


Copyright© 1996 by University Extension Press, University of Saskatchewan, 

Saskatoon, Saskatchewan. 

All rights reserved. No part of this publication may be reproduced, stored in a 

retrieval system, or transmitted, in any form or by any means whatsoever, without 

prior pennission from the publisher. 

Printed in Canada by Mister Print Productions Ltd. 

Cover design: Huw Evans, EYECATCHER Graphics & Design 

Canadian Cataloguing in Publication Data 

International Oat Conference (5th : 1996 : University of Saskatchewan) 

V International Oat Conference & VII International Barley Genetics Symposium : 

Proceedings 

Proceedings of a joint conference held at the University of Saskatchewan, Saskatoon, 

Sask., Jul. 30- Aug. 6, 1966. 

Includes bibliographical references. 

CONTENTS: v. I. Invited papers - v.2-3. Poster sessions. 

ISBN 0-88880-347-8 (v. I) - 0-88880-348-6 (v.2) - 0-88880-349-4 (v.3) 

1. Oats - Congresses. 2. Barley - Congresses. 3. Oats - Genetics - Congresses.

4. Barley - Genetics - Congresses. I. Scoles, John Graham. I I. Rossnagel, Brian Gordon.

Ill. Fairbairn, Clare, 1953- JV. Slinkard, A. E. V. International Barley Genetics

Symposium (7th: 1996 : University of Saskatchewan) YI. Title. VII. Title:

VIII International Barley Genetics Symposium.

SB 188.2.1 5 1996 633.1' 3 C96-920105-2 



































































































38 PROCEEDINGS OF V IOC AND VII IBGS 

expected to rise from 169 million tonnes in the base period to 186 million tonnes 

in 2004/05. 
The forecast assumes that there are few significant new production technologies 

on the horizon that might sharply raise grain yields beyond existing trends. 

CWB trade forecast for wheat and coarse grains 

Wheat trade is expected to rise from I 04 million tonnes in the base period to 

about 125 million tonnes by 2005, with significant import growth for Latin 

America, Asia Pacific, the Middle East and Africa. 

World coarse grain trade is expected to decline from the base period average 

of 93 million tonnes to around 85 million tonnes by the year 2000. This is well 

below the I 00+ million tonnes levels seen between 1980 and 1990. Looking 

beyond the year 2000, coarse grain trade is expected to trend higher, reaching 

98 million tonnes by 2005. 

Trade forecasts for wheat and coarse grain (including barley) imply that major 

exporters will have some difficulty in supplying all of the market demand. The 

world's major grain exporters have, in most cases, highly developed economies 

with extensive livestock and food-processing sectors that supply both domestic 

and export markets. Because of these activities, the major exporters are likely 

to find that their domestic use of feed grains will continue to expand. This 

expansion will provide active competition with the export market. 

The coarse grain trade forecast of 98 million tonnes in 2005 assumes that 

exporters will significantly expand production and exports to meet import 

demand. Projected exports for all major competitors leave a considerable quantity 

to be supplied by the so-called minor exporters. Specifically, countries other 

than the five major exporters are expected to generate coarse grain exports in 

the five-year and ten-year forecast periods of 15 million tonnes and 20 million 

tonnes, of which China is projected to generate 4 million tonnes to 6 million 
tonnes. 

CWB trade forecast for barley 
Total barley 

World barley trade is projected to fall significantly, from 18.5 million tonnes 

in the base period to 16.5 mi Ilion tonnes in 2000, before recovering to 17 .6 

million tonnes in 2005. With trade at this level, barley should comprise just 

under 18 per cent of the projected world coarse grain trade of 98 million tonnes 

in 2005. Potential barley import demand in 2005 would be closer to 20 million 

tonnes, based on past trade patterns, but limited supply in the major exporting 

countries and relative prices for feed barley and corn are expected to limit trade 

to 17-18 million tonnes, as listed in Table 2. 

Various developments in each of the four major exporting countries will tend 

to restrict exports during the forecast period: 

• In Australia, a rapidly expanding beef industry is expected to create suhstantial
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increa ed regulatory scrutiny. High phytate crops have been discriminated against 
in ome region , and phytase feed additives have been develop d (Simon et al. 
1990) with partial access. It would clearly be preferable to develop low phytate 
crops, which could carry the benefit of reducing crop fertilization needs, as is 
currently being auempted with canola (Georges I 996). 

Trace residues in animal feeds 

Concern is frequently ex pre sed over the repeated, heavy manure application 
on lands adjacent to animal facilitie . This has become an issue in terms of 

heavy metals in grains destined for human food item ; animal feeds are 
potentially a greater concern because animal products provide the opportunity 

to accumulate throughout the food chain. 

Processing and grain characteristics 

Interest in feed processing as it affects nutritional value and feeding 
characteristics has never been higher than in the feed industry today. Much 
attention has been directed toward engineering/technological aspects, and 
differences in processing behaviour between major feed ingredients. The 
development of certain processing attributes could be a major incentive in 

ingredient election for animal feeds; for example, a premium is often paid for 
wheat in pelleted feeds due to its gluten content, which acts as a binder. This has 
assumed a new ignificance with the explosive growth in aquaculture, where 
pellet stability in water add a new dimension. More extensive cooking, achieved 
through extrusion (or expan ion), is increasingly popular in feed preparation, 
bey nd it original application in pet and fish feeds. One reason for exlrusion is 
that high levels of fat are achievable while still maintaining a formed end product 
with minimal fat leakage. Feed ingredients with a high carrying capacity for fat 
would e-njoy a premium in this market. 

Pelleting r extru ion are normally associated with centralized facilities - the 
capital cost would be prohibitive for farm-mix feeds, for example. Less intensive 
operations would only grind the grain prior to feeding. Even with this simple 
operation there is realization that parr.icle size distribution is an important 
determinant of animal productivity (Wondra et al. 1996). Grinding is essential, 
however, becau e generation of excessive fine particulate is detrimental for all 
species. For example, fines have been being linked to ulcers in swine and bloat 
in ruminants. Tempering, steam Oaking or even pelleting are proces ing method 
that endeavour to expo e the endo permal nutrient without generation of fine . 

While these traits are frequently discussed with reference to grain quality, 
there have been no systematic efforts to improve feed grains such as barley and 
oat. De irable feed proce sing attributes are comparable in principle to desired 
characteristics in the human food and perhaps malting industries. 

Novel traits 

Recombinant DNA technology theoretically provides an opportunity to introduce 
many biological products in most plant systems. Many biologicals produced with 































94 PROCEEDINGS OF V IOC AND VII IBGS 

environmental effects, it would appear that the most effective means of 

overcoming the antinutritive influence is through the use of exogenous dietary 

enzymes (Campbell and Bedford, 1992). In the last decade, considerable 

advancement has occurred in the commercial utilization of dietary enzymes to 

enhance the nutritive value of cereals for monogastric animals, particularly 

poultry (Annison and Choct, 1991; Chesson, 1993). The dietary enzymes improve 

the nutritive value of the cereals by depolymerizing the soluble polysaccharides 
that inhibit nutrient digestion. In this regard, relatively few cleavages or the 

polysaccharide chain are required to achieve the effect. As a consequence, a 

direct contribution to the energy content of the feed does not result, since complete 

digestion of the polysaccharide to allow absorption of the liberated 

monosaccharide sugars does not occur in the small intestine. However, an indirect 

effect on feed energy content through enhanced hindgut fermentation may occur. 

Advances in enzyme development may in the future result in the generation of 

enzyme mixtures capable of achieving complete depolymerization of the cereal 

polysaccharides. The importance of this from a nutritional standpoint is 

dependent on the constituent sugar content of the polysaccharides, and future 

strategies for genetic improvement of barley and oats need to be coordinated 

with developments in the use of exogenous enzymes to enhance nutrient content 

or cereals. 

Despite the availability of genetic lines of both hulless barley and hulless 

oats, and research data indicating the potential nutritional value of hulless 

material, there is not widespread production and use of hulless varieties 

as feedstuffs for swine and poultry. Table 4 summarizes the production 

performance of animals fed diets containing hulless barley or oats in 

comparison to control conventional diets. In western Canada there has been a 

renewed interest in hullcss barley, and further research is needed to document 

the advantages of this crop in terms of handling and storage characteristics, 

enhanced nutrient density and availability, and reduced potential for 

environmental pollution (Hickling, 1995). With increased acceptability of this 

crop at the commercial level, the opportunity lo exploit the genetic potential of 

Table 4. Productive performance of animal fed hulless barley or oats 

Hulless as% 

Test animal Test cereal Control diet Performance trait of control 

Growing pigs Hulless barley Barley Feed:gain 92.9 

Growing pigs Hulless barley Barley Feed:gain 94.8 

Laying hens Hulless barley Wheat Feed conversion 101.8 

Roaster chickens Hulless oats Corn Feed:gain 102.0 

Broiler chickens Hulless oats Corn Feed:gain IOI .4 

Broiler chickens Hulless oats Oats Feed:gain 88.0 

Growing pigs Hulless oats Corn Feed:gain 97.2 

Source: Data summarized from published literature. 























































122 PROCEEDINGS OF V IOC AND VII IBGS 

The Fertile Crescent, especially Israel, is the area where the highest genetic 

diversity is found (Jaradat 1992, Nevo 1992). 

Due to the close relationships to cultivated barley, ssp. spontaneum has been 

. ubject to intense evaluation tudies. The mo t studied field is re ·i lance lo pe l 

and diseases, such a aphid (Weibull 1994), p wdery mildew (cf. Kintzios & 
Fischbeck 1996), scald (Abbott et al. 1992) and ru I (Jana & Nevo 1991 ). Other 

area· include sire s tolerance, such as dr ught (Grando & Ceccarelli 1995) and 

quality trait (Jaradat 1991 ). 

Since 'pontaneum belongs to the primary genepool, it has also been 

repeatedly utilized in long-term barley breeding program with good 

succe ; e.g., in the WANA regi n by I ARDA (Ceccarelli 1989), 

Scandinavia (Lehmann & Both mer 19 8) and England (Ellis et al. 199 l) 

in backcross programs. 

An interesting approach to utilizing exotic germpla m in barley breeding is 

the creation of a "dynamic genep ol" (Vetelainen 1994). It i a composite cross, 

including 40 different accession , of which 20 arc modern North European 

varietie and breeding lines. The remaining 20 are exotic landrace and 

spontaneum · chosen for resistance characteristics. The genepool i de igned l 

compri e six gcnerati ns of recombination, where all lines are repre ented equally 

in controlled convergent cro e without selection. The gcnepool in the sixth 

generation is used for breeding as well as for research purposes. 

Despite complete compatibility in cro ses, landrace and spontaneum are 

laborious and time-consuming to use in practical barley breeding programs. A 

phase of prebreeding with at least three back-cro s generations is necessary 
between the evaluation of de irable traits and the conventional breeding program, 

due to the c nlent of unadapted and "wild' characteri tic in the more exotic 

germplasm (Lehmann & Bothmer 1988). 

As for landrace , special collecting of pontaneum has been undertaken in 

recent years and substantial holding arc built up in genebanks, uch a at 

lCARDA and in the United Kingdom, I rael and Turkey. However, no general 

survey of the genetic diver. ity of pontaneum ha been undertaken, which is a 

prerequi ite for the planning of further collecting of the taxon for ex situ 

preservation. 

There does not seem to be an immediate threat to the survival of ssp. 

spontaneum in nature. Plans for long-term in situ conservation reserves have 

been made in some countries (Israel and Turkey). 

The secondary genepool of barley 

Only the ingle ·pccies H. b11lbos11111 belong· ro the secondary genepool of 

barley. It is native 10 the Mediterranean area and extend eastwards to Iran. Jt is 

a perennial, tall-grown species with an outbrecding repr ductive paltern including 

a self-incompatibility system. H. bulbosum occurs in a diploid cytolype in the 

western part f the Mediterranean and in a tetraploid form in the eastern part. 
The b rder between the two cytotypcs is very harp and goe through central 





































































































































Session 7h: Ma1>s ancJ Chromosomes 

Comparative genetics of wheat, 

barley, oat, rice and maize 

W.A. Wilson, S.R. McCouch 

and M.E. Sorrells 

Department of Plant Breeding, Cornell 

University, Ithaca, United States 

Introduction 

Comparative mapping based on DNA markers detecting restriction fragment length 

polymorphism (RFLP) has documented the genetic conservation of linkage relationships 

among cultivated species of both mono- and dicotyledonous plants. Recent comparative 

mapping efforts in the grasses have focused on the identification of a set of cDNA probes 

from rice, oat, barley, and maize that detect "anchored" loci, linkage relationships, and 

homoeologous chromosome segments. Selected probes have demonstrated their efficacy 

for comparative mapping by hybridizing to DNA from seven grass genera (Van Deynze et 

al., 1995a, 1995b, 1995c ). The anchor probes were used to extend the existing RFLP 

linkage maps of rice (Causse et al., 1994), maize (Gardiner et al., 1993), wheat (Nelson et 

al., 1995a, 1995b, 1995c), and oat (O'Donoughue et al., 1992, 1995) and to compare map 

structure between these crops (Van Deynze et al., 1995a, 1995b, 1995c). 

By comparing linkage relationships among anchored loci, intervals of 

segmental homoeology have been defined across Oryza, Zea, Triticum, Horde um, and 

Avena (Ahn et al., 1993; Kurata et al., 1994; Moore et al., 1995; Van Deynze et al., 

1995a, 1995b, 1995c), as well as other inter- and intra-generic map comparisons. 

The identification of conserved linkage relationships throughout the grass family 

provides perspectives on the genetic relationships remaining in these diverged genera, 

and increases the understanding of these agronomically important species, both 

individually and in relation to each other. 

The ability to cross-reference related loci via RFLP linkage maps will facilitate the 

identification of related genes and the transfer of information across species. Recently, 

several quantitative trait loci associated with seed size, reduced shattering, 

daylength insensitivity, and osmotic adjustment were located on homoeologous 

chromosome segments in several grasses (Paterson et al., 1995). Correspondence of 

these QTL with homoeologous chromosome segments and putatively orthologous loci 

across genera indicates that the genes underlying many of these traits may be identical 

by descent. 
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262 PROCEEDINGS OF V IOC AND VII IBGS 

Kernel caryopsis 

In his review on hulless barley, Bhally (1986) indicated its p tential u e and 

limitation . Barley programs have since become intere ted in breeding hulless 
barley. The ICARDA/CfMMYT program is involved in breeding barley with 
multiple disease resi tance for farmer's use in the Ande and Himalayas where 

barley i a staple food. Hulles barley ha. advantages since it docs not require 
ieving and grinding operations to separate hu ·k from flour. In cuadorian 

markets, hulles barley fetches 10% more than hulled barley. Hu k weight can 
reach 10 to 13% of the total grain yield of hulled barley according l Bhatty 

( 1986). Low yields are often mentioned by farmers as the main reason for not 

growing hulless barley. 

Yield trial conducted al CIANO during 1994 howed that two hullcss barley 
cultivar had staLi tically similar yields 10 the hulled check. Both cultivars, 

Congona and Cerraja, were yield tested at the El Batan Experiment Stalion. The 

average yield wa. imilar to the yields found the previous year, but significantly 

different from the hulled check in seven of eight trials. A new cullivar, Petunia, 

had a yield of7.I t/ha, compared 10 the be t hulled check at 7.0 t/ha (Table I). 

The hulled cul ti var Tocte was u ed a a check in all experiment . The trials are 
being continued at CIANO. 

During the last decade, six countries have released hulless varieties in South 
America, Australia, and Canada from germplasm developed in Mexico. With the 

development of hulle ·s barley that posse se yield potential imilar to that of the 
best covered cultivars, a major barrier ha been overcome. This may re ult in a 
greater interest in hulless barley. lt i too early to evaluate wide adaptation in 

hul le s barley, but there is a range of cultivars available for improving nutritional 
quality for humans and monoga Lric animals. 

Multiple disease resistance 

The methodology for incorporating multiple disease resistance and for field 

screening 10 select for resistance wa discussed previously by Vivar et al.( 1986). 

Table I. Grain yield of hulless cultivars and the hulled check (Tocte) at the 
CIANO (1993-94) and El Batan Experiment Station, Mexico (1995) 

Cultivar name 

Cerraja 
Congona 

Petunia "S" 

--Yield t/ha--

1994 1995 

5.1 5.8 

5.1 5.6 
7.1 

CMB93-855-L-4 Y-6M-0Y 
Petunia "S" 6.6 

CMB93-855-M-1 Y-2M-0Y 

+ Average of eight yield trials.

-% hulled check-
1994 1995 

94 81 

93 78 

102 

94 
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at temperatures reaching 38° to 40°C. (Blum et al., 1994). Thus, while the size 

of the storage is preeminent, the size of the sink and its capacity to utilize the 

imported carbon is also important for allowing grain filling from stem reserves. 

Methodology and selection 

Clarke et al. (1984) demonstrated very well that simple relationships between 

stem reserve storage or remobilization and varietal drought resistance in terms 

of yield (such as by the "stress susceptibility index") are not to be expected. The 

impact of stem reserves should be evaluated only under stress conditions that 

equally inhibit crop assimilation during grain filling in all materials tested. 

Selection for better reserve-supported grain filling under stress may be 

performed by subjecting the population to the actual stress condition in the field, 

be it drought, heat or disease epiphytotics. It has been repeatedly argued that a 

tandard level of biotic or abiotic stress is difficult to achieve during grain filling 

in diver e genetic materials. The first difficulty is in the techniques for impo ing 

tre·s in large breeding populations in the field. The second difficulty is in the 

variable phenology of breeding material., which would not allow the researcher 

to affect the same timing and degree of stress after flowering in all materials 

(Blum et al., 1983b; Mahalakshmi et al., 1994; Clarke et al., 1984). 

Blum et al. (1983a, 1983b) proposed the use of chemical desiccation of the 

canopy after flowering as means for inhibiting plant photosynthesis and thus 

revealing the capacity for grain filling by stem reserves. The treatment does not 

simulate drought tress. It simulate the effect of tre by inhibiting current 

a similation. With this method they applied a chemical desiccant (magnesium 

chlorate or sodium chlorate; 0.4% w/v) a a spray to the canopy, including the 

ears. The treatment was applied to each genotype at 14 days after ant.he is, when 

kernel growth entered it linear phase. Al maturity, kernel weight was compared 

between treated and non-treated (control) plant , calculating the rate of reduction 

in kernel weight cau ed by the treatment. The rate of reduction was typically 

between 5% and 50% in different wheat materials. An important component of 

thi. test is that it must be free of any biotic or abiotic tre s, simply because if it 

is stressed then grain filling would also be reduced in the controls, a n ted also 
by others (Regan et al., 1993). 

Nicolas and Turner ( 1993) confirmed the utility of chemical desiccation as a 

means for revealing genetic variation in grain filling from stem reserves, and 

proposed the use of a leaf spray of potassium iodide (0.4% w/v) in wheat as a 

milder treatment that mainly destroys chlorophyll. Potassium iodide was working 

well al o for millet (Mahalak hmi et al., 1994) and sorghum (Blum, unpublished). 

The correlation across diverse genetic materials between the race of reduction 

in kernel weight by chemical desiccation and the rate of reduction by drought 

stress was found to be significant and reasonably high. It was r=0.81 *** and 

r=0.79** over two years in Blum (1983b); and r=0.48** and r=0.81 ** over two 

years in Nicolas and Turner ( 1993). The relationship also held well for several 

millet genotypes treated with KI (Mahalakshmi et al., 1984). Hossain et al. 
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Figure l. Frequency distributions of infection type (a), average lesion size (b) and number of lesions 

per unit leaf area (c), on barley cultivars P3, P4, and the F
1
, F

1 
x P3 (BC 1 ), F

1 
x P4 (BC2), 

F2, and F3 populations inoculated with a mixture of five isolates of Pyrenophora teres (n =

number of plants, .x = population mean and SE = population error). 
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