bhatta et al. (4) and Bakonyi et al. (3) reported similar 
results, suggesting a relation between foliar blight development, growth stage, and 
temperature. Zhimin et al. (60) reported increased disease development with the advancement 
of growth stage and indicated that the greatest damage occurred from flowering to milk stage. 
In agreement with Ruckstuhl (41), the results of this study seem to imply that the level of 
HLB resistance evolves during the wheat season as a function of plant development. This 
suggests a strong effect of growth stage on field susceptibility. Consequently, the effect of 
stress conditions on plant physiology and, thus, on growth stage will likely influence wheat 
tolerance and disease severity. This finding is supported by the observation of both pathogens 
in a large number ofleaf samples collected at an advanced crop growth stage even ofresistant 
genotypes, although this could also be due to the high load of secondary inoculum in the air 
(39). The specific role of growth stage, besides temperature and relative humidity, in the 
rather low pathogenic development is also suggested by the number ofleaf samples infected 
by C. sativus during early growth stages in late sown plots (after Nov. 26) as compared to 
timely sown plots, on the same observation date, when climatic conditions and airborne 
secondary inoculum were low and similar for plants at all growth stages (Fig. lB). 

In the case of tan spot, da Luz and Bergstrom (9) reported that at 28 °C all wheat plants 
developed severe foliar blight symptoms regardless of resistant and susceptible genotypes. 
Similarly, Franc! (23) suggested that the inoculum potential of P. tritici-repentis was much 
greater after flowering than before, and that disease increased with crop maturity. In this 
study, on a given sampling date, early sown wheat tissue was not necessarily more infected 
by P. tritici-repentis than late seeded wheat (Fig. IB). The findings of this study suggest that 
growth stage and weather conditions, in particular temperature and humidity, may~ largely 
associated with disease development and multiplication of both pathogens. Also, high aerial 
inoculum pressure resulting from secondary infection by both pathogens could influence 
disease development even at an early growth stage and somewhat lower temperatures, which 
is in agreement with Reis (39). 

In the last decade, several authors have increasingly recommended doing multiple field 
disease evaluations instead of a single, final rating to properly assess HLB progress in the 
field and to calculate the area under disease progress curve (15, 18, 19). This approach was 
justified by extremely rapid disease development in warmer wheat growing areas and the 
need to appraise small quantitative changes in disease severity or delayed susceptibility that 
otherwise would go unnoticed, since fields can be devastated in less than a week once 
epidemics are in full development (18). This method has been used increasingly for detailed 
germplasm improvement studies and selection, particularly in Asia (8, 27, 52). However, 
more intensive field research conducted in recent years has suggested the possible effect of 
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several physiological stresses in modulating the expression of disease severity in the field and 
the difficulty of correctly integrating the effect of growth stage differences due to earliness, a 
desirable trait for successfully cropping wheat after rice (18, 25, 28, 48). Yet, based on 
absolute AUD PC values, it is difficult to determine with precision the extent of HLB damage 
that may be related to the timely or delayed seeding of wheat and to differences in 
susceptibility related to early and late maturity. In this study, we included the AUDPC/day 
(40, 46) and the AUDPC/DD to account for differences in severity resulting from different 
scoring periods and differences in the number of degree days affecting growth stage and, 
thus, susceptibility. Results indicated that these standardized parameters were robust and 
facilitated detecting differences in severity (Table 2). Although late planting showed reduced 
seedling infection by C. sativus, the level of infection due to this fungus was higher than in 
normal seeding during post anthesis. Furthermore, higher AUDPC/day or AUDPC/DD under 
late sown conditions is caused by heat stress, which enhances HLB development. 

This work showed early genotypes had a higher infection rate and greater susceptibility than 
the three later materials, and confirmed the resistance levels observed by breeders and 
pathologists (Table 3). It suggested that genotypes such as BL1473 (increasingly popular in 
Nepal, it is high yielding and, most importantly, as early as Sonalika) could be further 
improved by crossing with even more resistant materials like Milan/Shanghai-7. The lower 
reductions in grain yield, TKW, and HI in BL1473 indicated its genetic tolerance to HLB and 
confirmed previous observations by Sharma et al (51). 

In early growth stages, leaf infection was lower in late, resistant materials than in early, 
susceptible genotypes, but at more advanced growth stages, differences were smaller. This 
suggests that higher temperatures and greater inoculum pressure at a later crop growth stage 
made the plants vulnerable to pathogen attack and led to disease development in resistant 
genotypes. Since there is no immunity, resistant wheat varieties, even when seeded very late, 
would not escape disease damage, especially under high temperatures, which is consistent 
with the observations ofNema and Joshi (35). 

Delayed seeding always showed higher losses for all agronomic traits including grain yield 
and TKW, confirming the constraints presented by Hobbs and Girl (25) for wheat grown after 
rice. However, the present study, which included fungicide treatment, is the first one to 
clearly show the combined negative effect on wheat yield of foliar blight and heat stress as a 
result of sowing wheat after the optimum date. This observation confirms the report by Singh 
et al. (53), who indicated that late sown wheat fields (Dec.) suffered more from foliar blight 
than plots sown on the optimum date (Nov. 30) in eastern India. 

This study is the first comprehensive report on the epidemiology of foliar blight pathogens in 
South Asia, especially in the rice-wheat system bordering the Himalayas. The results 
highlight the impact of aggravated grain yield losses caused by foliar blight when wheat 
seeding is delayed and heat stress, in particular, increases. The findings are relevant to other 
production systems where C. sativus and P. tritici-repentis may occur in stressed 
environments. They also underline the important effect of climatic conditions on foliar blight 
development and could lead to new guidelines for an integrated crop management strategy 
using climatic information, physiological growth indicators, and host resistance. 



22 

ACKNOWLEDGMENT 

Financial support for this CIMMYT/IAAS collaborative study was made available through 
Directorate General for Cooperation and Development (Belgium Government) funding to 

. CIMMYT/South Asia. The authors appreciate the assistance of Mr. S. Pradhan in preparing 
the figure and tables. They are thankful to Ms. A. McNab for reviewing the manuscript. 

LITERATURE CITED 

Aylor, D. E. 1995. Vertical variation of aerial concentration of Venturia inequalis ascospores 
in an apple orchard. Phytopathology 85:175-181. 

Bergstrom, G.C., and Schilder, A.M.C. 1998. Seed pathology of tan spot. Pages 364-368 in: 
Helminthosporium Blights of Wheat: Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, 
J. Reeves, and A. McNab, eds. CIMMYT, Mexico D.F., Mexico. 

Bakonyi, J., Aponyi, I., and Fischl, G. 1998. Diseases caused by Bipolaris sorokiniana and 
Drechslera tritici-repentis in Hungary. Pages 80-87 in: Helminthosporium Blights of 
Wheat: Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, 
eds. CIMMYT, Mexico D.F., Mexico. 

Bhatia, M.R., Pokharel, D.R., Devkota, R.N., Dubin, H.J., Mudwari, A., Bimb, H.P., Thapa, 
B.R., Sah, B.P., and Bhandari, D. 1998. Breeding for resistance to Helminthosporium leaf 
blights in Nepal: strategies and genetic gains. Pages 188-195 in: Helminthosporium 
Blights of Wheat: Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. 
McNab, eds. CIMMYT, Mexico D.F., Mexico. 

Bisen, P.S., and Channy, B. 1983. Some observations on the surface of wheat leaves during 
the early stages of infection by Helminthosporium sativum. J. Indian Bot. Soc. 62:285-
287. 

Burlakoti, R.R. 2003. Factors influencing propagation of Bipolaris sorokiniana in wheat. 
Thesis submitted to the Institute of Agriculture and Animal Science, Rampur, Chitwan, 
Nepal. 127 p. 

Cabello, J., Cleofe-Gibe, Z., and Mann, C.E. 1993. Wheat Review and Planning. Philippine 
Council for Agricultural, Forestry and Natural Resources Research and CIMMYT, Los 
Bafios, Laguna, The Philippines. 182 p. 

Chaurasia, S., Joshi, A.K., Dhari, R., and Chand, R. 1999. Resistance to foliar blight of 
wheat: A search. Genetic Resources and Crop Evol. 46:469-475. 

da Luz, W.C., and Bergstrom, G.C. 1986. Temperature-sensitive development of spot blotch 
in spring wheat cultivars differing in resistance. Fitopatologia Brasileira 11: 197-204. 

da Luz, W.C., and Bergstrom, G.C. 1987. Interactions between Cochliobolus sativus and 
Pyrenophora tritici-repentis on wheat leaves. Phytopathology 77:1355-1360. 

Dubin, H.J., and Bimb, H.P. 1991. Effect of soil and foliar treatments on yield and diseases 
of wheat in lowland of Nepal. Pages 484-485 in: Wheat in Heat-Stressed Environments: 
Irrigated, Dry Areas and Rice-wheat Systems. D.A. Saunders, and G.P. Hettel, eds. 
CIMMYT, Mexico D.F., Mexico. 



23 

Dubin, H.J., and Bimb, H.P. 1994. Studies of soilbome diseases and foliar blights of wheat at 
the national wheat research experiment station, Bhairahawa, Nepal. Wheat Special Report 
No. 36. CIMMYT, Mexico D.F., Mexico. 

Dubin, H.J., and Duveiller, E. 2000. Helminthosporium leaf blights of wheat: integrated 
control and prospects for the future. Pages 575-579 in: Proc. Intern. Conf. on Integrated 
Plant Disease Management for Sustainable Agriculture. Indian Phytopathological 
Society, New Delhi, India. 

Dubin, H.J., and van Ginkel, M. 1991. The status of wheat diseases and disease research in 
the warm areas. Pages 125-145 in: Wheat in Heat-stressed Environments: Irrigated, Dry 
Areas and Rice-wheat Systems. D.A. Saunders and G.P. Hettel, eds. CIMMYT, Mexico 
D.F., Mexico. 

Dubin, H.J., Arun, B., Begum, S.N., Bhatta, M., Dhari, R., Goel, L.B., Joshi, A.K., Khanna, 
B.N., Malaker, P.K., Pokhrel, D.R., Rahman, M.M., Saha, N.K., Shaheed, M.A., Sharma, 
R.C., Singh, A.K., Singh, RM., Singh, R.V., Vargas, M., and Verma, P.C. 1998. Results 
of the South Asia regional Helminthosporium leaf blight and yield experiment, 1993-94. 
Pages 182-187 in: Helminthosporium Blights of Wheat: Spot Blotch and Tan Spot. E. 
Duveiller, H.J. Dubin, J. Reeves, and A. McNab, eds. CIMMYT, Mexico D.F., Mexico. 

Duveiller, E. 2002. Controlling foliar blights of wheat in the rice-wheat systems of Asia. In: 
Plant Diseases Impacting Resource-Poor Farmers in Developing Countries: Can they be 
successfully controlled? Phytopathology, 92: No 6, Sl09, Publication no. P-2002-0114-
SSA. 

Duveiller, E., and Gilchrist, L.1994. Production constraints due to Bipolaris sorokiniana in 
Wheat: Current situation and future prospects. Pages 343•352 in: Wheat in Heat-stressed 
Environments: Irrigated, Dry Areas and Rice-wheat Systems. D.A. Saunders and G.P. 
Hettel, eds. CIMMYT, Mexico D.F., Mexico. 

Duveiller, E., Garcia, I., Franco, J., Toledo, J., Crossa, J., and Lopez, F. 1998. Evaluating 
spot blotch resistance of wheat: improving disease assessment under controlled 
conditions and in the field. Pages 171-181 in: Helminthosporium Blights ofWheat: Spot 
Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, eds. CIMMYT, 
Mexico D.F., Mexico. 

Duveiller, E., and Dubin, H.J. 2002. Helminthosporium leaf blights: spot blotch and tan spot. 
Pages 285-299 in: Bread Wheat: Improvement and Production. B.C. Curtis, S. Rajaram, 
and H. Gomez Macpherson, eds. FAO of United Nations, Rome. 

Duveiller, E., Sharma, RC., Kandel, Y.R., Mercado, D., and Maraite, H. 2003. Genetic 
resistance and crop management to reduce foliar blight problems in wheat in South Asia. 
Poster presented at the 8th international congress of plant pathology. 2-7 February, 
Christchurch, New Zealand. 

Eyal, Z., Scharen, A.L., Prescott, J.M., and van Ginkel, M. 1987. The Septoria Diseases of 
Wheat: Concepts and Methods of Disease Management. CIMMYT, Mexico D.F., 
Mexico. 

Francl, L.J. 1997. Local and mesodistance dispersal of Pyrenophora tritici-repentis conidia. 
Can. J. Plant Pathol. 19:247-255. 

Francl, L. 1998. Components of the tan spot disease cycle. Pages 28-36 in: 
Helminthosporium Blights of Wheat: Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, 
J. Reeves, and A. McNab, eds. CIMMYT, Mexico D.F., Mexico. 



24 

Hetzler, J., Eyal, Z., Mehta, Y.R., Campos, L.A., Fehrmann, H., Kushnir, U., Zekaria Oren, 
J., and Cohen, L. 1991. Interactions between spot blotch (Cochliobolus sativus) and 
wheat cultivars. Pages 146-164 in: Wheat for the Nontraditional, Warm Areas. D.A. 
Saunders, ed. CIMMYT, Mexico D.F., Mexico. 

Hobbs, P.R., and Giri, G.S. 1997. Reduced and zero-tillage options for establishment of 
wheat after rice in South Asia. Pages 455-465 in: Wheat: Prospects for Global 
Improvement. H.-J. Braun, F. Altay, W.E. Kronstad, S.P.S. Beniwal, and A. McNab, eds. 
Kluwer Academic Publishers, Dordrecht, The Netherlands. 

"Hosford, Jr., R.M. 1982. Tan spot. Pages 1-24 in: Tan Spot of Wheat and Related Diseases 
Workshop. R.M. Hosford, Jr., ed. North Dakota State University, Fargo, ND, USA. 

Joshi, A.K., and Chand, R. 2002. Variation and inheritance of leaf angle and its association 
with spot blotch (Bipolaris sorokiniana) severity in wheat (Triticum aestivum). 
Euphytica 124:283-291. 

Joshi, A.K., Chand, R., and Arnn, B. 2002. Relationship of plant height and days to maturity 
with resistance to spot blotch in wheat. Euphytica 123:221-228. 

Maraite, H., Di Zinno, T., Longree, H., Daumerie, V., and Duveiller, E. 1998. Fungi 
associated with foliar blight of wheat in warm areas. Pages 293-300 in: 
Helminthosporium Blights of Wheat: Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, 
J. Reeves, and A. McNab, eds. CIMMYT, Mexico D.F ., Mexico. 

Mehta, Y .R., and Gaudencio, C.A. 1991. The effects of tillage practices and crop rotation on 
the epidemiology of some major wheat diseases. Pages 266-283 in: Wheat for the 
Nontraditional, Warm Areas. D.A. Saunders, ed. CIMMYT, Mexico D.F., Mexico. 

Mehta, Y.R., and Igarashi, S. 1985. Chemical control measures for major diseases of wheat 
with special attention to spot blotch. Pages 196-200 in: Wheats for More Tropical 
Environments. Proc. Intern. Symp. CIMMYT, Mexico D.F., Mexico. 

Minh, T.D., Long, T.D., and Ngu, T.T. 1998. Screening wheat for Bipolaris sorokiniana 
resistance in Vietnam. Pages 213-217 in: Helminthosporium Blights of Wheat: Spot 
Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, eds. CIMMYT, 
Mexico D.F., Mexico. 

Nagarajan, S., and Kumar, J. 1998. An overview of the increasing importance of research of 
foliar blights of wheat in India: Germplasm improvement and future challenges towards a 
sustainable high yielding wheat production. Pages 52-58 in: Helminthosporium Blights of 
Wheat: Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, 
eds. CIMMYT, Mexico D.F., Mexico. 

Nass, H.J., Johnson, H.W., MacLeod, J.A., and Sterling, J.D.E. 1975. Effect of seeding date, 
seed treatment and foliar blight on yield and other agronomic characters of wheat, oat and 
barley. Can. J. Plant Sci. 55:41-47. 

Nema, K.G., and Joshi, L.H. 1973. Spot blotch disease of wheat in relation to host age, 
temperature and moisture. Indian Phytopathology 26:41-48. 

Raemaekers, R.H. 1988. Helminthosporium sativum: Disease complex on wheat and sources 
of resistance in Zambia. Pages 175-186 in: A. Klatt, ed., Wheat Production Constraints in 
Tropical Environments, Proc. of the Intern. Conf. Chiang Mai, Thailand, Jan. 19-23, 
1987. CIMMYT, Mexico D.F., Mexico. 



25 

Rees, R.G., Platz, G. J., and Mayet, R. J. 1982. Yield losses in wheat from yellow spot: 
Comparison of estimates derived from single tillers and plots. Aus. J. Agric. Res. 33:899-
908. 

Regmi, AP., Ladha, J.K., Pasuquin, E.M., Pathak, H., Hobbs, P.R., Shrestha, L.L., Gharti, 
D.B., and Duveiller, E. 2002. The role of potassium in sustaining yields in a long-term 
rice-wheat experiment in the Indo-Gangetic plains of Nepal. Biology and Fertility of 
Soils 36:240-247. 

Reis, E.M. 1991. Integrated disease management: The changing concept of controlling head 
blight and spot blotch. Pages 165-177 in: Wheat in Heat-Stressed Environments: 
Irrigated, Dry Areas and Rice-wheat Systems. D.A. Saunders and G.P. Hertel, eds. 
CIMMYT, Mexico D.F., Mexico. 

Reynolds, K.L., and Neher, D.A. 1997. Statistical comparison of epidemics. Pages 34-37 in: 
Exercises in Plant Disease Epidemiology. L.J. Francl and D.A. Neher, eds. APS Press, St. 
Paul, MN, USA. 

Ruckstuhl, M. 1998. Population structure and epidemiology ofBipolaris sorokiniana in the 
Rice-Wheat cropping pattern of Nepal. Pages 88-106 in: Helminthosporium Blights of 
Wheat: Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, 
eds. CIMMYT, Mexico D.F., Mexico. 

Saari, E.E. 1998. Leaf blight disease and associated soil borne fungal pathogens of wheat in 
South and Southeast Asia. Pages 37-51 in: Helminthosporium Blights of Wheat: Spot 
Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, eds. CIMMYT, 
Mexico D.F., Mexico. 

Saari, E.E., and Prescott, J.M. 1975. A scale for appraising the foliar intensity of wheat 
disease. Plant Dis. Reptr. 59:377-380. 

Saunders, D.A. 1988. Characterization of tropical wheat environments: Identification of 
production constraints and progress achieved in South and South East Asia. Pages 12-26 
in: Wheat Production Constraints in Tropical Environments. A.R. Klatt, ed. CIMMYT, 
Mexico D.F., Mexico. 

Sentelhas, P.C., Pedro Junior, M.J., and Felicio, J.C. 1993. Effects of different conditions of 
irrigation and crop density on microclimate and occurrence of spot blotch and powdery 
mildew. Bragantia 52:45-52. 

Shaner, G., and Buechley, G. 2002. Field assessment of partial resistance to Puccinia triticina 
in recombinant inbred lines from wheat cross CI 13227 x Suwon 92. Phytopathology 
92(6):S75. Publication no. P-2002-0546-AMA. 

Shaner, G., and Finney, R.E. 1977. The effect of nitrogen fertilization on the expression of 
slow-mildewing resistance in Knox wheat. Phytopathology 67:1051-1056. 

Sharma R.C., and Bhatta, M.R. 1999. Independent inheritance of maturity and spot blotch 
resistance in wheat. J. Inst. Agric. Anim. Sci. 19-20: 175-180. 

Sharma, R.C., and Duveiller, E. 2003a. Effect of stress on Helminthosporium leaf blight in 
wheat. Pages 140-144 in: J.B. Rasmussen, T.L. Friesen, and Shaukat Ali, eds. Proc. 4th 
Intern. Wheat Tan spot and Spot Blotch Workshop, North Dakota State Univ., Fargo, 
U.S.A. 

Sharma, R.C., and Duveiller, E. 2003b. Selection index for improving Helminthosporium leaf 
blight resistance, maturity, and kernel weight in spring wheat Crop Sci. 43:2031-2036. 



26 

Sharma R.C., Gyawali, S., Shrestha, S.M., Chaudhary, N.K., and Duveiller, E. 2003a. Field 
resistance to Helminthosporium leaf blight in wheat genotypes from diverse origins. 
Pages 145-150 in: J.B. Rasmussen, T.L. Friesen, and Shaukat Ali, eds. Proc. 4th Intern. 
Wheat Tan spot and Spot Blotch Workshop, North Dakota State Univ., Fargo, U.S.A. 

Sharma R.C., Shrestha, S.M., and Duveiller, E. 2003b. Incidence of Bipolaris sorokiniana 
and Pyrenophora tritici-repentis on wheat in the lowlands of Nepal. Pages 122-127 in: 
J.B. Rasmussen, T.L. Friesen, and Shaukat Ali, eds. Proc. 4th Intern. Wheat Tan spot and 
Spot Blotch Workshop, North Dakota State Univ., Fargo, U.S.A. 

Singh, R.V., Singh, A.K., Ahmad, R., and Singh, S.P. 1998. Influence of agronomic practices 
on foliar blight, and identification of alternate hosts in rice-wheat cropping system. Pages 
346-348 in: Helminthosporium Blights of Wheat: Spot Blotch and Tan Spot. E. Duveiller, 
H.J. Dubin, J. Reeves, and A. McNab, eds. CIMMYT, Mexico D.F., Mexico . 

. Tiller, C., and Mehta, Y .R. 1997. Effect of wheat flag leaf age in resistance expression to 
Bipolaris sorokiniana. Summa phytopathologica 23: 167-169. 

Toledo B.J., and Guzman, A.E. 1998. Importance of spot blotch caused by Bipolaris 
sorokiniana in Bolivia. Pages 146-149 in: Helminthosporium Blights of Wheat: Spot 
Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, eds. CIMMYT, 
Mexico D.F., Mexico. 

Tottman, D.R., and Hilary, B. 1987. The decimal code for growth stages of cereals, with 
illustrations. Ann. Appl. Biol. 110:441-454. 

van Ginkel, M., and Rajaram, S. 1998. Breeding for resistance to spot blotch in wheat: 
Global perspective. Pages 162-169 in: Helminthosporium Blights of Wheat: Spot Blotch 
and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, eds. CIMMYT, 
Mexico D.F., Mexico. 

Wall, P. C., Hobbs, P.R., Saunders, D.A., Sayre, K.D., and Tanner, D.G. 1991. Wheat crop 
management in warmer areas: A review of issues and advances. Pages 225-241 in: Wheat 
for the Nontraditional, Warm Areas. D.A. Saunders, ed. CIMMYT, Mexico D.F., 
Mexico. 

Zadoks, J.C., Chang, T.T., and Konzak, C.F. 1974. A decimal code for the growth stages of 
cereals. Weed Res. 14:415-421. 

Zhimin, X., Lianfa, S., and Wente, X. 1998. Breeding for foliar blight resistance in 
Heilongjiang Province, China. Pages 114-118 in: Helminthosporium Blights of Wheat: 
Spot Blotch and Tan Spot. E. Duveiller, H.J. Dubin, J. Reeves, and A. McNab, eds. 
CIMMYT, Mexico D.F., Mexico. 



27 

Table 1. ANOV A for four factors (year, sowing date, maturity group, and genotype) related 
to severity and development rate of Helminthosporium leaf blight on wheat across three 
seeding dates in 2002 and 2003 growing seasons at Rampur, Nepal 

Source of variation df AUD PC! 
(x 104

) 

AUDPC/dj AUD PC/DD~ 

Year (Yr) 1 11.58 * 280* 0.21 
Replication/Yr 6 1.27 43 0.09 
Date 2 3.04* 9,939** 12.22 ** 
Date x Yr 2 12.15** 826** 1.33 ** 
Error (a) 12 0.83 47 0.10 
Maturity Group (Group) 1 1,660.70 ** 101,081 ** 192.97 ** 
Group x Yr 1 6.46 ** 221 ** 0.10 
Group x Date 2 10.79 ** 2,259** 2.46 ** 
Group x Date x Yr 2 2.70 ** 117** 0.29 ** 
Genotype (Geno)/Early Group (EG) 2 91.76 ** 4,130** 8.77 ** 
(Geno/EG) x Yr 2 2.48 * 108** 0.21 * 
(Geno/EG) x Date 4 14.66 ** 191 ** 0.50 ** 
(Geno/EG) x Date x Yr 4 0.88 51 0.11 
Geno/Late Group (LG) 2 1.01 104* 0.21 * 
(Geno/LG) x Yr 2 0.14 21 0.03 
(Geno/LG) x Date 4 0.48 54 0.08 
(Geno/LG) x Date x Yr 4 0.48 51 0.10 
Error (b) 90 0.56 28 0.05 

*, **Significant at 0.05 and 0.01 probability levels, respectively. 
t AUDPC =area under disease progress curve. 
t AUDPC/d = AUDPC per day. 
ii AUDPC/DD = AUDPC per degree day. 
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Table 2. Mean values for area under disease progress curve (AUDPC), AUDPC per day (AUDPC/day) and per degree day (AUDPC/DD) at 
three seeding dates in 2002 and 2003 wheat growing seasons averaged over six genotypes 

Seeding date AUD PC AUDPC/day AUD PC/DD 
2002 2003 2002 2003 2002 2003 

26 November 467 ht, At 356 c, B 25 c,A 19 c, B 1.2 c, A 0.9 c, B 
11 December 515 a, A 397 b, B 40b,A 31 b, B 1.7 b, A 1.5 b, A 
26 December 424 c, B 484 a, A 47 a,B 54a,A 1.9 a, B 2.4 a, A 
Mean 469A 412 B 37 A 35 B 1.6A 1.5 A 

t Means within a column followed by the same lower case letter do not differ significantly based on LSDo.os· 
:j: Means for a given trait in a row for the same planting date followed by the same upper case letter do not differ significantly in the two years based on LSDo.os 

Table 3. Mean disease and agronomic traits of six wheat genotypes in a study of effect of three seeding dates on Helminthosporium leaf blight in 
2002 and 2003 wheat growing seasons in Rampur, Nepal 

Genotype Disease Grain yield Biomass yield 

AUDPCt AUDPC/dt AUDPC/DD~ NSP§ SP§ Loss NSP SP Loss 

----- kg ha·• --- % ----- kg ha ·1 
--- % 

RR21 1,001 a¥ 77.0 a 3.4 a 1,462 d 3,016 c 52 a 5,650 d 8,471 d 33 a 
NL297 629 e 52.0 e 2.3 e 2,256 e 3,314 be 32 b 6,437 e 8,584 ed 25 b 
BLl473 710 b 57.6 b 2.5 b 2,452 be 3,241 be 24 e 7,116 b 9,614 ab 26b 
Milan/Shanghai-7 87 d 8.0 e 0.3 e 3,370 a 4, 127 a 18 e 8,835 a I0,184a 13 e 
NL750 92 d 8.0 e 0.4 e 2,731 b 3,704 ab 26 e 7,047 b 9,085 be 22 e 
NL 781 125 d I 1.6 d 0.5 d 2,707 b 3,601 b 25 e 7,550 b 9,256 b 18 d 

¥Means within a column followed by the same letter do not differ significantly based on LSDo.05• 

t AUDPC =area under disease progress curve. 
:j: AUDPC/d = AUDPC per day. 
~ AUDPC/DD = AUDPC per degree day. 
§ SP and NSP represent fungicide sprayed and non-sprayed conditions, respectively. 

Thousand-kernel weight Harvest index Flag leaf duration 

NSP SP Loss NSP SP Loss NSP SP Loss 

------- g ------ % ------------ % ------------ ----------- days ----------

26.4 e 44.1 b 40 a 25.0 c 35.6 b 30 a 99b 117 b 18 a 
36.5 b 47.3 a 23 b 34.8 b 38.9 a II b 101 b 118 b 17a 
40.4 a 47.5 a 15 e 34.2 b 34.6 b I d IOI b 116 b 15 b 
30.7 d 34.6d 11 d 38.J a 40.4 a 6 e 116a 119 ab 3d 
33.8 e 40.8 e 17 e 38.6 a 40.8 a 5 e JJ6a 123 a 7e 
33.5 e 40.8 e 18 e 35.6 b 39.0 a 9be 114a 120ab 6e 
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Table 4. ANOV A for various agronomic traits in a study of Helminthosporium leaf blight development in wheat across three seeding dates in 
2002 and 2003 growing seasons in Rampur, Nepal 

Thousand Flag 

Grain Biomass kernel Harvest Kernel leaf Days to Days to Tiller Plant 

Source of variation OF yield yield weight index per spike duration heading maturity number height 

(x 106
) (x 106

) (g) (%) (day) (m-2) (cm) 

-------kg ha"1 
-------

Year (Yr) 1 3.09 ** 26.81 * 13.8 8 24 463 ** 101.5 ** 294.0 ** 4,717 2,444 ** 

Replication I Yr 6 0.18 3.63 15.7 29 31 9 0.5 4.3 2,547 19 

Date of sowing (Date) 2 1,4.12 ** 66.07 ** 1,671.6 ** 179 ** 249 ** 10, 158 ** 2,099.9 ** 9,082.4 ** 13,851 * 698 ** 

Date x Yr 2 0.99 * 9.81 ** 59.6 ** 7 708 ** 109 ** 287.3 ** 201.9 ** 8,285 126 * 

Error (a) 12 0.19 0.85 5.9 7 23 5 0.5 1.8 2,179 31 

Spray 1 73.62 ** 315.46 ** 5,769.2 ** 973 ** 150 9,328 ** 1.5 1,382.5 ** 32,247 ** 286 ** 

Spray x Yr 1 0.51 0.01 0.6 71 18 99 ** 1.4 2.9 * 1,064 10 

Error (b) 6 0.10 1.2 12.7 12 41 6 0.8 0.8 2,051 15 

Date x Spray 2 1.73 ** 0.53 121.6 ** 320 ** 3 36 * 1.4 3.3 ** 501 37 * 

Date x Spray x Yr 2 0.54 * 1.17 17.9 * 36 * 73 51 ** 1.0 16.3 1,605 57 * 

Error (c) 12 0.12 0.70 2.7 6 31 6 0.6 1.8 682 9 

Maturity Group (Group) 1 40.07 ** 7 4.08 ** 1,544.8 ** 1,725 ** 7,824 ** 5,841 ** 9,487.5 ** 2,010.8 ** 54,025 ** 167 ** 

Group x Yr 1 0.01 1.43 12.1 68 ** 420 ** 46 ** 0.2 52.5 ** 1,248 3 

Group x Date 2 1.80 ** 0.17 62.6 ** 170 ** 176 ** 42 ** 286.6 82.6 ** 938 111 

Group x Spray 1 1.14 ** 11.27 ** 603.8 ** 84 ** 7 2,032 ** 31.8 108.8 ** 167 12 



30 

Table 4 contd ... 

Group x Date x Yr 2 0.34 * 2.12 * 30.1 ** 99 ** 120 * 23 ** 3.3 31.1 •• 2,133 185 ** 

Group x Spray x Yr 1 0.01 0.04 32.7 •• 12 <1 75 •• 3.8 12.1 •• 2,987 * 7 

Group x Date x Spray 2 0.42 • 2.97 •• 43.3 •• 98 ** 34 54 ** 3.2 30.5 ** 243 12 

Group x Date x Spray x Yr 2 0.08 0.32 4.7 20 85 99 •• 8.7 1.5 319 71 

Genotype (Geno)/Early Group (EG) 2 5.36 •• 21.06 •• 989.3 •• 521 ** 255 ** 23 ** 337.3 •• 13.8 ** 4,884 ** 2,048 ** 

(Geno/EG) x Yr 2 0.77 •• 0.19 34.3 ** 145 ** 1.0 5 8.2 ** 26.9 •• 119 6 

(Geno/EG) x Date 4 1.13 •• 0.49 1.9 194 •• 94 * 1 1.7 35.3 ** 304 24 

(Geno/EG) x Spray 2 1.81 ** 1.37 349.4 ** 368 ** 25 19 ** 0.3 54.0 ** 1,947 2 

(Geno/EG) x Date x Yr 4 0.11 0.84 2.8 29 * 6 2 0.7 44.1 •• 196 23 

(Geno/EG) x Spray x Yr 2 0.09 0.15 15.6 ** 16 2 1 0.1 53.4 •• 1126 4 

(Geno/EG) x Date x Spray 4 0.38 • 1.14 17.9 ** 37 ** 35 1 0.2 54.2 ** 875 21 

(Geno/EG) x Date x Spray x Yr 4 0.11 0.91 5.0 15 20 3 0.9 51.7 ** 668 10 

Geno/Late Group (LG) 2 5.31 ** 27.35 ** 346.1 ** 76 ** 6,338 ** 76 •• 3.6.3 ** 8.6 •• 96,945 •• 8,058 ** 

(Geno/LG) x Yr 2 0.01 0.77 0.8 2 12 5 ** 8.2 ** 1.2 341 

(Geno/LG) x Date 4 0.42 ** 1.15 27.4 ** 5 102 ** 1 0.7 1.2 1,352 61 

(Geno/LG) x Spray 2 0.21 1.42 .38.0 •• 5 635 ** 27 ** 0.4 0.5 24 11 

(Geno/LG) x Date x Yr 4 0.07 0.88 6.6 12 137 ** 4 ** 0.2 0.9 529 42 

(Geno/LG) x Spray x Yr 2 0.01 0.55 2.2 15 54 5 ** 0.1 0.8 137 29 

(Geno/LG) x Date x Spray 4 0.22 1.08 2.1 5 116 ** 18 ** 1.1 0.5 200 16 

(Geno/LG) x Date x Spray x Yr 4 0.04 0.29 1.3 4 19 2 0.5 1.1 170 17 

Error (d) 180 0.11 0.55 3.2 10 30 2 0.3 1.6 649 20 

*, **Significant at 0.05 and 0.01 probability levels, respectively. 
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Table 5. Mean values for agronomic traits under three seeding dates in 2002 and 2003 averaged over fungicide-protected and non-protected 
conditions and six wheat genotypes 

Seeding Grain yield 1000-kernel weight Biomass yield Harvest index Kernel per spike Flag leaf duration Days to maturity 
date 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

---------- kg ha ·
1 

-------- ---------- g ---------- -------- kg ha"
1 

------- ----------- % ---------- -------- day ---------
Nov-26 3, 171 at. A:t: 3,357 a,A 41.5 a,B 43.0 a,A 8,497 a,B 8,956 a,A 37.3 a,A 37.5 a,A 35.5 b,B 39.3 a,A 123 a,A 124 a,A 127 a,A 125 a,A 
Dec-11 2,973 ab,B 3,382 a,A 37.3 b,B 38.5 b,A 7,874b,B 9,185a,A 37.1a,A 36.4 a,A 34.3 b,A 35.5 b,A 111 b,B 115 b,A 116 b,B 119 b,A 
Dec-26 2,552 b,A 2,556 b,A 34.6 c,A 33.2 c,B 7,171 c,A 7,231 b,A 35.1 b,A 34.4 b,A 37.8 a,A 31.1 c,B 103 c,A 104 c,A 104 c,B 109 c,A 

t Means within a column followed by the same lower case letter do not differ significantly based on LSD0.05• 

t Means for a given trait for the same planting date followed by the same upper case letter do not differ significantly in the two years based on LSDo.os 

Table 6. Mean values various agronomic traits under three seeding dates and fungicide sprayed and non-sprayed conditions, averaged over six 
wheat genotypes tested in 2002 and 2003 wheat growing seasons in Nepal 

Seeding Grain yield 1000-kernel weight Biomass yield Harvest index Kernel per spike Flag leaf duration Days to maturity 

SP~ NSP SP NSP SP NSP SP NSP SP NSP SP NSP SP NSP 

--------- kg ha ·
1 

--------- ---------- g ----------- -------- kg ha "
1 

------- -------- Ofo ---------- -------- day ---------
Nov-26 3,609 at. A+ 2,901 a,B 45.4 a,A 39.1 a,B 9,730 a,A 7,722 a,B 37.2 a,A 37.4 a,A 38.3 a,A 36.5 a,B 129 a,A 118 a,B 130 a,A 123 a,B 
Dec-11 3,722 a,A 2,632 b,B 43.0 b,A 32.9 b,B 9,533 a,A 7,526 a,B 39.1 a,A 34.4 a,B 35.4 b,A 34.3 b,A 119 b,A 106 b,B 120 b,A 115 b,B 
Dec-26 3,170 b,A 1,939 c,B 39.1 c,A 28.9 c,B 8,333 b,A 6,069 b,B 38.1 a,A 31.4 b,B 35.1 b,A 33.7 b,B 108 c,A 99c,B 109 c,A 104 c,B 

t Means within a column followed by the same lower case letter do not differ significantly based on LSD0.05• 

t Means for a given trait for the same planting date followed by the same upper case letter do not differ significantly under fungicide sprayed and non-sprayed conditions 

based on LSDo.os 
~ SP and NSP represent fungicide sprayed and non-sprayed conditions, respectively. 
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Figure 1. Number of conidia in the air (A), frequency of leaf number infected with both 
pathogens [C.S. = Cochliobolus sativus; P.tr. = Pyrenophora tritici-repentis] (B), mean daily 
air temperature and relative humidity (C), and daily rainfall recorded during the wheat crop 
cycle at Rampur Nepal in two years. 



~ 

f 
:JI 

~ 
~ 
.!! .,, 
.!! 
" ~ 

~ 

~ 

~ 
~ 
~ 
.!! .,, 
~ 
.!! 
.5 

ll a.. 

~ 
~ 
~ 
.!! .,, 
~ 
~ 

ll a.. 
E 
::: 
0 

~ 
!;? 
_; .,, 
~ 
~ 

33 

BL 1473 • 2002 Sonalika • 2002 

80 

60 

... 
20 

80 

60 

40 

20 

80 

60 

... 
20 

80 

60 

"' 
20 

~=~~m~M~-~=m~m~M~~~=~ 

Sampling Date Sampling Date 

NL297-2002 

1119 212 2116 312 3118 3/30 

Sampling Date 
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ABSTRACT 

Foliar blight is a major biotic constraint to wheat in the Gangetic plains of south Asia, 
particularly in the rice-wheat system. The disease occurs as a complex of spot blotch and tan 
spot caused by C. sativus and P. tritici-repentis, respectively. Yield losses reach on average 
15% but are variable depending on sowing time, years, locations and stress conditions. 
Resistance breeding has been the cornerstone of the control strategy. Through international 
agricultural research efforts in collaboration with National Agricultural Research Systems 
(NARS), resistance sources from China, Zambia and Brazil were identified and novel 
germplasm such as synthetic hexaploid wheats derived from crosses with Aegilops tauschii 
and tetraploid wheat were generated. Materials resulting from these pre-breeding activities 
are now combined to adapted spring wheat to produce new high yielding genotypes showing 
a lower disease progress. On-going regional efforts include several wheat nurseries jointly 
organized by CIMMYT and NARS and specially targeted for warmer wheat growing areas. 
The stability of resistant genetic stocks remains essential considering that C. sativus is non
specific and forms a continuum of strains that may change rapidly. Although high moisture 
and temperature are known to favor the disease, little information is available on the exact 
role of climatic factors on symptom development. Stress factors appear to influence to a great 
extent disease progress and epidemics, suggesting that crop management practices are a 
critical component of an integrated disease control. Thus, understanding their role on foliar 
blight seems imperative when the increasing adoption of zero tillage in rice-wheat may affect 
inoculum survival and when genotypes more adapted to new tillage practices will be 
required. The role of alternate hosts and the source of primary inoculum in rice-wheat 
systems are still not well documented but indications suggest that seed may play an important 
role in disease transmission. Seed treatment may prove useful as a part of an integrated 
disease management approach based on improved resistance and good agronomy. 

Introduction 

In south Asia, spring wheat (Triticum aestivum L.) is grown during winter from November
December to March-April. After the impressive progress in controlling leaf and stem rusts in 
modem varieties during and after the green revolution, foliar blight has recently emerged as 
the most important biotic constraint of second-generation wheat genotypes in warmer areas, 
in particular in the intensive rice-wheat system which covers 13 millions hectares in the 
subcontinent. The disease often occurs as a complex of spot blotch and tan spot caused by 
Cochliobolus sativus (Ito & Kurib.) Drechsler ex Dastur (anamorph Bipolaris sorokiniana) 
and Pyrenophora tritici-repentis (Died.) Drechsler (anamorph Drechslera tritici-repentis), 
respectively. In breeding programs where the fungi old names are still widely used (Maraite, 
1998), it is commonly referred to this disease complex as helminthosporium leaf blight 
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(HLB). In field conditions of south Asia, the anamorph stage of both pathogens is found. In 
the case of spot blotch, the teleomorph stage has only been reported to occur in Zambia. The 
tan spot pathogen teleomorph stage is found in cropping systems where the stubbles 
decompose slowly and remain on the soil during the next crop or season, a situation that is 
not occurring in rice-wheat system since paddy fields are flooded. In south Asia, the foliar 
blight becomes more evident in mid-February as a result of rising temperatures and heavy 
dew that may remain in the crop canopy for several hours on foggy winter days. 

Yield losses on average up to 15% vary depending on sowing time, year, locations, and stress 
conditions (Duveiller and Dubin, 2002). Late wheat sowing reduces yield because flowering 
coincides with the hot winds or high temperatures that occur at the end of the following rabi 
(winter) season. When the crop is sown after optimum planting time (end of November-early 
December) or if the soil fertility is low, the effect of disease on grain-yield increases 
dramatically and may cause up to 34% losses (Shanna and Duveiller, 2002). 

Management of HLB has received more attention in recent years because of the urgent need 
to increase crop productivity and ensure food security in the warmer wheat growing areas of 
the Indian Subcontinent (Duveiller et al., 1998; Duveiller, 2002). Moreover, concerns have 
emerged regarding the sustainability of the rice-wheat system in south Asia, its decreasing 
total factor productivity (Hobbs and Morris, 1996), the role of foliar blight and the need to 
adopt new tillage technologies to produce rice and wheat at a lower cost. This paper 
summarizes the strategy used in south Asia toward a better control of foliar blight. 

Materials and Methods 

Field surveys are conducted on regular basis in Bangladesh, India and Nepal to assess the 
incidence of both pathogens. In Nepal, detailed epidemiological studies were conducted for 
two years (2001-2002 and 2002-2003) at IAAS, Rampur (228-masl, 27° 40' longitude and 84° 
19' latitude) to evaluate the possible inoculum source of both pathogens, to observe the 
symptom initiation and production of B. sorokiniana and D. tritici-repentis spores throughout 
the wheat season in six genotypes that differed in the 1 evel of resistance to HLB. In this 
study, the amount of air-borne conidia was monitored on a weekly basis during 17 weeks 
from plant emergence using a Rotorod~ Model 20 sampler (Multidata LLC, St Louis, USA) 
installed in the research plots to investigate the correlation with conidia formation on wheat 
leaves. 

Since the disease severity increases very fast in the field and small differences indicating 
partial resistance need to be observed, disease evaluation is usually based on the area under 
disease progress curve (AUDPC) calculated from minimum three field observations. For each 
disease rating, the percent diseased leaf area (%DLA) can be assessed on the flag (F) or 
penultimate leaf (F-1) but this method is time consuming. Alternatively, HLB severity can be 
visually scored for each plot at weekly intervals using the double-digit scale (00-99) 
developed as a modification of Saari and Prescott's severity scale to assess wheat foliar 
diseases (Saari and Prescott, 1975; Eyal et al. 1987). The first digit (D1) indicates the disease 
progress in height and the second digit (D2) refers to severity measured as the diseased leaf 
area. For each score, %DLA was estimated based on the following formula: 

% DLA = ( (D1/9) x (D2/9) x 100) 
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Individual scores are recorded over a three-week period. The AUDPC is calculated using the 
percent severity estimates corresponding to the three to four ratings as outlined by Das et al. 
(1992) and shown below: 

where, Xi= disease severity on the ith date, ti = ith day, and n = number of scoring dates. The 
AUDPC measures the amount of disease as well as the rate of progress, and has no units. 

Because the sustainability of the rice wheat system is questioned, foliar blight severity was 
also assessed in a long term trial where different level of fertilizers have been used in 
Bhairahawa (Nepal). Similarly, because sowing time can be advanced by up to 15 days when 
a resource conserving technique such as zero tillage is used, the effect of sowing time on 
yield and disease is analyzed to assess the potential impact of changing cropping practices. In 
a study conducted in two locations in Nepal to assess the effect of stress on disease 
development, disease severity was compared under optimum and low fertility (Sharma and 
Duveiller, 2002) 

Pre-breeding efforts are conducted at selected hot spot locations in Nepal and Bangladesh. 
This includes the evaluation of local and exotic sources of resistance to foliar blight in 
unreplicated trials to assess genetic stocks. Recent introductions include double haploids, 
exotic materials from warmer areas (China, Zambia, Brazil...) and wide crosses derivatives. 
After validation of resistance, the materials are made available to cooperators as parental 
lines for new crosses and are included in CIMMYT's germplasm bank. Another aspect of the 
pre-breeding effort is the HMN (Helminthosporium Monitoring Nursery), which is proposed 
on regional basis to evaluate the resistance stability (genotype x environment). The nursery 
includes parental materials from different geographical and genetic origins that may not have 
the proper agronomic type for the region, synthetic hexaploids resulting from crossing 
tetraploid wheat with Aegilops squarrosa (syn. T. tauschii) and a few advanced lines 
produced by breeders in south Asia. A core of entries remains the same over years to assess 
any change in resistance but several lines are changed every year. 

Due to the need of increasing wheat production in marginal areas where the yield gap 
between farmers' fields and experiment stations is still very high, a new regional breeding 
effort was initiated to specifically promote materials targeted towards warmer areas. The 
Eastern Gangetic Plain Screening Nursery (EGPSN), organized in 1997, includes a set of 150 
entries proposed by national programs breeders who share their best advanced lines for 
testing a cross hot spot 1 ocations. Data a re summarized by C IMMYT' s regional office and 
returned to cooperators (Ortiz-Ferrara et al., 2003). After evaluation, the best entries are 
recycled in the national breeding programs orb ecome part of the 'Eastern G angetic Plain 
Yield Trial' (EGPYT) before being proposed for release or evaluated directly by farmers 
through participatory varietal selection (PVS) at the village level. This method is particularly 
effective as small farmers are able to give their input and choose themselves among a set of 
advanced materials before new varieties are released, thus increasing the chance of adoption 
of improved genotypes (Ortiz-Ferrara et al., 2001). Lastly, although fungicide treatments are 
not a viable option we also assess the benefits of seed treatments on plant establishment by 
comparing several chemicals available on the local market 
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Results and discussion 

Field surveys conducted over several years showed that tan spot is largely overlooked. This 
reality was particularly well documented in Nepal where P. tritici-repentis was isolated easily 
during four years from samples collected not only in mid-hills where the climate is cooler but 
also in the warmer lowland areas (Sharma et al. 2002b ). Bipolaris sorokiniana isolates, 
unlike rusts, do not show clear virulence patterns and consist of a continuum of strains 
differing in aggressiveness (Maraite et al., 1 998). The epidemiological study conducted at 
Rampur, showed that B. sorokiniana could be isolated from plant tissues sampled as early as 
the seedling stage whereas P. tritici-repentis was isolated on lesions observed at near-booting 
stage, 10 weeks after sowing. This observation suggests that seed or soil is probably an initial 
source of inoculum for B. sorokiniana whereas the infection by P. tritici-repentis might result 
primarily from air-borne spores possibly coming from alternate hosts (Sharma et al., 2002a). 
Later in the season, air-borne conidia on the spore trap are predominantly B. sorokiniana due 
to the profuse multiplication of this fungus during secondary infection cycles. 

In south Asia it is crucial to favor resource conserving technologies allowing farmers to sow 
wheat early to avoid post-anthesis heat stress and drastic yield reductions. As indicated, early 
wheat sowing can be promoted by a range of options such as zero tillage or reduced tillage. 
Zero-tillage facilitates early wheat sowing by up to 15 days which on average translates to 
improved yields to the extent of 10-25% over conventional practices. However, early wheat 
sowing appears characterized by higher HLB severity probably due to the high relative 
humidity and residual soil moisture that prevails at the beginning of the wheat season. In 
2002, we observed that AUDPC could increase by as much as 30% in some varieties sown 15 
days earlier. Thus, even though yield increases with early sowing when adopting resource 
conserving technologies, there might be trade-offs due to lack of resistance to HLB. The 
effect of seeding date was significant (P<0.01) and AUDPC was lower in late planting 
(Sharma et al., 2002a). 

Recent studies of a long-term trial in Nepal showed the important role of potash in reducing 
foliar blight severity. The AUDPC decreased by 50% when 40 kg of K20 was applied in a 
deficient soil (Regmi et al., 2002). Potassium prolongs the canopy's stay-green character. 
Many locations in south Asia present potassium deficiencies, and yet most farmers do not 
apply this nutrient for several socio-economical reasons. Similarly, when farm-yard manure 
(FYM) is applied (10 t/ha), the AUDPC drops by 30%, suggesting not only that FYM 
contains a significant amount of potassium, but that copious levels of organic matter are 
beneficial and reduce disease severity. The study conducted at two locations in Nepal in 2002 
(Table 1) showed that foliar blight severity (AUDPC) and yield losses (grain yield and 
thousand kernel weight) a re higher when soil fertility is low, confirming that non-specific 
pathogens causing foliar blight are favored when the crop is under stress. 
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Table 1. Mean AUDPC and reduction in grain yield and thousand kernel weight due to foliar 
blight under optimum and low soil fertility: averaged over three genotypes at two sites 
(Rampur and Manara) in 2001-2002 in Nepal(**= P<0.01) 

Applied 

Fertilizer Reduction due to foliar blight 

(Kg/ha) AUD PC Grain yield (Kg/ha) Thousand kernel weight (g) 

N:P20 5:K20 Non-sprayed Sprayed Loss(%) Non-sprayed Sprayed Loss(%) 

120-60-40 414 2583 3144 17.8** 35.0 42.3 17.4** 

0-0-0 544 1050 1602 34.5** 30.4 41.0 25.9** 

Loss(%) 59.3** 49.0** 13.2** 3.2 

Genetic stocks are currently tested at specific hot spot sites like Bhairahawa where the Nepal 
national wheat research program is located to confirm the resistance of parental lines. Some 
of the best entries are given in table 2. Sources of resistance include wheat materials from 
China, Zambia and Brazil and novel germplasm such as synthetic hexaploid wheats derived 
from crosses with Aegilops tauschii and tetraploid wheat. In China, genotypes from 
Heilongjiang, Sichuan and the Yang Tze River valley are characterized by a very short and 
efficient grain filling period resulting from the warmer conditions occurring at the end of the 
growing season in these areas, a trait that may explain a better resistance to foliar blight and 
again underlines that resilience to stress conditions is important to limit the disease. 

Table 2. Wheat genotypes among genetic stocks observed in Bhairahawa (Nepal) in 2001 
with a particularly low HLB level ranging from 51 to 72 (00-99 double digit scale) 
Parentage 

MILAN/SHA? 
SW89-3060 
SW89-3064 
SW89-5422 
TURACO/CHIU/PRINIA 
UP 2472 
CHIRYA-7 
Mayoor = CS/A.CURV.//GLEN/3/ALD/PVN 
DL153-2 
GISUZ/SABUF 
K9606 
SERI82/NEE"S"/SNB"S"/3/ LAJ3302/TURACO//TURACO 
TRAP#l/BOW//CBRD 
WEA VER/JAKANA 
BL2047 =DANIAL88/HLB25//NL297 
CHIRYA-3 
DOVIN-2 
NING8201 
RR21 (Syn. Sonalika) (Local Check/Susceptible) 

Days to 
Heading 
date 
I-Mar 
8-Mar 
5-Mar 
1-Mar 
4-Mar 
13-Mar 
1-Mar 
6-Mar 
4-Mar 
3-Mar 
8-Mar 
6-Mar 
9-Mar 
9-Mar 
27-Feb 
28-Feb 
3-Mar 
28-Feb 
25-Feb 

Diseases 
March 15 2001 
HLB Leaf rust 
51 0 
51 TMS 
51 0 
51 5MR/MS 
51 0 
51 0 
52 0 
52 TS 
71 0 
71 0 
71 0 
71 0 
71 0 
71 0 
72 0 
72 0 
72 TMR 
72 lOMS 
99 40S 

An analysis of the performance of 17 common genotypes included in the HMN in three 
cropping seasons (2000-2002) is presented in figure 1 showing a biplot based on decreasing 
average resistance (higher AUDPC) comparing to an ideal genotype average computed from 
field observations (Yan and Kang, 2002). Results confirmed the superiority of entries from 
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China and novel sources of resistance such as derivatives from synthetic hexaploid wheats 
and Ae. squarrosa crossed to Chinese or CIMMYT materials. It also indicates the degree of 
similarity between testing locations which in tum can help scientists to decide on the 
relevance or not oft esting materials at each oft he sites and reduce unnecessary research 
costs. 

Figure 1. Biplot comparing 17 genotypes to an ideal cultivar based on decreasing resistance 
to foliar blight (AUDPC) in 19 environments of south Asia 
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Interestingly, the best grain yield performance is not necessarily obtained by entries scoring a 
low AUDPC as shown in recent results from the EGPSN (Ortiz-Ferrara et al., 2003). This 
observation underlines the importance of general adaptation to the environment, particularly 
to abiotic stresses such as heat. It also confirms that resistance to foliar blight is still moderate 
and needs further improvement. No source of resistance gives high resistance in early 
maturing genotypes, although there are several materials combining high yield and low 
disease infection (Table 3). Better resistance levels in adapted genetic backgrounds may be 
obtained through the use of careful crossing and selection methods (Sharma and Duveiller, 
2003). 
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Table 3. Top 2 0 entries for higher grain yield (GYP, gram/plot) in the 5th EGPSN at 13 
locations in the Eastern Gangetic Plains (2001-2002): days to heading (DH), thousand kernel 
weight (TKW), highest disease score(% diseased leaf area), AUDPC and ranking out of 150 
lines 

Genotype GYP Rank TKW Rank DH Rank HDS% Rank AUD PC Rank 

Shatabdi (=MRNG/BVC//BLO/PVN/3/PNB 81) 413 1 41 21 76 101 65 40 320 46 
CHIRY A-3 (HLB Resistant Check) 411 2 36 109 77 110 65 4 293 28 
NL 724/NL 750 398 3 38 61 78 114 71 21 292 27 
DANIAL88/CHILERO//BHRIKUTI 397 4 36 109 70 25 62 78 394 90 
90B57/4/R37/GHL121//KAL/BB/3/JUP/MUS/5/SW 90.1057 386 5 36 109 78 1I6 72 57 319 44 
HPO/T AN/NEE/3/2*PG0/4/CROC-l/ AE.SQ (213)//PGO 385 6 40 36 74 86 58 51 283 25 
PBW475 384 7 38 61 83 148 68 2 195 1 
HW 90.1057/3/HE l/3*CNO 79//2*SERI 383 8 36 109 80 129 75 13 253 10 
BL 1048*/BB/TOB//CNO 
6713/HU AC/4/TIRESEU4/BB/PL */5/SX 379 9 41 21 69 21 49 123 503 138 
HUW542 378 10 35 132 82 144 n 39 262 13 
PBW 343/CHlR 3 376 11 40 36 78 115 65 29 317 42 
PBW 343 (Improved Check from India) 376 11 37 84 81 139 70 7 214 5 
CATBIRD 375 13 36 109 83 146 67 45 308 36 
DL 784-3/VEE#7//PRL/UP 262/3/CHIRYA-7 372 14 42 10 77 102 67 61 372 78 
NACNEE'S'// ATTILA 372 14 40 36 72 50 54 42 351 67 
PEWIT3 370 16 39 47 78 119 70 70 415 99 
RAYONF89 369 17 38 61 77 108 60 34 311 39 
KANCHAN {Improved Check from Bangladesh) 368 18 41 21 72 54 59 133 443 120 
LOCAL CHECK 367 19 38 61 71 45 56 60 379 80 
BCN*2/4/SHA 7//PRLNEE#6/3/F ASAN 366 20 35 132 77 111 65 28 273 19 

Since the primary source of foliar blight inoculum is not exactly known, appropriate 
management practices that enhance crop establishment and plant health at an early stage are 
critical. Options for controlling tan spot and spot blotch include sowing disease-free seed. 
Preliminary results using fungicide seed treatments indicate that the effect of these seed 
treatments on the number of infected seedlings per m2 was not significant. However, there 
was an effect (P<0.01) on plant establishment and tillering vigor suggesting that these options 
should be considered. But due to the overwhelming importance of airborne inoculum of this 
polycylic disease, this effect does not translate in a significant increase in grain yield (Table 
4). 

Table 4. Effect of seed treatment observed in susceptible genotype Sonalika in Rampur, Nepal, 
during season 2001-2002 

Treatment Emergence/m2 +% Infected Number of tiller Grain yield 
Seedlings/m2 per2m row (Ton/ha) 
12/23/2001 

Vitavax-200 50.7 43.2 2.6 72.9 2.63 
Bavistin 41.3 16.3 2.0 69.4 2.44 
Simonis Carbendazime 52.9 49.2 2.9 69.4 2.48 
Check (untreated) 35.4 2.1 59.9 2.44 

P<0.01 NS P<0.01 NS 

Conclusions 

As presented in this paper, controlling foliar blight in south Asia follows an approach 
combining epidemiology, pre-breeding efforts, breeding and crop management. Further 
epidemiological studies are needed to understand the factors promoting disease outbreaks and 
the causes of its increasing severity in the rice-wheat system of south Asia. Recent studies 
suggest that the incidence of tan spot is overlooked and not negligible. Germplasm is 
paramount. Since the disease is rather new, the genetic basis of host resistance to HLB is 
relatively narrow and presently limited to Chinese materials and derivatives of wide crosses 
combined to CIMMYT materials. There is a need to broaden the sources of variability and 
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research is needed to identify new resistant materials. Very little is known on the inheritance 
ofresistance genes effective against spot blotch and tan spot and field genetic studies are 
highly needed. The task is complicated by the similarity of symptoms induced by two 
pathogens, most probably triggering different resistance genes, and the limited areas where 
these studies can be conducted on one disease (tan spot or spot blotch) at a time. The role of 
crop rotation and fertilization seems equally important, but the long-term effects of using new 
resource conserving cultural practices will need to be monitored. In summary, controlling 
foliar blight in wheat is complex and requires a holistic approach. It is part of technological 
packages that make small-scale wheat production more cost-effective and sustainable, 
particularly in warmer areas. Farmers are increasingly involved in this research process, and 
the whole production system must be considered. More than ever, controlling foliar blights 
requires a multidisciplinary team effort. 
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ABSTRACT 

Helminthosporium leaf blight (HLB) is the most serious disease constraint to wheat (Triticum 
aestivum L.) yields in the warm plains of South Asia. It occurs either singly or as a complex 
of spot blotch (caused by Cochliobolus sativus) and tan spot (caused by Pyrenophora tritici
repentis). Several abiotic stresses in the region affect the development and severity of HLB. 
A field study was conducted using three wheat cultivars (Sonalika=RR21, Bhrikuti and 
BL1473) during the 2001 and 2002 wheat seasons at two sites (farmer's field and research 
station) in Nepal, where HLB is a serious problem every year. The objective was to 
determine the effect of low soil moisture and poor soil fertility in combination with foliar 
blight severity under natural inoculum pressure on the agronomic performance of timely and 
late-seeded wheat. The experiment was conducted in a multiple-strip layout in a randomized 
block with three replicates. Soil fertility stress was evaluated by using the recommended 
doses ofN, P and K as opposed to no chemical fertilizer. Three irrigations and no irrigation 
were used to assess the effect of soil moisture stress. The experiment included normal and 
late seeding dates to take into account the average air temperature which increases as the 
wheat season progresses. Multiple HLB scores were recorded to calculate the area under the 
disease progress curve (AUDPC) and AUDPC/day was determined. Soil fertility stress 
increased AUDPC by 28.4%. Overall, soil fertility stress had a more pronounced effect on 
disease levels than reduced moisture stress, probably because rain had diminished the 
difference between moisture stress. HLB induced reductions of20.5% and 15.5% in grain 
yield and thousand-kernel weight (TKW), respectively, under late seeding, compared to 13% 
and 7.8% under timely sown conditions. Under low soil fertility, reductions in grain yield and 
TKW due to HLB were 52.1 % and 15.5%, respectively, compared to 26.1 % and 8.0% under 
optimum soil fertility. HLB caused yield reduction of 22. l % under low soil moisture 
compared to 11. 8% under optimum soil moisture. Compared to timely sown wheat, 
AUDPC/day and reductions in grain yield due to HLB were always higher under late seeding 
suggesting that AUDPC/day explained yield losses better than AUDPC. These findings 
demonstrate the joint effects of crop management factors on HLB severity and associated 
grain yield losses both under farmer's field and research station conditions. The results imply 
that optimum crop husbandry must be adopted to minimize wheat yield losses due to HLB. 

Keywords: Bipolaris sorokiniana; Cochliobolus sativus; Foliar blight; Helminthosporium leaf 
blight; Drechslera tritici-repentis; Pyrenophora tritici-repentis; Spot blotch; Tan spot; Abiotic 
stress; Wheat 
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1. Introduction 

Helminthosporium leaf blight (HLB) is the most serious disease of wheat (Triticum aestivum 
L.) grown during the winter season (November to April) in the warm areas of South Asia. 
Yield losses due to foliar blight, the major biotic constraint in the Gangetic Plains since the 
rusts were brought under control are variable but of great significance. Losses of up to 20% 
have been reported in farmers' fields (Duveiller and Gilchrist, 1994; Saari, 1998; Duveiller, 
2002a). In the lowlands of Nepal, HLB develops as a complex of spot blotch [caused by 
Cochliobolus sativus (Ito & Kurib.) Drechsler ex Dastur (anamorph: Bipolaris sorokiniana)] 
and tan spot [caused by Pyrenophora tritici-repentis (Died.) Drechsler (anamorph: 
Drechslera tritici-repentis)] (Sharma et al. 2003c). 

Substantial economic losses are caused by HLB in the region (Alam et al., 1994; Saari, 1998; 
Shrestha et al., 1998; Singh et al., 1998). Since both causal pathogens are non-specific hemi
biotrophs (Kumar et al., 2002), yield losses due to HLB may be aggravated as a result of 
increased disease severity when abiotic stresses such as reduced soil moisture, nutrient 
deficiency and high temperatures occur (Nema and Joshi, 1973; da Luz and Bergstrom, 1986; 
Sentelhas et al., 1993). These three abiotic stresses are commonly encountered in the 
Gangetic Plains of South Asia, especially in the rice-wheat system (Duveiller, 2002a). 

While information on managing HLB through agronomic practices is lacking for South Asia 
conditions, studies in other environments suggest that applying mineral nutrients may reduce 
foliar blights in wheat (Huber et al., 1987; Morh et al., 1987; Krupinski and Tanaka, 2001). 
Although soil moisture and nutrient stresses occur together in the wheat fields of South Asia, 
little quantitative information is available on the effect of low soil moisture and poor soil 
fertility on HLB severity (Regmi et al., 2002). 

In South and Southeast Asia, it is estimated (Heisey et al., 2002) that wheat is still widely 
grown under rainfed conditions (33% of growing area) and subject to frequent soil moisture 
stress. Also, soil moisture stress caused by high air temperature is common during grain
filling period of wheat. In long-term trials with differing nutrient management in rice-wheat 
cropping systems, Gami et al. (2001) and Regmi et al. (2002) reported that soil fertility has 
been declining continuously, which creates nutrient stress that affects HLB severity. When a 
rice-wheat cropping system is used in South Asia, wheat sowing often depends on 
availability ofland after the rice harvest (Gupta et al., 2002). Hence, wheat may be sown 
from early November to early January. When it is late sown, the wheat crop often faces high 
temperature stress during grain-filling. 

Previous studies have recognized the importance of controlling HLB to obtain higher yields 
in warmer, humid regions (Saari, 1985; Dubin et al., 1998; Saari, 1998; Dubin and Duveiller, 
2000; Duveiller, 2002a). However, only limited documentation is available that shows how 
appropriate crop management practices can reduce wheat yield losses due to HLB severity. 
Factors that may affect the severity of foliar blight caused by non-specific pathogens in a 
wheat crop include seeding date (Hetzler et al., 1991; Wall et al., 1991; Toledo and Guzman, 
1998), mineral nutrients (Huber et al., 1987; Morh et al., 1987; Krupinski and Tanaka, 2001; 
Regmi et al., 2002), and crop rotation and mulching (Nsarellah and Mergoum, 1998). These 
reports, however, fall short of elucidating the effect of disease combined with various crop 
management factors on grain yield and agronomic traits. Summarizing a number of regional 
studies from South Asia, Saari (1998) reported that on average a 20% yield reduction could 
be attributed to foliar blights. Yet to what extent HLB-induced yield reduction under optimal 
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and sub-optimal levels of crop management is influenced by factors such as seeding date, use 
of mineral nutrients, and soil moisture, is poorly understood. 

Reduced soil fertility and low soil moisture as well as high HLB severity reduce biomass, 
grain yield, and TKW in wheat. However, it is not clear whether HLB severity would cause 
higher yield reductions under stress conditions than under optimal soil nutrient and moisture 
conditions. Furthermore, there is a lack of reliable information on the exact effect of HLB 
severity on the performance of late-seeded wheat compared to normal-seeded wheat. Also, 
the genotypic response of the host plant to HLB under different crop management practices is 
unknown. Therefore, this study was conducted to determine the effect ofHLB severity in 
combination with low soil moisture and reduced soil fertility on agronomic traits of three 
wheat genotypes under natural HLB inoculum pressure. These factors may affect the stability 
of genetic resistance and influence the selection scheme used for developing HLB-resistant 
cul ti vars. 

2. Materials and methods 

Trials were conducted at Rampur Experiment Station (Chitwan District) and in a farmer's 
field in Manara (Mahottari District), in 2000-2001 (2001) and 2001-2002 (2002) winter 
seasons using three spring wheat cultivars with contrasting levels of HLB resistance: 
'Sonalika=RR21', 'BL1473', and 'Bhrikuti'. Sonalika, an early maturing cultivar, is highly 
susceptible to HLB. BL 1473, also early maturing, possesses some level of tolerance to HLB. 
Bhrikuti is intermediate in maturity and moderately resistant to HLB. Environmental 
conditions at the two sites, situated in the lowlands of Nepal (tarai) at a road distance of250 
km, are different. The Rampur site (27°40' N and 84° 9' E) is located at 228 masl (meters 
above sea level), about 20 km from the Himalayan foothills. The Manara site (26°43' N and 
85°58' E) is situated at 84 masl and further away(:::: 50 km) from the foothills. Rampur is part 
of a large valley, whereas Manara is located in the vast Gangetic Plains. Temperatures in 
winter, when wheat is grown, are a little cooler at Rampur than at Manara (Table 1 ). The 
Rampur site also has higher relative humidity than the Manara site during the wheat cropping 
season. The soil type at Rampur is a medium-textured loam compared to the heavy clay soil 
at Manara site. Natural HLB epidemics on wheat have been severe for the past several years 
at both sites. 

The trial was conducted in a multilevel strip-plot design with the main strips arranged in a 
randomized complete block with three replicates. The size of each experimental plot was 2 x 
1 m, seeded with 120 kg ha-1

• Each plot consisted of four rows, sown at 0.25-m spacing. The 
different strips included seeding date, irrigation and fertilizer. The three wheat cultivars were 
used as a split factor. The two seeding dates used were: normal (Nov. 25 to Dec. 5) and late 
(after Dec. 10). Late seeding was always done after Dec. 25 to induce higher temperature 
stress during the grain-filling period, when HLB develops quickly on the wheat crop. The soil 
fertility stress effect was assessed by comparing recommended doses ofN, P20 5, and K20 at 
the rate of 120, 60, and 40 kg ha-1

, respectively, to no chemical fertilizer. Three irrigations 
and no irrigation were used to evaluate the effect of soil moisture stress. The fourth factor in 
the experiment was the cultivar effect. To assess reduction in performance due to HLB, half 
of each strip was sprayed four times with a fungicide using the recommended doses of Tilt 
(a.i.: propiconazole) in 2001 and Opus (a.i. epoxiconazole) in 2002 at the rate of 0.05% a.i., 
while the other half was left unprotected. 
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Ten primary tillers in each plot were randomly selected and tagged prior to evaluating disease 
severity. HLB scores were recorded after anthesis, when lesions appeared on the penultimate 
leaves of Sonalika. Disease severity was rated by visually assessing the percent diseased leaf 
area on the flag (F) and penultimate (F-1) leaves following the procedure previously used by 
Sharma et al. (1997) and Dubin et al. (1998). Plots with the same planting date were scored 
on the same day at each location. Four disease scores were taken at 7 to 11-day and 3 to 5-
day intervals for timely seeded and late seeded plots, respectively. The shorter intervals in 
late-sown plots is due to the shortened crop cycle caused by increasing temperatures. After 
averaging F and F-1 severity, the AUDPC was calculated using the following formula given 
by Das et al. (1992): 

where Xi= HLB severity on the ith date, ti = ith day, and n = number of dates on which HLB 
n-I 

AUDPC= :L[(x; +xJ12:Kti+1 -t;) 
i=l 

was recorded. The AUDPC gives a quantitative measure of epidemic development and 
intensity of disease (Reynolds and Neher, 1997). The AUDPC was standardized by dividing 
by the total number of days of the assessment period (AUDPC/day) in order to directly 
compare among epidemics of different lengths for timely and late seeding dates (Reynolds 
and Neher, 1997). 

At maturity, seed bearing tillers were counted in all four rows of each plot to determine the 
effective tiller number (ETN) per square meter. Individual plots were cut close to the ground, 
and bundles from each were sun-dried for several days. The weight of each bundle was 
recorded as biomass yield. After threshing, grain yield was recorded for each bundle, and 
harvest.index(%) was determined as the ratio of grain yield to biomass yield x 100. One 
thousand kernels were randomly counted from each plot and weighed to determine thousand
kemel weight (TKW). 

Analyses of variance were computed for each site in each year to determine the main effect of 
each factor, as well as interactions among them for AUDPC, biomass yield, grain yield, 
harvest index, TKW, ETN, days to heading and maturity, and plant height. A combined 
analysis of variance over two sites and two years was also conducted. The difference in 
values of an agronomic trait between fungicide protected and non-protected paired plots was 
used to determine reduction(%) due to HLB. Reductions in various traits due to HLB under 
stress and optimum conditions were compared to determine when the disease caused greater 
losses. 

Since five factors plus two sites and two years were considered in the experiment, complex 
interactions were to be expected. The advantage of having multiple factors in an experiment 
lies in analyzing many simple interactions under one experimental setup, thereby avoiding 
the effects many extraneous causes could have on the results. We were particularly interested 
in determining the effect of two-way interactions (involving various stress factors and 
disease) on different agronomic traits of wheat genotypes. 

3. Results and discussion 

3.1. General observations 

High HLB severity occurred in both years, as reflected by >90% diseased leaf area rating on 
the highly susceptible cultivar Sonalika, and no other wheat foliar disease was observed. In 
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particular, the level of leaf rust remained negligible throughout the growing season. 
Helminthosporium leaf blight was noticeable as early as the second week of February, after 
wheat reached the heading stage. Isolates of representative samples showed an overwhelming 
incidence of C. sativus. Overall, foliar blight severity was higher in 2002 than in 2001, 
especially for timely seeded crop (Table 2). AUDPC values were higher at Manara in 2001, 
and at Rampur in 2002 (Table 2). Weather conditions were optimal for wheat cultivation in 
both years. Grain yield of commercially grown varieties was normal in both years. Grain 
yield was lower under late seeding conditions, indicating the occurrence of high temperature 
stress on late-seeded plots. Low grain yields under non-fertilized conditions indicated low 
soil nutrient levels. Grain yields under rainfed conditions were not as low as expected 
because some rainfall occurred at the critical growth stages of the wheat crop, especially in 
the 2002 season. All wheat genotypes produced higher grain yields under fungicide protected 
conditions, which suggests that HLB did cause yield losses. 

3.2. Disease severity (area under disease progress curve) 

3.2.1. Analysis of variance 

Analyses of variance for individual sites showed there was a significant (p<0.01) effect of 
year on AUDPC at each site. Similarly, analyses of variance for individual years revealed 
that the two sites had significantly (p<0.01) different AUDPC values in each year. A 
combined analysis of variance over years and locations showed there was a significant effect 
(p < 0.01) of year on AUDPC (Table 3). The year x location interaction was significant (p < 
0.01), indicating that relative AUDPC differences between the two sites changed in two 
years. This location x year interaction could be attributed to differences in environmental 
conditions in the two years. In general, weather conditions were wetter in 2002 than in 2001, 
more so at Rampur. The three wheat cultivars (used in the study based on their known 
different level of resistance to HLB) differed significantly (p<0.001) in AUDPC, as expected. 
Cultivar x year interaction was significant, whereas cultivar x location interaction was non
significant for AUDPC. Since the interaction between cultivar and individual stress factors 
across years and sites was significant (p<0.05), comparisons were made for two-factor 
interactions for individual sites in each year (Fig. 1). Although most high-order interactions 
were non-significant, one of the highest-order interactions, year x location x irrigation x 
fertilizer x cultivar, was significant. Sonalika always showed the highest AUDPC, followed 
by BL 1473 and Bhrikuti but relative differences among the three genotypes changed under 
different growing conditions. Also, the three cultivars responded differently to abiotic stress 
in several cases, but this varied at both locations in both years. Responses of the three 
genotypes to different stresses for HLB may be partly due to genetic differences. Moreover, 
there may be genetic differences in the levels of tolerance/susceptibility to one or more of 
these abiotic stresses, which could affect the physiology of the crop and, hence, the level 
resistance to the disease. 

3.2.2. Effect of soil nutrient 

The main effect of soil fertility stress on AUDPC was significant in both years (p<0.01). Soil 
fertility x year and soil fertility x location interactions were non-significant, suggesting that 
the use of recommended doses of mineral fertilizer consistently helped in reducing disease 
severity. AUDPC values were higher under low fertility (stressed) conditions at both sites in 
both years confirming that foliar blights caused by non-specific pathogens are highly 
influenced by nutrient management practices. 
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All cultivars showed higher disease severity under nutrient stress compared to optimum 
fertilizer applications in both years at each location (Fig. lA). Though absolute values of 
AUDPC increase were higher for very susceptible cultivar Sonalika, the percent increase was 
more or less similar for all three cultivars, underlining that genetic differences in resistance 
are an essential component of integrated disease control. This also shows that irrespective of 
high or low levels of HLB susceptibility, optimum fertilizer doses should help to limit/reduce 
HLB severity. These results are in agreement with the reports ofMorh et al. (1987), 
Krupinski and Tanaka (2001), Duveiller et al. (2003) and Regmi et al. (2002). This finding of 
increased foliar blight severity under soil fertility stress condition underscores the importance 
of nutrient management to reduce disease severity, and adds another dimension to the crop 
management constraints presented by Gami et al (2001) and Regmi et al. (2002) for depleted 
soil fertility conditions in the rice-wheat cropping system in south Asia. 

3.2.3. Effect of soil moisture 

The effect of soil moisture on AUDPC was not as contrasting in two years (Table 2). In 
2002, there was no overall response of moisture on AUD PC, while in 2001 the effect was 
significant where moisture stress caused higher disease severity. However, cultivar x year 
interaction was significant mostly due to changes in relative AUDPC values of the three 
cultivars at two locations in 2002 (Fig. IB). The three cultivars differ in their response to the 
two levels of soil moisture across sites and years (Fig. lB). In 2001, only BL 1473 showed 
significant higher AUDPC under irrigated condition whereas in 2002 all cultivars had higher 
disease severity under non-irrigated condition. This finding only partially agree with the 
report of Sentelhas et al. (1993) who found a higher infection rate by the fungus under 
irrigated condition when macroclimatic factors were not favorable to disease development. 
The lack of a clear-cut and consistent effect of the different moisture levels on the AUD PC 
could be attributed to heavy dew during the vegetative growth stage and a couple of unusual 
precipitations during the post-flowering period, which occurred at both locations in 2001. In 
a previous study, Gilbert et al. (1998) reported that there was no negative correlation between 
isolation of P. tritici-repentis and rain. In the present field study it was not possible to show 
clear-cut differences in the effect of soil moisture on HLB severity. These differences should 
be further investigated under controlled conditions. 

3.2.4. Effect of seeding date 

Higher AUDPC was associated with timely seeding (Table 2). On the other hand, late 
seeding showed higher AUDPC/day compared to timely seeding. This observation shows 
that the effect of seeding date on HLB development should be interpreted with caution 
because of the potential difficulty in separating physiological senescence, which increases 
with high temperatures in late-sown plots, from disease progress resulting from the effect of 
temperature on the pathogen. In this study, it was possible to score disease four times for 
both sowing dates. However, the intervals between disease observations were shorter for the 
late-seeded crop than for the timely-seeded crop. The disease assessment periods for timely 
sown plots were 21 and 28 days in the two years compared to only 13 and 12 days for late
seeded plots resulting from accelerated senescence due to high temperatures. Consequently, 
the AUDPC/day was higher for late than normal seeding in both years (Table 2). Tue higher 
AUDPC/day implies that damage ofleaftissue would be much faster for a late seeded than 
for a timely seeded wheat crop. This phenomenon is commonly observed in the late sown 
wheat crops in the warm regions of South Asia. 
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The effect of seeding date on AUD PC of the three cultivars was not consistent over two sites 
in the two years (Fig. 1 C), which can partly be attributed to a complex relationship between 
lesion development on leaf and air temperature as reported by Nema and Joshi (1973). They 
found that spot blotch lesions developed faster at 22 °C than at 25 or 28°C. The average 
temperature during the period (Feb 16 to March 15) of scoring HLB severity on timely 
seeded wheat crop was between 21and22°C in the two years. In contrast, the average 
temperature during the period (March 16 to March 31) of scoring HLB severity on late 
seeded wheat crop was between 25 and 26°C in both years. 

3.3. Agronomic traits 

3.3.1. Analysis of variance 

The combined ANOVA showed that the effects of year, location and year x location 
interactions were non-significant for biomass yield, grain yield, harvest index, days to 
heading, plant height but not for TKW and ETN (Table 3). Seeding date had a significant 
effect on all traits except plant height and ETN. Irrigation had a significant effect on all traits 
except harvest index and TKW. Fertilization had a significant effect on all traits but harvest 
index. Fungicide application significantly affected all traits except days to heading and plant 
height. The three wheat cultivars differed significantly for all traits. Date x fungicide 
interaction was non-significant for all traits, suggesting that relative mean values over two 
seeding dates for all considered characters did not change significantly under disease and 
disease-free conditions. Similarly, irrigation x fungicide interaction was non-significant, 
indicating that the difference between irrigated and non-irrigated conditions for various traits 
remained similar under fungicide protected and non-protected conditions. Fertilizer x 
fungicide interaction was significant only for biomass and grain yields and ETN, suggesting 
that the relative difference between optimum fertilization and nutrient stress conditions for 
biomass yield, grain yield and ETN changed significantly under epiphytotic and disease-free 
conditions. Genotype x fungicide interaction was significant only for grain yield and TKW. 

3.3.2. Effect of disease on agronomic traits 

Biomass yield was significantly higher under timely-seeded and fungicide-protected 
conditions compared to late-seeded and non-protected conditions (Table 4). However, 
percent reduction in biomass yield due to HLB was much higher under late seeding than 
early seeding (Fig. 2). This shows that HLB reduced biomass both under timely and late
seeded conditions but the damage was much higher in wheat seeded later than the optimum 
period. 

Grain yield was significantly higher for timely seeded wheat compared to late sowing only 
when HLB was not controlled (Table 4). This observation suggested that HLB is a major 
factor for grain yield losses resulting from sowing wheat after the optimum period. Fungicide 
protection produced significantly higher grain yield under both timely and late-seeded 
conditions, suggesting that grain yield losses were caused by the disease. However, percent 
grain yield reduction was much higher under late seeding (20.5%) compared to timely sown 
wheat (13.0%) (Fig. 2). Thousand-kernel weight was significantly higher under timely seeded 
and fungicide-protected conditions compared to late-seeded and non-protected plots (Table 
3). But percent reduction in TKW due to disease was much higher under late seeding 
compared with early sowing (Fig. 2). This showed that HLB caused TKW reductions both 
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under timely and late sown conditions. Yet the disease damage on TKW was higher for wheat 
seeded later (15.5%) than the optimum period (7.8%). 

Higher grain yield reductions due to HLB under late seeding (20.5%) compared to timely 
seeding (13.0%) suggested that the disease was more severe when wheat was planted late. 
Nass et al. (1975) also reported that late seeding caused large yield reductions in wheat due to 
blight diseases. Timely seeded wheat flowered during early February and faced the 
progressive build-up of pathogen inoculum, while the late-seeded crop flowered in the third 
week of March and faced accumulated high inoculum pressure. The early-seeded wheat crop 
may even serve as a source of inoculum and contribute to the build-up of HLB, causing 
overwhelming infection in late-seeded wheat at critical growth stages. Also, green leaf area 
duration in late-planted wheat is shorter and may be reduced further by the heavy inoculum 
load, which may have more impact because of the shorter grain-filling period. 

In another study recently conducted in Rampur, Sharma et al. (2003b) reported that airborne 
conidia were the major source of inoculum for foliar blight pathogens. They found that 
airborne inoculum showed initial build-up during mid February and reached its peak near late 
March. Hence, the interaction between crop growth stage and inoculum level could be critical 
in determining disease severity and associated economic losses. In our study, the late-seeded 
crop was in early to mid grain-filling when the timely seeded crop was near maturity. During 
the inoculum build-up of HLB pathogens, the timely seeded crop had attained a more 
vigorous canopy biomass than the late-seeded crop. As a result, the timely seeded crop 
suffered lower yield losses due to HLB. More information is needed to understand the 
interaction between HLB severity, physiological growth stage of genotypes, seeding date, and 
yield reduction. 

Biomass yield was significantly higher under optimum fertilization than low fertility stressed 
under both disease and protected conditions (Table 4). However, the percent reduction in 
biomass yield due to HLB was several times higher under soil nutrient stress (35.0%) 
compared to optimum fertilization (3.8%) (Fig. 2). 

Grain yield, as expected, was significantly higher under optimum fertilization and fungicide
protected conditions compared with fertilizer stress and non-protected conditions (Table 4). 
However, percent reduction in grain yield due to the disease was much higher under stress 
compared to optimum fertilization (Fig. 1 ). This illustrated that HLB caused grain yield 
reduction under both optimum fertilization and nutrient stress, but the damage was much 
higher under soil nutrient stress (52.l %) compared to optimum fertilization (26.1 %). 
Similarly, TKW was reduced by HLB both under optimum and no fertilization (Table 4) and 
the reductions were higher under nutrient stress (15.5%) than under optimum soil nutrient 
conditions (8.0%) (Fig. 2). 

The higher reduction in grain yield due to HLB under soil nutrient stress ( 52.1 % ) compared 
to optimum fertilization (26.1 % ) suggested that the disease had more severe impact when 
fertilizers were not applied, which means that it may affect resource-poor farmers more. This 
underlines the need to control foliar blights under the marginal soil fertility conditions that 
prevail in smallholder fields, particularly in the eastern plains of South Asia (Duveiller, 
2002b ). Since rice-wheat is the most widely adopted annual cropping system in the eastern 
plains of South Asia, and soil nutrient status under the rice-wheat system is declining (Gami 
et al., 2001; Regmi et al. 2002), HLB is becoming a potential threat to successful wheat 
cultivation in the region. Regmi et al. (2002) reported that HLB severity on the wheat crop in 
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the rice-wheat system was much higher when potassium was not applied to the soil. Similar 
responses to declining overall soil fertility in the rice-wheat system can be expected in view 
of previous reports suggesting that application of mineral nutrients reduced foliar blights in 
wheat (Huber et al., 1987; Morh et al., 1987; Krupinski and Tanaka, 2001). 

Biomass yield was significantly higher under irrigated and fungicide-protected conditions 
compared with non-irrigated and non-protected conditions (Table 4). However, percent 
reduction in biomass yield due to HLB was somewhat higher in non-irrigated plots (15.6%) 
than irrigated plots (11.2%) {Fig. 2). 

Grain yield and TKW did not differ significantly between irrigated and non-irrigated 
conditions under both disease and disease-free conditions (Table 4). However, grain yield 
was lower under both irrigated and non-irrigated conditions when disease was not controlled 
by fungicides. Percent reduction in grain yield due to HLB was higher under soil moisture 
stress (22.1%) than under optimum moisture (11.8%) (Fig. 2). Percent reduction in TKW due 
to HLB was similar under optimum soil moisture and moisture stress conditions (Fig. 2). 

The greater grain yield reduction due to HLB under low soil moisture (22.1 % ) compared to 
irrigated conditions (11.1 %) suggested that the disease caused more damage when soil water 
was deficient. This underlines the need for foliar blight control on rainfed wheat, where the 
incidence of common root rot caused by C. sativus could also increase. It is interesting to 
note that even though higher moisture may increase HLB severity, relative losses due to the 
disease may be greater under rainfed conditions. Though not included in this study, close 
monitoring of leaf wetness and relative air humidity in the crop canopy could provide an 
answer to higher losses due to HLB on rainfed wheat. The presence of free water in the crop 
canopy over extended periods in the growing season appears more important for HLB 
development than the total amount of irrigation water or rainfall. Thus, the daily occurrence 
of long periods of dew until late in the season may have favored HLB development and 
higher yield reductions under low soil moisture conditions. 

In many parts of the Gangetic Plains high average air relative humidity prevails until late into 
the wheat season, even in the absence of irrigation or rainfall. High air humidity late in the 
wheat season increases crop resilience to the adverse effects of high temperature and water 
stress on the wheat crop, but air humidity also creates an environment conducive to foliar 
blight development. Hence, more targeted epidemiological and controlled studies are needed 
to elucidate the role of soil moisture, air humidity and leaf wetness in HLB related wheat 
yield losses in warm regions. Reis (1991) reported that long hours of leaf wetness were 
essential for outbreaks of spot blotch to occur. 

The three test genotypes differed in HLB-induced reductions in biomass and grain yields and 
TKW (Table 5). Sonalika, the most susceptible genotype, always showed greater HLB
induced reduction for all traits compared to the_other two genotypes (Fig. 3). Bhrikuti and BL 
1473 showed about the same reduction in biomass and grain yields due to HLB although BL 
1473 is more susceptible (Sharma, et al. 2003a). This result suggests that genotypes tolerant 
to HLB may exist and could contribute toward minimizing losses due to HLB under abiotic 
stresses. 
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4. Conclusions 

Experiments on crop management involving biotic and abiotic factors such as soil nutrients 
and moisture, different seeding dates, fungicide protected and nonprotected conditions 
inevitably are complex. However, the performance of a wheat crop in the field is indeed 
subject to all these conditions. Considering that limited preliminary reports (Saunders and 
Hettel, 1994; Duveiller, et al., 1998; Rasmussen et al., 2003) emphasize the importance of 
crop management factors in association with HLB, a major biotic constraint to growing wheat 
in warmers areas, the present study is significant as being the first comprehensive research 
work undertaken to understand the effect of abiotic stresses or management practices on 
foliar blight and performance of wheat that combines in a same field experiment, three 
different stresses (soil moisture, heat [sowing time], and reduced fertility), observations on 
disease progress in wheat genotypes harboring different levels of resistance, and assessing the 
disease effect on agronomic traits. This study was conducted over two wheat seasons at two 
sites in the eastern Gangetic plains of South Asia and it includes normal and late seeding 
times and a fungicide treatment, allowing it to determine precisely how yield losses are 
caused by foliar blight and influenced by cropping practices. It was carried out under natural 
conditions in a region where the foliar blight is a major constraint each year, and where 
wheat, a key food crop for millions of resource challenged small farmers, is grown under 
rice-wheat cropping sequence (Duveiller, 2002b ). 

Delayed seeding and low fertility stress always showed higher losses for grain yield and 
TKW confirming the constraints presented by Hobbs and Giri (1997) for wheat grown after 
rice. However, the present study which includes fungicide treatment is the first one clearly 
showing the combined negative effect on wheat yield of foliar blight, soil nutrient stress and 
heat stress due to wheat sowing after optimal time. A timely seeded wheat crop that is 
properly managed in terms of soil nutrients and moisture suffers less economic damage 
caused by HLB. Besides the critical importance of stable genetic resistance to control HLB, 
this study underlines the importance of crop management practices in minimizing HLB 
damage to the wheat crop in warmer growing regions in south Asia and elsewhere as part of 
an holistic crop management approach. 
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Table 1. Average monthly temperature, humidity, and total monthly rainfall during wheat growing months recorded at a nearby weather station 
of two experimental sites (Manara and Rampur) in Nepal in two years. 

Temperature (°C)t Humidity(%) Rainfall (mm) 

Manara Rampur Manara Rampur Manara Rampur 
--

Month 2000- 2001- 2000- 2001- 2000- 2001- 2000- 2001- 2000- 2001- 2000- 2001-

2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 

October 27.5 27.0 26.8 26.6 62 70 80 84 18.8 281 28.3 6.4 
November 23.l 23.0 22.3 21.8 67 62 90 89 0 0 20.4 0 
December 18.0 17.1 16.7 16.8 73 78 89 91 0 0 0 0 
January 15.3 16.7 15.1 13.1 77 74 86 91 3.2 44.3 1.6 18 
February 19.2 19.5 18.6 16.5 70 70 78 86 0 12.l 18.6 35.3 
March 23.7 24.1 22.6 23.0 41 55 56 67 0.7 0 0.8 12.3 
April 28.4 27.5 27.4 25.9 39 49 49 61 10.5 49.3 67.4 81.6 

t Average monthly temperature= (maximum+ minimum)/2. 
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Table 2. Mean values for area under the disease progress curve on wheat under different 
stress factors at two sites in two years averaged over three genotypes. 

Stress factor 2001 2002 

Fertilizer Optimum 366 b. Bt 462b, A 

None 477a.B 610a,A 

Irrigation Optimum 398b,B 532a,A 

None 445a,B 539a,A 

Sowing date Normal 41 la, B (19.6b, B)t 678a, A (24.2b, A) 
Late 432a, A (33.2a, A) 394b, A (32.8a, A) 

Average Manara 504a,A 464b,B 

Rampur 338b. B 608a,A 

t For a given factor and average, means followed by different small letters in a column are significantly 
different from one another, whereas means followed by different capital letters in a row are significantly 
different from one another based on L.S.D.0.os· 
t Values in the parentheses are AUDPC/day. 
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Table 3. Partial ANO VA for various traits of wheat evaluated under different management factors at two sites in Nepal in 2001 and 2002. 

Biomass Grain Harvest 1000-kernel Days to Plant Effective 
Source of variation df AUDPCt yield yield index weight heading height tiller number 

Year (Yr) 1 ** NS NS NS ** NS NS * 

Location (Loe) 1 NS NS NS NS NS NS NS ** 

Yrx Loe 1 ** NS NS NS NS NS NS NS 
Seeding Date (SD) 1 ** ** ** * ** ** NS NS 
SD xYr 1 ** NS * * * * NS NS 
SD x Loe 1 ** NS NS NS ** * NS NS 
Irrigation (lrri) 1 NS ** ** NS NS ** * ** 

lrri x Yr 1 * ** ** NS NS NS * ** 

lrri x Loe 1 * NS NS NS NS NS * NS 
Fertilizer (Fer) 1 ** ** ** NS •• •• ** ** 

Fer x Yr 1 NS NS NS NS NS NS NS NS 
Fer x Loe 1 NS NS NS NS NS NS NS NS 
Fungicide (Fun) 1 - ** ** * ** NS NS * 

Fun x Yr 1 - * ** NS •• NS NS NS 
Fun x Loe 1 - NS NS * * NS NS NS 
Cultivar 2 ** ** ** ** ** ** ** ** 

Cultivar x Yr 2 ** ** ** NS ** NS • NS 
Cultivar x Loe 2 NS * ** NS ** NS NS NS 
SDxFun 1 - NS NS NS NS NS NS NS 
lrri x Fun 1 - NS NS NS NS NS NS NS 
Fer x Fun 1 - ** ** NS NS NS NS * 

Cultivar x Fun 2 - NS ** NS ** NS NS NS 

* Significant at P = 0.05; ** Significant at P = 0.01. 
t Area under disease progress curve 
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Table 4. Mean values for various agronomic traits under different management factors averaged over three wheat genotypes grown at two sites 
in Nepal in 2001and2002 wheat growing seasons. 

1000-kernel Days to Effective tiller 
Fungicide Biomass yield Grain yield Harvest index weight heading Plant height number 

----------------kg ha-I ---------------- -------- o/o ------ --------- g -------- ------- cm -------- -2 ------- m -------

Timely Late Timely Late Timely Late Timelr Late Timely Late Timely Late Timely Late 
Sprayed 6154a,At 5694a,B 2393a,A 2202a,A 41.Sa,A 38.3a,B 40.7 .. 37.6a,B 75a.A 69a,B g5a.A g4a.A 282a,A 289a,A 
Non-sprayed 5480b,A 4802a,B 2081b,A 1750b,B 36.Sb,A 35.5b,A 37.5b,A 31.Sb,B 75a.A 68a,B g5a.A g3a.A 270a,A 260a,A 

Fertilized None Fertilized None Fertilized None Fertilized None Fertilized None Fertilized None Fertilized None 
Sprayed 8289a,A 3559a.B 3248a,A 1947" 8 41.4a,A 38.6a,B 41.4a,A 36.9a,B 70a,A 74a.B 93a,A 76a,B 322a,A 229a,B 
Non-sprayed 7970a,A 23J2b,B 2399b,A 932b,B 37.2b,A 35.0b,B 38.lb,A 31.2b,B 70a,A 73a.B 92a,A 75a.B 305a,A 225a,B 

Irrigated None Irrigated None Irrigated None Irrigated None Irrigated None Irrigated None Irrigated None 
Sprayed 6419a,A 5429a,B 2441a,A 2155a,A 38.7a,A 41.4a,B 39.7a,A 38.6a,A 71a.A 72a.A 86a,A g3a.A 28la,A 269a,A 
Non-sprayed 55oob,A 4782b,B 2052b,A 1779b,A 35.8 b,A 36.4b,A 35.0b,A 34.3b,A 71a.A 72a.A g5a.A 82a,A 272a,A 258a,A 

t For a given trait and stress condition, means followed by different small letters in a column are significantly different from one another, whereas means followed by different capital letters in a 
row are significantly different from one another based on LSDo.os 

Table 5. Mean values of the three wheat genotypes for various traits under fungicide-protected and non-protected conditions averaged over two 
seeding dates and two levels of fertilizers and irrigation tested at two sites in Nepal in 2001 and 2002 wheat seasons. 

Biomass Grain Harvest 1000-kernel Days to Plant Effective tiller 
Genotype Fungicide yield yield index weight heading height number 

(kg ha-1) (kgha-1
) (%) (g) (cm) (m-2) 

Sonalika Sprayed 6038 at 2194 a 37.1 a 39.8 a 71 a 89 a 284 a 
Non-sprayed 5017 b 1673 b 31.8 b 32.5 b 71 a 88 a 270 a 

BL 1473Sprayed 5536 A 2211 A 42.5A 42.9A 68A 87 A 258A 
Non-sprayed 4961 B 1945 B 38.2B 39.4 B 68A 86A 251 A 

Bhrikuti Sprayed 6198 x 2488 x 40.5 x 34.8 x 76 x 78 x 284x 
Non-sprayed 5445 y 2128 y 38.4 y 32.0y 75 x 76 x 274 x 

t Means followed by the same letter within a colwnn shows that difference between sprayed and non-sprayed treatments for the same genotype are non-significantly different based on LSD0.05 • 
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Fig. 1. Area under the disease progress curve (AUDPC) of helminthosporium leaf blight on 
three wheat cultivars under optimum and stress levels of soil nutrients (A) and moisture (B), 
under timely- and late-seeded conditions (C) at two sites, 2001 and 2002 wheat cycles. 
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Fig. 2. Reductions in various traits due to HLB under timely and late seeding (A); low and 
optimal soil nutrient (B); and irrigated and non-irrigated conditions (C), averaged over three 
genotypes tested at two locations in Nepal in 2001 and 2002. 
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Abstract 

Helminthosporium leaf blight {HLB) is the most important disease constraint to wheat 
(Triticum aestivum L.) cultivation in the eastern Gangetic Plains of South Asia. A 
Helminthosporium Monitoring Nursery (HMN) including potential adapted and exotic 
sources of HLB resistance was developed in Bangladesh, India, and Nepal to assess the 
stability of genetic resistance across locations. The 8th, 9th, and 10th HMN assessed the HLB 
resistance and agronomic traits of 17 wheat genotypes across 20 environments of 
Bangladesh, India and Nepal in the 1999-2000, 2000-2001, and 2001-2002 cropping seasons, 
respectively. The area under disease progress curve (AUDPC) for HLB, grain yield, 
thousand-kernel weight (TKW), days to heading, days to maturity, and plant height were 
examined. The 17 genotypes showed a range of variability for disease and agronomic 
characters. Disease severity (AUDPC) differed in the three years and showed the highest 
values in 2002. The increase in AUDPC in 2002 caused the lowest grain yield, with an 
average 18% reduction due to HLB. A few genotypes (SW 89-5422, Yangmai-6, and 
Ningmai 8201) appeared to have stable HLB resistance across environments. However, most 
of the higher yielding genotypes, except BL 1883, were unstable. Results suggest that careful 
selection of HLB resistance with acceptable grain yield, TKW, and plant height may be 
possible using the wheat genotypes included in the HMN. 

Key words: Triticum aestivum - Bipolaris sorokiniana - Cochliobolus sativus -
Pyrenophora tritici-repentis - Helminthosporium leaf blight - spot blotch - tan spot 
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Helminthosporium leaf blight (HLB) has been a major disease of wheat (Triticum aestivum 
L.) worldwide, particularly in warmer growing areas characterized by an average temperature 
in the coolest month above l 7°C. In the past 20 years, HLB has been recognized as the major 
disease constraint to wheat cultivation in the warmer eastern plains of South Asia (Dubin and 
van Ginkel 1991, Duveiller and Gilchrist 1994, Saari 1998, Dubin and Duveiller 2000, 
Duveiller 2002). It is caused primarily by Cochliobolus sativus (Ito & Kurib.) Drechsler ex 
Dastur (anamorph, Bipolaris sorokiniana (Sacc. in Sorok.) Shoem., and typically induces 
spot blotch symptoms. Based on 13 reports from Bangladesh, India, and Nepal, Saari (1998) 
concluded that HLB, on average, caused 19.6% grain yield reductions in wheat. Since wheat 
cultivars of South Asia lacked adequate resistance to HLB (Dubin and van Ginkel 1991, 
Devkota 1994, Dubin et al. 1998), CIMMYT, in collaboration with its partners, devoted a 
great deal of effort to identifying HLB-resistant genotypes to be used in wheat breeding 
programs. As a result of those efforts, the Helminthosporium Monitoring Nursery (HMN) 
was established to monitor the stability and progress in genetic resistance across locations in 
South Asia. 

Based on a study involving 18 wheat genotypes tested across seven locations in Bangladesh, 
India, and Nepal over two years, Dubin et al. (1998) reported that the best sources of spot 
blotch-resistance in South Asia appeared to be late and tall. These are undesirable agronomic 
characters for wheat grown after rice during the short winter season. Instead of high levels of 
spot blotch resistance, they found mostly tolerance and low disease severity associated with late 
maturity and, possibly, disease escape. In the past five years, efforts have been made to identify 
HLB-resistant wheat genotypes derived from new resistance sources such as synthetic wheats, 
including Thinopyum curvifolium and Aegilops tauschii derivatives. 

In a recent study conducted in Nepal on 60 wheat genotypes of diverse origins, Sharma et al. 
(2003b) reported that materials exotic to South Asia showed low to high levels ofHLB 
resistance and low to high grain yield and thousand-kernel weight. To be able to utilize these 
sources, their resistance must be stable across the diverse wheat-producing environments of 
South Asia and show acceptable agronomic characters. 
The objectives of this report were to assess HLB resistance stability and determine the 
acceptability of agronomic characters of resistant genotypes across diverse test sites. 

Materials and Methods 

Seventeen genotypes tested in 2000, 2001 and 2002 were analyzed in the present study 
(Table 1). The experimental sites in different years were Dinajpur (25° 38' N, 88° 39' E, 30 
meter above sea level (masl)) (2000-2001), Jamalpur (24° 26' N, 89° 55' E, 19 masl) (2002), 
and Jessore (23° 13' N, 89° 13' E, 8 masl) (2000-2002) in Bangladesh; Kumarganj (26° 47' 
N, 82° 12' E, 113 masl) (2001-2002), Pantnagar (29° 00' N, 79° 00' E, 244 masl) (2002) and 
Varanasi (26° 27' N, 80° 25' E, 150 masl) (2000-2002) in India; and Bhairahawa (27° 06'N, 
82° 04'E, 105 masl) (2000-2002), Rampur (27° 37'N, 84° 24'E, 228 masl) (2000-2002) and 
Tarahara (25° 45'N, 87° 36'E, 72 masl) (2000 and 2002) in Nepal. 

At each site, the field trial was planted in a randomized complete block with two replicates. 
The plots in each replicate were arranged in strip-plots with fungicide spray and genotypes in 
different strips. Plot size was 2 x 0.5 m, seeded with two rows using 0.25-m spacing. 
Fungicide-protected plots were sprayed three times with propiconazole (25%) at the rate of 1 
1 ha-1 or tebuconazole (25%) at the rate of 0.5 1 ha-1• 
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Days to heading was recorded when approximately 50% of plants in a plot had spikes fully 
emerged from the boot. In each location, HLB was visually scored a minimum of three times 
for each plot using the double-digit scale (00-99) developed as a modification of Saari and 
Prescott's severity scale to assess wheat foliar diseases (Saari and Prescott 1975, Eyal et al. 
1987). The first digit (D1) indicates vertical disease progress on the plant and the second digit 
(D2) refers to severity measured as diseased leaf area. For each score, percent disease severity 
was estimated based on the following formula: 

% severity = ( (D1/9) x (Dz/9) x 100) 

The area under the disease progress curve (AUDPC) was calculated using the percent severity 
estimates corresponding to the three ratings as outlined by Das et al. (1992) 

At maturity, plant height of each plot was measured from ground level to the tip of the spikes. 
Days to maturity were recorded when plants' peduncles in a plot lost green color. After 
maturity, plots were individually harvested and threshed. One thousand randomly taken kernels 
from each plot seed were weighed to measure 1000-kemel weight (TKW). 

Each year-site combination was considered a unique and random environment, while genotypic 
effect was analyzed as fixed. The test of significance using F-ratios was conducted according to 
the procedure outlined by Mcintosh (1983) for analysis of combined experiments. There were 
six, six, and eight environments in 2000, 2001, and 2002, respectively. Data on days to heading, 
days to maturity, and plant height were not available for all 20 environments and, hence, only 
the available sets were analyzed. The statistical analysis included an analysis of variance for 
each environment and a combined analysis across environments using Genstat (Genstat 2002) 
software. Genotype and genotype x environment (GGE) biplot analysis was conducted using 
GGE biplot software (Yan, 2002) for stability analysis and identifying genotypes that could be 
valuable for wheat breeding programs based on AUD PC and agronomic traits. 

Results 

The analysis of variance revealed a significant effect of environment on all six traits analyzed 
(Table 2). The effect of fungicide spray and of fungicide x environment interactions was 
significant on grain yield, TKW, and days to maturity. The 17 wheat genotypes differed 
significantly for all traits. Also, genotype x environment interactions were significant for all 
traits. However, genotype x fungicide interactions were always non-significant. Genotype x 
fungicide x environment interactions were significant for grain yield and days to maturity 
only. 

The 17 genotypes showed significant variation for AUDPC, grain yield, TKW, days to 
heading, days to maturity and plant height (Table 3). The AUDPC showed a significant 
negative correlation with days to heading and to maturity. Correlation coefficients of AUDPC 
with grain yield, TKW, and plant height were non-significant. 

All genotypes had their lowest AUDPC in 2001 and the highest in 2002 (Fig. 1). 
CIGM90.455 had the lowest AUDPC in all three years. Mean AUDPC values across years 
also reflect the change in relative AUDPC of the genotypes in different years. CM60907 had 
the highest AUDPC in 2000, while BL 1918 was the most susceptible in 2002. Grain yield 
was higher in fungicide-protected plots compared to non-protected plots in all three years 
(Fig. 2). The GGE biplot analysis of the 17 wheat genotypes for AUD PC revealed that SW 
89-5422, Yangmai-6, Ning 8201, CIGM90.455, Chirya 7 and K 8027 had a low AUDPC and 
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were more stable for HLB resistance (Fig. 3), whereas BL 1883 showed higher and more 
stable grain yield (Fig 4.) across environments. 

Discussion 

Overall, the apparent resistance to HLB of the studied genotypes differed across 
environments in the three years. This may be due to changes in environmental conditions and 
disease severity in the three years and across test sites. Environmental conditions across the 
HMN test sites in the eastern Gangetic Plains vary widely in terms of parameters that could 
influence HLB severity. Minor differences in AUDPC may also be due to differences among 
the observers evaluating the trials at different sites. Although spot blotch is predominant over 
the eastern plains of South Asia, Sharma et al. (2003a) reported that both spot blotch and tan 
spot pathogens are widely distributed and can be found together on the same diseased leaf. 
They found site-to-site and year-to-year variations in the distribution of both pathogens. 
Dubin and Bimb (1991) also reported that the predominance of the two fungal species 
changes with environmental conditions. 

The difference in AUDPC values over years indicated that disease severity varied in the three 
years (Fig. 1 ). The difference in AUD PC values over years may be due mainly to 
environmental conditions favorable/unfavorable to foliar blight development. Differences in 
environmental conditions at the test sites were expected, considering the broad range of 
geographic locations and expression of different traits across sites. Grain yield differed in the 
three years (Fig. 2). The lowest grain yield and the highest AUDPC in 2002 demonstrates that 
grain yield loss was positively associated with HLB severity and that substantial yield losses 
could occur in the region due to foliar blight epidemics. Though limited, the data from the 
three years clearly underscore the urgent need to control foliar blights and increase wheat 
yields in the warm regions of South Asia. 

The 17 genotypes represented arrays of variability for disease and agronomic characters 
(Table 3), with opportunities for selecting wheat genotypes for HLB resistance and 
acceptable agronomic characters. Mean values for AUDPC in the three years showed that 
Chirya 7, Yangmai-6, Chirya 1, and CIGM90.455 consistently showed lower AUDPC (Fig. 
1 ). On the other hand, CM60907, Gourab, and BL 1918 had higher AUD PC. SW 89-5422 
showed a much higher AUDPC in 2002 compared to 2000, reflecting a certain level of 
instability of reaction. In contrast, BL 1883 with a higher AUD PC compared to many other 
genotypes in 2000, had the same value for AUDPC under higher HLB severity in 2002. This 
result indicates that intermediate levels of resistance may be stable. The adaptation of a 
genotype to the local environment may play a role in determining stability of resistance. A 
few genotypes relatively resistant to HLB, such as SW 89-5422, Chirya 7, and Yangmai-6, · 
showed the same level of grain yield reduction in diseased plots compared to BL 1883 and 
Gourab, which possess an intermediate level of resistance. This suggests that tolerance could 
play an important role in reducing yield losses due to HLB in South Asia. 

Several wheat genotypes were stable across environments for AUDPC (Fig. 3), which 
underlines their value for regional wheat breeding programs attempting to improve HLB 
resistance. However, a high negative correlation between GGE distance and the predicted 
mean (-0.95) for AUDPC suggests that instability is frequently associated with high HLB 
resistance, and that sources of HLB resistance should be carefully selected before using them 
in a breeding program. It also underlines the importance of a regional nursery for monitoring 
pathogens and the range and stability of host resistance. 
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Unlike AUDPC, where several genotypes appeared desirable, only one genotype (BL 1883) 
appeared to be stable for grain yield across environments (Fig. 4). Another genotype with 
acceptable grain yield stability was BA W-966. Both BL 1883 and BA W-966 were bred in the 
South Asia region. This suggests that combining stability for both foliar blight resistance and 
high grain yield could be a difficult task that requires a targeted unconventional selection 
scheme to improve them together at the regional level. 

The negative correlation between AUDPC and maturity (Table 3) suggested that HLB
resistant genotypes were normally late confirming the earlier findings by Dubin et al. (1998) 
and Sharma et al (2003b ). A non-significant correlation of AUD PC with grain yield and 
TKW suggested that resistant genotypes did not necessarily yield less; indeed, a few of them 
even had high TKW. CIGM90.455 with the lowest AUDPC produced the second highest 
grain yield, which was not significantly different from the highest yield of BL 1883. This line 
also had the highest TKW. These :findings show that unconventional, HLB-resistant wheat 
genotypes are becoming agronomically more acceptable for direct use in wheat breeding 
programs aimed at developing resistant commercial cultivars and further corroborates the 
usefulness of the HMN, through which new sources ofHLB resistance along with acceptable 
agronomic traits are introduced into the region. 
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Table 1: Seventeen wheat genotypes tested in the Helminthosporium Monitoring Nursery, 
South Asia, 2000-2002 

Genotype 

SW 89-5422 
Chirya 7 
Yangmai-6 
Chirya 1 
K7 
Ning 8201 
K8027 
Achyut 
CM60907 (=COQ/F61. 70/CNDR/3/0LN/4/PHO) 
PRL/TONI 
CIGM90.455 (=Altar-84/Ae. squarrosa(224)/l*Yaco) 
BA W-969 (=Barkat/Kavkaz) 
BA W-966 (=KAN/6/COQ/F61. 701//CNDR/3/0LN/4/ 
PHOS/MRNG/ ALAN/CNO 
Gourab (=Turaco/Chil) 
BL 1884 (=NL251/Ning8319//BL1022) 
BL 1918 (=Longmai#10/BL1022//NL 297) 
BL 1883 {=NL297/0cepar 7//BL1022) 

Origin 

China 
Nepal/CIMMYT 
China 
Nepal/CIMMYT 
Zambia 
China 
India 
Nepal/CIMMYT 
CIMMYT 
CIMMYT 
CIMMYT 
Bangladesh 

Bangladesh 
Bangladesh 
Nepal 
Nepal 
Nepal 
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Table 2: ANO VA for various traits for the 17 wheat genotypes tested across 20 environments in the Helminthosporium Monitoring Nursery, 
South Asia 

1000-kernel Days to Days to Plant 
Source df AUD PC Grain yield weight df heading df maturity df height 

(x 104 kg/ha) (g) (days) (days) (cm) 

Environment (Env) 19 1550667 ** 114.60 ** 1182.1 ** 17 1646.5 ** 18 4783.7 ** 14 2459 ** 
Replication/Env 20 21943 1.17 11.7 18 12.8 19 5.9 15 99 
Fungicide (Fun) 1 - 104.20 ** 1399.9 ** 1 13.1 1 402.7 * 1 87 
Fun*Env 19 - 2.26 ** 44.9 * 17 7.4 18 14.l ** 14 78 
Error( a) 20 - 0.56 17.3 18 6.6 19 4.5 15 130 
Genotype (Geno) 16 172871 ** 7.71 ** 495.9 ** 16 1690.0 ** 16 480.2 ** 16 4140 ** 
Geno*Env 304 34633 ** 1.23 ** 24.6 ** 288 45.9 ** 288 22.l ** 224 83 ** 
Error (b) 320 12376 0.34 7.5 304 9.5 304 6.3 240 29 
Geno*Fun 16 - 0.32 10.3 16 4.4 16 3.2 16 17 
Geno*Fun*Env 304 - 0.24 ** 7.3 288 4.1 288 3.3* 224 19 
Error (c) 320 - 0.19 6.1 304 6.4 304 2.5 240 17 

*,**Significant at P=0.05 and 0.01, respectively. 
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Table 3: Mean values for the area under disease progress curve (AUDPC) and agronomic 
characters of the 17 wheat genotypes tested across 20 environments in South Asia 

Genotype Grain yield 1000-kernel Days to Days to Plant height 
name AUD PC (kg ha-1) weight (g) heading maturity (cm) 

CIGM90.455 211 4359 48.6 78 116 101 
Chirya 7 256 3878 38.8 80 117 90 
Yangmai-6 263 3454 41.2 80 117 96 
Chirya 1 274 3798 40.1 78 115 85 
SW 89-5422 282 3789 40.7 82 117 86 
K8027 306 3886 42.3 84 120 105 
Ning 8201 309 3472 43.2 78 115 83 
Achyut 325 3638 38.9 79 118 101 
BAW-969 338 4287 40.1 72 113 88 
BL 1883 341 4416 40.6 73 114 91 
PRL/Toni 351 4095 42.2 73 114 96 
K7 354 4305 43.3 76 115 1Q6 
BAW-966 355 4263 40.2 72 112 98 
BL 1884 371 4376 41.7 74 114 105 
Gourab 402 3890 44.0 71 112 95 
CM60907. 442 4105 45.3 71 112 93 
BL 1918 461 4023 43.7 67 112 101 
Mean 332 4002 42.1 76 115 95 
Range 211-461 3454-4416 38.8-48.6 67-84 112-120 83-106 
LSDo.os 49 182 0.85 0.95 0.78 1.7 
Correlation with AUDPCt 0.20 0.10 -0.78** -0.67** 0.18 
**Correlation coefficient significantly different from zero at P = 0.01. 
t Correlation coefficients based on non-sprayed plots only. 
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Fig. 3: GGE biplot showing a comparison of the 17 wheat genotypes with an ideal cultivar 
for area under disease progress curve across 20 environments, the Helminthosporium 
Monitoring Nursery, South Asia. 
l=SW 89-5422, 2=Chirya 7, 3=Yangmai-6, 4=Chirya 1, 5=K 7, 6=Ning 8201, 
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7. HELMINTHOSPORIUM LEAF BLIGHT SURVEYS AND CHARACTERIZATION 
OF PYRENOPHORA TRITICI-REPENTIS ISOLATES 

Zhanarbekova, A 1., Mercado, D'., Renard, M-E2
., Duveiller, E'., Morgounov, A 4., and Maraite, H2

• 

1 Kazakh Research Institute of Crop Protection, Almaty, Kazakhstan. 
2 Unite de Phytopathologie, Universite Catholique de Louvain (UCL), Louvain-la-Neuve, Belgium. 

3 CIMMYT, South Asia Regional Program, P. 0. Box, 5186, Kathmandu, Nepal. 
4 CIMMYT, Central Asia and Caucasus Office, P.O. Box 374, Almaty, Kazakhstan. 

INTRODUCTION 

As part of the "Non Specific Foliar Pathogen" CIMMYT-UCL collaborative research project, 
Helminthosporium leaf blight (HLB) surveys were conducted in India, Nepal and Central 
Asia during the 2003 wheat growing season. One-hundred and fifty-four leaf samples were 
collected randomly in farmer fields and research stations across the northeast region oflndia 
(Uttar Pradesh, West Bengal and Assam) and the Tarai region of Nepal, and 84 in different 
regions of Kazakhstan, Kyrghistan and Russia. Besides the identification and isolation ofleaf 
blights pathogens, P. tritici-repentis isolates were typed to race by inoculating them 
individually on the wheat differential set developed by Lamari et al. (2). 

MATERIALS AND METHODS 

Identification and isolation of pathogens. For samples collected in India and Nepal, three 
leaves from each location were chosen randomly. After examination under a microscope 
using the "adhesive tape" technique (a 5-cm2 sellotape piece applied to the surface of the 
leaves), the presence of B. sorokiniana, D. tritici-repentis, Alternaria spp; and other 
saprophytic and pathogenic fungi was recorded in order to calculate the percentage of 
presence of each fungus. 

To isolate the causal fungus, three different lesions were chosen randomly. After surface 
sterilisation with 2% sodium hypochlorite for 2 minutes, lesions were rinsed with distilled 
sterilised water, dried by an autoclaved paper filter, cut into small sections and transferred to 

petri dishes containing water agar (1.5%) amended with streptomycin (150 mg L-1). Plates 
were incubated under continuous light at room temperature for 48h to 72 h and then placed in 
darkness at 16 °C for 24 hr to favour conidia production. For samples collected in Central 
Asia, leaves were analyzed under the stereoscope for identification of pathogens based on 
spore identification. If no sporulation was visible, some lesions were chosen randomly and 
isolated as described previously. Also, isolations were made from lesions showing 
sporulation of different fungi to confirm the primary pathogen. Percentage of isolation of B. 
sorokiniana, D. tritici-repentis and other pathogens was finally calculated. 

Characterisation of P. tritici-repentis isolates - Inoculum production and inoculation. 
Inoculum was produced from 95 isolates from different locations. Some isolates from 
previous surveys were also included. Plugs of each isolate were transferred on V8-PDA Petri 
dishes and incubated for 4 to 5 days. Conidia suspensions were produced according to the 
technique described previously by Maraite et al (3). 

A differential set consisting of four hexaploid lines/cultivars ('Glenlea', 6B365, 6B662, and 
'Salamouni') with known reaction to all characterized race of P. tritici-repentis was used 
(table 1 and fig. 1) (2). Two wheat lines/cultivars, Sonalika and Altar-
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84/AE.SQUARROSA(224)//*YACO, were included with the differentials to enhance the 
chances of detecting variants of races in the pathogen population (table 2). Three cones with 
two plants of each line/cultivar were arranged in a rack in a completely randomised design. 
Isolates Pti2 and DW7 (kindly provided by Dr. Ali and Dr. Francl) were used as check for 
races 1 and 5, respectively. 

Seedlings were inoculated at 2,000 spores/ml of each isolate until run off. Inoculated 
seedlings were moved to a mist chamber at 21°C with a 16-h photoperiod for 24 h. Thereafter 
the plants were moved to a growth chamber at 22°C and rated for symptom development 7 
days post inoculation. 

RESULTS AND DISCUSSION 

Identification and isolation of pathogens. B. sorokiniana was the only pathogen isolated 
from leaf samples collected in Varanasi, Karghat, Pirkhee, Kumarganj and Masodha in Uttar 
Pradesh and Coochbehar (West Bengal) confirming the prevalence of this pathogen in the 
North East and East region of India. Sixty-three percent of the lesions isolated from samples 
collected in Assam yielded B. sorokinina and 38% D. tritici-repentis, while 13% of them 
showed a complex of both pathogens (data not shown). Saprophytic Alternaria spp. were 
commonly observed despite the surface desinf ection. 

In the Tarai region of Nepal, the isolation frequency of both pathogens was different 
depending on the location, date and leaf sampled. However B. sorokiniana was the most 
prevalent pathogen during this season and identified from 55% of the lesions against only 7% 
for D. tritici-repentis (fig. 2). These results are different from the 2002 wheat growing 
season, when D. tritici-repentis was isolated more frequently, particularly in Rampur, where 
almost 60% of the lesions were produced by this pathogen. The differences between years are 
probably due to highly conducive environmental conditions observed this growing season 
during the early months of January and February (table 3), which could have promoted a 
rapid inoculum increase of seed borne B. sorokiniana in the lower canopy and a 
dissemination of spores to upper leaves by rain splashing. In this way, total rainfall during 
this period was 55% and 36 % higher in 2003 than 2002 in Rampur and Bhairahawa, 
respectively, while average daily temperature where very similar for the same period in both 
years. Most of the D. tritici-repentis isolations were done from leaf samples collected during 
the 2nd to 3rd week of March and mainly from flag leaves as observed in Rampur. This results 
is consistent with Kandel ( 1 ), who recorded the first air borne conidia of D. tritici-repentis in 
the last week of January 2003 in Rampur and observed a maximum spore number of both 
pathogens in the air during the last week of March. 

The most prevalent pathogen in Central Asia was found to be D. tritici-repentis in contrast to 
Nepal and India. This pathogen was found in 21 % of the analyzed lesions, while B. 
sorokiniana was only detected in 2%. However, glume blotch produced by Stagonospora 
nodorum was also commonly observed in the samples (11 %) as well as Septoria tritici (3%). 
D. tritici-repentis was much more frequent in samples from Kyrghistan and Kazakhstan (83 
% and 22%, respectively) than in Russia (7%), while S. nodorum was more common in 
Russia than in Kyrghistan or Kazakhstan (31 %, 17% and 7%, respectively). S. tritici was only 
isolated from some samples ofKyrghistan and Kazakhstan (table 4). Additionally, 
Drechslera teres was also isolated from some barley leaf samples. 
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Bacterial diseases produced by Xanthomonas translucens (bacterial stripe and black chaff) 
and Pseudomonas syringae (bacterial leaf blight) were also identified in some wheat samples 
from fields in Almaty, Shortandy and Karabalyk regions of Kazakhstan. 

Characterisation of P. tritici-repentis isolates. Eighty-six percent of the Nepali isolates 
were found to be race 2 and only 14% race 1 (table 5). In opposite, 100% of the Central 
Asian isolates were typed as race 1. Out of 8 Argentinean isolates, 7 were found to be race 1 
and only one was identified as race 2. Two isolates from Luxembourg were typed as race 1 
and one as race 3. 

Despite a relative near situation of Central Asian countries to the Fertile Crescent (Sirya
Turkey) and the Caucasus region (Azerbaijan), considered to be the center of origin of wheat, 
no complex races (with various virulence factors such as PtrToxA, PtrToxB and PtrToxC) 
were found there and the prevalence of race 1 was observed. A different figure was observed 
in South Asian countries, where most of the isolates recovered from this region were typed as 
race 2. This difference could be due, at least in part, to the selection pressure exerted by the 
host on the pathogen. Thus, in South Asia common cultivars such as Sonalika that have been 
grown during decades are mainly susceptible to necrosis. Therefore it would be interesting in 
the future to evaluate the disease reaction of the most common wheat varieties from Central 
Asian countries to the different races of P. tritici-repentis. 

LITERATURE CITED 

1. Kandel, Y.R. 2003 .Incidence of Bipolaris sorokiniana and Pyrenophora tritici
repentis and characterization of host resistance in wheat. Master Thesis, Institute of 
Agriculture and Animal Science (IAAS), Rampur, Chitwan, Nepal. 

2. Lamari, L., Strelkov, S. E., Yahyaoui., Orabi, J., and Smith, R. B. 2003. The 
identification of two new races of Pyrenophora tritici-repentis from the host center of 
diversity confirms a one-to-one relationship in tan spot of wheat. Phytopathology 
93:391-396. 

3. Maraite, H., Di Zinno, T., Longree, H., Daumerie, V., and Duveiller, E. 1998. Fungi 
associated with foliar blight of wheat in wann areas. In: Duveiller, E., Dubin, H.H., 
Reeves, J., McNab, A. (Eds) Helminthosporium blights of wheat: Spot blotch and tan 
spot. CIMMYT, Mexico D.F., pp 293-300. 



84 

Table 1. Relationship between races and host-specific toxins in Pyrenophora tritici-repentis. 

Cultivar or line 

Glenlea 

6B662 

6B365 

Race 

4 2 1 8 7 5 6 

Table 2. Reaction of wheat lines to Pyrenophora tritici-repentis races. 

Wheat lines/cultivars 

Races Glenleaa Sonalika6 6B365a 6B662a Altar-84 ... 6 

1 NC N cc RC R 

2 N N R R R 

3 R R c R R 

4 R R R R R 

5 R R R c c 
6 R R c c c 
7 N N R c c 
8 N N c c c 

a Differential lines established by Lamari et al. (2003). 
h Line/ cultivar added in this study. 
c N = necrosis; C = chlorosis; R = resistant. 

3 

Salamouni3 

R 

R 

R 

R 

R 

R 

R 

R 
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3 
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R 

R 

R 

R 

R 
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Table 3. Average monthly temperature, humidity and total monthly rainfall during wheat growing months recorded at the two experimental sites 
(Rampur and Bhairahawa) in Nepal in two years. 

Temperature (0 C) Humidity(%) Rainfall (mm) 

Rampur Bhairahawa Rampur Bhairahawa Rampur Bhairahawa 

2001- 2002- 2001- 2002- 2001- 2002- 2001- 2002- 2001- 2002- 2001- 2002-

Month 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

October 26.6 24.3 84 85 6.4 20.8 

November 21.8 19.2 23.2 23.l 89 86 84 76 0 43.4 16.0 23.0 

December 16. 8 14.9 16.0 18.1 91 89 97 90 0 21.8 4.8 0 

January 13.l 11.7 14.3 12.0 91 90 89 98 18.0 32.7 49.7 76.0 

February 16.5 16.1 16.7 18.3 86 84 87 92 35.3 50.2 44.2 52.1 

March 23.0 20.2 21.9 21.8 67 71 54 76 12.3 67.3 1.7 38.6 

April 25.9 26.1 27.9 61 69 56 81.6 102.1 0 
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Table 4. Isolation frequency and percentage of leaf blight pathogens by sampling place. 

Country Location 

Kaz8 Almalyabag 

Kaz 25km West from Almaty 

Kaz 30km West from Almaty 

Kaz Mitrivka 30km North Almaty 

Kaz Oktober 200km North of Almaty 

Kaz Umbetaly 

Kaz Korday Dostyk farm 

Kaz Otar 

Kaz Karaboulak 
Kyrh Kant 

Kyr Bishek 
Kaz Almaty 

Kaz Karagandy-Termitau 

Kaz 

Kaz 

Kaz 

Kaz 

Kaz 

Kaz 

Russia 

Russia 

Russia 

Russia 

Russia 

Russia 

Kaz 

Kaz 

Kaz 

Kaz 

Kievha-Astana Road 

Astrahankan County 

Korday Dostyk farm 

Shortandy-IA T 

Road Astana to Pavlodar 

ARI Pavlodar 

Kirlak 

Road Pavlodar-Omsk 

Rosovska 

Omsk Exp. Farm 

130 km from Omsk 

HighwayM51 

80 km to Petropavlosk 

30 km to Petropavlosk 

Chezdanov Farm 

Mamlyutka 

GPS values Date 

13/6/03 

13/6/03 

13/6/03 

14/6/03 

14/6/03 

15/6/03 

15/6/03 

15/6/03 

15/6/03 

15/6/03 

16/6/03 
3/8/03 

3/8/03 

4/8/03 

4/8/03 

4/8/03 

N51 08.156 E7102.010 5/8/03 

N5141.000 E73 40.000 6/8/03 

N52 24.142 E77 17.267 6/8/03 

N54 00.630 E74 59.151 7/8/03 

N54 30.529 E74 24.254 7/8/03 

N5444.110E7338.730 7/8/03 

N55 02.821 E73 20.877 8/8/03 

N54 53.654 E71 59.062 9/8/03 

N54 57.117 E71 14.991 9/8/03 

N54 54.691E7026.264 9/8/03 

N54 53.080 E69 52.504 9/8/03 

N54 20.640 E69 28.447 9/8/03 

N54 54.980 E68 31.682 10/8/03 

frequency isolation 

N° les. BS" Dtrb Alt0 SNd ST" Dtel 

21 

6 
3 

3 

6 
9 

6 

3 

3 
6 
6 
18 

36 

18 

9 
9 

60 

11 
16 

9 

4 
10 

44 

13 

5 
14 

15 

22 
11 

0 13 17 5 4 

0 3 3 3 0 
0 3 1 0 0 

0 2 3 0 1 
0 2 3 0 0 

0 4 3 1 3 
0 4 6 0 2 
0 2 3 0 
0 0 3 0 

0 5 5 0 
0 5 1 2 
2 3 2 
0 7 9 2 0 

0 

0 

0 

3 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

4 2 0 

2 0 0 
0 0 0 

13 10 4 

4 3 0 
5 0 0 
4 3 0 

2 0 l 
0 2 3 

0 11 16 

0 2 4 
0 1 2 

2 0 3 
2 1 0 

2 0 3 
0 2 

0 

0 
0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 
0 

0 

0 

3 

4 

0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

BS 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 
11% 

0% 

0% 

0% 
0% 
5% 

0% 
0% 

0% 
0% 

0% 
0% 

0% 
0% 
0% 

0% 
5% 

0% 

percentage of isolation 

Dtr Alt SN ST 

62% 81% 24% 19% 

50% 50% 50% 0% 

100% 33% 0% 0% 

67% 100% 0% 33% 

33% 50% 0% 0% 

44% 33% 11% 33% 

67% 100% 0% 33% 

67% 100% 0% 33% 

0% 100% 0% 33% 

83% 83% 0% 17% 

83% 17% 33% 17% 
17% 11% 6% 6% 

19% 25% 6% 0% 

22% 11% 0% 

22% 0% 0% 

0% 0% 0% 

22% 17% 7% 

36% 27% 0% 

31% 0% 0% 

44% 33% 0% 

50% 0% 25% 

0% 20% 30% 

0% 25% 36% 

0% 15% 31% 

0% 20% 40% 

14% 0% 21% 

13% 7% 0% 

9% 0% 14% 

0% 18% 9% 

0% 

0% 
0% 

0% 
0% 

0% 
0% 

0% 
0% 

0% 
0% 
0% 

0% 
0% 
0% 
0% 

Dter 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 
0% 

0% 

0% 

0% 

33% 

7% 

0% 
0% 

0% 
0% 

0% 
0% 

0% 

0% 
0% 

0% 

0% 

0% 
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Table 4 contd. 

Kaz Senjarra N54 45.850 E67 43.155 10/8/03 7 0 1 0 1 0 0 0% 14% 0% 14% 0% 0% 

Kaz Svetloye N54 33.748 E66 32.385 10/8/03 13 0 0 1 0 0 0 0% 0% 8% 0% 0% 0% 

Kaz Zakoy N54 24.564 E66 00.926 10/8/03 8 0 0 0 1 0 0 0% 0% 0% 13% 0% 0% 

Kaz 148 lan to Kostonoy N54 01.282 E65 10.475 10/8/03 14 0 0 0 0 1 0 0% 0% 0% 0% 7% 0% 

Kaz 70 Ian to Kostonoy N53 44.684 E64 11.173 10/8/03 8 0 0 l 0 0 0 0% 0% 13% 0% 0% 0% 

Kaz 24 Ian to Kostonoy N53 14.383 E63 47.715 10/8/03 9 0 0 0 0 0 0 0% 0% 0% 0% 0% 0% 

Kaz Fedorovka N53 35.544 E62 50.516 11/8/03 10 0 l 0 0 0 0 0% 10% 0% 0% 0% 0% 

Kaz Karabalyk N53 51.193 E62 07.117 11/8/03 38 3 11 4 6 0 5 8% 29% 11% 16% 0% 13% 

Kaz Ph}'.!on ComEanl N53 50.302 E62 01.567 11/8/03 33 3 8 11 l 0 0 9% 24% 33% 3% 0% 0% 
a BS = B. sorofdniana; 6 Dtr = D. tritici-repentis; c Alt= Alternaria spp.; a SN= S. nodorum; e ST= S. tritici; 1 Dter = D. teres. 
g Kaz = Kazakhstan; r Kyr = Kyrghistan. 
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Table 5. Race characterization of Pyrenophora tritici-repentis isolates from different origins. 

Isolate Origin Country Wheat genotype Race 

HLB4014-l RampurIAAS Nepal NL 750 1 (nec+ch+l) 

HLB4017-2 Manhara Nepal Sonalika 2 (nec+chl-) 

HLB4038-l RampurIAAS Nepal Sonalika 2 (nec+chl-) 

HLB4044-2 Narsing Nepal NL297 2 (nec+chl-) 

HLB4024-l Bhairahawa Nepal ACSAD 529/K.ARAINAN'S 1 (nec+ch+I) 

HLB4035-2 RampurIAAS Nepal Kanchan 2 (nec+chl-) 

HLB4005-2 Bhairahawa Nepal Sonalika 2 (nec+chl-) 

HLB4010-3 RampurIAAS Nepal NL 750 2 (nec+chl-) 

HLB4017-2 Manhara Nepal Sonalika 2 (nec+chl-) 

HLB4029-l Gargathi Nepal BL 1473 2 (nec+chl-) 

HLB4008-3 RampurIAAS Nepal NL297 2 (nec+chl-) 

HLB40054-3 Jhapa district Nepal NL297 l(nec+chl+) 

HLB40055-l Damak Nepal Sonalika 2 (nec+chl-) 

HLB40057-2 Belbari Nepal NL297 l(nec+chl+) 

HLB40058-1 Tinmure Nepal NL297 2 (nec+chl-) 

HLB40062-3 Tar hara Nepal Kanchan 2 (nec+chl-) 

HLB40064-2 Bharda (Koshi river) Nepal unspecified 2 (nec+chl-) 

HLB40065-l Dhankelbar Nepal unspecified 2 (nec+chl-) 

HLB40073-3 Tharpu Nepal unspecified 2 (nec+chl-) 

HLB40075-l Cham bas Nepal Sonalika 2 (nec+chl-) 

HLB40079-3 Rising Patan Nepal unspecified 2 (nec+chl-) 

HLB40084-2 Pakuwa Nepal Sonalika 2 (nec+chl-) 

HLB40087-2 Simle Nepal unspecified 2 (nec+chl-) 

HLB40088-2 Pokhara Nepal unspecified 2 (nec+chl-) 

HLB40090-l Rampur-NARC Nepal Bhirikuti 2 (nec+chl-) 
HLB40093-2 Rampur-NARC Nepal BL 1473 2 (nec+chl-) 
HLB40098-3 RampurIAAS Nepal Chirya7 2 (nec+chl-) 
HLB400101-3 Rampur IAAS Nepal Langmai 10 2 (nec+chl-) 
LB2037-2 Everlange Luxembourg Bussard 1 (nec+ch+l) 
LB2037-3 Everlange Luxembourg Bussard 1 (nec+ch+l) 
LB2038-l Everlange Luxembourg Bussard 3 (nee-chi+) 
AlO INTA-Pergamino Argentina Triticum durum, unspecified 1 (nec+ch+l) 
Al6 Pergamino Argentina T. durum, Cacique 1 (nec+ch+l) 
CM07-06 Pergamino Argentina T. durum, unspecified 1 (nec+ch+l) 
CM07-02 Pergamino Argentina T. durum, unspecified 1 (nec+ch+l) 
CM04-05 Marcos Juarez (Pergamino) Argentina T. durum, unspecified 1 (nec+ch+l) 
CM07-03 Pergamino Argentina T. durum, unspecified 2 (nec+chl-) 
CM04-02 Marcos Juarez (Pergamino) Argentina T. durum, unspecified 1 (nec+ch+l) 
CM04-08 Marcos Juarez (Pergamino) Argentina T. durum, unspecified 1 (nec+ch+l) 
MUCL44678 Almalyabag Kazakhstan unspecified 1 (nec+ch+l) 
MUCL44679 Almalyabag Kazakhstan unspecified 1 (nec+ch+I) 
MUCL44681 Almalyabag Kazakhstan unspecified 1 (nec+ch+I) 
MUCL44708 Almalyabag Kazakhstan unspecified 1 (nec+ch+l) 
MUCL44685 25km. West from Almaty Kazakhstan Bezovstaya-1 1 (nec+ch+I) 
MUCL44683 25km. West from Almaty Kazakhstan Bezovstaya-1 1 (nec+ch+I) 
MUCL44686 Mitrivka 30km. north of Almaty Kazakhstan unspecified 1 (nec+ch+l) 
MUCL44687 Umbetaly Kazakhstan Erijthrospermum 350 1 (nec+ch+I) 
MUCL44688 Umbetaly Kazakhstan unspecified 1 (nec+ch+l) 
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Table 5 contd. 

MUCL44689 Korday Dostyk farm Kazakhstan Steblovidnaya 24 1 (nec+ch+l) 
MUCL44690 Korday Dostyk farm Kazakhstan Erijthrospermum 350 1 (nec+ch+l) 
MUCL44691 Otar Kazakhstan unspecified 1 (nec+ch+l) 
MUCL44692 Kant Farm 'MYC' Kyrghistan Myerim 1 (nec+ch+l) 
MUCL44693 Kant Kyrghistan unspecified 1 (nec+ch+l) 
MUCL45018 Almalyabag Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45019 Almalyabag Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45020 Almalyabag Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45105 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45167 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45168 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45106 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
KZ38-9 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45169 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45 l 7 l Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45 l 72 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45 l 73 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45107 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45 l 7 4 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45108 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL4517 5 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45 l 79 Shortandy/Baraev Institute Kazakhstan unspecified 1 (nec+ch+l) 
KZ44-3 Ast-Pavlo., 198 km from Astana Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45176 Ast-Pavlo., 198 km from Astana Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45l10 Ast-Pavlo., 198 km from Astana Kazakhstan unspecified 1 (nec+ch+l) 
MUCL451 l l Ast.-Pavlo., 198 km from Astana Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45178 Ast-Pavlo., 198 km from Astana Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45179 Omsk-Exp.Farm Russia unspecified 1 (nec+ch+l) 
MUCL45265 Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45238 31 km to Petropavlovsk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45241 Chezdanov Farm Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45244 Chezdanov Farm Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45266 Zhambyl Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45267 Svetloye Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45245 24 km to Kostonoy, field Instit. Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45246 Fedorovka Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45230 Karabalyk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45233 Karabalyk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45271 Karabalyk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45287 Karabalyk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45289 Karabalyk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45290 Karabalyk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45292 Karabalyk Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45294 Phyton Company Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45296 Phyton Company Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45302 Phyton Company Kazakhstan unspecified 1 (nec+ch+l) 
MUCL45303 Phyton Company Kazakhstan unspecified 1 (nec+ch+l) 
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Fig. 1. Reaction of A, 6B365, B, Glenlea and C, Salamouni to race 1 isolate Pti2 (PtrToxA 
and PtrToxC), and D, 6B662 to race 5 isolate DW7 (PtrToxB). 
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Fig 2. Percentage of isolation of Bipolaris sorokiniana and Drechslera tritici-repentis from susceptible wheat cultivar Sonalika samples of: A 
and C, flag leaves and B and D, flag-1 leaves, in Rampur and Bhairahawa during the 2003 growing season. 
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8. EFFECT OF SEEDING DATE ON CHLOROPHYLL DYNAMICS IN WHEAT 
AND ITS RELATION WITH HELMINTHOSPORIUM LEAF BLIGHT 

D. Mercadoa, D. Vrommana, U. Rosyarab, R. C. Sharmab, E. Duveiller0
, and H. Maraitea. 

a Unite de Phytopatologie, Universite Catholique de Louvain, Louvain-Ia-Neuve, Belgium; b Institute of 
Agriculture and Animal Siences, Rampur, Chitwan, Nepal; ° CIMMYT, South Asia Regional Office, P.O. 

Box5186, Kathmandu, Nepal. 

INTRODUCTION 

Helminthosporium leaf blight (HLB) is the major biotic constraint in the G angetic plains, 
where wheat is grown during the winter season. The disease is principally c aused by two 
fungal pathogens Bipolaris sorokiniana (Sacc.) Shoem. and Drechslera tritici-repentis 
(Died.) and causes yield losses up to 20% in farmer's field (6). Despite the efforts to 
introduce new sources of resistance to these pathogens, the low heritability of this trait and 
the high influence of environmental parameters (temperature, humidity, planting dates, 
inoculum pressure, etc) make breeding for resistance difficult (14). 

Besides the biotic constraints, wheat production in the warmer areas of South Asia is affected 
by several abiotic stresses. In these environments, low-soil moisture, mineral nutrients 
deficiency and high temperatures affect the normal development of plants specially during 
anthesis and grain filling stages (7). All these constraints have an effect on the plant 
physiology and consequently on the host-pathogen interaction. In this way, previous studies 
have shown that development of spot blotch symptoms caused by B. sorokiniana on wheat is 
accelerated by high temperatures (5). Different authors have reported that soil fertility and 
moisture stresses also increased the HLB severity (12, 17). 

Abiotic constraints are associated with premature plant senescence and chlorosis of leaves 
(13) that might favour the development of necrotrophic fungi like B. sorokiniana and D. 
tritici-repentis (2). However, documenting crop senescence rates is often difficult because of 
the need for frequent sampling during periods of rapid change and the subjective nature of 
human visual observations. No-destructive methods for determining the status of plants in the 
field allow more frequent data collection than plant harvesting techniques and facilitate 
repeated measurements on the same plants. For small plot areas, greenness can be measured 
non-destructively with a chlorophyll-meter (1, 9, 23). This trait has also been used widely as 
indicator of heat tolerance in breeding programs, and partly as an indicator of disease 
resistance (13). 

The objectives of this experiment were i) to study in field the effect of the stress caused by 
non-optimal sowing date on contrasting wheat genotypes regarding susceptibility to HLB and 
ii) to evaluate the stability of chlorophyll concentration of leaves as indicator of resilience to 
high temperature stress and its relationship with resistance to this disease. 

MATERIALS AND METHODS 

A study was conducted at two locations (Bhairahawa and Rampur) with different 
environmental conditions in the lowlands of Nepal during the 2003 wheat growing season. 
The Rampur site (27°40'N and 84°9'E) is located at 228 masl (meters above see level), about 
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20 km from the Himalayan foothills. The Bhairahawa site (27°06'N and 82°04'E) is situated 
at 105 masl and further away c~ 50 km) from the foothills. 

Rampur is part of a large valley, whereas Bhairahawa is located in the vast Eastern Gangetic 
Plains. Temperatures in winter, when wheat is grown, are a little cooler at Rampur than at 
Bhairahawa. The Rampur site also has a higher relative humidity than the Bhairahawa site 
during the wheat cropping season. The soil type at Rampur is a medium textured loam 
compared to heavy clay soil at Bhairahawa. 

The trial was conducted in a strip-split-plot design with seeding date as main factor arranged 
in a randomised complete block with three replicates. To assess the impact of HLB disease 
fungicide treatment (Opus, a.i. 125 g L"1 Epoxiconazole, BASF Belgium) was applied at 
recommended dose (1.0 L ha-1 commercial product in 500 L ha·1 water) in the horizontal strip 
at seven-days interval, from 50 days after sowing to maturity. Each intersection plot was 
subdivided into two subplots where early and late maturity varieties were assigned randomly. 
Five early and five late wheat cultivars were used as a split factor. The trial was planted on 
two seeding dates: optimal (Nov. 25 to Dec. 5) and late (after Dec. 10). Late seeding was 
always done after Dec. 25 to induce higher temperature stress during the grain-filling period, 
when HLB multiplies quickly on the wheat crop. Ten wheat genotypes were used in the 
study: "Sonalika" (="RR21"), "NL 297", "BL 1473", "Kanchan", "BL 2217", "NL 750", 
"PBW 343", "Milan/Shanghai-7", "Croc" and "SW89-5422" (table 1) (18). They differ in 
their genetic background, yield potential, precocity and level ofresistance/susceptibility to 
HLB. The size of each experimental plot was 2 x 1 m, seeded at the standard seeding rate of 
120 kg ha-1

• Each plot consisted of four rows, sown at 0.25-m spacing. Fertilizer was applied 
at120 kg N, 60 kg P20 5 and 40 kg K20 ha·1

• Plots were kept free from weeds by hand 
weeding. Trials were conducted under natural disease infection in both locations. 

The genotypes were evaluated to determine the timing of key developmental stages in each 
location using the Zadoks growth stage key (22), i.e. flag leaf emergence GS 37, 69 (anthesis 
completed) and 75 (milky grain). Ten plants per plot were randomly selected and tagged and 
developmental stages where evaluated at weekly intervals throughout the season. The date 
when 50% ofthe plants within each treatment reached a given growth stage was recorded and 
the thermal time (growing degree days) was calculated (4). 

The same 10 primary tillers in each plot were used for evaluation of disease severity and total 
leaf chlorophyll. HLB scores were recorded after flag leaf emergence. Disease severity was 
rated by visually assessing the percent diseased leaf area on the flag (F) and penultimate (F-1) 
leaves. Four disease scores were taken at seven-day intervals, except in late-planted plots 
where the crop cycle is shortened by the increasing temperatures. After averaging F and F-1 
severity, the AUDPC was calculated as reported by Sharma (16). The AUDPC measures the 
amount of disease as well as the rate of progress, and has no units. 

For the evaluation of total leaf chlorophyll concentration a soil plant analysis development 
meter (SPAD-502, Minolta Co., Ltd, Japan) or chlorophyll meter was employed. Three 
readings (SP AD values) at different positions on the leaf blade were recorded from the tip to 
the base after flag leaf emergence. The average of the ten tagged flag leaves was used for 
each replicate plot. Four SPAD readings were taken during the crop cycle at seven-day 
intervals. The A USP AD was calculated as for the AUD PC. The AUSP AD measures the 
concentration of chlorophyll as well as the rate of senescence of flag leaves, and has no units. 
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Additionally, the slope of the linear relationship curve between the chlorophyll concentration 
and the flag leaf thermal age (b coefficient) was also calculated. 

Analyses of variance were computed for each site to determine the main effect of each factor, 
as well as interactions among them for AUDPC, A USP AD and b coefficient. A combined 
analysis of variance over two sites was also conducted. 

RESULTS AND DISCUSSION 

There was a significant effect of location on AUDPC, AUSPAD and b coefficient (Table 2). 
The AUDPC was significantly higher in the Bhairahawa site than at the Rampur research 
station (table 3) which could be attributed to different environmental conditions and disease 
pressure in both locations (table 4). The AUSPAD was significantly lower in Bhairahawa 
than at Rampur and this can be explained by lower initial chlorophyll concentration 
measurements in Bhairahawa compare to Rampur due to waterlogging in some areas of the 
field. The decrease in chlorophyll content per degree of thermal age was significantly slower 
in the Bhairahawa site than in Rampur, probably due to the slowly plant growth resume after 
re-occurrence of aerobic soil conditions (15). 

The main effect of seeding date was significant on the AUD PC and b coefficient but not on 
the AUSP AD. Lower disease severity and a slower chlorophyll concentration decline was 
observed for late seeding compare to optimal seeding which is in contradiction with previous 
studies (8, 20), where late-seeded wheat showed higher HLB severity because of higher 
temperatures during grain-filling compared to normal seeding. Although, the effect of 
seeding date on HLB development should be interpreted with caution because of the 
difficulty in comparing crop seeded at different sowing dates and thus, under different 
environmental conditions, especially temperature, leaf wetness duration, rainfall levels and 
seasonal rainfall patterns, which are primary determinants of the disease predominance and 
the epidemics severity. As observed in fig. 1, the disease increases dramatically during the 
flowering stage in all genotypes at both sowing dates. However, the phenological 
development of wheat genotypes was also modulated by environment and varied from 
optimal to late sowing date and from one location to another. In both locations, flag-leaf 
emergence, anthesis and milk grain stage were reached at an earlier thermal flag leaf age in 
late-seeded plants compared to timely-seeded plants (table 5). Since HLB severity increased 
after flowering stage in all genotypes, the faster crop development in late-sown compare to 
timely-sown plots could be explaining the higher disease severity scored at any given thermal 
leaf age (fig. 2). However, there were also differences among locations and more degree-days 
were needed in Bhairahawa than in Rampur to reach a given phenological stage. The 
potential difficulty in separating physiological senescence with disease progress could be one 
factor explaining the different disease values observed between sowing dates and locations, 
however the higher AUDPC values in optimal sowing conditions compare to late conditions 
could also be associated with highly conducive environmental conditions observed during the 
early months of January and February of this growing season, which could have promoted a 
rapid inoculum increase of seed borne B. sorokiniana in the lower canopy and a 
dissemination of spores to upper leaves by rain splashing. In this way, total rainfall during 
this period was 55% and 36 % higher in 2003 than 2002 in Rampur and Bhairahawa, 
respectively, while average daily temperature where very similar for the same period in both 
years. 
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As expected, the AUSPAD was significantly higher and the b coefficient significantly slower 
under fungicide-protected conditions compared to non protected conditions in both locations. 
For the AUSPAD, the seeding date x fungicide treatment and the seeding date x fungicide 
treatment x location interactions were both significant, because the AUSP AD of non
protected plots was significantly lower in late sowing compare to normal sowing conditions, 
particularly in Rampur. 

The ten wheat genotypes differed significantly (p<0.01) in AUDPC, AUSPAD and b 
coefficient, as expected (table 6). Genotype x location and genotype x seeding date 
interaction were significant, indicating that relative AUD PC, AUSP AD and chlorophyll 
concentration decline rate for the ten wheat genotypes changed from Bhairahawa to Rampur 
and under normal-seeded conditions compared to delayed seeding. Genotype x seeding date x 
location was also significant. Mean AUDPC and AUSPAD values could explain this 
interaction. RR21 always showed the highest AUDPC and the lowest AUSPAD, however 
relative difference among the ten genotypes changed under different conditions. This may be 
partially due to genetic differences in the levels of resistant to B. sorokiniana and D. tritici
repentis, whose relative frequencies could also be affected by environmental conditions (10, 
18). Also, the ten cultivars responded differently to the stress induced by late seeding, but this 
varied at both locations. Crop physiology was modulated by environment not only in terms of 
the timing of developmental stages as described before, but also in terms of the duration of 
different periods. In this way, the flag leaf emergence to anthesis (FL-A) and anthesis to milk 
grain periods had shorter duration with later sowing in Rampur. However, it had longer 
duration in the warmer climate ofBhairahawa (data not shown). The Bhairahawa site 
required some 15 to 25% more degree-days to reach anthesis under similar sowing 
conditions, which may indicate that photoperiod sensitivity varies with temperature both 
between and within genotypes as reported before (11, 21) or that early waterlogging problems 
associated with high temperatures were responsible of a slowly resume of plant growth after 
the re-occurrence of aerobic soil conditions (15). Since breakdown ofHLB resistance is 
related with developmental stage of wheat (3), the modulation by environment of the crop 
physiology could be affecting the level ofHLB resistance. 

In order to evaluate the stability of leaf chlorophyll concentration as indicator of resilience to 
high temperature stress and its relationship with resistance to HLB, both the slope of the flag 
leaf chlorophyll concentration curve and the AUSPAD value of fungicide protected-plots 
were linear correlated with the AUDPC. The Pearson's correlation coefficient of the 
chlorophyll concentration decline rate was better associated than the AUSPAD with the 
AUDPC (r = -0.61; P < 0.0001 and r = -0.40; P = 0.0096, respectively). However, despite a 
highly significance of both coefficients, the degree of association accounted only for 3 7% and 
16% of the variation of the AUDPC, respectively. In general, the early maturity genotypes 
showed a faster chlorophyll concentration decline and a higher susceptibility than the late 
maturity, however among the early maturity genotypes, BL 2217 showed the fastest 
chlorophyll concentration decline rate, but it was ranked only fifth in susceptibility, far away 
from very susceptible RR 21. This parameter is probably highly affected by the evolution of 
plant developmental stage and the relation between both and disease resistance in field has to 
be further investigated. 
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Table 1. Level of field resistance to Bipolaris sorokiniana and origin of wheat genotypes 
used in trials in Rarnpur and Bhairhawa during the 2003 growing season. 
Genotype Level of resistance Origin 
Sonalika Sa India 
NL 297 MS Nepal/CIMMYT 
BL 1473 MS Nepal 
BL 2217 MS Nepal 
Kanchan MS Bangladesh 
Croc MS Nepal/CIMMYT 
NL 750 R Nepal/CIMMYT 
PBW 343 R India 
Milan/Sha7 R CIMMYT 
SW 89-5422 R China 

as, susceptible; MS, moderately susceptible; R, resistant. 
b E, early; L, late. 

Maturity 
E 
E 
E 
E 
E 
E 
L 
L 
L 
L 

Table 2. Mean squares for AUDPC, AUSPAD and b coefficient of the 10 wheat genotypes 
tested across 2 environments and 2 seeding dates. 

Source df AUDPCt AUSPADt b coefficient§ 
Location (Loe) 1 493556 * 2865934 ** 0.00048 * 
Replication/Loe 4 25318 2305 0.00006 
Date 1 587425 * 5204 ns 0.01076 ** 
Loe x Date 1 31886 ns 285908 ** 0.00426 ** 
Error (a) 4 57279 4074 0.00010 
Spray (Sp) 1 218033 ** 0.00851 ** 
Loe x Sp 1 6910 ns 0.00000 ns 
Error (b) 4 899 0.00002 
Date x Sp 1 23542 * 0.00034 ns 
Date x Sp x Loe 1 13246 * 0.00157 ** 
Error (c) 4 1557 0.00006 
Genotype (Geno) 9 1180209 ** 132321 ** 0.00412 ** 
GenoxLoc 9 74829 ** 25907 ** 0.00028 ** 
GenoxDate 9 88655 ** 6679 ** 0.00050 ** 
Geno x Date x Loe 9 22490 * 2989 ns 0.00030 ** 
Geno x Sp 9 22260 ** 0.00100 ** 
Geno x Sp x Loe 9 1830 ns 0.00010 * 
Geno x Date x Sp 9 3353 ns 0.00006 ns 
Geno x Date x Sp x Loe 9 3466 ns 0.00008 ns 
Error {d) 144 {72) 9149 1927 0.00004 

*, ** SignificantatP=0.05 and0.01, respectively. 
t AUD PC = area under the disease progress curve; t AUSP AD = area under SP AD value 
evolution curve; § = the slope of the linear relationship curve between the chlorophyll content 
and the flag leaf thermal age. 
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Table 3. Means value for area under disease progress curve (AUDPC), AUSPAD and b 
coefficient averaged over ten wheat genotypes grown. 

Factor 

Location Rampur 

Bhairahawa 

Sowing date Normal 

Late 

Fungicide Non-protected 

management Protected 

AUDPC AUSPAD b coefficient 

387 at 

515 b 

521 a 

381 b 

826 a 

608 b 

722 a 

712 a 

687 a 

747b 

-0,0205 a 

-0,0177 b 

-0,0258 a 

-0,0124 b 

-0,0250 a 

-0,0131 b 

tFor a given factor and trait, means followed by the same letter in a column are 
nonsignificantly different from one another based on Least Significant Difference test at 0.05 
probability level. 
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Table 4. Average monthly temperature, humidity and total monthly rainfall during wheat growing months recorded at the two experimental sites 
(Rampur and Bhairahawa) in Nepal in two years. 

Temperature (0C) Humidity (%) Rainfall (mm) 

Rampur Bhairahawa Rampur Bhairahawa Rampur Bhairahawa 

2001- 2002- 2001- 2002- 2001- 2002- 2001- 2002- 2001- 2002- 2001- 2002-

Month 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

October 26.6 24.3 84 85 6.4 20.8 

November 21. 8 19.2 23.2 23.l 89 86 84 76 0 43.4 16.0 23.0 

December 16. 8 14.9 16.0 18.1 91 89 97 90 0 21.8 4.8 0 

January 13.1 11.7 14.3 12.0 91 90 89 98 18.0 32.7 49.7 76.0 

February 16.5 16.1 16.7 18.3 86 84 87 92 35.3 50.2 44.2 52.1 

March 23.0 20.2 21.9 21.8 67 71 54 76 12.3 67.3 1.7 38.6 

April 25.9 26.1 27.9 61 69 56 81.6 102.1 0 
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Table 5. Thermal time (degree-day) needed by different spring wheat genotypes to reach different phenological stages in optimal and late 
sowing conditions in Rampur and Bhairahawa in the; 2003 wheat season. 

RAMP UR BHAIRAHAWA 

DC37 DC69 DC75 DC37 DC69 DC75 

Opt Sow Late Sow Opt Sow Late Sow Opt Sow Late Sow Opt Sow Late Sow Opt Sow Late Sow Opt Sow Late Sow 

RR21 780 709 1159 1034 1404 1257 1089 833 1355 1286 1591 1536 

NL297 742 701 1159 1034 1425 1234 991 822 1391 1264 1571 1513 

BL1473 741 667 1144 1034 1404 1234 991 822 1355 1332 1571 1586 

BL2217 764 726 1224 1034 1545 1213 1020 792 1355 1308 1571 1586 

KAN CHAN 795 726 1159 1053 1545 1257 1105 833 1409 1356 1611 1611 

CROC 848 768 1224 1070 1480 1280 1130 975 1428 1356 1631 1611 

NL750 866 807 1289 1153 1545 1301 1139 1035 1447 1397 1703 1662 

PBW343 989 816 1404 1193 1545 1486 1157 1093 1551 1442 1722 1686 

MILAN/S7 943 797 1289 1089 1545 1393 1166 893 1447 1376 1703 1611 

SW895422 996 826 1364 1109 1545 1438 1212 1114 1468 1397 1685 1662 

Mean 846 754 1241 1081 1498 1309 1100 921 1421 1351 1636 1606 
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Table 6. Mean values of the ten wheat genotypes for the area under disease progress curve 
and AUSP AD over fungicide management and two sowing dates at two sites in Nepal in the 
2003 wheat season. 

AUD PC AUSPAD b coefficient 

Ramt Bhat Ram Bha Ram Bha 

RR21 976 967 643 547 -0.0418 -0.0258 

NL 297 570 906 745 596 -0.0309 -0.0306 

BL 1473 560 947 808 623 -0.0292 -0.0350 

BL 2217 388 674 803 597 -0.0342 -0.0293 

Kanchan 530 581 802 593 -0.0238 -0.0184 

Croc 361 541 783 537 -0.0197 -0.0215 

NL 750 139 121 897 580 -0.0098 0.0009 

PBW343 156 223 886 664 -0.0078 -0.0136 

Milan/S-7 77 128 887 603 -0.0083 -0.0052 

SW89-5422 114 67 1008 736 0.0008 0.0020 

Mean 387 515 826 608 -0.0205 -0.0177 

LSDo.os 117 107 33 38 0.0066 0.0049 

t Ram = Rampur experimental site. 
t Bha = Bhairahawa experimental site. 
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9. INFLUENCE OF WHEAT DEVELOPMENTAL STAGE ON THE SENSITIVITY 
TO THE HELMINTHOSPOROL TOXIN AND ITS RELATIONSHIP WITH THE 

DISEASE REACTION TO B. SOROKIN/ANA 

D. Mercado8
, M-E. Renard8

, E. Duveillerb, and H. Maraite". 

a Unite de Phytopatologie, Universite Catholique de Louvain, Louvain-la-Neuve, Belgium; b CIMMYT, South 
Asia Regional Office, P.O. Box5186, Kathmandu, Nepal. 

INTRODUCTION 

Bipolaris sorokiniana causes spot blotch on leaves, root and crown rots, node cankers and 
seedling blight on wheat (21). Early symptoms on leaves are characterized by small dark 
brown lesions 1 to 2 mm long without chlorotic margin. In susceptible genotypes, these 
lesions extend very fast into oval to elongated blotches, light brown to dark brown in colour, 
reaching several cm long before coalescing and inducing the dead of the leaf. However, 
disease expression has been reported to be modulated by abiotic factors such as soil fertility 
and moisture stresses (15, 16), high temperature (7), as well as by biotic factors such as 
pathogen virulence (9, 11, 13), leaf age (11, 18) and plant growth stage (4, 5).Progressive 
breakdown ofresistance between GS 69 (anthesis completed) and GS 77 (late milk grain) 
leads to the increased production of conidia on the increasing amount of senescing tissues of 
wheat plants and thus of the conidial population of B. sorokiniana under field conditions (4). 
Nevertheless, no evidence has been published regarding the modulation of resistance to one 
or more of the B. sorokiniana phytotoxins during plant developmental stages. 

In culture media B. sorokiniana is producing several sesquiterpenoids toxins, the most 
important being helminthosporol (HL). It has been shown that this metabolite, together with 
its dialdehyde analogue, helminthosporal were the substances responsible for inducing the 
plant disease symptoms (6). More recently, it has been suggested that the precursor 
prehelminthosporol (PHL) is the main substance responsible for the biological phytotoxicity 
(3), affecting the activity of enzymes located on the plasma membrane and disrupting cell 
membranes (1, 2). Similarly, HL is supposed to play an important role in pathogenesis by 
killing or weakening plant cells in advance of the growing hyphae (2). Evidence of strong 
effects in decreasing cell permeability of 1-mM HL toxin solution were reported by different 
authors (2, 19). HL has a non-specific membrane disrupting effect (2), but the correlation 
between HL sensitivity and known B. sorokiniana resistance levels in wheat cultivars has not 
yet been studied (12). 

This study was undertaken to test the hypothesis that the plant developmental stages 
influence the disease expression of wheat genotypes differing in their genetic background 
regarding maturity and spot blotch resistance when inoculated at similar growth stages with 
B. sorokiniana, and to evaluate, under controlled environmental conditions the correlation 
between the disease reaction and the HL sensitivity at various developmental stages. 

MATERIALS AND METHODS 

Effect of plant growth stage on disease development in five wheat genotypes 

Plant and fungus. A monoconidial isolate of B. sorokiniana (MUCL 45264, UCL, Louvain
la-Neuve, Belgium) isolated from leaf sample collected in Rising Patan, Nepal in 2000, was 
used in this study. In a first experiment (experiment 1) with three replicates, the susceptibility 
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to isolate MUCL 45264 was compared on five cultivars and genotypes known for their 
contrasting resistance to spot blotch in the field (Table 1) (17). In order to coordinate the 
heading dates between genotypes of different maturity, seeds oflate genotypes Chirya 7 and 
NL 7 50 were sown 7 days earlier than Ciano T-79 and 14 days earlier than Sonalika and BL 
14 73. To produce groups of adult plants with similar developmental stages, each genotype 
was sown three times at one week intervals and grown in the greenhouse until growth stages 
GS 45 (booting stage), GS 69 (anthesis completed) and GS 77 (late milk grain) (20). Three 
weeks before inoculation genotypes were sown for a fourth time in order to grow seedlings 
until the fourth-leaf stage (GS 14). Plants were produced in 20 cm x 15 cm plastic pots (ten 
plants per pot) containing a 1: 1 silty clay soil: compost mixture previously sterilized. They 
were maintained in a greenhouse, 25/20 °C day/night temperature, and a 16-h photoperiod. 
The pots were watered on alternate days and supplied with 1.33 ml of a 7:5:6 N-P-K liquid 
fertiliser (Substral, Scotts, Sint-Niklaas, Belgium) once every two weeks through watering. 

Inoculation procedures. For inoculum production, MUCL45264 was grown on for 7 days 
on V8 juice potato dextrose agar (V8-PDA) medium at room temperature under constant light 
(11). Conidia were collected by spraying the Petri dishes with 10 ml sterile distilled water 
using an atomiser. The concentration of spore suspension was adjusted to 7500 conidia per 
ml with the help of a Fuchs-Rozenthal cell; two drops of the surfactant Tween 20 (0.02 %) 
were added. Fifteen ml of conidial suspension were sprayed onto each pot using an atomiser. 
Inoculated plants were first moved to a mist chamber for 24 h at 23/20 °C day/night, and 16 h 
photoperiod. Thereafter they were transferred back to the greenhouse for symptom 
development. A randomised complete block design was used with three replicates. 

Disease severity assessment. To assess the susceptibility of the five genotypes the 
percentage diseased leaf area (%DLA) covered by lesions was measured using Assess for 
Windows (10). Fourth and flag leaves were harvested 7 days after inoculation. Groups often 
leaves were scanned and total leaf and lesion areas were measured using the image analysis 
software. Together with the %DLA, infection responses (IRs) ofleaves were assessed with 
the four-class rating scale developed by Fetch et al. (8). All severity data are the means of 3 
replicates of 10 plants infected by B. sorokiniana. 

The Statistical Analysis System (version 7.12, SAS Institute Inc., Cary, NC) was used for all 
analyses of the data. Percent diseased leaf area were analysed according to the PROC 
analysis of variance procedure of SAS. Least significant difference (LSD) at P = 0.05 was 
applied to compare the different treatments. 

Effect of plant growth stage on HL sensitivity of five wheat genotypes. 

Plants. A similar experiment (experiment 2) was conducted to evaluate the HL sensitivity of 
the different wheat genotypes at different developmental stages. As described above, plants 
were grown until GS14, GS45, GS69 and GS77 growth stages before being infiltrated with 
the toxin solution. 

HL production. B. sorokiniana isolate MUCL 45264 was grown using the procedure 
described by Briquet et al. for HL production (2). HL was extracted with diethyl ether (1: 1, 
v/v). The extraction was done by 400 ml fractions of cultures. After vigorously agitation in a 
decanting flask, the organic phase was separated from the water phase. The evaporation of 
diethyl ether was done at 30°C in a rotary evaporator; the residual crude extract was then 
dissolved in 3 ml of methanol and used for purification by preparative thin-layer 
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chromatography on silica gel plates (Silica gel 60 F-254, Merck, Darmstadt, Germany) eluted 
by a toluene-acetone (4:1, v/v) mixture. The major spot obtained and visualised (Ri= 0.47) 
under UV light, was scraped and dissolved in 2 volumes of methanol and extracted from 
silica overnight. After centrifugation the supernatant was recovered and the toxin solution 
was concentrated ten times by evaporation under vacuum. 

The identification and concentration of HL was carried out by UV spectrometry and a stock 
solution of the toxin was conserved in absolute methanol solution (2). 

HL infiltration and sensitivity assessment. A 1-mM HL water solution was prepared just 
prior to infiltration. Two methods were used for the infiltration. In a first trial, the middle of 
the leaf was infiltrated by injecting 50 µl of the toxin solution using a 1-ml syringe with 
needle removed. The visible boundaries of the infiltration sites were marked with a non toxic 
felt pen before reabsorption of water-soaking. Three flag leaves were infiltrated per genotype 
x growth stage combination with three replications. They were evaluated 7 days after 
infiltration and rated as insensitive or sensitive. In a second trial, after cutting 1-cm of each 
flag leaf tip, leaves were immediately dipped in 1-ml toxin solution and left for a 24 h period 
after which the residual volume of toxin was measured in order to calculate the amount up
taken by each leaf. Fourth and flag leaves were harvested 7 days post treatment and scanned. 
Total leaf and lesion areas were measured using Assess as described before. Data are the 
means of two flag leaves with three replications. 

RESULTS 

Effect of plant growth stage on disease development in five wheat genotypes 

The wheat genotypes differed in resistance to B. sorokiniana, and also the different growth 
stages affected individual expressions of disease (fig. 1 ). Disease severity was greatest at 
GS77, and much less at the earlier adult stages GS45 and GS69 (table 2). No differences were 
observed between GS45 and GS69 in all genotypes. There was a significant relationship 
between disease severity at GS 14 and GS45, and GS 14 and GS69 (P = 0.0006 and P = 
0.0046, respectively), and between GS45 and GS69 (P < 0.0001), but no correlation were 
observed between disease severity at GS77 and any other developmental stages. Significant 
differences in disease severity among the five wheat genotypes tested were observed at all 
growth stages, with genotype Ciano T-79 being the most spot blotch susceptible throughout 
all the plant stages, while Chirya 7 was the most resistant, specially at adult plant stages 
(table 2). All genotypes, excepting Ciano T-79, showed high level of resistance to spot blotch 
between booting and anthesis, but genotype susceptibility was increased by more advanced 
growth stages. The analysis of variance for spot blotch severity of five wheat genotypes at 
four different growth stages showed highly significant differences among growth stages, 
genotypes and growth stage-genotype interaction (table 3). 

Similar results were observed among genotypes and growth stages when the infection 
responses were evaluated by the four-class rating scale. At fourth-leaf seedling stage all 
genotypes were rated as moderately resistant (MR) with !Rs showing medium-sized (2 to 4 
mm long) dark brown necrotic lesions with no to slight diffuse marginal chlorosis, excepting 
Chirya 7 and Ciano T-79, which were considered moderately susceptible (MS) with medium 
to large (4 to 6 mm long) light brown necrotic spots with marginal chlorosis and susceptible 
(S) with large (>6 mm long) elliptical light brown necrotic lesions with expanding areas of 
chlorosis), respectively. At GS 45 !Rs ranged from MR to resistant (R), with lesions 



108 

characterized by small (<2 mm long) round to oblong dark brown necrotic to medium-sized 
(2 to 4 mm long) elliptical dark brown necrotic lesions without chlorosis. At GS 69, only 
Ciano T-79 showed MS lesions, while all the other genotypes showed MR to R infection 
responses. A clear shift in IR was observed between GS 69 and GS 77, with Ciano T-79, 
Sonalika, BL1473 and NL 750 showing S to MS interactions (table 4 and fig. 2). 

Effect of plant growth stage on HL sensitivity of five wheat genotypes 

Leaf infiltration as well as leaf up-take of a 1-mM HL toxin solution produced visible 
symptoms on genotypes Ciano T-79 and Sonalika as early as 24 to 48 h after treatment (fig. 
3-4). The symptoms were characterized by a grey to brown necrosis, similar to the lesions 
caused by the pathogen and were observed only in adult plant stages GS69 and GS77. For the 
up-take method, adult plant stages and specially stages GS69 and GS77 were more sensitive 
to the toxin in contrast to the fourth-leaf seedling stage, where differences were less evident 
across genotypes (table5). Ciano T-79 and Sonalika were the two most sensitive genotypes 
across all adult plant stages, showing typically necrotic lesions, however, some chlorosis was 
also visible in flag leaves at late milk grain stage of genotypes NL750, Chirya 7 and BL1473. 
The analysis of variance for HL sensitivity of five wheat genotypes at four different growth 
stages showed highly significant differences among growth stages, genotypes and growth 
stage-genotype interaction (table 6). 

DISCUSSION 

Disease severity, as measured by the IRs and percentage of DLA, was strongly influenced by 
plant growth stage specially in spot blotch field susceptible genotypes Ciano T-79, Sonalika 
and BL1473. A major shift inB. sorokiniana susceptibility was observed between anthesis 
and late milk grain stages for all genotypes. These results could by partially explaining the 
observations done by Chaurasia ( 4, 5), who reported a progressing breakdown of field 
resistance associated with an increase in the B. sorokiniana population between the 69 and 77 
growth stages. 

The basis for the different lesion types observed in this study was to some extent related to an 
increase HL toxin sensitivity of adult plants after anthesis, as observed in genotypes Ciano T-
79 and Sonalika, but not in BL1473, NL750 and Chirya 7. However, B. sorokiniana is 
reported to produce more than HL toxin (14) and lesion type observed in HL insensitive 
genotypes may be related to the production of other pathogen toxins interacting with several 
resistance genes in the host (8). 

This study proves that pathogenicity tests on adult plants may show different results 
depending on the plant developmental stage at the time of inoculation with B. sorokiniana 
and that host reaction to HL toxin may not itself determine the host's reaction to the fungus, 
but suggests a role as virulence factors, at least for some wheat genotypes at adult plant 
stages. All tested genotypes might possess adult plant resistance at booting stage, which is 
related with insensitivity to the HL toxin. However, disease reaction at the seedling stage is 
not associated with adult plant reaction nor sensitivity to HL toxin, and some genotypes such 
as Chirya 7 might posses adult plant resistance, although susceptible in the seedling stage. In 
contrast, genotype BL 1473 might posses genes that confer resistance at the seedling stage 
and insensitivity to HL toxin, but that are partially not expressed during grain filling stages. 
Finally, genotypes such as Ciano T-79 and Sonalika are very susceptible to the fungus and 
sensitive to the HL toxin after anthesis, despite different degree of resistance at the seedling 
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stage and insensitivity to HL toxin at earlier stages. Genetic studies of a wheat population that 
would have been developed from crosses of Ciano T-79 or Sonalika (toxin-sensitive and 
disease-susceptible) and Chirya 7 (toxin-insensitive and disease-resistant) are needed to 
investigate the role of host sensitivity to helminthosporol toxin in disease development by B. 
sorokiniana. 
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Table 1. Level of field resistance to Bipolaris sorokiniana, maturity type and origin of 
genotypes used in pathogenicity test. 
Genotype Level of resistance a 

BL 1473 MS 
Chirya 7 R 
Ciano T-79 S 
NL 750 R 
Sonalika S 

Origin 
Nepal 
Nepal/CIMMYT 
Mexico 
Nepal/CIMMYT 
India 

a S, susceptible; MS, moderately susceptible; R, resistant. 
b E, early; I, intermediate; L, late. 

Maturity 
E 
L 
I 
L 
E 

Table 2. Disease severity (percent diseased leaf area) on fourth-leaves (GS14) and flag leaves 
(GS45, GS69 and GS77) of five wheat genotypes inoculated with Bipolaris sorokiniana. 

Percent diseased leaf areaa 
Zadoks growth stage 

Genotype GS14 GS45 GS69 GS77 
BL1473 9,6 1,6 6,3 58,1 
Chirya7 25,0 0,7 3,0 14,5 
Ciano79 57,8 10,2 21,5 53,9 
NL750 18,9 1,5 2,4 35,2 
Sonalika 15,0 4,1 8,8 72,3 
LSDo.os 15,6 2,4 7,0 25,8 

LSDo.os 
13,9 
7,5 
23,9 
11,7 
17,1 

a All values of percent leaf area diseased were determined 7 days after inoculation. All data 
are the averages of three replications of 10 plants. Values were analysed according to the 
least significant difference test (LSD) (.P=0.05). 

Table 3. Analysis of variance for disease severity (percent diseased leaf area) of five wheat 
genotypes inoculated with isolate MDCL 45264 of Bipolaris sorokiniana at different growth 
stages. 
Source of variation 
Growth stage 
Genotype 
Growth stage-genotype 

df 
3 
4 
12 

Mean square 
5784 
1199 
548 

Fvalue 
389,1 
25,2 
7,3 

p 

<,0001 
0,0001 
<,0001 
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Table 4. Infection responses (IRs) of fourth-leaf (DC14) and flag leaf (GS45, GS69 and 
GS77) of five wheat genotypes inoculated with Bipolaris sorokiniana. 

Zadoks growth stage 
Genotype GS14 GS45 GS69 GS77 
BL1473 2.3 (MR) 1.2 (R) 2.0 (MR) 3.7 (S) 
Chirya7 2.8 (MS) 1.1 (R) 1.1 (R) 2.2 (MR) 
Ciano79 3.6 (S) 2.2 (MR) 2.9 (MS) 3.7 (S) 
NL750 2.5 (MR) 1.1 (R) 1.3 (R) 3.2 (MS) 
Sonalika 2.5 (MR) 1.5 (R) 2.4 (MR) 3.8 (S) 

a IRs based on a 1 to 4 rating scale, where 1 =resistant IR characterized by small round to 
oblong dark brown necrotic lesions; 2 = moderately resistant IR with medium-sized elliptical 
dark brown necrotic lesions; 3 = moderately susceptible IR consisting of medium to large 
elliptical light brown necrotic lesions with expanding chlorosis; 4 = susceptible IR 
characterized by large elongated light brown necrotic lesions with expanding areas of 
chlorosis (Fetch et al., 1999). All severity data are the means of three replications of 10 
plants. 

Table 5. Helminthosporol sensitivity (percent affected leaf area) on fourth-leaf (GS14) and 
flag leaf (GS45, GS69 and GS77) of five wheat genotypes treated with 1-mM HL toxin 
solution of B. sorokiniana at different growth stages. 

Percent affected leaf areaa at growth stage 
Genotype GS14 GS45 GS69 GS77 
BL1473 0,6 0,3 0,2 2,6 
Chirya7 0,8 0,2 0,4 3,6 
Ciano79 2,4 7,8 12,0 15,0 
NL750 0,2 0,9 0,3 6,5 
Sonalika 2,0 4,1 7,5 7,1 
LSDo.os 1,4 2,4 4,6 4,2 

LSDo.os 
1,5 
1,1 
3,5 
2,6 
4,1 

a All values of percent affected leaf area were determined 7 days after treatment. All data are 
the averages of three replications. Values were analysed according to the least significant 
difference test (LSD) (.P=0.05). 

Table 6. Analysis of variance for helminthosporol sensitivity (percent affected leaf area) of 
five wheat genotypes treated with 1-mM HL toxin solution of B. sorokiniana at different 
growth stages. 
Source of variation 
Growth stage 
Genotype 
Growth stage-genotype 

df Mean square 

3 90 
4 150 
12 15 

Fvalue 
319,2 
25,6 
6,0 

p 

<,0001 
0,0001 
0,0001 
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Fig. 1. Percent diseased leaf area (%DLA) on fourth-leaf (GS14) and 
flag leaves of five wheat genotypes inoculated with Bipolaris 
sorokiniana at booting (GS45), anthesis completed (GS69), late milk 
grain (GS77). All data are the averages of three replications of ten 
plants± SD. 
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Fig. 2. Infection responses of wheat genotypes 7 days after 
inoculation with an isolate of Bipolaris sorokiniana: 1, Ciano T-
79, 2, Sonalika, 3, BL1473, 4, NL750, and 5, Chirya 7 on A, 
fourth-leaf (GS14), and flag leaf at B, booting (GS45), C, 
anthesis completed (GS69) and D, late milk grain (GS77) 
developmental stages. 
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GS14 GS45 GS69 GS77 

Fig. 3. Reaction of wheat leaves to 1-mM helminthosporol toxin 7 days after infiltration of 
genotypes: 1, Ciano T-79, 2, Sonalika, 3, BL1473, 4, NL750, and 5, Chirya 7 at fourth-leaf 
(GS14), and flag leaf at booting (GS45), anthesis completed (GS69) and late milk grain (GS77) 
developmental stages. 
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Fig. 4. Reaction of wheat leaves to 1-mM helminthosporol 7 days after treatment of 
genotypes: 1, Ciano T-79, 2, Sonalika, 3, BL1473, 4, NL750, and 5, Chirya 7 at: A, fourth
leaf (GS14), B, booting (GS45), C, anthesis completed (GS69) and D, late milk grain 
(GS77) developmental stages. 
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10. EVALUATION OF PATHOGENICITY TO WHEAT OF ISOLATES OF 
ALTERNARIA SPP. ASSOCIATED WITH LEAF BLIGHT SYMPTOMS IN WARM 

NON-TRADITIONAL REGIONS 

D. Mercadoa, M-E. Renarda, E. Duveillerb, and H. Maraitea. 

a Unite de Phytopatologie, Universite Catholique de Louvain, Louvain-la-Neuve, Belgium; b CIMMYT, South 
Asia Regional Office, P.O. Box5186, Kathmandu, Nepal. 

INTRODUCTION 

Alternaria triticina Pras.& Prab. has been reported as a foliar pathogen in most of the non
traditional wheat growing areas of the Gangetic plains and also in some regions of Mexico 
and Italy (Pellegrineschi et al., 2001; Chaurasia et al. 2000; Casulli, 1990; Sinha et al. 1991; 
Raut et al. 1983; Prasada and Prabhu 1966). 

Symptoms of A. triticina leaf blight can be first seen in the field on 7 to 8 week-old plants 
(Prasada and Prabhu, 1966). The lowermost leaves are always the first to become infected 
and the disease gradually spreads to the upper ones. In severe cases, symptoms can be 
observed on leaf sheaths, ears, awns and glumes. The symptoms appear as small, oval, 
discoloured lesions, irregularly scattered on the leaves. As the lesions enlarge, they become 
irregular, dark brown to grey and surrounded by a bright yellow margin. Later, several 
lesions coalesce and cover large areas, sometimes associated with the death of the entire 
plant. In some cases the leaves may dry from the tip. Under moist conditions in lesions show 
black powdery masses of conidia. One week-old wheat seedlings are relatively resistant to 
infection by A. triticina. Susceptibility increases with age and reaches its peak in mature 
plants, especially those with decreased vigour (Prasada and Prabhu, 1966). The pathogen 
overseasons in debris left on the soil surface (Vjiaya Kumar et al, 1979) which contrasts with 
the overseasoning mechanisms in other Alternaria diseases (Rotem, 1994 ). 

There are controversies concerning the host-range of A. triticina. Sivanesan (1981) reported it 
from leaves, leaf sheaths, glumes and grains of Triticum spp., triticale (Triticosecale Wilt.) 
and barley (Hordeum vulgare L.), while Prasada & Prabhu (1966) had been unable to detect 
susceptibility among 8 different grass species including barley and oat (Avena sativa L.). 
Prasada & Prabhu (1966) also reported the occurrence of resistant as well as of susceptible 
cultivars within same Triticum spp. species pointing of the risk to draw conclusions 
concerning the host range on base of limited number of cultivars. The Indian durum were 
found to be highly susceptible while some of the highly rust resistant genotypes were found 
to be also resistant to Alternaria leafblight. Casulli (1990) confirmed susceptibility to A. 
triticina in durum wheat cultivars from southern Italy. 

Recent p athogenicity test with a reference strain of A. t riticina ( IMI 289962) showed that 
some of the elite helminthosporium leaf blight resistant wheat genotypes and some 
susceptible checks were resistant to Alternaria leaf blight (Mercado, 2002). From 15 
genotypes tested, only the Indian durum wheat cultivar Bansi was found to be susceptible. 

On wheat, the A. triticina germ tubes form appressoria-like structures and penetrate the 
epidermis directly or through stomata (Prasada and Prabhu, 1966). Infection requires a 
minimum wetting period of 12 h, with 24 to 48-h wetting at an optimum temperature of25°C 
leading to severe infection. As other Alternaria species, A. triticina produces toxic 
metabolites. A culture filtrate of A. triticina has been reported to inhibit the germination of 



118 

seeds and induces symptoms on leaves (Rotem, 1994). The toxic principle is thermostable 
and non-specific (Vijaya Kumar et al., 1979). Fabrega et al. (2002) reported that A. triticina 
strain IMI 289962 produced tentoxin, a non-host specific toxin, which could be just another 
pathogenecity factor but is not believed to be of primary importance during penetration of the 
parasite (Rotem, 1994). 

Sivanesan {1981) provide a detailed description of the leaf blight pathogen A. triticina. 
Mycelium is initially hyaline, turning later to olive buff to deep olive buff, branched septate, 
2-7µm broad. Conidiophores are similar to mycelium in colour, septate, usually unbranched 
but occasionally branched, straight, erect, single or fasciculated, 17-28 x 3-6 µm. Conidia are 
acrogenous, borne single or in chains of2-4, smooth, irregularly oval, both ends rounded, 
ellipsoid or ellipsoid conical, gradually tapering into beak. Simmons (1994) considered the 
beak as a secondary conidiophore produced from the blunt or broadly tapered apex of initially 
erostratre conidia. On field specimens primary conidia of A. triticina are 50-80 x 20-25 µm, 
sometimes producing a secondary conidiophore 20-40 x 2-3 µm. They are yellowish brown, 
essentially smooth, have up to 8-9 complete or partial transverse septa and 1-3 longitudinal 
septa in each of the broadest transverse segments. The spores of A. triticina are similar in 
shape and dimensions to those of A. alternata and A. tenuissima (Rotem, 1994) and the 
correct identification remains complex despite distinctive characteristics such as a very 
restricted number of conidia per sporulation unit. The Alternaria spp. associated with blight 
lesions on wheat in the Indian subcontinent appeared to be very heterogeneous (Maraite et al., 
1998). The same authors reported difficulties to precisely identify A. triticina because of its 
similarity to A. tenuissima and didn't see any pathogenic isolate among a world-wide 
selection of 12 strains, including strains considered as A. triticina, after inoculating them on 
four different wheat varieties (Bansi, HD2329, Sonalika and UP 262) at the three-leaf and 
heading stage. 

A voluminous literature on the subject of wheat foliar blight and it relation to A. triticina has 
been published during the past few years. Essentially all of this work is dealing only with a 
set of symptoms on Triticum sp. with which various kinds of Alternaria have been found 
associated, however, there is no published evidence that these Alternaria inhabitants were 
correctly identify as A. triticina. In order to clarify the real importance of this pathogen on 
wheat, pathogenicity tests on different wheat genotypes were carried under controlled 
conditions with CAB! Bioscience references strains of A. triticina and Alternaria spp. strains 
isolated from wheat leaves showing blight lesions collected in warm area and not colonized 
by the tan spot nor spot blotch pathogens. 

MATERIALS AND METHODS 

Plant and fungus. Two common spring wheat (Triticum aestivum L.) genotypes (Sonalika 
and Bobwhite SH9846) and two durum wheat (Triticum durum L.) cultivars (Bansi and A-9-
30-1) were selected for pathogenicity trials. On base of the literature and of preliminary trials 
these lines differed in resistance to A. triticina (Mercado et al., 2002; Prasada and Prabhu, 
1966). Bansi was used as susceptible check for the Indian isolates while Bobwhite SH9846 
was used as susceptible check for the Mexican isolates (Mezzalama, personal 
communication). A-9-30-1 and Sonalika are two helminthosporium leaf blight (HLB) 
susceptible wheat genotypes commonly cultivated in South East Asia (Chaurasia et al., 2000; 
Chaurasia et al., 1999). Plants were grown in 13 cm x 11 cm plastic pots (three plants per pot) 
containing a 1: 1 silty clay soil: compost mixture previously sterilized. Plants were maintained 
in a greenhouse at 25/20 °C day/night temperature, and a 16-h photoperiod. The pots were 
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watered on alternate days and supplied with 0.4 ml of a 7:5:6 NPK-liquid fertiliser 
(Substral®, Scotts sprl, Belgium) once every two weeks. Two experiments were done with 
plants at the fourth-leaf and heading stage, respectively. In both experiments, a randomised 
complete block design was used with three pots for the pathogenicity test at the seedling 
stage and two for the trial at the heading stage. 

For pathogenicity assessment, a selection of eleven Alternaria strains (table 1) isolated from 
wheat leaves showing blight lesions collected in warm area and not colonized by the tan spot 
or spot blotch pathogens was grown on potato carrot agar (PCA). The isolates tested included 
IMI 289962 and IMI 178784 as reference strains for A. triticina and IMI 289680 for A. 
alternata, previously reported as A. triticina (Fabrega et al., 2002), isolates Mex7aI, Mex7aII, 
Mex7aIII, MexIBV02 and LB2035-10 originated from the Obregon area in Mexico, where A. 
triticina leaf blight had also been reported, while isolates CS 18-01, HLB4003-1 and UP2003 
come from samples collected in wheat fields in Uttar Pradesh, Northern India and considered 
to be infected by A. triticina. Plates were incubated at 20 ± 1 °C with an alternating cycle of 
12/12 h normal fluorescent light/dark for 10 days. 

Isolates were grown on minimal media (MM) plates (Maraite et al., 1998) for 
characterization of colony growth rate and morpholo~, and on PCA for characterization of 
the conidia morphology. For each isolate, three 5-mm plugs were transferred into three 
plates of both media and incubated at 20 ± 1°C with an alternating cycle of 12112 h 
fluorescent light/dark for seven days. Colony diameter and colour were evaluated on MM 
plates; conidia body length and width, beak presence and length, number of transversal septa 
and sporulation habit were recorded on 30 different primary spores harvested from PCA 
plates. 

Inoculation procedures. Conidia were harvested by flooding the colony with sterile distilled 
water amended with two drops of Tween 20 per 100 ml, followed by scraping the surface 
with a glass rod. The suspension was adjusted to 20,000 conidia mr1 using a 
haemocytometer. Plants were sprayed with the spore suspension using an atomizer until run
off. Inoculated plants were first moved to a mist chamber for 72 h at 21/17 °C day/night, and 
16 h photoperiod. Thereafter they were transferred back to the greenhouse for symptom 
development. 

Disease severity assessment. Leaves were harvested 7 days after inoculation and the 
percentage diseased leaf area (%DLA) covered by lesions was measured using Assess for 
Windows (Lamari, 2002). Groups of 6-9 leaves were scanned and total leaf and lesion areas 
measured using the image analysis software. The means and standard deviations were 
calculated for the replicate of each strain-cultivar combination. 

The Statistical Analysis System (version 7.12, SAS Institute Inc., Cary, NC) was used for 
data analyses. Percent diseased leaf area from each experiment were analysed separately 
following the PROC analysis of variance procedure of SAS. Least significant difference 
(LSD) at P = 0.05 was applied to compare the virulence of all tested Alternaria spp. isolates. 

RESULTS 

Leaf blight lesions became visible on the leaves within 48 to 72 h after inoculation of A. 
triticina reference isolates IMI 289962 and IMI 178784 at the fourth-leaf stage as well as at 
heading. Lesions were small, oval, yellow, and irregularly scattered on the leaves. As the 
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lesions enlarge, they became irregular and dark brown to grey surrounded by a bright yellow 
margin. After five days they coalesce and cover large areas, resulting sometime in the 
necrosis of the entire leaf. No symptoms were observed with the other isolates on any of the 
inoculated genotypes (table 2 and 3). Only isolates IMI 289962 and IMI 178784 were 
pathogenic on durum wheat cultivar Bansi, with the isolate IMI 289962 being highly virulent. 
None of the Mexican isolates was pathogenic neither on Bansi nor on Bobwhite SH9846, 
Sonalika or A-9-30-1. Similar results were observed with the Indian isolates UP2003, CS 18-
01, HLB4003-1 and with A. alternata IMI 289680 (table 2 and 3). 

The analysis of variance for disease severity showed highly significant differences among 
isolates, genotypes, and genotype-isolate interactions in both experiments (table 4 and 5). 

The colour of the colonies on MM varied from light brown (IMil 78784, HLB4003-1) to 
brown olive (IMI289962) and grey pink (isolates Mex7aI, Mex7aII, LB2035-10) (table 6). 
Radial growth also appeared very variable and ranged from 2.8 mm day-1 (CS18-01) up to 
6.1 mm day-1 (IMI289962), however most of the isolates ranged from 3-6 mm day-1

• The 
dimensions of the spore body, without the beak, varied from 23 to 38 µm for isolates 
IMI289962 and IMil 78784, respectively, although for most of them the spore length range 
varied between 28 to 33 µm. Most of the isolates produces beakless or 2-5 µm short-beaked 
spores while isolate IMI289962 showed longer beaks (>7 µm). All the isolates produced 
short to long branched chains, excepting IMI289962, IMil 78784 and CS 18-01, which 
showed a very restricted number of conidia per sporulation unit and mycelial growth. 

DISCUSSION 

The pathogenicity of 11 isolates of Alternaria spp. from diverse geographic origins was 
evaluated on four wheat genotypes under controlled environmental conditions. The 
greenhouse evaluation provided good results for assessing the pathogenicity of the A. triticina 
isolates on wheat. During the experiments Alternaria leaf blight symptoms were induced by a 
72 h incubation period under high relative humidity although similar results were observed 
with a 24 h time (Mercado et al., 2002). Plants of cultivar Bansi were susceptible at fourth
leaf seedling stage as well as at heading stage. Bansi is an old Indian durum wheat cultivar 
lready reported as susceptible to A. triticina (Prasada and Prabhu, 1966). In the experiment at 
the fourth-leaf stage, leaves of genotype A-9-30-1 inoculated with the isolate IMI289962 
presented some tip necrosis, however those symptoms were different from those observed on 
Bansi and were not observed in previous trials (Mercado et al., 2002). 

Isolates Mex7al, Mex7aII, Mex7aIII, MexIBV02, LB2035-10, UP2003, CSlS-01, UP2003 
and A. alternata IMI289680 were non-pathogenic on wheat, despite being collected from 
wheat samples showing blight lesions not colonized by the tan spot nor spot blotch 
pathogens. However, leaf discoloration and necrosis as well as male-sterility can also be 
produced by environmental stresses such as low, non-freezing temperatures (below 10°C) 
(Saulescu et al., 2001 ), symptoms that are commonly observed in flag leaves of early sowed 
wheat cultivars such as Sonalika during the wheat season coolest month of January in 
different places of the Indo-Gangetic Plains oflndia (Varanasi, Uttar Pradesh) and Nepal 
(Rampur, Chitwan). Chilling injury associated with Alternaria tenuissima-like species that 
can grow endophytically (Blodget et al., 2002) and saprophytically might be a possible 
explanation for the high recovery of Alternaria spp. from wheat samples showing blight 
lesions but not colonized by the tan spot nor spot blotch pathogens. The results suggest that 
most of the isolates recovered from wheat samples collected in these areas are non-
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pathogenic on wheat and they probably belong to the A. tenuissima or A. alternata groups. 
Identification of species based on morphological criteria of colony and spore remains a 
challenging task because of the range of variation between and within a same specie, as 
observed with A. triticina isolates IMI289962 and IMil 78784. In fact, IMI289962 remains in 
excellent and identifiable sporulation condition in contrast to IMII 78784, which could have 
lost some vigour due to a 12 years age difference compare to IMI289962. Nevertheless, 
restricted number of conidia per sporulation unit (2-3 conidia) associated with long-beaked 
(>7 µm) primary conidia growing on seven day-old PCA appears to be a possible criteria to 
differentiate A. triticina isolates from other Alternaria strains used in this study. Yet, the 
pathogenicity of isolates on wheat has to be tested under controlled conditions with different 
strains of the pathogen and different cultivars of the host before addressing the specimens as 
Alternaria triticina specie. 
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Table 1. Alternaria spp. isolates from different warm areas tested for their pathogenicity testing on bread and durum wheat cultivars or lines. 

Isolate MUCLcode 8 SEecies GeograEhic origin Isolated from By 
IMI289962 ... A. triticina Delhi, India Triticum sativum E.G. Simmons 
IMI178784 ... A. triticina Delhi, India Triticum sp. CABI 
IMI289680 ... A. altemata India Triticum sp. A. Kumar 
Mex7aI 44259 Altemaria sp. C. Obreg6n, Mexico Triticum aestivum M. Mezzalama 
Mex7aII 44260 Altemaria sp. C. Obreg6n, Mexico T. aestivum M. Mezzalama 
Mex7aIII 44261 Altemaria sp. C. Obreg6n, Mexico T. aestivum M. Mezzalama 
MexIB02 44262 Altemaria sp. El Batan, Mexico T. aestivum M. Mezzalama 
LB2035-10 ... Altemaria sp. C. Obreg6n, Mexico Triticum sp. D. Mercado 
UP2003 42372 Alternaria sp. Aligard, India Triticum sp. R. Chand 
cs 18-01 42525 Altemaria sp. Varanasi, India T. aestivum 
HLB4003-1 ... Altemaria sp_. Varanasi, India Triticum sp. D. Mercado 
a MUCL: Mycotheque de l'Univerite Catholique de Louvain, Louvain-la-Neuve, Belgium. 
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Table 2. Disease severity (percent diseased leaf area) averaged over the third and fourth 
leaves of four wheat genotypes inoculated with 11 isolates of Alternaria spp. at the fourth
leaf stage. 

Percentage diseased leaf area a 

Isolate Bansi RR21 A-9-30-1 Bobwhite LSDo.os 
IMI289962 83.1 1.0 15.7 0.5 12.8 
IMI178784 34.9 0.0 0.1 0.7 5.4 
IMI289680 0.5 0.1 0.1 0.2 0.6 
Mex7al 1.3 0.2 0.0 1.5 0.4 
Mex7aII 1.2 0.2 0.0 1.1 0.7 
Mex7aIII 1.0 0.7 0.0 1.3 0.9 
MexIB02 0.2 0.0 0.5 0.5 0.4 
LB2035-10 0.8 0.9 0.0 0.6 1.0 
CS18-0l 1.3 1.8 0.1 1.1 1.1 
HLB4003-l 0.7 0.5 0.0 1.1 0.8 
UP2003 0.2 0.1 0.1 0.6 0.3 
Control 0.6 0.1 0.2 0.2 0.6 
LSDo.os 3.2 0.8 6.6 0.6 
a All values of percentage diseased leaf area were determined 7 days after inoculation. All 
data are the averages of the third and fourth leaves with three replications each. Values were 
statistically analysed according to the least significant difference test (LSD) (P = 0.05). 

Table 3. Disease severity (percent diseased leaf area) averaged over the penultimate and the 
flag leaves of four wheat genotypes inoculated with 11 isolates of Alternaria spp. at the 
heading stage. 

Percentage diseased leaf area a 

Isolate Bansi RR21 A-9-30-1 Bobwhite 
IMI289962 51.2 1.1 1.8 0.4 
IMil 78784 14.5 0.8 0.2 0.3 
IMI289680 1.1 1.1 0.2 0.4 
Mex7al 0.3 3.0 0.8 0.5 
Mex7aII 0.2 3.1 0.7 0.2 
Mex7aIII 0.7 3.1 0.7 0.2 
MexlB02 0.1 1.1 0.4 0.1 
LB2035-10 0.3 3.1 0.4 0.2 
CS18-0l 0.2 1.8 0.3 0.2 
HLB4003-l 0.2 1.0 0.4 0.4 
UP2003 0.2 1.9 0.2 0.3 
Control 0.3 1.4 0.3 0.3 
LSDo.os 10.8 2.1 0.5 0.3 

LSDo.os 
22.4 
9.4 
1.3 
1.3 
0.8 
2.5 
0.8 
3.1 
2.4 
0.6 
0.9 
1.2 

a All values of percentage diseased leaf area were determined 7 days after inoculation. All 
data are the averages of the flag and penultimate leaves with two replications each. Values 
were statistically analysed according to the least significant difference test (LSD) (P = 0.05). 
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Table 4. Analysis of variance for disease percentage diseased leaf area of four genotypes 
inoculated at the fourth-leaf stage with 11 isolates of Alternaria spp. 

Source of variation df Mean square F value P 
Isolate 11 846.4 122,3 <,0001 
Genotype 3 1109.0 185.0 <,0001 
Isolate-Genotype 33 571.8 87.9 <,0001 

Table 5. Analysis of variance for disease percentage diseased leaf area of four genotypes 
inoculated at the heading stage with 11 isolates of Alternaria spp. 

Source of variation df Mean square F value P 
Isolate 11 113,3 23,9 <,0001 
Genotype 3 152,3 108,1 0,0015 
Isolate-Genotype 33 110,8 20,4 <,0001 
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Table 6. Descriptions 7-days old colonies of selected Alternaria spp isolates growing on different media. 
Colony a Conidia b 

Isolate 
Radial growth colour bod~ long {l!:m} bod~ width ([!:ID) septa c beak 1 f h b't 

mm day·1 sporu a ion a 1 
Range Avg. Range Avg. {no.) {l!:m} 

IMI289962 6,1 brown olive 28-64 38 9-16 12 3-8 >7 (1) 2-3 conidia per sporulation unit 
IMI289680 4,9 beige 16-34 26 7-14 10 3-6 2-5 chains of 2-4 conidia 
HLB4003-l 4,7 light brown 28-53 37 9-14 12 4-9 2-5 chains of 1-4 conidia with aerial mycelium 

IMI178784 4,6 light brown 16-34 23 7-12 8 2-6 - (1) 2-3 conidia per sporulation unit 
Mex7alll 4,4 beige 23-41 32 7-12 10 3-7 - branched chains of 2-4 conidia 
Mex7all 4,4 white pink 21-46 32 7-12 9 3-6 - branched chains of 2-4 conidia 
Mex7al 4,3 white pink 23-44 32 7-12 9 3-8 - branched chains of 2-7 conidia 

UP2003 3,9 gray brown 23-35 28 7-12 9 3-5 - chains of 3-7 conidia 

LB2035- 3,6 whitepink 21-44 31 7-14 11 3-7 2-5 branchedchainsof2-6conidia 
MexIBV02 3,3 dark grey 23-46 33 7-12 9 3-7 - branched chains of 2-4 conidia 
CS18-01 2,8 brownorange 23-44 31 7-14 10 3-7 2-5 l-2conidiapersporulationunit 
a on minimal medium, 6 on PCA; c Septa = number of transversal septa 
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Annex: ;eelminthosporium Resistant Stock 2002-200~ (HLB): Final ~ise~s_e_~~o~inp Do.uble Dig}t Scale 
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E.No. Source 
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Parwaniour I Jessore I Ramour I Bhairahawa 
1 Grain I Grain I -, --1 Grain TKW l Grain 

E.No. I PARENTAGE I Source I HLB I Yield HLB Yield HLB I LR i Yield HLB gm j yield 
I Kg/ha Kg/ha , ! Kg/ha I Kg/ha 

52 MILAN/SHA7 CM97550-0M-2Y-030H-3Y-1Y-OY-1M-010MY-OM 3rd egpsn 83 T 32 . 3350 86 ~ .. 3000 83 \ 35 ! 1860 
--·-54··· TRlVENl/KRL-1-4·--·-·-·-·-----··------··---·---····-- 3rd egp-;n--··---·- a3"--;-28oO ---32--1·-357-0··- ·--99--·j o i263a·-·-· --··a5··1-·J"3-1---2oa·o·--···· 
-·57·-- ·Ni"NGa319-·--------·-·--·---·--·------·-------- ··ca siiAiis~iioa-· :·-54f--- ·-·32t-34oii-- ·--ii9(4o--r·3aaii·--- --··a3··--l-·32--r--·11ao··--
·--··---------- -···--····--··-·-···-··-·-·-··-·········----·---···-·-·---·-·---·--···--·····-·-······--··-----·······---····---···· --····---------------- -·-------1----·----- -·-·······-··-··'"··--·----------· ······---·-·T····-········1·······--····················· ·····------·-···1·····----------r-···································· 

83 TRAP#1/BOW//CBRD CMSS94Y01820S-0300M-0100Y- 3rd sn 84 i 2000 32 I 2970 89 I 0 2290 83 21 I 1220 0100M-BY-1M egp 1 I , ! ! 
···-----·-1-··----------·-·-·-·-···---·--·--·--·---·----------------·-·------- -----------------·-- -------·1-------- ---····---·--------·--· ·-·-······---··--··-l--···----··-···-····· --······-----+-·--····-···-·+····-········-················•· 

56 NING8201 CB BHA99-2000 86 ' 1800 32 ! 3390 88 I 50 I 3570 _84 ! 35 i 1190 --··--- ·---·--·-··-·--·-----···----·---·-·-····-----------------·-·-·--··--·-·--··--·-·---- ------------------- -----1--- ·--·-----+-·------ ·---··-----r----1-···-···--·-- ----------1··---------·-··-··--··-····-··--·· 
127 GAN/AE.SQUARROSA(236)//DOY1/AE.SQUARROSA ,. 1' 

(447)/3/MAIZ/4/INQALAB91 CASS99Y00002S-4Y-10B-2Y DHH 7-Rampur 87 I 2600 32 
1 

3280 87 ! 0 , 1490 82 
1 

31 , 2310 
---54-· "Paw·343-·---··---·-·----·-·-·--·--·--·----------··----·-·-----·-·--· -3";:-d"-;g;;~------- -··-·95-1--------- -·--3i-·1·--25ii·a- --·-·aa···r·<>--t··-·333·a······· -·-··55··-T·-3a··-·r·· 14iia··········· 

~!~-=: ~~::~~~~~m~~i~-··~·=·:====--===---=-~-=--=-~==~ ~::;:;s~--- =*~ 2~::-·--1~·~l ~~~-~--~ ~·-·~~~=t1°~T~-f¥s-r==:::~~-=r:~r-+~:=~~~~~:: 
·-·-·--·-··-- ··---------···---··--··---·-·--·-···-·-----·------·---------·- ------------ -·------.t--------···----·---r----·-·-· -·-··--·-····----·-··-.,.···-··-·····-·-·-·· -------------+-·------··················-··········-·· 

149 r~1~r:~;~i~~:~~~:~~~~~i~~~ 00045S-18PR- Bhairahawa 74 I 2200 33 I 5020 89 I 0 I 3030 83 I 38 I 1700 

*'~~~~==~~i~~ -ij!~~d:wm 
(447)/3/MAIZ/4/0ASIS/5*BORL95 CASS99Y00004S-20Y-1B· DHH 8-Rampur 73 I 2000 41 I 5500 87 I O I 2420 83 j 33 I 1930 
3Y ! ! . . ! i 

·11a-kRoc11A"i:sauP.(iiisilii<AuZi3/sA"s1:0.c-M5s93Yii1001s- ---
4
th gpsn · --;.;-r~ ··-~:;-1--352;·· ··--;-r-~-r-;~;;-· ··-·;;·-r·;-;-r-···~;;···-··· 

~~~~::~~~:=~~c~ -=-:~:~ .. ~~:: +,1-,:- -;:t:=1~1~ ·;;=~~!'*= 
CAWS98B00012S-136DH-ODH , I , ---------1-·--··------····---·-·--·---·-·--------·-·-··-------· ------·----- -------r----- ·--·-r----- ···-····---··-··r·---r-·-·-·····--··-·-··· ·--···-------..,·--------·, 

116 MUNIA/CHT0/3/PFAU/BOW/NEE#9/4/CHEN/AE.SQUA I I I ! i 
(TAUS)//BCN CMSS94Y02702T-030Y-0300M0100Y·0100M· 4th egpsn 84 j 2000 41 ! 3470 88 I 0 I 3000 84 I 29 I 2050 
16Y·7M-OY I I I I i ! 

~~~~~·lcw89-0~•~:::;::"0-0~~ I::: -::T~: ~;~~~ 
+re~~~~~~~:~y=~'"'-=*=-::f.:~~~=n~ 
----94··--1~2~~~~:V:O~:~~gf~i~~~~~~~~~~~~~3vo1001s:--·- AL00101 -------~~-;400 ~G"260 ··-·-;;--~-r- 2550-- ----831 21 I 10~~·--
-·-----·---·---·-----·-··-------------·---- ----------__ l___ --·--------·- ----·------·--···-----···· ------·--------···---·--·····--·-



129 

E.No. I PARENTAGE I Grain I I Grain \ - i- -, Grain I ----., -1 Grain 
HLB Yield HLB Yield HLB I LR Yield HLB TKW i yield 

1 Kg/ha _ Kg/ha i i Kg/ha i gm i Kq/ha 

Source 
Parwaniour I Jessore I Ramour I Bhairahawa 
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Paiwaniour I Jessore I Ramour I Bhairahawa 
Grain I Grain -, Grain W Grain 

E.No. I PARENTAGE I Source I HLB I Yield HLB Yield HLB LR Yield HLB TKm yield 
, Kg/ha Kg/ha Kg/ha g Kq/ha 
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E.No. Source I Grain I ,. Grain I ·--i j Grain I j Grain 
HLB lj Yield HLB . Yield HLB j LR , Yield HLB TKW I yield 

, Kg/ha Kgtha l \ Kg/ha gm ! Kg/ha 

PARENTAGE 
Parwanipur I Jessore I Ramour I Bhairahawa 
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Parwaniour I Jessore I Ramour I Bhairahawa 
Grain I I Grain I Grain I 1--, · Grain 

E.No. I PARENTAGE I Source I HLB I Yield HLB i Yield HLB LR Yield HLB I T~ I y.ield 
l Kg/ha I Kg/ha Kg/ha ! g I Kg/ha 
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I Kg/ha ! Kg/ha i i Kg/ha i gm I Kg/ha 

E.No. I PARENTAGE Source 
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