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Foreword

Following the advice of a panel of experts held in Vienna
in 1970, a co-ordinated research programme on the development
of improved techniques for the induction, selection and uti-
lization of mutations for disease resistance was set up by
the Joint FAO/IAEA Division with financial support "by SIDA.
Research co-ordination meetings were held 1971 in Nairobi,
Kenya, and 1973 in Novi Sad, Yugoslavia. (For ̂reports see
IAEA Panel Proceedings Series No. STI/PUB/388). This volume
contains the reports presented at the third research co-ordi-
nation meeting, held 15-19 September 1975 at Ames, Iowa (USA),
as well as conclusions and recommendations adopted by its
participants.
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ON THE MOLECULAR BASIS OF DISEASE RESISTANCE IN PLANTS *

P. ALBERSHEIM
Department of Chemistry
University of Colorado
Boulder, Colorado 80302

Abstract

The study of plant-pathogen interactions at the molecular level
has teen a largely unexplored discipline* Some pathogens are able
to attack a wide variety of plant species. Other pathogens are highly
selective in their host range. Most of these specific host-pathogen
species exist as a number of races, each of which is distinct from the
others in its ability to attack the various varieties of its host plant
species. Complex host-pathogen systems of this type have "been frequently
demonstrated to be gene-for-gene systems. This talk will consider the
current concepts of resistance in gene-for-gene systems. Evidence will
be presented to suggest that the products of the resistance genes of
plants are plasma membrance proteins which act as receptors for the
surface "antigens" of the gene-for-gene pathogens. It will "be suggested
that these surface antigens are the products of the corresponding
avirulence genes of these pathogens. The mechanisms by which an inter-
action between the surface antigens and the membrance receptors can lead
to resistance will also be considered.

Support by the National Science Foundation GB-41386, ERDA E(ll-l)-1426
and a Faculty Fellowship from the University of Colorado.

* Summary of lecture presented at the meeting.



Induction of Mutations for Nematode*
Resistance 1n Tomato

A. Alameddine
Plant Breeding Department

Agricultural Research Institute
Tel-Amara, Rayak, Lebanon

ABSTRACT

The objective of this work Is to develop resistance to root-knot
nematodes In tomato by Induction, selection and utilization of the
newly created resistant strains.

Seeds of two varieties of tomato Lycopesi&ic.on. eAcu£en£um I.,namely
Arcopack and Supermarmande, were subjected to various doses of gamma
rays ranging from 10 Krads to 40 Krads In an effort to gain resistance
to MeJtoidoQyne. incognita. Chltwood, the prevalent species of nematodes
in Lebanon.

The variety Supermarmande seemed not to be affected by irradiation
while Amcopack gained some resistance with a corresponding Increase in
the dose of radiation. The data suggest that in a variety like Amco-
pack, Irradiation may stimulate resistance while in others like Super-
marmande, susceptibility is not reduced with a corresponding Increase
of dosage.

Those alterations in reaction within varieties may be due to genetic
differences which allow some varieties to acquire resistance to nema-
todes when exposed to certain dosages, while others to suffer seriously
due to sensitivity.

INTRODUCTION

Root-knot nematodes cause severe damage in vegetable crops in Lebanon,
a Mediterranean country with long and dry summer. Losses due to those
pests have been recorded in many sections of the country, both on the coast
and In the Bekaa. The most prevalent species of nematodes In Lebanon is
found to be UeloidoQyne. incognita Chitwood. The purpose of this project
is to control root-knot nematodes on tomato by developing resistant varie-
ties through Irradiation.

* Research carried out under IAEA Research Con-tract No. 1524 SD.
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Table 1. Reaction of Two Varieties of Tomato to M. .incognita, as Affected by Different
Doses of Gamma Rays and Measured in Number of Galls per Centimeter of Root.

Variety

Amcopack
4324 Kgs/dunum

Dose fn
Krads

Control
10
15
20
30
40

No. of Galls Length in No. of Galls
in 5grs./root

137
68

155
61

116
42

Regression Coefficient

Control 79

Supermarmande
2455 Kgs/dunum

10
15
20
30
40

191
141
179
148
93

cms.

164
97

311
236
870
284

b » -0.019, t.

51
163
101
156
117
102

per cm.

0.835
0.701
0.498
0.258
0.133
0.148

a « 5.135, p<0.01

1.549
1.172
1.396
1.147
1.265
0.912

Reaction to Nematodes*

Tolerant
it

Resistant11
11

(highly significant)

Susceptible11
11

M

II

Tolerant

b » -0.012 tfa » 2.649 p >0.05 (not significant)

A variety was resistant when the number of galls per cm. ranged between 0.001 and 0.500
A variety was tolerant when the number of galls per cm. ranged between 0.501 and 0.999
A variety was susceptible when the number of galls per cm. ranged over 1.000
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Figure 1. Effect of Gamma Rays on Infection with M. incognita as Measured
in Number of Galls Per Centimeter of Root in Two Varieties of
Tomato.

MATERIALS AND METHODS

Seeds of two varieties of tomato, Lt/copewxcon eAculentum I., namely;
Ancopack and Supermarmande were treated with 10,15*20,30 and 40 Krads of
gamma rays using a cobaIt-60 source. The seeds were then planted in soil
Infested with nematodes in order to study the effect of radiation on the
reaction of the plant to this pest. At maturity, the plants were pulled
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out and roots examined for gall formation. Galls were counted In five
grams of root and the cumulative length of the root was determined. The
number of galls per centimeter of root for each treatment was tabulated
along with a descriptive reaction according to a set scale. The results
are given in Table 1 and the effect of Increasing radiation dose on gall
formation 1s shown In Figure 1.

RESULTS AND DISCUSSION

It Is apparent that the variety Amcopack responded better to gamma
Irradiation than Supermarmande. In Amcopack, the control tolerated the
pathogen to a good extent, and there was a good correlation between In-
creasing radiation doses and Increasing resistance* the latter being
measured in number of galls per centimeter of root. Only at 40 Krads,
the number of galls did not diminish but increased slightly. The varie-
ty Supermarmande, being susceptible, reacted differently. An increase
in dosage of gamma rays did not stimulate any appreciable increase in
the resistance of this variety to Meloidogyne, as revealed by the insigni-
ficant differences in the number of galls formed on the roots of that
variety when treated with increasing doses of gamma radiation. Regression
coefficients b were calculated and the test of significance for those
coefficients were determined for both varieties. The probability levels
were found to be p̂ .Ol and pV05 for Amcopack and Supermarmande res-
pectively. Statistical analysis of the data asserts that in the varie-
ty Amcopack, the increase in the level o,f resistance caused by an in-
crease in dosage of radiation is highly significant at 1% level of pro-
bability (p<̂ .01)whereas in Supermarmande, an increase in dosage of
radiation did not reveal any significant increase in resistance to
Metaufogt/ne as shown by the number of galls per centimeter of root(p̂ .OS).
Regression lines with their equations for both varieties are plotted in
dotted lines in Figure 1. It is possible that the different genetic
constitution of the two varieties may explain the difference in reaction
to the pathogen following irradiation. Determination of reaction was
done following an internationally set scale taking the number of galls
per centimeter of root Into consideration. So, a variety with galls
per centimeter of root between 0.001 and 0.500 is termed resistant, an-
other with 0.501 and 0.999 is termed tolerant, and a third where the
number of galls exceeds 1.000 1s said to be susceptible.
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The results obtained give a great possibility for using Amcopack
as an excellent breeding stock with the local susceptible variety, be
It Supermarmande or the very susceptible local, Kahaleh, with the
aim of Incorporating resistance in the latter to M. incoQnita. in the
course of four or five backcrosses. The project 1s being carried out
at the Agriculture Research Institute in Tel-Amara and we hope to
obtain promising results In two or three years.
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INDUCED MUTATIONS FOR DISEASE RESISTANCE IN WHEAT *
AND FIELD BEANS

T.M. ABDEL-HAK and AHMBD H. KAMEL

Institute of Plant Pathology, Agriculture Research Center
Giza, Egypt.

ABSTRACT

This work has been directed to induce useful mutations in
wheat and field beans resistant to diseases. The aim has been
to select mutants of the wheat variety Giza 155 resistant to leaf
rust, Giza 156 resistant to both leaf and yellow rusts and Tosson
with a reasonable level of combined resistance to the three rusts
in addition to mutants of the tetraploid variety Dakar 52 with a
good level of stem and yellow rust resistance. Seeds of these

60varieties were subjected to Co gamma at the levels of 10, 15 and
20 krad. During 1973 growing season, 500 M-^ plants were grown and
in 1974, 3000-3700 jut, plants were used from each variety/dosage.
Out of these 22 plants from both Giza 155 and Giza 156 although
susceptible they showed a lower level of disease development.
During 1975, flU families of these selected plants in addition to
6000 plants from bulked material were grown from each variety/do sage
at two locations. In the same time an additional population
consisting of 3000 mutagen treated seeds was grown to have a
reasonable chance of detecting mutants, out of these 2 heads from
each plant were harvested. These will be grown next season (1976)
to make a population of 25.000-30,000 flU plants and screened to
composite cultures of specific rusts.

For field beans, seeds of the varieties Giza 1, Giza 2 and
Rebaya 40 equally susceptible to rust and chocolate spot were

fiOsubjected to 3, 5 and 7 krad of W0o gamma radiation and 800 M-j_
plants were grown in 1972 representing each variety/dose. Up to
this later growing season (M,) no plant showing resistance to these
diseases was detected. Therefore, additional M^ population consisting
of 2095. 3267 and 3385 plants of Giza 1, Giza 2 and Hebaya 40
respectively was grown in a disease-free condition. From this material,
15.000-20.000 plants will be grown next season as M^, from each
variety/dosage in addition to M^ generation of earlier material.

The paper also gives a resum6 of the wheat disease situation
in Egypt and the Near East countries and the efforts so far achieved
in mutation breeding for disease resistance in both crops.

* Research carried out tinder IAEA Research Contract 'No. 1157 SD.
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1. INTRODUCTION
Wheat has a leading position among world crops since it

has many natural advantages as a food. The bread making quality
of wheat is the highest among cereals and provides almost 20 %
of the total calories for the people of the world.

Egypt produces an annual crop of about 1.7 million tons
of bread wheat (Eciticum aestiyum) on an area of approximately
500*000 ha. This production falls short by 2 million tons of
wheat to meet the local consumption needs of Egypt's present
population of 34 million people (1). Wheat rusts are the most
important diseases that cause production losses and are an
ever present threat to high productivity, although different
high yielding, fertilizer responsive wheat cultivars have been
produced or introduced, a great need to increase the overall
production is still urged to meet the rising demands of the
growing human population.

Under Egyptian conditions wheat is parasitized by the
three rusts, although stem rust has from a long time been under
control due to the presence of Srll gene in all resistant local
cultivars in addition to the early maturity of these varieties,
new virulences to this gene have been isolated since 1970 from
Egypt and many of the Near East countries (2,3). Leaf rust is
widely prevalent and often reduces the yield of commercial
cultivars. Qiza 155 wheat variety released in 1967/68 season
as resistant soon has been attacked similar to the newly
released Giza 156 which almost rust now at the same level of
Giza 155. 2he high yielding semi-dwarf varieties Mexipak 65
and Mexipak 69 in addition to Chenab 70 also are now badly
infected by leaf rust. Losses caused by leaf rust have always
been underestimated since a reduction of more than 50 % in
yield has been experienced in inoculated field plots (Abdel-
Eak, Kamel Unpubl.). Stripe rust although a cool weather
disease may cause severe losses when rust inoculum and environ-
mental conditions are optimum (4). Severe yellow rust epide-
mics in 1967 and 1968 reduced the total yield by IQg and 5#
respectively and caused the withdrawal of both Giza 144 and
Giza 150 wheat varieties from commercial cultivation (4,5).

The frequent emergence and spread of rust cultures
associated with new virulence patterns are among the most
important factors contributing to the difficulty in control-
ling cereal rusts through breeding (6). Breeding programs in
most countrie's of the world have been directed to the race
specific or vertical type of resistance which has produced
short-lived cultivars (7)* 5Bae use of different types of
resistance offers a solution to some of these problems espe-
cially if vertical resistance is combined with general or
horizontal type of resistance (7-11).

Field bean or broad bean (Yicia faba) is grown in most
parts of the world. In 1972 production in Western Europe was
0*8 million tons, Eastern Europe and USSR 0*03, Latin America
0.2, Near East 0.4. far East including China 3.5 and Africa
0*4 million tons (12). In most countries of these areas,
broad bean is used for human consumption. In Egypt it plays
an important role in Agriculture since it provides the main
source of protein for human consumption. Broad bean is the
major legume crop grown in Egypt and occupies almost 350*000
acres yielding an average of 2.45 tons/ha. (1969/73) while
the remaining legume crops occupy an area of 100.000 acre3(13).
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Under Egyptian conditions it is attacked by both, chocolate
spot (Botrytis fabae) and rust (Uromyces fabae) and usually
disease intensity is severe mainly in the northern parts of
the Nile Delta (Lower Egypt) where low temperature, high
relative humidity and rainfall favour their spread* Severity
of infection and yield losses vary from year to year accord-
ing to prevailing environmental conditions and losses of
40-50 % are not uncommon in severe attacks of chocolate spot,
5-15 % in moderate seasons, while for rust a 5-20 % reduction
in yield is annually experienced. Under extremely severe
chocolate spot infection, a complete loss in yield is not
uncommon while for rust the loss is smaller due to its late
occurrence during the season and therefore plants escape
severe losses

The most effective and less expensive method of control-
ling plant diseases is through breeding for disease resistance
either by conventional methods or by the use of radiation or
mutagenic chemicals.

Mutation breeding for disease resistance has been used
successfully in different crops. Out of the cereals, different
scientists reported on useful resistant mutants in wheat
(15-18), barley (19-22) and rice (25-28). Reports also showed
that irradiation and/or mutagenic chemicals have been success-
fully used to transfer alien genes for disease resistance from
wild and cultivated relatives of wheat to hexaploid and tetra-
ploid forms (29-35).

The work herein reported has been geared to induce useful
mutations in wheat and field beans resistant to diseases which
may be of direct or indirect use in breeding programs. The aim
has been to select mutants of the wheat variety Giza 155 resis-
tant to leaf rust, Giza 156 resistant to both leaf and yellow
rusts and Tosson with a reasonable level of combined resistance
to the three rusts in addition to mutants of the tetraploid
variety Dakar 52 with a good level of stem and yellow rust
resistance. For field bean the aim has been to select useful
mutants of the three varieties Giza 1, Giza 2 and Rebaya 40
with combined resistance to both chocolate spot and rust.
2. MATERIALS AND METHODS

Wheat and broad bean cultivars have been selected for this
work according to their economic importance and disease reac-
tion and this work started in 1972/75 growing season,

2.1. MATERIALS

2.1,1, Wheat varieties
released

Giza 155 a high yielding variety/ in 1967/68 growing
season as resistant to the three rusts, but soon has been
attacked by leaf rust that cause a considerable reduction in
yield. It occupies the first rank in acreage and during the
period 1969-1972 inclusive almost 80-90 % of the total wheat
area was under this variety. In this season it is planned
that about 600.000 acres be grown to this variety represent-
ing almost 50 % of the total wheat acreage.

Giza 156 a high yielding variety outyielding Giza 155
by 10 % was released in 197 V? 2 growing season and recom-
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mended for Middle Egypt due to its sensitivity to yellow rust.
Soon after release it has been attacked by leaf rust. When
this project started, the alia has been to select mutants
resistant to yellow rust but now mutants for both leaf and
yellow rust resistance are detected.

Tosson wheat variety an old cultivar was produced by
selection from material originally introduced from India in
1920. This variety has for a long time been under cultiva-
tion due to the high yield and excellent grain quality
(mainly seed size and colour). It is extremely susceptible
to the three rusts although it shows some tolerance to these
diseases.

Dakar 52 a tetraploid variety originally selected from
local material and still in use in very restricted areas in
Upper Egypt for spaghetti and different kinds of local foods.
It is sensitive to both stem and yellow rusts and has good
resistance to leaf rusu.

2»1.2. Broad bean varieties
Giza 1, a high yielding variety occupies an area of

100.000 acres in Lower Egypt. It is the first variety relea-
sed originating from crossing the local strains F,19 and F.23.

Giza 2, a high yielding variety produced by direct
selection from indigenous material and occupies an area of
150,000 acres in South of the Nile Delta and Middle Egypt.

Bebaya 40, a high yielding variety produced by direct
selection from indigenous material and occupies 100.000 acres
in Upper Egypt.

These three varieties although susceptible to both
chocolate spot and rust they cover the whole acreage under
field beans (13).

2«1»3« Mutagenio treatment
Seeds of wheat varieties were subjected to 10, 15 and

20 krad of »00o gamma rays while for broad beans the doses
3, 5 and 7 krad were used.

2.2. METHODS
Inoculation.

For leaf and yellow rusts, spreader rows (mixture of
susceptible varieties) are sprayed with water using a low
volume portable back sprayer when plants are at growth
stage 8 (last leaf just visible according to the Feekes1 scale)
(36). These plants are then directly dusted with a mixture
of talc and rust urediospores (20:1) using cyclones of diffe-
rent sizes (37-38) • Rust inoculation has always been made
during evening time to ensure successful infection. For stem
rust, the same procedure is followed in addition to hypo-
dermically injecting plants with an aqueous spore suspension
of composite cultures. Moreover after rust appearance on
spreader rows the whole material is sprayed with a spore
suspension of specific rusts. These methods are usually satis-
factory and a high infection is always obtained. In 1973/74-
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growing season (M^), leaf rust races 57(U1U7) and 77(UN12)
were used in addition to stem rust races 9,11,11A, 14,17,24
and 24 and yellow rust race 6.S16. In 1974/7:? growing season
(M*) the same stem and leaf rust races have been used at both
Sakha and Balrcim in addition to yellow rust races 2&1S, 6&L6
and 6370 for Sakha nursery.

For field beans no artificial epiphytotic has been
maae with either chocolate spot or rust since environmental
conditions at Sakha jacp. Hes. Sta. usually favour severe
infection raainly when plants are sown early in the season
(October) and disease infection is equivalent in intensity
to artificially inoculated plots.

2.3. SELECTION

Both tne type of infection (response) and severity
were scored for each plant and disease and usually a score
of 80-100 S is obtained to these diseases on specific
spreader rows. Selection is made to plants showing complete
resistance to specific disease if present, if not plants
showing a lower level of disease development are selected.

3. RESULTS

3»1« Wheat
Data obtained on the effect of different doses on

germination and survivals of MI plants, greenhouse evalua-
tion to different leaf and stem rust races, maturity, plant
height, number of main and late tillers in addition to morpho-
logic deviations (plants with pigment deficient sectors and
head deformities) have earlier been reported (39)•

It was generally found that the different doses used
decreased plant height. The extent by whicn a given dose v

affected plant height depended on the variety under conside-
ration (.Table I). The doses also increased significantly
the number of both main and late tillers. The extent of this
effect for the main tillers depended on the variety under
consideration. The tetraploid variety Dakar 52 was more
affected with the higher dose (20 krad) than the other culti-
vars (Table II). The number of late tillers has also been
greatly affected mainly in the higher doses (Table III).

In 1973/74 growing season (tn,e second year of this
program), the total of 3000-3700 M£ plants were grown from
each variety/dosage at Bahtim. This included 1000-1200 plants
originating from bagged MI heads for each dose in addition to
2000-2500 plants from bulked seeds. This material has been
evaluated to tne prevalent races of wheat rusts. Based on
rust readings for genotypes carrying known genes for resis-
tance to stem rust, the nursery sustained virulences for the
following genes :

S, £o! 21, £2,̂ ^ius~Srj|) ft*£T"and L27^LeaF*rust~records
on Wichita and Tnatcher backcross near-isogenic lines for
resistance in addition to varieties carrying known genes for
leaf £ust resistance indicated virulences for Lrl. 2a(=2)
*»'=*•*• *~'-*K ^d, 3, 9, 100*1), 11, i£, 12, 14a. JAbT

I and 2g. virulence for stripe rust was
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associated with physiologic race 6E16 attacking Jr6 (Heines
Kolben), Yr2.(Lee) and Jr8 (Compair).

Out of tne M2 material screened, 6 plants of Giza 155
(10 krad) showed a lower level of leaf rust development in
addition to 5 and 1 of the same variety subjected to 15 and
20 krad respectively. On the other hand, 5 #2 plants of
Giza 156 (10 krad) also showed a lower level of disease deve-
lopment in addition to 4 of the 15 krad and one of 20 krad.
For both Tosson and Dakar 52 no plants showing resistance or
a lower level of disease development have been detected.

In 1974/75 growing season, the abovementioned 22 plants
were grown as Mj families at Bahtim (Table IV) in addition to
3000 plants from each variety/ dosage. This material has been
under artificial inoculation to the above mentioned stem and
leaf rust virulences. The same size of population (3000 M*
plant from each variety/ dosage) has also been grown at
Sakha and subjected to the same inoculum in addition to .
yellow rust races 2B16 and 6E70. The former race is virulent
to Yr7 (Lee) and Yr8 (Compair) while the latter is virulent
on Yr6« Yr8 in addition to varieties Heines Peko, Reichers-
berg 42 and Spaldings Prolific.

Unfortunately due to adverse environmental conditions
at Bahtim, leaf rust showed up late at the end of the grow-
ing season so that rust development was not adequate to
proof the slow rusting of the selected 22 1̂ 3 families, there-
fore the best three plants from each in accordance to agro-
nomic characters, vigour and yield were selected as repre-
sentatives for further tests.

At faakha no plants showing either complete resistance
or a lower level of disease development have been detected.

On the other hand, in an aim to have a better chance
of detecting resistant mutants, the total of 3000 irradiated
seeds have been grown at Bahtim under rust-free conditions
from each variety/ dosage. At harvest, two heads were collec-
ted from each plant* This material will be used to grow
25-000-30.000 M2 plants next season and evaluated to specific
rusts.
5.2. Field bean

In 1972/73 growing season, -che total of 1.802, 2019
and 1.94-9 MI plants were grown from Giza 1, Giza 2 and
Rebaya 40 respectively. Data recorded on this population
has earlier been reported (39). M^ and Mz populations have
been grown at Sakha under severe disease conditions and no
plant showing complete resistance t&'chocolate spot., rust or
both was detected although different plants showed a lower
disease severity. These plants were selected for further
tests for heritable resistance.

Although these plants showed a lower level of disease
development, they can not be considered as true resistant
mutants since mutation for ear line ss in broad bean will lead
to disease escape under Egyptian conditions.

Population size and selected plants of MI and ifc> are
presented in Table v while those of Mz are presented in
Table VI.
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On the other hand, additional Mi population consisting
of 2095» 526? and 3585 plants of Giza I, Giza 2 and Hebaya 40
respectively was grown under disease-free conditions at Bahtim.
From this material 15.000-20*000 plants will be grown next
season as M2 from each variety/dose in addition to M^ families
selected as*"possibly showing less disease.

4. CONCLUSIONS AND DISCUSSION

The results showed that out of the wheat material
screened no plant showing complete resistance to rusts was
detected although 22 i/b plants out of approximately 50,000
were selected since they showed a lower level of leaf rust
development. In this work, composite cultures ox' leaf rust
were used in evaluation, therefore tae low level of disease
development so far detected can be due either to a) true
mutations for disease resistance in some loci involved for
leaf rust resistance ro some races or to b) slow rusting.

Loegering (.40) showed that the variety-culture combi-
nation must give high infection type and that normally the
culture should have many genes for low pathogenicity but a
single widespread culture with many genes for high patho-
genicity may be used when it is desired to obtain a single
mutation for low reaction to match a chance corresponding
gene for low pathogenicity in the culture. He also reported
that a small chance of success is present when using a
population of cultures to detect mutations for low reaction
to match a corresponding gene for low pathogenicity common
to the population. This may explain why no mutants for
complete resistance were detected.

For the second assumption, Knott and Hughes (6) showed
that the slow rusting attribute of some varieties is conside-
red to be the result of both delayed and reduced pustule
development which in turn appear due at least partially to
resistance to successful establishment of the leaf rust fungus
in the host leaf tissue. Unfortunately due to adverse environ-
mental conditions, leaf rust developed on Mz families late in
this season and therefore no chance of proving either the
delay in pustule development or the reduction in pustule number
was possible therefore, the best three plants according to
growth, vigour and yield were selected from each family for
further tests of heritable slow rusting. If these selected
plants will again show slow rusting, studies on the rate of
hyphal development and growth in the host tissue will be
carried*

In field bean varieties no mutant showing complete
resistance to either or both diseases has been observed in
M^ and Mz population. This can be due either to the small
population size or that unlikely chocolate spot and rust
virulences present have many genes for pathogenicity. Again
different plants showing a lower level of disease develop-
ment have been selected) although these can not be regarded
as true mutants for lower disease development, they are
mostly mutations for ear line ss and therefore plants escaped
disease. Regardless of the cause of the low level of disease
development observed, these plants can be used successfully
in breeding programs and it is planned for the next season to
record on ear line ss of these families in relation to disease
reaction.
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It was expected that plants showing a lower level of
disease development should be more observed in Dakar 52 of
the wheat group in addition to Giza 2 and Rebaya 40 of the
field beans since these are direct selections from very old
indigenous material that may have more chance of possessing
resistance of the general type than others and therefore
more emphasis will be given to Mg plants of these varieties
in the second phase of this work*"where additional MI popula-
tion has been grown during 1974/75 growing season «

If the so far selected wheat plants are true tolerant
mutants, they can either be used directly for cultivation or
used as recurrent parents in the development of isolines for
use in multilines when requested (41) •

5* PROPOSED PROGRAMME FOR TEE NEXT PHASE :

a) Progenies of previously selected wheat and field
beans showing a lower level of disease development will be
further tested for heritable tolerance. For field beans
special emphasis will be given to ear line ss of these plants
as probable mean of disease escape.

b) From additional MI population grown in 1974/75
growing season, the total of 25*000-30.000 M2 plants
will be grown from each wheat variety/ dose to have a reason-
able chance of detecting resistant mutants. For field beans,
15*000-20,000 M2 plant will be grown representing each
variety/dosage .

c) M£ wheat material' will be subjected to artificial
epiphytotic with the prevalent races of specific rusts while
for field beans the material will be grown at Sakha where
natural infection conditions are usually high.

d) Special emphasis will be given to detect small
deviations in disease development on varieties originating
by direct selection in old indigenous material since these
may have a better chance of possessing resistance of the
general type. Plants showing either reduced or delayed
disease development will be selected for further use.

e) Plants showing complete resistance from either
wheat of field bean varieties will be selected either for
direct or indirect use in breeding programs.
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TABLE 1 : SPPECT OP DIFFERENT RADIATION DOSES ON PLANT HEIGHT
OF M WHEAT VARIETIES.

DOSE

Co gamma

10 krad
15 irad
20 krad
(Control)

VARIETY AND HEIGHT IN Cm.

GIZA 155

90.36

86.82

85.96
97.33

GI2A 156

88.05
83.89
89.08
93-63

TOSSON

97.57
72.55
77.43
83.13

DAKAR 52

81.47

,87.62

83.05

96.71

MEAN

89.36 *
82.72 **

83.88 **

95.20

LSD 05 (DOSE) = 4.86 *+ LSD 01 = 6.49

LSD 05 (DOSE x VARIETY) = 9-72 LSD 01 =12.96
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TABLE II : EFFJtiOT OP DIFFERENT JtiADIATION DOSES ON THE NUMBER
OF MAIN '1'ILLERS OF M-, WHEAT VARIETIES.

DOS*
° Go gamma

10 israd
15 krad
20 krad
(Control)

VAtiIjivDY

GIZA 155

17.47
17.63

16.87
16.09

AND NUMBER

GIZA 156

18.96
17.46

16.65
19.83

OF MAIN

T08SON

26.45

24.03
20.78

24.53

TILLERS

DAKAR 52

19.73
17.04
46.80
12.28

MEAN

20.65
19.04

25.28

18.18

LSD 05 (DOSE) = 3.37 LSD 01 = 5.70

LSD 05 (DOSE x VARIETY) * 6.74 LSD 01 = 9.00

TABLE III : EFFECT OF DIFFERENT RADIATION DOSjJiS ON THE NUMBER
OF LATE TILLERS OF i VfitSAT VARIETIES.

DOSE
60Co

10

15
20

gamma

krad
krad
krad

(Control;

VARIETY

GIZA 155

1.28

1.79
2.82

1.29

AND NUMBER

GIZA 156

1.38
3.48

1.94

0.66

OF LATE
TOSSON

2.27

3-83
3.56
1.41

TILLERS

DAKAR 52

2.04

1.66

3-56
0.84

MEAN

1.74

2.69
2.92
1.05

LSD O5 (DOSE) = 0.92 LSD 01 = 1.23
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TABLE IV s LIST OF GIZA 155 AND GIZA 156 1̂  PLANTS SELECTED
SHOWING A LOWER LEVEL OF LEAF RUST DEVEL02**

VARIETY DOSE M, FAMILY DESIGNATION
60Go gamma

GIZA 155 10 krad GI2A 155. I B-16-lBh
21-lBh
26-lBh
53-lBh
65-lBh
91-lBh

15 Jccad , II Sh- 5-lBt
39-lBti

B-25-lBh
38-3JBh
42-lBh

20 krad ,111 B-88-lBh
GIZA 156 10 krad GIZA 156,1 Sh- 1-lBh

12~lBh
31-lBh

, I B- 5-lBh
13-lBh

15 krad ,11 Sh-13-lBh
15-lBh
22-lBh
4*-lBli

20 krad ,111 B-72-lBh

No. OF PLANTS
GROWN *

300
300
300
300
300
300
120
246
300
300
180
300

300
180
300
300
300
300
300
300
120
300

Bafctim 197V75 growing season*
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TABLE V : M, AND Mn POPULATION SI2E AND SELECTED PLANTS IN BROAD BEAN

VARIETY

GIZA 1

GI2A 2

REBAYA 40

60Co gamma M, POPULi
DOSE TION

3 krad
5 krad
7 krad

Grand Total
3 krad
5 krad
7 krad

Grand Total

3 krad
5 krad
7 krad

Grand Total

712
667
423

1.802

725
705
579

2.019
680
700
569

1.949

Ju^^ '
L- ——— fc-

SINGLE
PLANT

4.540
2.840
3.480

10.860

2.740
3*340
3.800
9.880

2.020
3.100
2.340
7.460

POPULATION SELECTED
BULK

1.000
1.000
1.000
3.000

1.000
1.000
l.OU)
3.000

1.000
1.000
1.000
3.000

TOTAL

5.540
3.840
4.480

13.860

3-740
4.340
4.800

12.880

3.020
4.100
3.340

10.460

PLANTS *

250
187
118

54
26
28

1O8

25
28
46
99

Plants showing lower level of disease development and good yield.



TABLE VI : M, POPULATION SIZE and SELECTED BROAD BEAN PLANTS.

to
CD

DOSE
VARIETY 600ogamma

GIZA 1

G.

GIZA 2

G.

REBAYA 40

G.

3 toad
5 toad
7 toad
Total

3 toad
5 toad
7 toad
Total

3 toad
5 toad
7 toad
Total

M, POPULATION

SINGLE
PLANT

5.000
3.340
2.360

10.700

1.080
.520
.560

2.160

.500

.560

.720
1.780

BULK

2.320
1.480
1.480
5.280

1.480
2.400
2.040
5.920

2,960
1.480
2.960
7.400

TOTAL

7.320
4.820
3.840

15.980

2.560
2.920
2.600
8.080

3.460
2.040
3.680
9.180

REACTION *
TO DISEASES

60-90S
60-90S
60-90S

60-80S
60-80S
60-80S

60-90S
60-90S
60-90S

NO OF SEL. PLANTS DISEASE**
cs P TOTTJT SCORE OFto.*. JiUJjK. SELECTIONS

Ch.S. Rust

12
16
4

5
4
3

12

1
1
3
5

57
53
60

170

70
50
39

159

100
100
60

260

50S
40S
30S

20S
20S
20S

20S
203
20S

60S
50S
50S

40S
403
40S

40S
403
40S

* Figures indicate the range of diseases in the population.
*+ Disease score of specific selected plants. (Ch.S = Chocolate spot).



Winter wheat mutation breeding for resistance and tolerance *

Z. BARABAS, Breeder and Geneticist
Cereal Research Institute,
Szeged/ Hungary

Z. KIRALY, Physiologist and Pathologist
Research Institute for Plant Protection,
Budapest, Hungary

ABSTRACT

Mutation for vertical mildew resistance did not seem to
be promising under our environmental conditions. Occasionally,
we detected moderately disease resistant types in the M3 and
M,. However, the rate of mutations for moderate type of re-
sistance for five diseases was indeed lower in the irradiated
populations than in the non-irradiated ones. On the other
hand, in the production of characters which used to be con-
sidered as non-progressive from an evolutionary point of view
/e.g. dwarfness/, induced mutations seemed to be superior
over spontaneous mutations.

The usefulness of three methods for screening large mu-
tant populations for race non-specific disease resistance,
namely the Tolerance Test, the Multitolerance Test and the
Center Pivot Method is discussed.

Regarding the biochemical nature of rust resistance, we
came to the conclusion that the so called common antigens
correlate compatibility between the host and the pathogen
only on a species level. However, the "common antigen theory"
i.e. the occurrence or the lack of common antigenic proteins
in host and pathogen does not offer an explanation for sus-
ceptibility or resistance, respectively on a cultivar level.

£he basic principle of our work was to induce and search
for such disease resistant lines /mutants/ that improve the
practical value of wheat and to know something more about the
physiological background of the mechanism of resistance. We
applied X-ray and fast neutron treatments in low doses /X-ray
less than lo.ooo r, fast neutron maximally 5oo rad/ for in-
duction of resistant mutants. These doses resulted in little
morphological and physiological changes. The M2, M- and M.
generations of numerous lines were tested both in nurseries
and in the greenhouse with artificial inoculation. /!/

Research carried out under IAEA Research Contract No. 1185 RB.
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The experiments included a wide range of Triticum
aestivum cultivars such as Bezostaja 1, a Soviet winter
wheat with excellent adaptation ability, Bankuti 12ol, an old
and GK-2, a new Hungarian winter quality wheat, and Tobari
66, a Mexican spring wheat. Altogether 35o.ooo M, and 45.ooo
M. genotypes of wheat were screened for powdery mildew "immu-
nity" under heavy inoculation, however without success. That
is, mutagenically induced vertical resistance against mildew
could not be found at least in our environmental conditions.
Much less mutant material consisting of about 4ooo genotypes
was studied for stem rust resistance. Only one stem rust re-
sistant putative mutant could be found in 1975.

It was established that mutation for vertical mildew re-
sistance does not seem to be promising or at least the re-
sults cannot be compared to those with crosses. One has the
feeling that less effort is necessary to transfer existing
mildew resistant genes from one cultivar into another with
the backcross method.

On the other hand, occasionally we detected moderately
mildew resistant types /with reduced number of infection
sites and restricted spore production/. These types are
probably biotypes of tolerant or field resistant populations.
However, such types also occur spontaneously in the untreated
lines. The frequency of moderately mildew resistant mutants
observed in the Mg-M^ generations was compared to the fre-
quency of the moderately resistant lines observed in a check
material with comparable size. The check material was ob-
tained from the original untreated cultivar.

We studied this moderate type of resistance for five dis-
eases: mildew, stem rust, leaf rust, Septoria nodorum and
Septoria tritici. The result is demonstrated in Figure 1. It
was found that the frequency of mutants for disease resis-
tance was lower in the irradiated than in the non-irradiated
populations for each disease.

But the situation was the reverse for five types of
physiological or morphological mutants /earliness, lateness,
dwarfness, semi-erctness and speltoidness/ /Figure 2/. The
rate of mutations was generally higher in the irradiated
populations than in the non-irradiated ones. This proves
again that induced mutant forms are usually progressive only
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Pig. 1 Frequency of resistant genes in M3~M4 generations of irradiated populations and
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with respect to human necessities but are deleterious from an
evolutionary point of view /for example dwarfness/. The pro-
duction of mutant forms /for example disease resistant types/
that are progressive with respect to the evolution is much
more difficult. It would seem that it is easier to destroy
than to create something.

In spite of the limited number of experiments we were
able to conduct/ we came to the temporary conclusion that
the generally used mutation-breeding methods, which are also
widely applied in Hungary, are not effective enough. It was
sometimes frustrating for us to irradiate and then to select
from a few thousand or a few hundred thousand genotypes.

We need more effective mutagen treatments and new methods
to screen larger mutant populations. It is further more de-
sirable to determine the physiological and genetical back-
ground of tolerance and field resistance.

We have adapted and introduced three methods to study the
practical side of the race-non-specific type of resistance,
namely the Tolerance Test, the Multitolerance Test and the
Center Pivot Method.

The procedure of Frey et. al. /2/ and Bronnimann et. al.
/3/ was adopted for wheat stem rust /Table I/. This method is
based on the dependency of the looo kernel weight on disease
intensity and seems to be suitable to approach the effective-
ness of tolerance.

In large scale cultivation it is usually necessary for a
cultivar to tolerate several diseases in the same field. It
often occurs that two or more diseases attack parallelly.
Some of the diseases can interrelate not only with the host,
but also with each other. For example, there is a relation
between mildew and Septoria. /4/ So far there has not been
too much opportunity to study these interrelationships in the
course of our breeding work at least not in regular patholog-
ical nursery. We investigated the tolerance of a series of
lines infected with a group of various diseases parallelly
/stem rust, leaf rust and Fusarium accompanied by strong
spontaneous mildew and Septoria infection/. This type of ex-
periment, which may be called the Multitolerance Test, seems
to be more suitable for demonstrating disease resistance in
practice both for farmers and breeders. Representative data
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Fig. 2 Frequency of physio-morphological mutants in M,-M. generations of irradiated
populations and in non-treated cneck populations
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TABLE I Stem rust tolerance test in 1973, 1974 and 1975,
Szeged, Hungary

Genotype

Hays 2
Norim lo

INC 1975
Pitic

Hokuriku
MT 1122

Disease

reaction

S
S

R
R

T
T

diseased

1973

43,7
67,4

9o,9
84,8

118,o
99,1

looo kernel weight
plot in percent of

plot
1974

73,2
71,3

92,4
91,o

79,7
9o,6

of
protected

1975

82,1
51,6

54,8
96,7

66,2
82,4

Notes: See Table II.

TABLE II Performance of six genotypes in the Multitolerance Test
in 1974-75, in Szeged, Hungary

Genotypes

Nrn 16

Gaines

Arthur

Pitic 62

Fe 1.17

Cama

Block
types

diseased
protected
diseased
protected
diseased
protected
diseased
protected
diseased
protected
diseased
protected

D I S E A S E S
Eg Puccinia Septoria Fus

gr re tr no

86 4 3 4 2 o
84 1 1 2 o o
53 5 6 1 o o
84 4 1 1 o o
oo o 2 o o o
oo o o o o o
21 o o 2 o o
OO O O 0 O O

84 1 5 4 o o
53 o 1 2 o 1
21 4 7 3 o o
oo 1 1 o o o

looo
kwt

7,9
2o,9
9,5

24,5
42,8
44,9
3o,5
31,5
4o,7
43,5
29,5
29,9

Disease
reaction

S

S

R

R

T

T

Notes: ̂ susceptible
R=resistant
T=tolerant

Ec[sErisiphe graminis
gr=graminis
re=recondita

Fus-fusariums
no= nodorum
tr= tritici
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with six genotypes from an experiment with 2oo lines are
shown in Table II.

Unfortunately neither the Frey-BrSnnimann Tolerance Test
nor the Multitolerance Test are accurate enough for a satis-
factory evaluation of the results statistically. /Table I and
Table II/ It seems indispensable to sow plant materials in
replication in future investigations to measure both the looo
kernel weight and the grain yield.

The Center Pivot Method was developed to evaluate the
field resistance and tolerance in a large scale nursery under
natural field conditions. /5/ It is an exact and useful, but
expensive and time consuming method to study the development
of local epidemy. We accumulated experiences during the past
four years and would like to assess _2g genotypes in four rep-
lications on one hectare area. These methods help the workers
to obtain accurate fundamental information and to elaborate
and check the laboratory test of field resistance or toler-
ance.

We were also engaged in investigating the biochemical
basis of resistance of wheat to stem rust. We carried out
serological tests to determine common antigenic proteins in
different wheat hosts and races of stem rust /Puccinia
graminis/. The idea was that susceptible hosts share common
proteins only with rust pathogens or races of a particular
rust species to which they exhibit a compatible relationship.
In an incompatible host/pathogen relationship, in other words
in the resistant plant, there are no common proteins: the
host does not share common antigens with the incompatible
rust.

As regards the methods, we prepared antisera against the
wheat cultivar Reliance and against Puccinia graminis f. sp.
tritici race 11. Thirty gram primary wheat leaves were homo-
genized in 9o ml of o,15 M phosphate buffer /pH 7.o/ in a
cold room at 4°C. The sap was centrifuged at 5 5oo 3 for 3o
min. at O°C. The supernatant was re-centrifuged in a pre-
parative ultracentrifuge at So.ooo g for 1 h. The protein in
the supernatant was precipitated by adding ammonium sulfate
until 95% saturated, then centrifuged at 5 5oo g for 15 min.
at O°C. The pellet was dissolved in o,l M phosphate buffer
/pH 7.o/ and dialyzed for 24 h against the same buffer at
4°C. This protein antigen was injected into rabbits. Antisera
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were prepared by five intramuscular injections of the protein
antigen at 2-week intervals. In fact, the rabbits were in-
jected with 2,5 ml portions of the mixture of 6,25 ml antigen
/containing 1% protein/, 12,5 ml of o,9% NaCl, 5 ml Al/OH/3
gel and 1,25 ml of 5% phenol into both hind legs. Ten days
after the fifth injection the rabbits were bled through the
carotid artery. The antisera were combined with antigens and
antisera titers were determined by the complement fixation
reaction. The agar-gel-diffusion test was ineffective in
these experiments, thus only the complement fixation method
was applied throughout our investigations.

In experiments where the antigenic protein of stem rust
race 11, Uromyces phaseoll /bean rust/ and Uromyces fabae
/broad bean rust/ were compared to the proteins of wheat
cultivar Reliance the following conclusion was made: the
wheat cultivar Reliance shares more common antigens with a
compatible wheat stem rust race that with the incompatible
bean rust or broad bean rust. In fact, the last two rusts
that are incompatible to the wheat host have practically no
antigens which are common with those in the wheat. One can
conclude from these results that the common antigens corre-
late compatibility between the host and the pathogen on a
species level.

However, if we compared the antigenic proteins of
Reliance, Kubanka and Little Club as compatible cultivars to
stem rust race 11 with antigens of Vernal and Khapli as in-
compatible cultivars to the same race of stem rust, we were
not able to differentiate between compatible and incompatible
cultivars. In other words, the compatible cultivars shared
just as many common antigens with stem rust race 11 as the
incompatible ones. Thus the occurrence of common antigens in
host and pathogen does not offer an explanation for suscep-
tibility on a cultivar level. As was mentioned above, this
mechanism works only on a species level, giving an explana-
tion for the incompatibility of bean and broad bean rust to
wheat, which latter is indeed a nonhost for bean rusts.

As regards our future work, it would be necessary to
develop these and other methods further to screen the mutant
material systematically.

It would be also very important to develop methods, which
are suitable to approach field data in laboratories rapidly,

38



for example, to determine resistance /horizontal or vertical/
in leaf segment cultures in test tubes from full grown
mutant plants obtained from the nursery and to compare the
results obtained in the laboratory and field tests.

It would be also significant to adapt laboratory methods
to the nursery. For example, breeders need mutants similar
in number to those grown by microbiologists, if they want the
same success. Using the Derera and Ellison method /6/ 3-5
million genotypes can be infected from M2 and then can be
selected in a mechanized way on each hectare. Another way for
approaching the effectiveness of the methodology applied by
microbiological geneticists would be the application of tissue
and cell culture method for screening irradiated genotypes.
This way seems to be especially promising on a haploid level.
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TYPE OP INFECTION, SEVERITY AND TOLERANCE TO
Puccinia recondita tritici IN OLD MUTANT
LINES OF WHEAT *
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Department of Genetics and Plant Breeding
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Novi Sad, Yugoslavia

Abstract

TYPE OF INFECTION, SEVERITY AND TOLERANCE TO Puccinia recondita
tritici IN OLD MUTANT LINES OF WHEAT.

Testing of old mutant lines (M-2 and M13 generations)
derived from cultivar San Pastore after treatment by gamma rays,
revealed that genetic variability for leaf rust resistance
exists within and between mutant lines. The resistance was ex-
pressed in lower severity, type of infection and modification
of tolerance.

The correlation between severity, tolerance and type of
infection was very weak, therefore, the separate selection for
each of these components was applied.

The mutant lines respond to selection for the type of
infection 0/1 and 0/4 with severity T-207. and we were able to
select progenies which were different from the control. The
mutant lines also respond to selection in tolerance. Studies
of the pedigrees of the mutant lines indicate that the primary
mutational changes occured in M. and M. generations.

1. INTRODUCTION

There are many papers in the literature which deals
more or less successfully with induction of mutations for di-
sease resistance. Caffey (1) reported the possibility of in-
duction of mutations to specific races of leaf rust in seedling
stage. Later, Favret and Cenoz (2) obtained a mutant resistant

* Research darried out under IAEA Research Contract No. 1031 SD.
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to specific races of leaf rust. Line (3) reported about both
specific and non-specific resistance present in mutants of
Omar winter wheat. Hanig (4) claimed that one mutation re-
sistant to leaf rust out of 20.000 M2 plants was obtained from
the cultivar Salzmunder at the Plant Breeding Station SH Stupice
(Czechoslovakia).

Testing old mutant lines to leaf rust resistance/ Borojevid,
K. (5) found significant differences in severity of infection
in seedling stage as well as in adult stage within and between
lines.

Simons and Browning (6) reported that tolerance of
crown rust in oats was inherited as quantitative character with
high heritability. Later, Simons (7) found that tolerance to
crown rust could be modified by EMS treatment. He was able to
select a few lines which were superior to the control in both
yield and kernel weight response. Bronnimann & Fossati (8)
found that the tolerance of wheat toward Septoria nodorum is
inherited mainly additively and polygenically, and he also found
that 1000 kernels weight to be the main yield component re-
duced by Septoria nodorum. The number of kernels per head,
however, was influenced to a less severe degree.

Later, Fossati and Bronnimann (9) applied selection
for 1000 kernels weight in M., M~ and M~ after treatments by
gamma rays and EMS improved tolerance towards Septoria nodorum
in wheat in the cultivar Fermo. They were able to select
some lines with better tolerance and unchanged 1000 kernel
weight in Mg generation.

2. MATERIAL AND METHODS

To test the resistance to leaf rust (Puccinia recondita
Rob. ex Desm. f. sp. tritici) we have choosen 36 micromutant
lines in M^ generation from the cultivar San Pastore. This
material was described previously in experiment III, Borojevid
(10). A short history of this experiment will be given here.
The seeds for this experiment were treated by 10.000, 15.000
and 20.000 rads of gamma rays. The mutant lines were developed
from normal plants of M, generation branching them into 2 sub-

2 3 4 2lines x 2 sub lines x 2 sub lines x 2 sub lines x 2 sub lines,
in a total of 32 sub lines, which were sown in 32 plots. The
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2size of the plots was 0.40 m . The sampling for the branching
through generation was done at random. Because the selection
was not applied, the induced genetic variability was maintained
within and between lines.

The mutant lines (Mĵ - 1971/72) as well as the control,
in seedling stage in greenhouse, were tested for resistance to
prevalent races of leaf rust believed to be UN 3 (inoculum I)
and UN 13 (inoculum II). During the testing, we found that the
races were not homogenous. Anyhow, they represent the races of
the population of the Puccinia recondita tritici from our
experimental field.

The same lines in M12 (1972/73) and MIS (1973/74) were
planted in the field. To test the resistance each plot was
divided into two blocks - one rusted and one non-rusted. On
the rusted plot, the epiphytotics were maintained artificially
by brushing rows of the population of uredospores.

The unrusted plots were maintained free of rust by
spraying with Zineb fungicide (0.3%) every week until ripening.
Bight sprayings were applied every year, on an average.

The type and severity of infection were estimated on
the rusted plots.

The response to tolerance was expressed as ratio
obtained by dividing the value from the rusted plots by the
value from the unrusted ones according to Simons and Browing (6),

3. RESULTS

The first screening of the mutant lines in the seedling
stage in M^ generation - 1971/72 showed that most of them had
the infection type 4 after inoculation by the inoculi I and II,
same as the control. However, there were significant differences
in the severity of infection among the tested lines.

The individual comparison between the mutant lines and
the control showed that 8 out of 36 lines had a significantly
lower severity of infection either to inoculum I or inoculum II.
This was described earlier (5).

Next year (in M.-- 1972-73), 36 mutant lines with 1.152
5sub lines were planted in the field. The severity of infection
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on the rusted plots were 90% on an average. In such a heavy
severity of infection we were able to distinguish the sub lines
which had green and healthy leaves with the type of infection
0, 0/1 and 0/4 with the severity lower than 20%. The unrusted
control had the type 4 and severity 88%.

The experiment was repeated in the field next year
(M13-1973/74). The resistant sub lines were clearly distinguished
from the non-resistant ones (Fig. 1), and from the control
(Tab. 1).

The variance between mutant lines was significant
(Tab. 2). Heritability estimates were increased, too. From the
results of two-year average we were able to select ten sub lines
with the type of resistance 0 and 40 sub lines with the type of
resistance 0/4 with a low severity in the field (T-20%) (Tab. 3).

Resistant progenies selected according
to the type of resistance and severity

From the selected resistant sub lines in the field, we
chose 16 lines (which had the type of infection 0 and 0/4 with
a low severity) for more detailed studies in the greenhouse.
They were re-tested to resistance in the seedling stage and in
the adult stage with inoculum I and inoculum II. The data from
the field and greenhouse for some of them are compared in table 4,

The sub lines with the type of infection 0 in the field,
showed a range of 0/4 in the type of infection to both inoculi.
Sub lines with the type of infection 0/4 in the field showed,
in the seedling stage, type 4 to inoculum I and 0/4 to inoculum
II.

In the adult stage, the progenies with the type 0/4 in
the field, showed the type 0/4 or 4 in the greenhouse.

The progeny 70 - line 310/22 with the type 0 in the
field showed the type 0/1 in the greenhouse. The other progenies
with the type 0 from the same progeny showed the types 0/4 and
4 in the greenhouse.

The comparison of the data in Tab. 4 showed that the
resistant progenies had a lower resistance in the greenhouse than
in the field. The reason for this occurrence may have been the

44



difference in the severity of attack on upper and lower leaves.
Therefore, it may be that the progenies which were selected as
resistant in the field, were resistant only because they were
slow-rusting. The progenies of the line 310/22 showed the smallest
difference in resistance in the field and in the greenhouse,
particularly sub line 70, which had the type 0 in the field and
0/1 in the greenhouse. Therefore, we considered these sub lines
to be resistant.

The line 310/22 is from the population of 20.000 rads
2and it gave 6 sub lines which showed the characters of resistance.

All of them had very characteristic small chloroses.

Analysing the pedigree of this line (Fig. 2), it can
be seen that the primary mutational changes occured in M_ gene-
ration at the level of a subline which had segregated in M. at

2the level of sub lines. This data also indicate that selection
for type of resistance and severity after mutagenic treatment
may be started in M3 and M4 generations.

Tolerance

Starting from the point that plants which have higher
yield in a severe attack of pathogen are resistant or tolerant
to leaf rust, we have chosen the lines from the population
treated by 20.000 rads of gamma rays to study tolerance. The
lines of that population were segregated in the type of re-
sistance 0/1, 0/4 and 4 in the field, with a frequency distri-
bution described in previous chapter. To make results more
clear, the development of the epyphytotics will be described
in detail. The rusted plots were inoculated 4 times, but the
infection was most severe in the flowering stage in both the
years. The severity did not show much change until ripening,
because the uredospores on the leaves were passing quick in
the stage of teleutospores. The reading of the severity of
infection was done in the stage of ripening, before the
senesence of the leaves.

The overall mean for the tolerance expressed as the
weight of kernels per spike for mutant lines was on an average
0.86. The lines 310/3, 310/7, 310/14 had significantly better
tolerance than the lines 310/15 and 310/22. At the same time,
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the control's lines had the tolerance on an average 0.86
(Tab. 1,5,6).

The individual comparison of the lines showed, that
not a single mutant line had a significantly better tolerance
than controls lines, but they were at the level of control
lines.

The tolerance expressed as the 1000 kernels weight
was on an average 0.89. The lines 310/9 and 310/14 were signi-
ficantly different from the lines 310/15 and 310/22, and they
were significantly different from some of the control's lines
(Tab. 1).

The tolerance expressed in both ways showed differences
between mutant lines with small disagreement between the two
expressions. Studying precisely what was the reason for the
disagreement between tolerance expressed as kernel's weight
per spike, and 1000 kernels weight, it was found that mutant
lines had significantly lower number of kernels per spike on
the rusted plots than on the unrusted ones (Tab. 7). The
analyses also showed that the smaller number of kernels per
spike was pronounced by abortion of kernels in the apical
and basal spikelets. Therefore, the number of sterile spikelets
significantly increased on rusted plots. In the control's
lines this phenomenon was not expressed so much. It is inte-
resting that the line 310/22 which was considered as resistant
according to the type of resistance and severity (0/1 T and
0/4 T) had the lowest tolerance among the mutant lines. The
tolerance of this line ranged from 0.70 to 1.10 (expressed
as the weight of kernels per spike) with the frequency di-
stribution similar to the lines with the type of infection
4. For example, the sub line 70 of this line had the type of
infection 0 in the field, but its tolerance was only 0.85
and 0.92.

These results indicate that tolerance was not influen-
ced by the type of infection and not always by severity of in-
fection. This was true for other lines too, because the corre-
lation coefficient between severity and tolerance was very low,
0.18 in H12 and 0.35 in M13 (Fig. 3). The correlation was
slightly higher when severity was higher.
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Taking all these results into consideration we
decided to apply selection for tolerance expressed by kernel's
weight per spike.

The heritability estimates for this characters were
very low but variance between lines was significant (Tab. 4).
Therefore, the selection was applied within 5 significantly
different lines.

Selected progenies for tolerance

The sub lines which had two-year average tolerance
higher than 0.90 were selected as plus variants and sub lines
which had tolerance lower than 0.70 were selected as minus
variants. In this way we were able to select 9 sub lines with
selection differencial +0.15 as plus variants, and 5 sub lines
with selection differencial -0.27 as minus variants, from ML,
generation (Fig. 4). The mean value of tolerance from the
selected plus variants was x = 1.02 and for minus variants
x = 0.64.

In the next generations (M.,) the mean value from the
5 -plus selected sub lines was x * 1.05 with response to selection

0.22.

The mean value for negative selected sub lines was
0.68 with response of 0.25 (Fig. 5).

These results indicate that population responded to
selection, but rather in a negative direction.

4. DISCUSSION AMD CONCLUSION

Infection by leaf rust during vegetative stage causes
retardation of plant growth, delay in heading and in case of
water shortage, abortion of kernels (Cowan & Wal, 11). In
our experiment the artificial inoculation of mutant lines by
uredospores of leaf rust developed the highest severity of
infection of about 80% in the flowering stage. Such infection
decreased the kernel weight per spike by 15% on an average and
the 1000 kernels weight by 11%.
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The tolerance was not much influenced by the types
of infection and severity of infection. The correlation coe-
ficient between severity and tolerance was very low (r = 0.18
in M12, r = 0.35 in M13>.

The decrease in the weight of kernels per spike was
pronounced by abortion of kernels by about 4% and the overall
decrease by 11%. The number of kernels was reduced in the
plants with the type of infection 4, as in the plant with type
of infection 0/1 and 0/4 T.

It may be that a more severe infection in earlier and
later stage will cause stronger decrease of kernel's weight
as Fossati and Bronnimann (9) found after infection by septoria.
In such case, lines with resistant type of infection may have
more advantage.

Taking into consideration the advantage which may
have the type of resistance as well as tolerance, the selection
was applied both for plants with type of resistance 0/1 T, 0/4 T
in the field, and separately, for the tolerance expressed as
the weight of kernels per spike.

We were able to select 10 sub lines with type of infe-
5 5ction 0 in the field and 40 sub lines from out of lines withA

type of infection 0/4 T. On the basis of these results it
will be very difficult to calculate a frequency of mutation in
late generations, as M12 and M̂ .

The selection for tolerance was applied within 5
significantly different lines in the tolerance expressed as
weight of kernels per spike. The 9 sub lines (out of the 3
lines) with response to selection 0.29 were selected as plus
variants, and 5 sub lines out of 2 lines with response to
selection 0.26, as minus variants.

The selected sub lines are the progenies of the
primary induced mutation in M3, which have segregated in M4
and in later generations. Their frequency may be modified by
random sampling and branching as well as by natural selection,
through generations. These results are a good evidence that
the primary mutations were recessive and that the selection for
the type of resistance and severity may be applied in M3 and M4
and for tolerance in later generations.
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TABLE I. SEVERITY OF INFECTION AND TOLERANCE OF MUTANT
LINES IN THE FIELD ( M - M >

T.M No. OfLine plots

310/1 32
2
3
7
8
9
13
14
15
20
21
22
X

LSD 0.05
0.01

307/2,4 32
3,9
10,7
5,6
X

LSD0.05
0.01

Severity
%
X

82
74
78
73
81
82
83
83
80
78
82
60
78

9.08
11.94

C O N T

84
81
83
84
83

2.93
3.88

T 0 1

per spike
5?

0.86
0.84
0.89
0.89
0.84
0.85
0.87
0.89
0.80
0.85
0.86
0.82
0.86

0.08
0.11

R 0 L

0.90
0.81
0.85
0.89
0.86

0.09
0.12

e r a n c e

1000 kernel weight
X

0.89
0.89
0.89
0.89
0.89
0.91
0.89
0.90
0.87
0.90
0.88
0.87
0.89

0.05
0.07

0.89
0.84
0.87
0.89
0.87

0.06
0.08
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TABLE II. SEVERITY OP INFECTION BY Puccinia recondita tritici OF MUTANT
LINES AND CONTROL IN THE

Number of +

plots x - Level

384 77.99 - 0.96 Lines
S lines
S2lines
S3 lines
Error

FIELD (M12

Df

11
12
24
48
288

- M13>

Mean
square

1420
310
271
247
340

F H

** 0.09
0.01
0.01

C O N T R O L

128 83.15 - 0.53 Lines
S lines
S 2 lines
S-lines
Error

3
4
8
16
96

51.99
35.83
43.69
33.42
35.58

0.01
0.00
0.01

TABLE III. SELECTED RESISTANT PROGENIES IN THE
CULTIVAR: SAN PASTORE

GENERATION

Treatments

10.000 rads of y-rays

15.000 "

20.000 "

Control

Number of
line

12

12

12

16

NO. Of

0

1
-

9

sub5lines with

0/4

5

30

15

1

types

4

378

354

360

239
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TABLE

en
CO

TYPE OF INFECTION AND SEVERITY OF THE SELECTED MUTANT PROGENIES
CULTIVAR: SAN PASTORE

Sub5line

308/10 8

309/19 43

310/2 45

310/2270

310/22 71

Control
307/2,4

Control x

Seedling stage

Inoc . I

Type %

4/0 25

4 75

4 20

0/4 80

0/4 80

4 40

Inoc. II

Type %

4/0 25

4 10

4/0 40

0/3+ 30

4/0 40

0/4 45

Adult stage

Field

Type %

0/4 10

0/4 30

0 0

0 0

0 0

0/4 20

4 80

Inoc . I

Type %

0+/4++ 15

0/4 30
T 3o
0/4 15
-i- 55

0/1 T

«>« $
< %

Inoc.

Type

0/4

0/4
4

0/4

0/1

0/4

0/4

II

%

10

20
50
20

T

10

10
20

- Tolerance 1000
kernels weight
Mn 2 and M, o

0.96

0.84

0.90

0.92

1.01

0.77

+ severity of infection on the upper leaves
H- " " " lower leaves



TABLE V. TOLERANCE OF MUTANT LINES AND CONTROL AS EXPRESSED
BY KERNEL WEIGHT PER SPIKE (M12 - M13>

01

Number of
plots

384

128

x - Level

0.85-0.01 Lines
S lines
S lines
S lines
Error

C O N

0.87-0.02 Lines
S lines
S lines
S lines
Error

Df

11
12
24
48
288

T R 0 L

3
4
8
16
96

Mean
Fsquare

0.052 *
0.020
0.022
0.024
0.030

0.071
0.056
0.020
0.020
0.032

H

0.03
0.00

0.03
0.03



TABLE VI. TOLERANCE OF MUTANT LINES AND CONTROL AS EXPRESSED
BY 1.000 KERNELS WEIGHT (M12 - MJ3)

01
01

Number of
plants

384

128

x - Level

0.89 - 0.01 Lines
S lines
S2 lines
Seines
Error

C 0 N T

0.87 - 0.01 Lines
S lines
S_lines
Splines
Error

Df

11
12
24
48

288

R 0 L

3
4
8

16
96

Mean
square

0.014
0.012
0.013
0.010
0.012

0.020
0.020
0.010
0.010
0.013

H

o.ol
0.00
0.03

0.00
0.05



TABLE VII. NUMBER OP KERNELS PER SPIKE OF THE MUTANT LINES ON
THE RUSTED AND NON-RUSTED PLOTS

(Number of plots for each line 32)

Lines — ——————
Non- rusted

No. of
kernels

310/1
/2
/3
n
/8
/9
A3
/14
/15
/20
/21
/22

X

t-test x

307/2,4
/3,9
A0,7
/5,6

X

35.44
38.75
39.58
39.15
40.96
38.97
40.73
37.95
41.62
39.93
40.12
43.03

39.69

Rusted

No. of No. of
sterile kernels
spikelets

2.25
2.43
2.19
1.86
1.62
1.25
1.52
2.39
1.84
1.93
l.Sl
2.52

1.97

34.58
38.26
38.88
36.82
37.14
36.53
38.55
37.80
37.09
37.33
36.06
39.20

37.35

No. of
sterile
spikelets

2.68
2.59
2.46
1.62
1.37
1.40
2.62
2.06
1.86
2.25
2.28
2.82

2.17

rusted/non-rusted -H-

32.12
38.21
38.53
37.63

36.62

C O N T
1.56
1.53
2.24
1.82

1.79

R 0 L
34.50
36.91
38.12
36.37

36.47

2.08
2.72
2.37
1.65

2.20

t-test x rusted/non-rusted
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PEDIGREE OF LINE IN EXPERIMENT ffl

San Pa s t o r e

310/22 L M2

SL M3

S2L Mt

S3L MB

A A
2 1 2 1

A A A A
2 1 2 1 2 1 2 1

A A
2 1 2 1

A A A A A A A
2 1 2 1 2 1 2 1 2 12 Q)2 1 2 1 1 2 1 2 1 2 1 2 1 2 1

R R R R R

REGRESSION LINES AND CORRELATION COEFICIENTS
CULTIVAR San Pastore. 20.000 rods.

150

UO

1.30

1.20

1.10-

1.00wu
§ 090

£ OBO

0.70

OBO

050

M,2

1

y« = 0.922 - 0.0012 x
r =-0.183

10 20 30 40 50 60 70 80 90 100
% of infection
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yc = 0.882 -0.0017 x
r = - 0.347

10 20 30 40 50 60 70 80 90 100
% of infection

«
0
c
o
fc»
Q>

"ot—

1.40 1

1.30-

1.20

1.10

1.00

030

0.80

070

0.60-

0.50

Control

•

•

• •

. « : :
• •

* 1 •

•
• I •

.

1
10 20 30 40 50 60 70 80 90 100

% of infection
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i

FREQUENCY DISTRIBUTION OF POPULATION
AND SELECTED SUB2 LINES CULTIVAR

San Pastore. 20.000 rods.

M13

0.35 0.45 055 0)65 Q75 0.85 Q95 1.05 1.15 125 135 1.45 1.55
\. X V ___ ^/

R R
T o l e r a n c e
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REGRESSION LINE OF SELECTED SUB*LINES
M13 M 15

0.28 0.24 0.20 0.16 0.12 0.08 0.06 0.04 0.08 0.12 0.16 0.20 0.24 0.28
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STUDIES ON THE INFECTION PROCESS BY ERYSIPHE POLYGONI IN

RESISTANT AND SUSCEPTIBLE PEAS *

Cirulli M., G. Montemurro, F. Ciccarese and F. Smilari

Istituto di Patologia vegetale
University of Bari
Italy

Studies were made with the purpose of defining some
components of the events that occur during the process of
infection by Erysiphe polygoni in pea. The susceptible
cultivar "Sprinter" and the resistant varieties "Stratagem
Resistant" (er.. er.. Er Ejr ) and "Mexique-4" (er.. er.. er
er ) were used. Observations of germination of conidia,
""" "2
formation of primary appressoria, differentiation of se-
condary hyphae, number of secondary hyphae per conidium,
and number of branches on the longest hyphae per conidium
were made at different times from inoculation. The rate
of conidial germination was not affected by the host geno-
types. The formation of short germ tubes with primary
appressoria were found to be similar on the susceptible
"Sprinter" as well as on the "Stratagem Resistant" and
"Mexique-4". At 2, 4, 6, 10 and 12 hours after inocula-
tion the growth of germ tubes with appressorium was not
statistically different between susceptible and resistant
peas. On the resistant peas the formation of primary ap-
pressoria was not followed by a further mycelial growth.
Conversely on the susceptible pea, germinating conidia pro-
duced multiple germ tubes and branching hyphae. The re-
sults of these studies seem to indicate that the time of
establishment of a compatible relationship between the host

* Research carried out under IAEA Research Agreement No. 1039*
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and the pathogen is at or near the stage of formation of
the primary appressorium. Most conidia on the leaves formed
primary appressoria as early as 2 hours after inoculation,
suggesting that the fate of the host/pathogen relationship
is decided at a very early stage after the pathogen contact
with the host. Thus, the length of the longest hyphae, the
number of germ tubes per conidium, the branching of the
longest and finally the difference of the macroscopic fun-
gal fructification are events that appear to be decided at
that crucial stage of parasitism. The studies reported
here indicated also that the activity of E. polygoni in a
susceptible pea was influenced by temperature whereas the
geneaction of the genetic factors of the resistant peas
remained unaffected.

INTRODUCTION

The powdery mildew (Erysiphe polygoni D.C.) is the
most serious fungal disease of pea occurring in Italy and
in most countries were peas are grown.

Infected pea plants show a white powdery, dust-like
formation on the leaves, petioles, stems and pods. The
diseased plants are smaller and in some cases may be killed.
On the pods the pathogen causes gray-brownish spots and/or
bruising. Frequently damaged pods are not marketable. In
the pea growing areas, strict chemical control measures are
required during the plant cycle in order to produce good
cropping (5). The use of resistant cultivars provides an
economical, non toxic means to control this disease.

Many attempts have been made to select germ-plasm of
pea resistant to powdery mildew. Hammarlund (2) carried
out a research on the races of the pathogen and their path-
ogenicity to different plant species. He also found that a
resistance derived from a "William Hurst" pea plant could
be attributed to four genes with cumulative effect. In Pe-
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ru, Harland (3) found another type of resistance in a few
plants of a local variety of pea. This resistance was at-
tributed to a recessive gene referred as er. In France,
Cousin (1) found large differences in severity of disease
within susceptible varieties of peas and showed that the re-
sistance of "Stratagem" and "Mexique-4" was conditioned by
the same recessive allele. Heringa et al. (4) found that
in field and in greenhouse tests, lines from several countries
showed adequate resistance in Holland and suggested that the
genetical costitution for resistance of "Stratagem" and
11 Mexique-4" might be er.. er.. Er Er and er er er er ,
respectively.

Studies of several world collections of peas have re-
vealed, up to now, that the er genes for resistance are not
difficult to find in pea. However, there are not consistent
reports on the availability of different types of resistance
to the powdery mildew organism in pea.

Also, very little is known on the events occurring dur-
ing the process of infection by E_. polygoni in susceptible
and resistant peas. The studies reported here were made with
the purpose of defining some components of the events that
occur during the infection process.

MATERIALS AND METHODS

The peas used in this study were the susceptible cul-
tivar "Sprinter" and the resistant varieties "Stratagem Re-
sistant" (er.. er. Er. Er.) and "Mexique-4" (er.. er. er. er_).__ | ___ | ——2 ——2 —— I —— I ̂~̂  ~~~£.

Inoculum consisted of a mass isolate collected from
diseased peas near Bari and maintained in the greenhouse on
young plants of the susceptible "Freezer-69" pea. Abundant
quantity of good conidia for inoculation was available 10-
12 days after inoculation of young plants of the "Freezer-69"
pea. Inoculation of the plants to be tested was made by the
over-head shaking of infected leaves.
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Plants to be tested were grown singly in steam-sterilized
soil in 12 cm clay pots and inoculated at the 6 leaf stage.
The observations of germination of conidia, formation of
primary appressona, differentiation of secondary hyphae,
growth of the germination hyphae, number of secondary hyphae
per conidium, and number of branches on the longest hyphae
per conidium were made. For measurement of fungal structures,
mildew colonies were removed from leaf surfaces by celloi-
din strips. The celloidin films were mounted in cotton
blue lactophenol. In some cases epidermal strips in lac-
tophenol were made for direct observation of the fungus.
The number of conidia observed varied from 80 to 150 with
an average of about 100 per replication and a total of 4
replications. Each replication was made by fungal struc-
tures from two leaves of four different plants. The final
visual disease assessment on the plants was made by count-

2
ing the number of colonies per cm and the percentage of
mildewed leaf surface. One-way analysis of variance was
calculated and statistical differences were compared with
the Duncan's multiple-range test. The tests were made in
the greenhouse at the two different temperature conditions
of 22-24° and 26-30°C. The higher peaks of the two temper-
atures of testing occurred about noon time.

RESULTS

The results are summarized in the Table I to VIII.
The development of fungal structures during the infec-

tion process was observed at different times after inocula-
tion.

Germination of conidia occurred as early as 2 hours
after inoculation. A very short germ tube grew from the
conidia and became swollen to form a more or less lobed
primary appressorium. On susceptible pea, from this appres-
sorium a secondary hypha was produced which continued its
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growth as a branching hypha. On each germinating conidium
one or more (up to 6-8) germ tubes were formed.

The percentages of conidial germination were observed
at 2, 4, 6, 10, 14, 24, 48 and 72 hrs after inoculations at
22-24°C and at 12, 24, 36 and 48 hrs at 26-30°C. At both
temperatures and at the different times of observations, no
statistically significant differences were observed among
the percentages of germination on "Sprinter" (susceptible),
"Stratagem Resistant" (er.. er.. Er Er ) and "Mexique-4"
(er1 er.. er er ) (Table I and II). Percentage of germi-
nating conidia increased up to the 4th hour after inocula-
tion and then remained constant. At 24 hrs after inocula-
tion the average of germinated conidia of combined data of
susceptible and resistant peas was 61% and 62% at the tem-
peratures of 22-24°C and 26-30°C, respectively.

Elongation of germ tubes and the longest hyphae were
measured at 2, 4, 6, 10, 14, 24, 48 and 72 hrs at the test-
ing temperature of 22-24°C and at 12, 24, 36 and 48 hrs at
26-30°C (Table III and IV). At 2, 4, 6, 10 and 12 hrs after
inoculation the growth of germ tubes with primary appres-
soria was not statistically different between susceptible
and resistant peas; the average length of growth varied on
susceptible and resistant hosts from 10.6 to 19.9 u. At
24 hrs and following times of recording, conspicuous differ-
ences of mycelial growth were observed on susceptible and
resistant peas (Fig. 1). On the susceptible "Sprinter" the
mean, maximum and minimum length of the longest hyphae were
greater at 26-30°C than at 22-24°C. For example, at 48 hrs
from inoculation the mean, maximum and minimum length of the
longest hyphae were about 320, 615 and 30 u at 26-30°C and
83, 300 and 10 ji at 22-24°C.

At both temperatures of testing, on the resistant peas
"Stratagem Resistant" and "Mexique-4" the formation of pri-
mary appressoria was not followed by further mycelial growth.
At 26-30°C, 48 hrs after inoculation the length of germ tubes
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with appressoria averaged no more than about 10 u. On sus-
ceptible peas in a further stage of the infection process a
few germ tubes were produced per conidium. Multiple germ
tube differentiation started about 24 hrs after inoculation,
at both temperatures; but 48 hrs after inoculation the aver-
age number of germ tubes produced by each conidium was about
2 and 3.4 at 22-24°C and 26-30°C, respectively (Table V and
VI).

A later step of fungal development, occurring only on
susceptible plants, was the branching of elongating secondary
hyphae (Table VII). A quantitative estimate of this was
calculated on the basis of the number of ramifications on
the longest hyphae. The branching occurred 36 hrs after in-
oculation (mean = 0.33) and increased thereafter (at 96 hrs,
mean = 9.32).

A visual assessment of the severity of the powdery
mildew was made 12 days after inoculation and the results
are summarized in Table VIII. The susceptible "Sprinter"
showed the leaves almost completely covered by the fungal
powdery-like production, whereas "Stratagem Resistant" and
"Mexique-4" were free from disease.

DISCUSSION

Criteria for establishing host/pathogen relationship
in early process of infection have been spore germination,
formation of appressoria and haustoria, and development of
secondary hyphae. The production of secondary hyphae with
a following secondary infection is considered as evidence
that the host and the pathogen have become associated in a
compatible system (6).

In the present work the rate of conidial germination
was not affected by the host genotype nor by the temperature
of testing. This seems to indicate the absence of a pre-
existing biochemical exudate(s) on leaves capable to hinder
the germination of conidia.
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No specific study of formation of infection peg and
morphological changes occurring in invaded host cells was
undertaken during the present work. Nevertheless it appears
that a defense mechanism(s) in resistant hosts is preventing
the development of secondary hyphae. In fact the formation
of short germ tubes with primary appressoria were found to
be similar on the susceptible "Sprinter" as well as on the
resistant "Stratagem Resistant" and "Mexique-4" peas. The
action of resistant genotypes was apparent on the production
of secondary hyphae. Slesinski and Ellingboe (6), working
with the Erysiphe graminis f.sp. tritici found that no al-
teration of the infection process on the leaf surface both
of susceptible and resistant wheat was noticeable until
after the formation of primary appressoria. White and Baker
(7) also found that with E. graminis f.sp. hordei germina-
tion of conidia and formation of appressoria was the same on
host and non host plants and that the pathogen would not
develop further on non hosts. It would appear that the stage
of establishment of a compatible relationship between hosts
and parasite (mildews) is at or near the stage of formation
of primary appressoria. Since on pea most conidia on the
leaves formed primary appressoria as early as 2 hrs after
inoculation, the fate of the host/parasite relationship is
decided at a very early stage after the parasite contact
with the host. Thus, the length of the longest hyphae, the
number of germ tubes per conidia, the branching of the longest
hyphae and finally the appearance of microscopic fungal fruc-
tifications are events that appear to be decided at that
crucial stage of the parasitism.

However further studies are needed in order to eluci-
date some other aspects of early infection such as infection
peg, developments of appressoria on the host surfaces and
haustoria into the host cells, and morphological variations
of infected and adjacent cells in the 13. polygoni/pea system.
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The studies described here indicated also that the ac-
tivity of E. polygoni in susceptible peas, expressed as pro-
duction of germ tubes per conidium, length of the longest
hyphae and branching of the longest hyphae, was higher at
26-30°C than at 22-24°C. However, the gene-action of the
genetic factors of the resistant peas was not affected by
these temperatures of testing.

It appears interesting to point out that the celloi-
din-strip method, reported herein to study the process of
infection, can also be used in the work of practical plant
breeding as a quick means for identifying resistant peas as
early as 24 hours after inoculation.
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Fig. 1. - Light microscope photographs showing primary and
secondary structures of germination produced by Erysiphe
polygoni in non-compatible (A) and compatible (B and C) par-
asite/host genotype combinations.
A - Germinated conidium with appressorium on resistant pea
at 72 hours after inoculation. x610.
B - Germinated conidium with appressorium and multiple germ
tubes on susceptible pea at 24 hours after inoculation. x420.
C - Branching of secondary hyphae of a conidium on suscep-
tible pea at 72 hours after inoculation. x124.
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Table I. Germination of conidia of JB. polygoni on susceptible and resistant

peas at 22-24°C

Time afte
inoculati
(hours)

2

4

6

10

14

24

48

72

r Host and percentage of germination
on - ———— • ——————————————————————————————————————

Sprinter
(susceptible)

43.76 A a

53.14 A a

59.74 A a

58.76 A a

57.02 A a

59.85 A a

51.29 A a

54.19 A a

Stratagem
Resistant

(er, er, Er. Er )> — 1 — 1 — 2 — 2

44.52 A a.

55.99 A a

59.92 A a

64.88 A a

60.01 A a

61.08 A a

53.99 A a

54.83 A a

Mexique-4
Id* cr cr d* j

43.80

50.83

58.42

57.08

54.65

62.73

53.33

53.36

A a

A a

A a

A a

A a

A a

A a

A a

(*) = On the rows, the values underscored by the same letter are not
statistically different.

Capital letters P = 0,05; small letters P « 0,01.
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Table II. Germination of conidia of £.. polvgoni on susceptible and resistant

peas at 26-30°C

Time after
inoculation
(hours)

12

24

36

48

Host and

Sprinter
(susceptible)

(*)
58.24 A a

56.39 A a

53.89 A a

63.47 A a

percentage of germination

Stratagem
Resistant

57.03 A a

67.23 A a

68.28 A a

57.00 A a

(*) « On the rows, the values underscored by the same letter are not
statistically different.

Capital letters P = 0,05j small letters P = 0,01.
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Table III* Germ tube and mycelial growth of E. Polygon! on susceptible and

resistant peas at 22-24°C

Time, after
inoculation
(hours)

Mean
2 Max

Min.

Mean
4 Max

Min.

Mean
6 Max

Min.

Mean
10 Max

Min.

Mean
14 Max

Min.

Mean
24 Max

Min.

Mean
48 Max

Min.

Mean
72 Max

Min.

Hosts and length (u) of germ tubes and longest

Sprinter
(susceptible)

8.02
12.40
5.49

10.93
19.37
6.2

11.84
31.0
6.2

10.56
24.80
6.2

12.95
62.0
6.2

45.63
111.60

9.30

83.68
300.70
10.75

247.69
643.45

9.50

A
A
AB

A
A
A

A
A
A

A
A
A

A
A
A

B
B
B

B
B
B

B
B
B

0
a
ab
a

a
a
a

a
a
a

a
a
a

a
a
a

b
b
a

b
b
a

b
b
a

Stratagem
Resistant

9.46
10.85
4.65

1T.65
23.25
6.2

10.43
17.82
6.2

10.03
24.02
6.2

10.65
31.0
5.42

11.39
31.0
7.75

11.34
19.37
6.15

10.55
17*05
6.97

A
A
AB

A
A
A

A
A
A

A
A
A

A
A
A

A
A
AB

A
A
A

A
A
A

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

hyphae

Mexique-4
I CT GJf QX* d* /

~J~~ 1 ^^J ™* 2 ^" 2

8.72
11.62
3.87

11.91
23.25
6.2

11.45
21.70
6.2

10.72
24.0
6.2

10.98
31.50
6.97

11.29
20.15
8.50

11.71
24.02
6.95

10.38
22.47
6.95

A
A
A

A
A
A

A
A
A

A
A
A

A
A
A

A
A
AB

A
A
A

A
A
A

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

a
a
a

(*) • On the rows, the values underscored by the same letter are not
statistically different.

Capital letters P « 0,005; small letters P » 0,01.
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Table IV. Germ tube and mycelial growth of E. polygoni on susceptible and

resistant peas at 26-30*0

Time after
inoculation
(hours)

12

24

36

48

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

Hosts and length (u) of germ tubes and longest hyphae

Sprinter
(susceptible)

11.70
34.10
6.2

65.97
148.8

12.39

121.0
272.82
11.62

322.61
615.35
30,81

A
A
A

B
B
B

B
B
B

B
B
B

a
a
a

b
b
b

b
b
b

b
b
b

Stratagem
Resistant

10.86
22.47
6.2

10.05
20.16
6.22

10.49
24.8
6.20

10.07
19.37
6.17

A
A
A

A
A
A

A
A
A

A
A
A

a
a
a

a
a
a

a
a
a

a
a
a

(*) • On the rows, the values underscored by the same letter are not
statistically different.

Capital letters P = 0,05; small letters P » 0,01.
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Table V. Production of germ tubes per conidium of &» polygon! with susceptible

and resistant peas at 22-24°C

Time after
inoculation
(hours)

Mean
2 Max

Min.

Mean
4 Max

Min.

Mean
6 Max

Min.

Mean
10 Max

Min.

Mean
14 Max

Min.

Mean
24 Max

Min.

Mean
48 Max

Min.

Mean
72 Max

Min.

Hosts and

Sprinter
(susceptible)

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

(*)
1.77 B b
3.01 B b
1 A a

2.01 B b
4.74 B b
1 A a

3.14 B b
6.05 B b
2.25 B b

number of germ

Stratagem
Resistant

( v
d* 6F R*p Br j

1
1
1
1
1
1

1
1
1

1
1
1
1
1
1

1 A a
1 A a
1 A a

1 A a
1 A a
1 A a

1 A a
1 A a
1 A a

tubes

Mexique-4

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

1 A a
1 A a
1 A a

1 A a
1 A a
1 A a

1 A a
1 A a
1 A a

(*) m On the rows, the values underscored by the same letter are not
statistically different.

Capital letters P = 0,05; small letters P « 0,01.
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Table VI. Production of germ tubes per conidium of IS, polygon! on susceptible
and resistant peas at 26-30°C

Time after
inoculation
(hours)

12

24

36

48

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

Hosts and number

Sprinter
(susceptible)

1
1
1

2.03
3.00
1

2.49
4.25
1

3.39
5.25
1

B
B
A

B
B
A

B
B
A

b
b
a

b
b
a

b
b
a

of germ tubes

Stratagem
Resistant

I fiJJ* T̂* Er EM? J
*™̂ ~1 *"M"*1 "~™~ 2 ^̂ "9

1
1
1

1
1
1

1
1
1

1
1
1

A
A
A

A
A
A

A
A
A

a
a
a

a
a
a

a
a
a

(*) • On the rows, the values underscored by the same letter are not
statistically different.

Capitol letters P «= 0,05; small letters P = 0,01.
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Table VII. Branching of the longest hyphae per conidium of J2. polygon! on

susceptible and resistant peas at 26-30*0

Time after Hosts and number of branches on the longest hyphae
inoculati on_____________________________________
(hours)

Sprinter
(susceptible)

Stratagem
Resistant

(er. er Er Er )*—1 —1 —2 —2

12

24

36

48

72

96

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

Mean
Max
Min.

0
0
0

0
0
0

0.33
2.25
0

2.03
3.99
0

4.03
8.75
0

9.32
17.25
0

B
B
A

B
B
A

B
B
A

B
B
A

(*)
b
b
a

b
b
a

b
b
a

b
b
a

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

A
A
A

A
A
A

A
A
A

A
A
A

a
a
a

a
a
a

a
a
a

a
a
a

(*) B On the rows, the values underscored by the same letter are not
statistically different.

Capital letters P • 0,05; small letters P « 0,01.
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Table VIII, Visual assessment of disease development on susceptible and

resistant peas 12 days after inoculation.

Temperature 22-24*0 Temperature 26-30°C

Average number Percentage of Average number Percentage of
of fungal colo- leaf surface of fungal colo- leaf surface
nies per 1 cm colonized by nies per 1 cm colonized by
of leaf the fungus of leaf the fungus

Sprinter 3.49 72.50 3.68 93.20
(susceptible)

Stratagem
Resistant 0 0 0 0
(er. er Br Er )
—I —I —2 —2

Mexique-4
(SE, S
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Investigations on resistance of barley against mildew
(Erysiphe graminis)*

by

E. Einfeld, A.G. Abdel-Hafez, W.H. Fuchs, R. HeitefuB and
6. Rdbbelen

Institut fUr Pflanzenpathologie und Pflanzenschutz
and

Institut fur Pflanzenbau und Pflanzenztichtung
University of GSttingen, P.R. Germany

ABSTRACT

Three barley varieties (Asse, Bomi, Vada) were subjected
to EMS treatment. Of the mutations induced 36 were selected
which differed in resistance to Erysiphe graminis compared to
the original varieties. 15 mutants were highly resistant, 8
mutants were highly susceptible. 5 mutants showed resistance
during the early growth stages, but became susceptible when
approaching maturity, 8 mutants were susceptible as seedlings
but resistant at the mature plant stage. Experiments are re-
ported on the selection of these mutants from the M2, M, and
M^ generation. Some characteristical mutants with differences
in mildew reaction and development are described in detail*

Further experiments are reported on the evaluation of
different spring barley varieties and lines with respect to
tolerance and/or resistance against mildew. To obtain mildew
free controls for comparison with diseased plants, several
treatments with fungicides are necessary. Careful evaluation
of such data is necessary, because single varieties might show
a response to the fungicide in terms of negative influences
on certain yield components as reported in detail. In spite
of this limitation, however, the method is valuable for
screening purposes. Pot and field experiments of 1973 and 1974
will be described, in which disease development was recorded
during the growing season. Attempts to correlate such data to

* Research carried oat tinder IAEA Research Agreement Ho. 1055*
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the extend of yield reduction show, that with extreme resistan-
ce or susceptibility such correlations can be obtained, but
that with medium type reactions the influence of different
years may predominate.

1. EMS-Induced Mutants for Powdery Mildew Resistance in
Spring Barley

Thirty-six mutants which showed differences in reaction
against mildew (Ervsiphe graminis f.sp. hordei) were induced
by EMS treatment of 3 barley (Hordeum vulgare) varieties.
Fifteen mutants were highly mildew resistant, eight mutants
were highly susceptible. Five mutants showed resistance in
the first growth stages and became susceptible when approa-
ching the mature plant stage and eight mutants were suscep-
tible as seedlings but changed slowly to resistance during
later stages of plant development. Most of the resistant
mutants were as vital as their original varieties.

Three spring barley varieties were chosen for this ex-
periment: Asse, a six-rowed German barley, Bomi and Vada,
two-rowed introduced barleys. These three varieties have mo-
derate mildew resistance. Seeds of the three varieties were
treated with EMS (0,25%, pH 7). They were sown in the field
in 1972. M.J plants were harvested as a bulk.

In 1973, the M2 plants were grown in the field in rows
but single plant wise. The distance between rows and plants
was 30 cm and 20 cm, respectively. The numbers of M2 plants
were 2135 plants from Asse, 2073 plants from Bomi and 1020
plants from Vada. Plants from the untreated materials were
grown in each case between the correspondent Mp rows. The mil-
dew infection assessments were done three times on each plant
during its growing period: a) one week after the first appea-
rance of mildew. At that time the first two leaves were com-
pletely emerged, and the assessment was done on these two
leaves, b) the second assessment was done 3 weeks later, be-
fore heading and at the third leaf from the top. c) the third
assessment was done after anthesis on the second leaf from
the top. The assessments were done according to infection
grade, the scale was (0-9), 0 = immune and 9 = highest sus-
ceptibility score.
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In 1974, 35 seeds of the M2 progenies (M,) were grown in
60 cm rows. Three mildew assessments were done as mentioned
above in 1973, five M, plants representing each M£ progeny.

After the two years of mildew assessments, 72 M, families
were selected (Table I) depending on their different mildew
reactions as compared to their untreated original varieties.
Other drastic mutants were also observed. But, though some
of them showed valuâ be mildew differences, they were not
taken as "mildew mutants". The reason was that their growth
modifications may influence the mildew reaction secondarly.
The mildew mutants were classified in four groups: 1) highly
resistant, 2) highly susceptible, 3) mature plant susceptible
and 4) mature plant resistance.

In 1975, 30 M^ seeds from each mutant were sown by hand
in the field in three rows 2 meter long and 25 cm apart with
a distance of 20 cm between the seeds. Single rows of the
highly mildew susceptible barley variety Proctor were sown
between the different progenies. This was essential for having
a severe epidemic. Five mildew assessments were carried out
at five different growth stages (3) on the 10 single plants
of the middle row. The assessments were done on corresponding
leaves of the different plants at the same growth stage. The
first assessment was done on the first leaf, the other four
were done on the following four leaves in that order. The five
growth stages were 2, 4, 6, 8 and 10 after Large, the assess-
ments were done on May 6 and 21, June 4, 17 and 30, 1975.
Finally 36 of the M, mildew mutants were confirmed in the ML
(Table I).

In the following the mildew reaction of the original
varieties and of some characteristical mutants will be des-
cribed in some detail.

Asse is a barley variety of medium resistance (Table II).
The pathogen may develop to cover most of the leaf blade area
with its pustules, which were larger compared to those on the
other two varieties. The infection grade of single Asse plants
ranged from 5 to 7 except for some extremes depending on
sowing date and weather fluctuations.
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Asse Mutants (Table II)

A 120 is a mildew resistant mutant with no mildew symp-
toms up to stage 5 after Large. At stage 6 a few small ne-
crotic spots appeared at the top and side of the leaf blades.
The infection grade ranged from 0 to 2.3. This mutant is an
exception of our general selection rule because it is semi-
dwarf, with small leaves, and shows no tillering under field
conditions.

A 1120: This resistant mutant showed rather low suscepti-
bility in the first growing stages. However, it became more
resistant after stage 4. Numerous necrotic spots were to be
seen on the leaf. The infection grade averaged in Mp, M, and
M^ around 3.0, 3.6 and 2.9, respectively. The growth of this
mutant was normal.

A 947: For this highly susceptible mutant the infection
grade in M^ ranged from 5.7 to 8.0 with an average of 6.7. In
each case the infected area turned quickly yellow soon after
infection.

A 471: This mutant was resistant at early growth stages,
but it became susceptible after growth stage 4.

A 1979: The mutant was highly susceptible in the first
two assessments, and then it turned to be moderate resistant
before anthesis. Close to the mature plant stage it became
even more resistant.

Fig 1 gives a summary of the four mutant types reco-
vered: a) those more and b) those less resistant, c) mutant
with mature plant resistance induced, and d) those with in-
creased susceptibility at later stages.

Bomi is a variety of medium resistance, similar to Asse.
The genetic basis of Bomi is known to be derived from H.. lae-
vigatum. The development of the pathogen on the leaf was cha-
racteristically bound to the sides and the tip. The pustules
were surrounded by necrotic rings. Later the leaf blade sides
and tip became yellow, and dried, while the middle of the
proximal part of the leaf blade surface stayed green. The ex-
tend of disease decreased when the plants approached the
mature stage.
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Bomi Mutants (Fig. 2)

B 681 is a highly resistant mutant with good vitality
and good tillering capacity. It stayed free from mildew over
the different assessments, but showed strong necrosis. These
necrotic flecks increased at the late growth stages. The in-
fection grade in 1975 ranged from 0.2 at stage 2 to 1.5 at
stage 10.

B 1012: The highly resistant mutant, nearly free from
mildew, showed a few small necrotic spots. The infection grade
averaged 1.3, 1.6 and 0.5 in the years 1973, 1974 and 1975
respectively. This mutant was very vital and showed good
tillering.

B 1101: This highly resistant mutant was characterized
by some necrosis on the leaf blade. The infection grade
averaged 2.6, 2.0 and 1.4 in the three years 1973, 1974 and
1975, respectively. This mutant was somewhat lower in vitality
than B 681 and B 1012.

$1B 2035*: With the highly susceptible mutant a large area
of side and tip of the leaf blade was covered with pustules.
The infected leaves became yellow quickly. The infection grade
averaged 7.3, 8.3 and 6.4 in the years 1973, 1974 and 1975,
respectively.

B 289: This mutant was highly resistant at the seedling
stage but became susceptible after stage 4.

B 1505: This mutant was suceptible at the seedling stage
but its reaction reversed to be highly resistant near to the
mature plant stage.

Fig. 2 gives a summary of all mildew scores obtained from
the various Bomi mutants in 1975. The same results were al-
ready indicated in the two years before. Thus it appears
possible to start screening for mildew mutants already with
single M2 plants, as we have done in this mutation experiment.

Further investigations are in progress or planing:
Studies about the performance of these induced mutants,

their yielding capacity and yield components in comparison
with the normal original varieties.
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Crosses between the mutants themselves and other crosses
between the mutants and their original varieties to analyze
the genetic structure of these mutants.

Other investigations are going to study the kind of in-
duced resistance and/or susceptibility. Some of them are
assumed to be monogenic (gene specific?) reactions. This will
be answered by analyzing the reaction of each mutant to
different physiological races of the pathogen.

2. Reaction of different barley varieties and lines to mildew
(Ervsiphe graminis f.sp. hordei)

As reported in our last paper (1) we tried to evaluate
the degree of tolerance and/or resistance by the ratio of yield
between fungicide treated mildew free and mildewed plants.

To obtain mildew free plants, seed treatments and seve-
ral sprayings with systemic fungicides are required. It was
to prove, however, whether such repeated applications of a
fungicide have any influence on the growth rate and yield of
treated plants.

Seeds of twenty different spring barley varieties and
lines were treated with the recommended concentration of
Ethirimol (Milstern, 1000 ml/100 kg). Twenty plants of each
variety and line were grown in pots (18 cm x 18 cm) in the
greenhouse, replicated eight times. To keep half of the ex-
periment mildew free during the whole vegetation period we
had to spray three times with Tridemorph (Calixin 0,75 1/ha).
The other half of the experiment was kept mildew free by eva-
poration sulfur in the greenhouse.

For the average of all varieties and lines tested no
significant influence could be found of the fungicide treat-
ment on the yield (total yield, yield of main and lateral
ears), on the thousand kernel weight (total, main and lateral
ears), on the number of kernels per main and lateral ear and
the number of main ears. A significant influence of fungicide
spraying was only observed on the number of ears, the number
of lateral ears and the number of kernels per ear. On the
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other hand we found significant interactions with yield,
thousand kernel weight and thousand kernel weight of main
ears (Table III). These reactions to the fungicide, however,
were limited to three varieties, especially one of which
showed the greatest influence on yield and thousand kernel
weight (2).

In our greenhouse and field experiments we compared total
yield and thousand kernel weight of fungicide treated mildew
free and mildewed plants. Although there was no significant
influence of the fungicide on these yield components in the
average of all varieties and lines tested it has to be kept
in mind that especially one variety showed reactions with
respect to yield and thousand kernel weight. But since there
is no other possibility in field experiments to keep plants
mildew free during the growth period we decided to use this
method for screening purposes to evaluate the degree of tole-
rance and resistance of different barley varieties to mildew.

As a supplement to our last paper (1) we would like to
report of two pot experiments in 1973 and 1974. Plants of
twenty spring barley varieties and lines were kept mildew
free by fungicide treatments and compared with the respective
mildewed plants. Mildew was scored at different stages of
development by recording the percentage of diseased leaf area
(1 = 0.4% disease, 9 = 10096 disease). Yields and thousand
kernel weights were determined after harvesting. The results,
compiled as percent losses compared with the mildew free
control, allow the following conclusions:

No consistent correlation was found between scores for
mildew and the yield losses in our experimental material. Al-
though the level of mildew in 1974 was about twice as high as
in 1973, the yield losses did not react in the same way as
shown in detail for some examples in Fig. 3 and Fig. 4. Pro-
bably this is due to a higher degree of mildew in the early
stages of plant development.

The highly susceptible variety No. 58 and the resistant
variety No. 44 showed high respectively small yield reductions.
Similar to 1972 the variety No. 63 showed in 1973 and 1974
almost the highest yield loss although in both years mildew
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was not very severe. On the other hand varieties and lines
with a medium type of susceptibility or resistance vary con-
siderably in mildew and/or yield reduction in different years.

In 1973 and 1974 a selection of the varieties tested in
the vegetation hall was also grown in small plots in the field.
Plants were treated with fungicides in the same way as in the
pot experiments, but mildew could not be controlled completely,
Although similar results were obtained with some varieties,
comparisons between the experiments in the field and the vege-
tation hall concerning mildew development and yield reduction
indicated considerable variations. This was again especially
evident with varieties of medium type susceptibility or re-
sistance and with respect to disease tolerance in different
years and experiments.

The conclusion has to be drawn that evaluation of such
plant material requires considerable efforts in order to ob-
tain information useful for further breeding programs. Results
of several years with different conditions for plant and mil-
dew development must be compiled and analysed in detail. Field-
experiments are absolutely necessary, but may be supplemented
by seedling tests and greenhouse studies. Additional infor-
mation is required on the different races of Erysiphe graminis
prevailing on the plant material investigated and in the dif-
ferent years and locations. This information was collected in
our investigations in 1975, but cannot be treated here in
detail.

Further experiments along these lines are in progress:
Evaluation of a larger collection of varieties and lines of
spring barley with respect to medium type of mildew resistance
or tolerance.

Further analysis of promising material including lines
from the mutation experiment described with respect to race
specific or unspecific resistance or tolerance.
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ABSTRACT

Investigations in the genetics of tolerance towards Septoria nodorum Berk,
in wheat showed that this tolerance is inherited polygenically and mainly
additively. This has to he considered when "breeding for tolerance. Crosses
should be carried out between parents of the highest possible tolerance.

Breeding for tolerance is carried out in two different manners: Conven-
tional breeding and with the use of mutation techniques.

The conventional breeding program can be divided into three steps: The
choice of the parents, the selection in the narrow sense (F2 - Fj) and the
evaluation of the tolerant lines (Fg till about Fp).

When producing mutants with tolerance towards Septoria nodorum, another
cultivar is treated every year in order to enlarge the genetical basis for
selection. 7 cultivars have been treated since 1967. Some tolerant lines
could be selected from most of the cultivars used for this treatment.

The efficiency of the mutation and selection techniques used is discussed
in the case of the cultivar Fermo. Besides the real improvement of toler-
ance the selection was accompanied in general also by an increase in plant
height and grain size. But some tolerant mutants were also found which did
not show these side effects. Furthermore, some mutants were selected in
which the progress of infection is slowed down.

I. INTRODUCTION

In recent years wheat breeders have shown increasing interest in breeding
for tolerance or resistance in wheat to Septoria nodorum Berk. The breed-
er's attention to this disease results from the fact that Septoria nodorum
is recognized to be present in many wheat growing areas causing consider-
able yield losses. The disease is also better known today than years ago.
One of the reasons for this increasing occurrence of the disease is the in-
troduction of high yielding but mainly dwarf varieties. Short varieties are
normally more susceptible than corresponding tall ones (Br&mimann [l], et
al. [2]).

Research carried out under IAEA Research Agreement Ho. 1339.
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At the second FAO/IAEA Research Meeting on induced mutation for disease re-
sistance in crop plants, the infection method and screening technique which
is used in Switzerland was demonstrated (Bronnimann et al. [3]). The follow-
ing explanations deal with some basic research on the inheritance of Septo-
ria nodorum-tolerance in wheat and with some results in the selection of
tolerant lines after using mutation techniques.

II. GENETICS OF TOLERANCE

As is the case with many other characters, the wheat breeder has to select
for them without having basic information about their inheritance. Quite of-
ten he is successful in spite of this inconvenience, However, if he knows
details about the genetics of the selected character, he is able to work in
a more efficient manner.

In the case of Septoria nodorum preliminary results showed additive gene ef-
fects for tolerance in wheat (Bronnimann [̂]). Further genetical studies
have been carried out since then and in these recent experiments we could
show that the tolerance of Septoria nodorum is inherited mainly additively
and polygenically (Bronnimann [5j» Fig* !)• The choice of parents has -to be
adjusted according to the genetics of tolerance. Crosses of the type toler-
ant x susceptible are less promising than crosses between parents of the
highest possible tolerance. Therefore, no spectacular progress in increase
in tolerance can be expected. Selection for tolerance is rather a matter of
small steps. On the other hand the polygenic system has the advantage of
high stability. The heritability is rather high, values of h2 of about 0.65
were found. Breeding for tolerance towards Septoria nodorum appears, there-
fore, quite promising.

III. BREEDING FOR TOLERANCE

a) Regular breeding program

Conventional breeding for tolerance is carried out according to the scheme
in fig. 2 (Bronnimann [6]). In principle the breeding work can be divided
into three steps (Bronnimann [?]):

1) The choice of the parents: Parents are selected among nurseries, collec-
tions or breeding lines. The tolerance of these varieties or lines must
be confirmed normally in a second year's test. It is very important to
set them in relation to their height, since there is a relation between
these two characters, as already mentioned.

2) The breeding of Septoria nodorum in the narrow sense: This breeding work
is carried out normally during the generations ?2 ~ ̂ 5.

3) The evaluation of the tolerance of the selected lines: During the later
generations from Fg till about F<j selection for yield, quality and gener-
al agronomic characters has priority (fig. 3 [6]). During this period a
Septoria test is still carried out in order to maintain the tolerance
achieved.

b) Use of mutation technique

In 1967 a program for producing mutants tolerant to Septoria nodorum was es-
tablished. The mutagenic treatments and the selection system, have already
been described [3]. Every year a new variety is -treated and selected accord-
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ing to this system. At present 7 have "been treated. Most of the cultivars,
but not all, showed suitable reactions on the nrutagenic treatment in regard
to increasing the Septoria nodorum-tolerance.

IV. EVALUATION OP THE EFFICIENCY OF MUTATION TECHNIQUE AND SELECTION
PROCEDURE

Since there was no previous experience in the use of mutation technique and
selecting tolerant mutants, the usefulness of the technique has been checked
in the case of the cultivar Fermo (Fossati et al. [8]). This cultivar was
treated with both gamma rays (20 and 30 krad) and EMS (3 o/oo + 5 o/oo).
Selection for Septoria nodorum-tolerance after artificial infection started
in MJ2 according to the selection scheme described. The increases in toler-
ance after mass selection in M2 and M3 and a single plant selection in Ml|
are demonstrated in fig. U [8], Since this selection was strictly made ac-
cording to the grain appearance an unwanted side effect was observed: With
this type of selection there was also a tendency towards an increase in
plant height (fig. 5 [8]). However, among the selected lines some exceptions
were also found where the height of tolerant lines differed only slightly
from that of the original cultivar. In some lines an increase in grain size
as a varietal characteristic was also observed. This effect could, however,
be separated from the real increase in tolerance (fig. 6 [8]). In this fig-
ure the increase in variance of the tolerance is also demonstrated. All
these selections were made with the aim of producing tolerant mutants. Some
of these mutants, however, showed a surprisingly lower disease attack. Of
course the detection of such low attack mutants is interesting and may per-
haps be an additional way of avoiding disease damage.

V. CONCLUSIONS

The demand for wheat cultivars with tolerance towards Septoria nodorum is a
permanent one. As demonstrated there is a better understanding of the gen-
etics of tolerance today and there are real possibilities to increase this
tolerance.

Besides the conventional breeding methods the use of mutation technique is
a suitable way of producing tolerant lines. Since artificial infection and
yield analyses are necessary, there are some limits to the volume of breed-
ing material that can be handled.

When using mutation technique, the problem is not the treatment for in-
ducing this mutation, but much more the identification of the tolerant mu-
tant. In this respect breeding with the help of mutation technique is no
different from regular breeding.

As is the case also for other characters, a minimal genetical selection ba-
sis has to be established. The broader such a genetical basis is, the big-
ger is normally also the chance of selecting the characters wanted. It is,
therefore, important and justified to search for tolerant mutants in dif-
ferent cultivars.

Since mutation technique is a suitable tool to reduce plant height, efforts
will be made in future to shorten tolerant lines. Among the shortened mu-
tants a reselection for Septoria nodorum-tolerance is planned. Whether this
technique will be successful cannot be said at present.
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FIG. 1 Performance (relative thousand kernel weight) of
parents (1, 9) and respective crossing combinations
(2 - 8, 11) following inoculation with Septoria no-
dorum before and after heading (81, S2) (after
Bronnimann
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FIG. 2 Selection scheme to obtain wheat lines tolerant towards
Septoria nodorum; selection in the narrow sense (after
Bronnimann 16J).
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FIG. 3 Selection scheme to obtain wheat lines tolerant towards
Septoria nodorum: test of tolerance (after Bronnimann [6]).
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FIG. k Effect of mubagen treatment, mass selection in M^ and M^
and single plant selection in M^ on tolerance towards
Septoria nodorum in terms of distribution of the thousand
kernel weight in 11 (after Fossati et al. [8]).
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FIG. 5 Effect of mutagen treatment, mass selection in Mg and
M3 and single plant selection in M^ for tolerance to-
wards Septoria nodorum on plant height in terms of dis-
tribution in Me (after Fossati et al. [8]).
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FIG. 6 Effect of mutagen treatment, mass selection in 1*2 and Mo
and single plant selection in M^ and Me on tolerance to-
wards Septoria nodorum in terms of the thousand kernel
weight in healthy condition (abscissa) and after infection
(ordinate) in Mg. Comparison of several mutagen treatments
with the non selected cultivar Fermo (after Fossati et al.
[8]).
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CROWN RUST CONTROL ON OATS*
K. J. Frey, J. A. Browning, and M. D. Simons

Iowa State University

ABSTRACT

Previous work has shown that the chemical mutagen EMS will induce

mutations for significantly increased tolerance to crown rust infection in

cultivated oats. Unfortunately, the lines with induced tolerance so far

have all been low in grain yield. One possible method to achieve a combination

of tolerance and good yield from such material is through recurrent EMS

treatment. During the past year, work was initiated to test this hypothesis.

Several lines selected from EMS-treated Clintland-60 cultivar for increased

or reduced tolerance, relative to the "parent", were retreated with EMS,

and derived lines from these materials being advanced to tests for yield and

tolerance.

Attempts have been made to test the relative effectiveness of EMS

treatment for inducing tolerance to crown rust among oat strains of

different ploidy levels. One strain of diploid and one of tetraploid oats

were treated with EMS. These two strains are as susceptible to damage

from crown rust as are cultivars of hexaploid oats. Seed from treated

material from these two lines is now being increased in preparation for

testing for crown-rust tolerance. Special attention will be paid to the

problem of combining tolerance with acceptable grain yield. Such studies

should throw light on the solution of the basic problem of combining

mutations for tolerance with acceptable yields in cultivated oats.

Data from many experiments have shown that multiline cultivars of oats

provide adequate protection from economic loss due to crown-rust disease in

Iowa, and since 1968, eleven multiline cultivars of oats have been released

from the Iowa station for use in commercial production in the midwestern USA.

Iowa conditions provide a "short rust season", however, so during the past

* Research carried out under IAEA Research Agreement No* 1044.
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two winter seasons, the effectiveness of multiline oat cultivars against

crown-rust disease has been researched in Texas, USA, which has a "long rust

season" of about four months. These experiments showed that the protection

against crown rust afforded by the multiline cultivars was equally good in

Texas as in Iowa. The seasonal productions of crown-rust spores relative to

completely resistant and susceptible checks were nearly identical in both

environments.

Fifteen new isolines of oats have been developed for use in multiline

varieties. Seed supplies of these are sufficiently large for immediate use.

Eight of these isolines are in the series used to compound Multiline E cultivars,

and seven were developed on a new midseason recurrent parent. All of these

isolines will be used in foundation seed stocks in 1976.

Experiments are now in the third season to determine whether the environment,

i.e., rust or nonrust, in which certified seed classes are propagated may

modify the isoline composition of multiline cultivars of oats.

At the 1975 meetings of the American Society of Agronomy, 3 days

were devoted to symposia on the genetic vulnerability of crop plants.

Mini-symposia were held on corn, forage grasses, sorghum, forage legumes,

small grains, oil-seed crops, and cotton, and these were followed by

a maxi-symposium to summarize the general situation, especially in the

USA, and in the world. The general conclusions from these symposia were:

1. The world collections of our major food, feed, and fibre

crops contain resistances (in most cases, adequate) to meet

our needs for breeding to control known pests.

2. What is most crucial is to research and implement systems for

managing host resistance genes and cultivar-use patterns so

as to provide minimal economic losses due to pests, lasting

usefulness of resistance genes, and reduced vulnerability to

new diseases and new races of known diseases.
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3. There should be expanded exploration for and collection and

preservation of cultivated, weedy, and wild types of our

major crop species for use in guarding against unforeseen

pests. Promptness in this endeavor is critical because

natural and cultivated materials are being eroded rapidly.

The conclusions of this symposium provide a most appropriate

introduction to our presentation to this conference.

A plant breeding program, designed to use host-plant resistance

factors to reduce crop losses from disease, must encompass 3 distinct,

but not mutually exclusive, phases:

1. Detection or creation of resistance factors (genes).

2. Definition of a management system(s) for the resistance factors

to provide adequate and persistent disease control.

3. Development of cultivars that make use of these resistance

factors and management systems to provide disease control.

The research work that we have conducted or will conduct as a contribution

to the research project on "Mutation Breeding for Disease Resistance"

can be assigned to these 3 general areas. Our crop for research is oats

(Avena spp.) and the disease to be controlled is crown rust (Puccinia

coronata avenae).

Traditionally, control of crown rust disease has been attempted

via 2 avenues: (a) use of pureline cultivars with vertical resistance

factors (Frey and Browning, 1971) and (b) eradication of buckthorn

bushes (Rhamnus spp.), the alternate host for the crown rust organism.

The useful life of vertical resistance in pure-line oat cultivars has

been 5 to 7 years (Stevens and Scott, 1950), and new, extremely virulent

races of crown rust continue to be discovered in spite of the virtual

elimination of susceptible buckthorn bushes in midwestern U.S.A. several

years ago. It seems safe to conclude that both of these measures have

provided only limited, and usually ephemeral, success in reducing economic

losses from crown rust on oats. Therefore, we propose to continue our
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effort to research and define new management systems for resistance

factors so the reduction in losses from crown rust attack on oats will

be effective and lasting. The crown rust-oat interaction system is

being used as a research model for the international project, and the

results from this research are proposed (with such modification as

necessary) for constructing effective management systems for other

disease-host plant interactions.

Simons (1971) has successfully induced mutations for increased

tolerance to race 326 of Puccinia coronata avenae by treating Richland

and Clintland 60 oat seeds with ethyl methanesulfonate (EMS). Where

the yield of Richland checks was reduced 43% by crown rust disease,

some mutagen-derived lines were reduced only 30%. Unfortunately, the

mutagen-derived oat lines with increased tolerance gave inferior grain

yields in the absence of crown rust. The results from Simons (1971)

study have led to the initiation of three research efforts:

1. Frey (1969) showed that when mutagen-derived lines of oats

were backcrossed to the nontreated parental line, there were

many cases in which significant segregation for grain yield

occurred. Of even greater importance, however, was the fact

that the deviant segregates for yield were equally distributed

in plus and minus directions. This was in contrast to the

results from the study by Arias and Frey (1973) where it was

found that of 1141 mutagen-derived lines of oats representing

16 original cultivars, 160 showed negative deviations for

yield and 1 showed a positive deviation. Further, the mutagen-

derived line with positive yield was 12% above the highest

check line from its parent, but it was considerably lower

than several of the highest check lines from other cultivars.

From a general review of the literature, Frey (1971) concluded

that most cases where cultivars from "mutation breeding"

showed real improvement in yield per se had resulted from crossing
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of mutagen-derived x nontreated lines and not from direct

selection of mutagen-derived lines.

As a result, a project is being carried out to test the

value of outcrossing to release positive mutations for a

quantitatively inherited trait, namely, grain yield. We are

using the oat cultivar, Clintland 60, which has proven to

be highly mutable when treated with EMS (Chandhanamutta

and Frey, 1975). About 450 MI plants (from seeds treated

with 0.12 M solution for 4 hrs) were crossed to the original

Clintland 60 to obtain FI seeds. Additionally 450 U^ plants

were allowed to self. Progeny rows of F, seeds from the

crosses and ML seeds from H. plants were grown in the field,

and 2 normal-appearing plants were chosen at random from

each row for use in a yield test. Also, 800 check plants

were grown and harvested individually. We will grow a yield

test with 6 replicates and 2400 entries consisting of 800

F_-derived lines (2 from each of 400 Fj's), 800 M2-derived

lines (2 from each of 400 M-'s), and 800 check lines.

2. One potential method for achieving a combination of tolerance

to crown rust and good yield of grain may be through recurrent

EMS treatment. During the past year work was initiated to

test this hypothesis. Several lines that were selected after

EMS treatment of Clintland-60 cultivar of oats for increased

or reduced tolerance, relative to the parent cultivar, have

been retreated with EMS. Derived lines from this treatment

are being advanced to tests for yield and tolerance.

3. Attempts are being made to test the effectiveness of EMS

treatment for inducing tolerance to crown fust in oat strains

of different ploidy levels. One strain of diploid and one of

tetraploid oats were treated with EMS. Both strains are

fully as susceptible to damage from crown rust as are susceptible

105



cultivars of hexaploid oats. Derived lines from these

treated materials will be tested for tolerance in replicated

trials. Special attention will be paid to the problem of

combining tolerance with acceptable grain yield in this test.

These studies should shed light on, and perhaps find a solution to, the

problem of combining mutations for tolerance to crown rust with acceptable

yields in cultivated oats.

Data from many experiments have shown that multiline cultivars of

oats provide adequate protection from economic loss due to crown-rust

disease in Iowa (Frey et al., 1973), and since 1968, 11 multiline cultivars

of oats have been released from the Iowa station for use in commercial

production in the midwestern USA (Frey et al., 1971a and b; Frey and

Browning, 1975a and b). Typical curves that show the quantitative

production of rust spores from field plots of a multiline cultivar and

resistant and susceptible isolines of the same agronomic type, when tested

in Iowa, are shown in figure 1. Assuming spore production of the susceptible

isoline to be 100%, spore productions in the multiline and the resistant

isoline were 25% and 6%, respectively. The Iowa environment, under which

these data were collected, provide a "short rust season" on only 4 to 5

weeks. To obtain information on the value of multiline cultivars of oats

in environments with a long rust season, Browning (1974) conducted

similar experiments in Texas. Crown rust in southern Texas is present

throughout the oat growing season and it can be severe for a 4-month period.

Data from the Texas experiment are shown in figure 2. The cumulative

spore-production curves from the Texas experiment show two periods of

acceleration, but the relative effectiveness of the multiline cultivar

was the same in Texas as in Iowa. Grain yields were not taken from the

Texas experiments because the oat lines responded erratically to the

photoperiod of that latitude.

A new study now underway makes use of the same techniques to obtain

cumulative spore-production curves from multiline, tolerant, late-
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rusting, resistant, and susceptible oat cultivars. This experiment

includes 12 cultivars and 3 replicates with daily spore sampling during

the rust season. It will be conducted in 2 seasons. This is a further

step in our attempt to evaluate the worth of various types of resistance

and population systems for controlling crown rust.

To date, the Iowa station has released 11 multiline cultivars of

oats for use by Iowa and midwestern farmers (Frey et al., 1971c). They

represent 2 series of cultivars, one early maturing and one midseason.

Presently, the regulatory branch of the U.S. Department of Agriculture

dictates that the multiline cultivars must be labeled as "blends". This

decision is based on the supposition that multiline cultivars, since they

are mixtures of isolines, may not provide a stable composition during

the consecutive generations of propagation. Whether the multilines are

called cultivars or blends is really academic because farmers are growing

multiline cultivars widely. However, since it is conceivable that

composition of the multiline cultivars could vary depending upon the

environmental conditions where the seed is increased, we have initiated

a study, now in its third season, to determine the effect, if any, that

the environment may have on multiline cultivar composition. The original

lot of a simulated multiline cultivar which contained 5 isolines in

equal proportions, was divided into 6 samples: (a) 2 were used to plant

replicate field plots in which rust development was precluded by fungicide

treatment, (b) 2 were used to plant replicate field plots that were

inoculated artificially with a small number of injected plants, and

(c) 2 samples were used to inoculate replicate field plots that were

inoculated with many injected plants.

We are using 5 races of rust selected so that every isoline is

susceptible to at least one race in the mixture. Some isolines are

attacked by 2 races, and some races can attack more than one-fifth of

the plants in the cultivar.
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Rust developed well each year of the experiment and we have now

grown field plots of foundation, registered and certified seed classes.

In each season we have monitored the rust-spore population and even

without a detailed analysis of these data, it is obvious to us that

the various races had differential survivals. For example, race 264A

was eliminated from the spore population early in all 3 years. We have

nearly completed the isoline analysis of the foundation seed lots and

progenies for the analysis of the registered seed lots are now ready for

analysis.

Fifteen new isolines of oats have been developed and increased

for use in multiline oat cultivars. They are being fed into our cultivar

releases now.
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HECTICAL VALUE OF INDUCED NOTATIONS FOR DISEASE RESISTANCE

IN WHEAT, TRITICUH A3STIVUM*

M. HANIS, A. HANlSOVA, J. CERNY, A.

Plant Breeding Station Stupiee, Institut
of Genetics and Plant Breeding Praha-RuzynS

A b s t r a c t

A programme has been planned that aims at inducing new

sources of disease resistance in wheat. Possibilities of

exploiting induced mutations are studied in comparison and

competition with conventional breeding efforts. Total of

134 lines with improved resistance to diseases such as Erysiphe

graminis, Puccinia striiformis, Puccinia graminis or Puecinia

reeondita were found in frequencies between 0,000 - 0,061 per

100 1&2 plants during the last 15 years. Value of the mutants
for practical breeding is discussed. Frequency of mutants

that could be utilized in a breeding programme is lower than

the total frequency of useful mutations. Majority of mutants

has additional undesirable changes. Some of the mutants segregate

permanently. However, mutants were also obtained that differ

from a parent line nearly only positively. Examples of such

mutants are set and indicate that induced mutation method can
be an efficient tool in breeding for disease resistance.

* Research carried out under IAEA Research Contract No. 1146 S3).
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The research programme of the Joint FAO/IAEA Division of

Atomic Energy in Pood and Agriculture, supported by SIDA, aims

above all at the development, improvement and testing of methods

and techniques. Special problems arise also in the practical

breeding process itself and the final verdict on the effective-

ness of each method of breeding in diverse crops and for diverse

objectives expresses a plant breeder, who can also contribute

towards further progress of the methods. At our plant breeding

station, we therefore study possibilities of exploiting induced

mutations in comparison and competition with conventional

breeding efforts.

During the last 15 years, we have irradiated or treated

with a chemical mutagen dry seeds of 23 winter or spring wheat

cultivars. Total of 134 mutants with improved resistance to

diseases such as Erysiphe graminis, Puccinia striiformis,

Puccinia graminis of Puccinia recondite, were found in frequencies

between 0,000 - 0,061 per 100 1̂  Pla*rts, which are probably

of mutant origin. Basic information on the disease resistant

mutants was presented at the Second coordination meeting

XlANlS 1974/. Another newly found mutants were mentioned in

the annual progress reports submitted within this programme*

Viewed from an aplication of the mutants in practical plant

breeding, there are some problems.
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1. Some of the induced mutants segregate permanently. One of

our mutants can set an example.

M u t a n t N o . 277-72 w i t h i m p r o v e d

r e s i s t a n c e t o s t e m r u s t

Origin and procedure;

18 KR of X-rays were applied to dry seeds of FAKIR cultivar

/Dem. Rep. of Germ./ in 1968. \ generation was grown in a

space isolation and harvested in bulk A grain from 1 plant/.

4,000 plants were grown in Mg generation. One plant progeny

segregating stem rust resistant plants was found among 1,800

progenies of M» generation in the field rust nursery.

Stem rust and leaf rust resistance

The mutation was primarily detected for resistance to stem

rust races 14 and 21. Only resistant plants were selected

for further planting. Their progenies repeatedly segregated

resistant and susceptible plants. Additional tests revealed

also resistance to some races of P. recondita and again

segregation. Conditions in Kg generation are shown in table I.

2. It is so far nearly impossible to find a wheat mutant which

shows only single divergent character compared with its

parent line. It is well known that such additional changes

are usually undesirable. Plant breeder could of course try

to rid the mutant of such undesirable characters through
backcrossing to a parent line but it takes time and could be
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worth it only with extremely important mutations or genotypes.

Most of our mutants are practically worthless for breeding.

One reason may be we applied formerly too high doses of

mutagens.

3. However, we have also obtained mutants that differ from a

parent line only positively or have additional negative

changes that are not so important. Two examples of such mutants

follow.
M u t a n t H o . 7750-70 w i t h i m p r o v e d
r e s i s t a n c e t o s t r i p e r u s t

TABLE I. SEEDLING REACTION TO STEM AND LEAF RUST RACES -
MOTANT NO. ST 277-72 /SCALE 0-4/

Stem rust
races No.

Mutant

Parent
cultivar

Leaf rust
races No.

Mutant

Parent
cultivar

GS 7

;1 and 4

4

11

;1 and 3

4

UN 3-72

0 and 3

4

14

;1 and 4

4

UN 10-14

0 and 3

4

21

;1 and 3

4

214

;1 and 4

4

UN 10-14 SaBa

3

3-4

34

;1 and 3

3

UN 13-77 SaBa

3

4

X

X Greenhouse tests done by P. BAKTOS, tfcS Praha-RuiynS
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Origin and procedure

18 kR of X-rays were applied to dry seeds of JUBILAR cultivar

/Fed. Rep. of Germ./ in 1967. Mx generation was grown in a

space isolation and harvested in bulk A grain from 1 plant/.

4,000 plants were grown in 1̂  generation. A uniform plant

progeny was selected among 3,535 Mj progenies according to

a short straw. Other agronomical characters of this line were

tested in further generations.

Culm length and lodging resistance

Height of straw is 15-20 cm reduced in dependence on conditions.

Mutant segregates normal types in a ratio about 1:1,300.

Height of straw measured at Stupice in 1975 is mentioned in

table II. Along with culm length reduction, lodging resistance

was significantly improved. Under conditions causing total

lodging of the parent line, mutant lodges 0-10 per cent.

Resistance to stripe rust

While the parent line was attacked 2/50 AM scale/ in a field

stripe rust nursery in the last two years, the mutant was

resistant.

Tolerance to Cercosporella herpotrichoides
Some results from field Cercosporella nurseries at Hadmersleben

/Dem. Rep. of Germ./ and Stupice as well as yields of grain

in crop rotation with wheat monocultures indicate improved
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TABLE II. HEIGHT OP STRAW - MUTANT NO. ST 7750-70

Line

Parent

Mutant

"Segregants"

n

100

100

37

x cm

110,8 t 0,77

92,1 * 0,24

111.6 t 0,94

t - test
Mutant Segregants

21,92+* 0,67

20,08*+

TABLE III. YIELD OF (21AIN - MDTABT HO. ST 7750-7Q

Year

1972-73

1973-74

1974-75

Generation

"6

*1

»8

No. of
localities

6

14

7

Yield
Vfaa

5.3

5-9

4.7

Yield relative
to parent line

100.5 i 1.8

97.8 ± 3.8

113.6 ± 7.7

tolerance in comparison with a parent line. 6.05 Vka* yield

of grain was reached in a 6 x 10 m? replicated trial following

to year's wheat monoculture while a parent line yielded 4.21

t/ha in 1974. Average yield in similar trials at 4 localities

has been 116.7 * 4.8 per cent relative to a parent line in
this year.

Yielding capacity

Yield trials had a plot size 10 m2 with 6 replications and

were performed at more localities. Results are mentioned in
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table III. Yield of grain of the mutant was reduced due too

high seeding rate in the first two years.

Other agronomical characters

Mutant and parent lines are equal in other important aspects:

resistance /or susceptibility/ to Erysiphe graminis, Puccinia

recondita, Puccinia graminis, Septoria nodorum, bread making

quality, earliness and sprouting resistance. Mutant seems

to be inferior only in one character. It is a little more

pulled out of the soil by spring frosts without snow cover

but only after unusually late germination in the field.

Verification of mutant origin

Preliminary tests were so far done in three ways:

a/ through comparison of anodal isoperoxidases electrophoretic

pattern of mutant and parent lines. Disc electrophoresis

was done on greenhouse seedlings 8 days old. The electro-

phoretic separation of the supernatant proteins was carried

out on 7.5 per cent polyacrylamide gel according to DAVIES

/1964/ at 4 mA. per gel in Tris-glycine buffer pH 8.3 during

120 min. Gels were stained in a 70 per cent ethanol solution

of 0.1 M benzidine containing 1 per cent hydrogen peroxide

fcfi^. Since tissue - specific variation for several enzymes

had been reported /SCASMLIOS 1964/, the entire shoots were

sampled to give a representation of enzymes. Sketches of the

zymograms are given in Fig.l. All zones of Jubilar except

that of Rf 0.24 were detected by the mutant. Three light
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zones were detected fey the mutant on the place of the Jubilar

zone with Hf 0.24* From the observation follow that both

mutant and parent lines are very similar in their isoperoxi-

dases pattern. AX/

b/ No significant differences between mutant and parent lines

were found by quantitative analysis of amino acid composition

of grain performed on automatic amino acid analyser /AAA 861/.
m/

c/ Total content of grain proteins was analysed according to

Kjeldahl method. Basic fractionation of proteins according

XXV analyses made by J. Kub6nek, Stupice
to their differential solubility was done with a modified

method /§A$EK, PRUGAR 1972/ based on OSBORNE's principle

/Fable IV/. Starch gel electrophoresis was done in PAULIK's

discontinual buffer system pi 8.6 and acid Al-lactate buffer

pH 3.2 according to §A§EK A972/. Results of starch electro-

phoresis are shown in Fig. 2. Analysis in Iris-citrate buffer

/pH 8.67 separates mainly proteins of albumine-globuline

character while Al-lactate buffer /pH 3.27 was used for
separation of gliadins. Results of all analyses indicate that

mutant and parent lines are equal in proteins of albumin,
globulin and gliadin series, it means in proteins that have

been usually analysed in genetical studies.
Preliminary studies therefore show that ST 7730-70 is a mutant

induced in JUBILAR cultivar., •
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M u t a n t N o . 749-74 /2814-72/ w i t h

i m p r o v e d r e s i s t a n c e t o s t e m r u s t

Origin and procedure

Dry seeds of PROGRESS cultivar /Fed. Rep. of Germ./ were

irradiated with thermal neutrons in a dose 5 x IĈ n̂/cm̂ /s*

in 1970. M-L generation was harvested in bulk A grain from

1 plant/ and 9,640 plants were grown in Mg field nursery.

Only 28 plants were selected according to agronomical

characters and their progenies were grown in IT field nursery.

Artificial stem rust epidemics that spread through the whole

nursery showed that one uniform progeny was resistant to stem

rust races 14 and 21.

Resistance to stem and leaf rusts

Additional tests of seedling reaction to another stem rust races

as well as a few leaf rust races were done in Me generation

TABLE IV. N CONTENT IN PROTEIN FRACTIONS - MUTANT NO. ST 7750-70

Line

Parent

Mutant

Protein
content
in g per
LOOg sample
/H x 5,7/

11,03

11,36

N content in protein fractions in g
per 100 g sample

Albumins

0,413

0,430

Globulins

0,234

0,221

Gliadins

0,550

0,561

Glutenins

0,497

0,590

Isoluterest

0,343

0,306

Total

2,037

2,108
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/Table V/. Mutant showed good resistance to all stem rust races

so far tested.

Yield of grain

Yielding capacity was tested on 10 m2 plots, 4-7 x replicated
in the_last two years. Yield of grain was 7.0 t/ha, i.e.

99.6 £ 3*1 per cent in 1974 and 5.8 t/aa, i.e. 128.5 per cent

relative to parent line under stem rust artificial epidemics

in 1975.

TABLE V. SEEDLING REACTION TO STM AND LEAF RUST RACES -
MUTANT NO. ST 749-74 /SCALE 0-4/

Stem rust
races No.

Mutant

Parent
line

Leaf rust
races No.

Mutant

Parent
line

CS7

;i

4

11

;i

3

UN 3-72

•

4

14

0

4

UN 10-14

•

4

21

0

3-4

214

;i

4

ON 10-14 SaBa

4

4

34

;1

3

UN 13-77 SaBa

4

4

X Greenhouse tests done by P. BARTOS, 00$ Praha-RuzycS
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Other agronomical characters

Mutant and parent lines are equal in culm length, lodging

resistance, stripe rust resistance and earliness. Negatively

was changed powdery mildew resistance. While parent line has
medium resistance, mutant line is medium susceptible.

Mutants with such characters can be very well used either

directly or indirectly in crossing programmes. Mutant ST 7750-70

could substitute Jubilar cultivar which was rather important

in the past and still occupies about 20 per cent of winter wheat

acreage in Bohemia. However, in the state variety trials, there

are now several new lines significantly superior to the Jubilar
standard and consequently to similar ST 7750-70 mutant and have

better chance of registration.

The advantage of mutation breeding is that the basic geno-

type of a cultivar may be only slightly altered, while the

improved character is added. On the other hand, this could be

a disadvantage of the method similar like with a backcross

method. We can hardly expect the achievement of unusual com-

binations of genes resulting in lines with a performance on a

plane quite different from that of the parent line, which is

still possible with hybridization of two distinct wheat varieties.

Nevertheless, useful mutants with characters like ST 7750-70

and/or ST 749-74 are suitable for crossing programmes or under
favourite circumstances, even directly as new cultivars. Detection
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of such mutants indicates that induced mutations method can be

an efficient tool in breeding for disease resistance.

F u t u r e p l a n s

Induction of new mutations for disease resistance in

wheat and barley will continue.

New lines with extremely high yields which are susceptible

to important diseases will be treated.

Genetical analyses of induced mutations for disease

resistance will be started in the next year.

Possibilities of exploiting "mechanical mass selection"

will be studied for selection of mutations for resistance

or tolerance to spike diseases of wheat /Erysiphe graminis,

Fusarium culmorum, Septoria nodorum/.
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Fig. 1. Anodal isoperoxidases electrophoretic
pattern of mutant and parent lines
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Fig. 2. Electrophoretic pattern of albumine-globuline proteins
Aria-citrate buffer/ and gliadin proteins /Al-lactate
buffer/ of mutant and parent lines
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STUDIES ON RECOMBINATION BETWEEN ALLELES IN THE ml-o LOCUS OF BARLEY

AND ON PLEIOTROPIC EFFECTS OF THE ALLELES*

J. HELMS J0RGENSEN

Danish Atomic Energy Commission Research Establishment Ris0,

Roskilde, Denmark.

Abstract

Five independently arisen genes, which are functionally allelic in

the ml-o locus and conditioning resistance to the powdery mildew fungus,

were tested for structural allelism by recombination. Two heteroallelic

crosses produced susceptible recombinants in F_ with a frequency of 8.6 and
_lf

2.0 x 10 , respectively, showing that ml-o 1 is structurally non-allelic to

ml-o 3 and to ml-o 9«

Homozygous resistant populations derived from crossing different

ml-o resistant barleys with susceptible varieties were exposed to two succes-

sive cycles of selection against necrotic leaf spotting. Field experiments

with selected F,_ lines and their parents showed that the ml-o resistant

parents differed in severity of spotting, and that the spotting can be re-

duced or eliminated by crossing and subsequent selection. It appears that a

reduction in the necrotic leaf spotting is accompanied by an increase in

grain yield.

Two new experiments designed to further elucidate the interallelic

recombination in ml-o and the pleiotropic effects are briefly described.

INTRODUCTION

The present study is part of a research project entitled "Induced

mutations for powdery mildew resistance in barley" which aims to elucidate

the possibilities of inducing genes for resistance to the powdery mildew

*Research carried out under IAEA Research Agreement No. 10̂ 3 and Research

Contract No. 139-7̂ -1 BIO DK with the European Atomic Energy Community.
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fungus (Erysiphe gramims DC ex Herat f. sp. hordei Marchal) in barley

(Hordeum vulgare L.) by mutation, to gain knowledge about the induced mutant

genes, and to assess the value of the mutants in terms of resistance charac-

teristics and agronomic performance for barley breeding purposes.

Past experience has shown that a number of induced mutant genes for

powdery mildew resistance in barley are recessive and non-complementing

alleles in the ml-o (or Reg 6) locus [cf. 1] localized to the long arm of

chromosome k r2, Jj . Ten resistance genes of independent mutational origin

are designated ml-o 1 through ml-o 10 (or Reg 6a through Reg 6jj) and one

of spontaneous origin ml-o 11 (or Reg 6k) 1̂j. Premilinary reports (J5, Vj

suggested that some of the genes may have mutations in different sites within

the ml-o locus. The data from one of these reports r~5\ will be presented

below together with supplementary data indicating that interallelic recombi-

nation does occur in ml-o.

Extensive studies on the powdery mildew resistance [5» 6, J0RGENSEN

unpublished^ disclosed no culture or race of the pathogen that is virulent

on any of the ml-o resistant barleys also having the same infection type.

The 11 ml-o alleles have no different effect on the primary infection of

barley seedlings by the pathogen, whereas the frequency of the occasional

mildew colonies, which can be observed on heavily inoculated ml-o resistant

seedlings, may be altered when the genetic background is altered fj0RGENSEN

and MORTENSEN in preparation].

The ml-o resistant barleys are further characterized by having necro-

tic leaf spotting, which is conditioned by recessive, allelic genes [J0RGEN-

SEN unpublished"] , and reduced grain yield; these characteristics are be-

lieved to be pleiotropic effects of the ml-o resistance genes [7, 8, 9] • The

availability of ml-o resistance in several high yielding barley varieties

make some of the mutants attractive for barley breeding. However, their

utilization in barley breeding in the past has been restricted by the un-

desirable pleiotropic effects. A recent report [9] and data presented below
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indicate that some of the pleiotropic effects may be reduced or eliminated

by altering the genetic background.

RECOMBINATION BETWEEN ALLELES IN THE ml-o LOCUS

Materials and methods

Four powdery mildew resistant ml-o mutants, Risa 56?8 CI 15219» M 66

CI 15217, SR 1 (= Refoma), and SZ 5139b CI 1522?, and the Ethiopian ml-o

line, Grannenlose Zweizeilige HOR 2936 (G.Z. 2936), were crossed in five cross-

-combinations, and were selfed. From 20 to ̂ 6 plants per cross combination

and about kO plants of each parent selfed were grown to maturity in a growth

chamber. The spikes were planted (un-treshed) in trays in the greenhouse and

the emerging seedlings were tested for powdery mildew reaction. All seedlings

from spikes yielding powdery mildew susceptible seedlings were saved, grown

to maturity and progeny tested.

Culture 290 of race A/- jl̂ qj of the powdery mildew fungus was used in

the disease-tests.

In order to check that the F,. plants were true hybrids, they were

tested for heterozycity in the esterase isoenzyme locus Est 1 or the Ddt

locus [cf. 11] .

Several precautions were taken to reduce the danger from contamination

of the material by pollen or seeds from barley susceptible to culture 290.

The F,. generation material was disease-tested at the seedling stage to ensure

that all plants were resistant. The material was kept isolated in a growth

chamber equipped with filters in the ventilation system and located in the

basement of a building. The flowering period was in August - at a time when

there was no flowering barley in the field and only very little in the green-

house. The soil used in the greenhouse for the disease-test of the f~ gener-

ation material was prepared and watered 10 days prior to planting to detect

possible contaminant seeds in the soil.

To detect outcrosses or admixtures the spikes producing powdery mildew

susceptible seedlings were dug up and it was checked that the susceptible
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seedlings (possible recombinants) originated from seeds in these spikes. In

addition, the susceptible seedlings and four resistant plants from each of

the same spikes were "finger-printed" using the esterase isoenzyme loci Est 1,

Est 2, and Est 3» the alfa amylase locus Amy 1, and the Ddt locus cf. 11 as

well as morphological characters.

Results

The F- plants were powdery mildew resistant and had necrotic leaf

spotting confirming that the resistance genes are allelic and that the leaf

spotting genes are allelic.

The heteroallelic F. plants produced nearly 26,000 resistant and eight

susceptible (recombinant) F2 plants, whereas the five homoallelic parents

produced resistant progeny only (TABLE I). The eight recombinants came from

eight different F. plants from two cross-combinations. A recombinant hetero-

zygote with two wild type genes in coupling, e.g. —=•——;—— , will be suscep-

tible (it is similar to a F. from a mutant x non-mutant cross), whereas the

reciprocal recombinant with two resistance genes in coupling, e.g.

.~°—m -o 3 , is assumed resistant. The frequency of susceptible recombi-
-k —knants was 8.6 x 10~ for the compound ml-o 1/ml-o 5 and 2.0 x 10 for ml-o 1/

ml-o 9? the corresponding recombination percentages were 0.1? - 0.06

and 0.0*f - 0.0̂ , respectively, assuming equal frequencies of susceptible and

resistant recombinants.

The progeny test of the F_ plants from the spikes with recombinants

showed that the seven recombinants (one died before setting seed) segregated

for susceptibility vs. resistance in a J:1 ratio as expected, and that the

resistant F? plants produced resistant progeny only. All resistant F., plants

had the infection type typical of the ml-o resistance. Further, the "finger-

-printing patterns" of the recombinants were as expected from the parents.

Sixteen F-, plants from each of the seven recombinants were grown to

maturity in a greenhouse compartment free of powdery mildew. Approximately

25 per cent of them had necrotic-spotted leaves. A progeny test for powdery

132



mildew reaction showed that all the F, plants with spotted leaves were homo-

zygous resistant, and all the non-spotted F, plants were either homozygous

susceptible or heterozygous. Thus, disease reaction and leaf spotting were

not separated in any of the seven recombinants.

Discussion

Powdery mildew susceptible plants in the F? generation material could

have originated from three types of event: 1) contamination by seeds or

pollen, 2) reversion by spontaneous back mutation in ml-̂ o or by suppressor

mutation, and 3) recombination between alleles in the ml-o locus. The first

two types of event are, however, expected to occur with approximately the

same frequency in the homoallelic as in the heteroallelic material, whereas

the third type of event will occur only in heteroallelic materials. Consider-

ing 1) the finding of susceptible plants in the heteroallelic material only,

2) that the frequency of recombinants found is within the range of inter-

allelic recombination frequencies reported for other loci cf. e.g. 12 and

13 for references' , and 3) the precautions taken and the control-tests made

in the present experiment, it is safe to conclude that the eight susceptible

Fp plants originated from interallelic recombination. Consequently, ml-o 1

in M 66 is structurally non-allelic to ml-o 5 in Risa 56?8, and to ml-o 9 in.

SZ 5139b. Due to the limited size of the individual F_ populations, it is

not safe to draw more extensive conclusions, e.g. that ml-o 1 is structur-

ally allelic to ml-o *f as suggested by the absence of recombinants (cf. TABLE

I).

A new experiment

The result obtained in the preliminary experiment described above

encouraged us to start a new experiment. It comprises six selected ml-o

genes, ml-o 1, ̂ f, £, 8̂ , 9., and 11, transferred to barley lines carrying a

unique genetic marker. They were crossed in the 15 possible diallel combina-

tions and some reciprocally, and they were selfed. The resulting F. gener-
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ation material was grown in 1975* Most of the F. plants were tested for

DDT-reaction in order to ascertain that they were hybrids4 Approximately

20,000 F_ seedlings per cross-combination and per parent selfed will be

tested for reaction to culture 290 of the powdery mildew fungus. Susceptible

seedlings will be checked for the genetic label in order to distinguish con-

taminants from recombinants and revertants.

This experiment may enable us 1) to show that additional ml-o alleles

are structurally different, 2) to map mutational sites within the ml-o locus,

3) to demonstrate that some of the ml-o alleles are not deficiencies, and

possibly, 4) to find spontaneous back mutations or suppressor mutations.

PLEIOTROPIC EFFECTS OF ml-o ALLELES

Materials and methods

Six powdery mildew resistant ml-o barleys, the mutants Risa 5678

CI 15219, SR 1 (= Refoma), and M 66 CI 1521?, and the Ethiopian lines,

AB 6 HOR 1677, Duplialbum CI 11793, and Grannenlose Zweizeilige HOR 2937,

were crossed and backcrossed with the susceptible varieties Carlsberg II and

Strengs Franken III. Homozygous resistant F2 plants were identified in each

cross prior to backcrossing.

Two seeds per homozygous resistant F2 and backcross-Fp plant were

space planted in the field alongside the parents. In the following these

plants are denoted F, plants and their progeny F. and F_ lines. During the

growing season necrotic-spotted F, plants were discarded and apparently

non-spotted plants were harvested. Their progeny was planted in small plots

in the following year and apparently non-spotted Fr lines were selected. Their

progeny, F(. lines, was planted in two experiments in 1975* One experiment in-

cluded all the 32 lines selected; it had two replications and plots with two

rows each. The other was a yield trial comprising the 20 lines retained from
p

Rise 5678, SR 1 and M 66 (cf. TABLE II); it had three replications and 2.2 m

plots. All plots were scored repeatedly during the growing season for leaf
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spotting on the scale: 0 = no necrotic leaf spots at all, 10 = very extensive

necrotic leaf spotting.

Results

The data from the two cycles of selection against necrotic leaf spot-

ting are summarized in Table II in which the populations from one, two and

three crossings to Carlsberg II are pooled, and the populations from the three

Ethiopian barleys, which are believed to be of common origin 1 , , are pooled.

The results from scoring the 32 selected lines for necrotic leaf spot-

ting in F,. are depicted in Fig. 1. Some F,_ lines, in particular from SR 1,

have scores as low as those of the two susceptible parents, i.e. these lines

have no ml-o necrotic leaf spotting. The effect of the selection is greater

in populations from the heavily spotted parents M 66 and Ethiopian barleys

than in populations from the less severely spotted parents SR 1 and Ris0 56?8.

In the yield trial Carlsberg II had a grain yield of 53«1 hkg per &a»

and its mutant, Riso 5678, ab'out 15 per cent less, ̂ 5»3 hkg per ha, which is

close to that of the other three parents. Of the F,. lines, two yielded more

than the highest yielding parent, Carlsberg II, two yielded less than the

respective lowest yielding parent, and the remaining 16 lines gave yields

between those of their respective parents. The distribution of the grain yield

figures around an average very close to a calculated mid-parent value may

suggest - as expected - that the reduction in necrotic leaf spotting brought

about by selection is accompanied by an increase in grain yield.

Discussion

Necrotic leaf spotting of ml-o resistant barleys may be ascribed

either to a pleiotropic effect of the ml-o genes or to genes in another locus.

In the latter case the necrotic spotting genes must be closely linked to ml-o

because of the low frequency of resistant, non-spotted lines in the present

material. It is, however, not likely that 11 independently arisen ml-o re-

sistant barleys have mutated simultaneously in ml-o and in a closely linked
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locus, unless the mutations are deficiencies covering ml-o and one or more

neighbouring loci. This is, however, not the case for the ml-o genes that

produce non-spotted recombinants from heteroallelic crosses. Therefore, it

is safe to assume that the necrotic leaf spotting is a pleiotropic effect of

the ml-o resistance genes.

The different degrees of severity of the leaf spotting on different

ml-o resistant barleys may be ascribed either to specific effects of the

single ml-o genes or to modifying effects of other genes. The present data

and other recent data j"9j show that the severity of spotting can be altered

when the genetic background is altered. The more or less continuous distribu-

tion of the F,- lines regarding necrotic spotting (cf. Fig. 1) suggests that

there are several or many modifier genes affecting the ml-o necrotic leaf

spotting.

A new experiment

The exploitation of the ml-o resistance genes in barley breeding

depends on the extent to which the grain yield reduction conferred by these

genes may be modified or suppressed. The finding in the above described pre-

liminary experiment and in other experiments [9 that the necrotic leaf spot-

ting, and, apparently, also the grain yield reduction can be reduced or elim-

inated by modifier genes encouraged us to make a closer study of the grain

yield reduction conferred by different ml-o genes and its modification. Three

ml-o mutants were selected: Ris0 5678 (ml-o 5)» Ris0 6018 (ml-o 6), and SR 7

(ml-o 10) representing an intermediate, a low,and a high grain-yielding

mutant or gene. The two Carlsberg II mutants were crossed reciprocally with

Foma, and the Foma mutant with Carlsberg II. The F.. seedlings were tested for

DDT-reaction to ascertain that they were hybrids. From the F. plants complete-

ly homozygous lines were produced using the Hordeum bulbosum technique for

producing chromosome-doubled monoploids jl̂ f] . These lines will be multiplied

and tested for disease reaction. About 15 resistant and 15 susceptible lines
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from each of the six crosses, will be tested in a yield trial together with

the five parents.

This experiment aims at elucidating the pleiotropic effects, in par-

ticular the grain yield reduction conferred by each of the three ml-o genes,

and the modifying effects of possible specific modifier or suppressor genes

and of the general genetic background.
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TABLE I. NUMBER OF POWDERY MILDEW RESISTANT AND SUSCEPTIBLE SEEDLINGS OB-
TAINED FROM CROSSING AND SELFING FIVE ml-o RESISTANT BARLEYS

Material

M 66 x SR 1 F2

M 66 x Ris0 5678 F2

M 66 x SZ
Ris0 5678 x SR
Ris0 5678 x G.Z

Heteroallelic ,

M 66
SR 1
Riso 5678
SZ 5139b
G.Z. 2936

5139b F2

1 F2

• 2936 F2

total

selfed
selfed
selfed
selfed
selfed

ml-o alleles
involved

ml-o 1/ml-o k
ml-o 1/ml-o 5
ml-o 1/ml-o 9
ml-o 5/ml~° ^
ml-o 5/rol-o 11

ml-o 1
ml-o 4
ml-o 5
ml-o 9
ml-o 11

Homoallelic, total

Number of
resistant

3,̂
8,165
5,026
5,832
3,238

25,725

^,202
6,3^0
6,3^9
6,235
3,232

26,358

seedlings
susceptible

0
7
1
0
0

8

0
0
0

0
0

0

TABLE II. TWO CYCLES OF SELECTION FOR ABSENCE OF NECROTIC LEAF SPOTTING
IN HOMOZYGOUS ml-o RESISTANT BARLEY POPULATIONS

Origin

SR 1
SR 1
M 66
Ris0
Ris0

x
x
X

5678 x
5678 x

Ethiopian x

Total

CII/1,
CH/2,
CII/1 ,
CII/1 ,
CII/2,
CII/1

2, and 3&)

SF/1
2, and 3
2, and 3
SF/1

number
per cent

No. of
F, plants

366
1V1
408
336
208
234

1693
100

Number selected
F, plants F. lines

29
10

23
29
20
28

139
8.2

6
k
7
0

3
12

32
1.9

1, 2, and 3 denote the number of crosses or backcrosses to
Carlsberg II (CII) and Strengs Franken III (SF).
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Ethiopian, and the susceptible Carlsberg II (CII) and Strengs Franken III (SF).

0 = no spotting, 10 = very extensive spotting.
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INDUCTION OF ASSISTANCE TO BLAST DISEASE (PffilOJLABIA OBYZAE CAV.)
IN TB3 HIGH YIELDING VAaiETY,AATNA. (IB 8 x TKMl>T*

S. Kaur, 8.Y. Badraanabhan and M. 3ao
Central itice Research Institute,
Cuttack-753006, (Orissa), INDIA.

(ABSTRACT)

The popular high yielding variety, 3stna (IB 8 x TKM 6), with a

duration of 110 days, susceptible to blast disease, (Pyrjcularja oryaae).

Dehusked seeds of Batna were ore-soaked in distilled water for 4 hours

and then were subjected to 0.1$ and 0.2$ M-B for 6 hours. The percentage

of germination was lower in 0.2$ EMS but survival was more. Seedlings of

M^ were raised in pots and panicles of individual plants were harvested

separately for ML, generation. The seeds of ML generation were grown in

•Uniform Blast Nursery" for observing blast disease reaction. The scoring

and classification of blast reaction was done as per the method described

by Padmanabhan and Ganguly (l959). The seeds of resistant plants were

harvested and grown in ML generation. Few susceptible plants were also

carried forward to ML generation*

Batna control (untreated^ developed "B", *Cn and "DM type of spots*

In addition to these classes, the EMS treated population (8000 plants) deve-

loped W, "A" as well as "B" type of spots, showing a wider range of varia-

bility than the untreated control, towards both resistance and susceptibility.

Three hundred resistant plants (with "0", "A" and "B1* type of

spots) from Kg were carried forward to M_ generation. These also segregated

giving a range of reaction from 0-E spots as in the case of M.« The

population of resistant plants was higher in M^ (31.65$) than in ML. (23.6$).

The progenies of a few plants (50 plants) found susceptible in

Mg also segregated in ML towards resistance, but the percentage of

resistant plants was low (7*6$) .

Research carried out under IAEA Research Contract No. 1277 SD,
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Introduction

Batna (IB 8 z TKM 6) a highly popular semidwarf high yielding

variety, is susceptible to blast disease (Pyricularia oryzae Car.)*

An attempt was made to induce resistance to blast in this variety,

through chemical nutagen EMS and to isolate resistant mutants

retaining all the good qualities of Batna. The salient features of Batna

are presented belov .

(i) It is a semidwarf variety with a duration of 110 days.

(ii) Its yield potential is 3-5 tons/ha in the rainy season
and 6-9 tons/ha in spring season.

(iii) It has superfine grain with a good cooking quality.
at the dead-heart stage

(iv) It is tolerant to stemborer,/leafhopper and tungro virus.

(v) It is susceptible to blast and bacterial leaf blight.

Material and methods

The seeds of the variety, Batna, were subjected to seed treatment

with ethyl methane sulfonate (EMS). The seeds were carefully dehusked and

three lots of dry and dehusked seeds were pre-soaked in distilled water

for 4 hours. These pre-soaked seed lots were treated with aqueous solution

of O.l̂ and 0.2# 2MB for 6 hours. A control lot containing 150 seeds was

sioaltaneouslytreated with distilled water for 10 hours.

After the treatment, the seeds were thoroughly washed in running

water and kept on moist filter paper in petridishes for germination. The

surviving seedlings were planted in trays with close spacing in order to

avoid excessive tillering. On maturity, the seeds of these panicles were

harvested separately and kept for growing Mg generation.

Second generation (M̂ ) of Batna for blast disease

Seeds ootained from M. of Batna treated with 0.1 and 0.2# JMS

were sown in nursery beds* A total population of 8000 plants was included

for blast resistance*
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Method of seed bed preparation

Dry seed bed vas used for raising the nursery. The seed bed was

2 meter vide and the seeds from M plants were sown to a length of one

meter in the centre, leaving half a meter on either sides. The variety

Co_.13 (highly susceptible to blast disease) was sown on either side of the

test plants*

One hundred grains from individual NL plants were sown in two rows,

10 cms apart. There was a row of Co_.l3> the susceptible variety, in between

the test rows, which was 5 cms. apart from the test row.

Ammonium sulphate was applied at the rate of 40 kg/ha just before

sowing.

Scoring; of leaf blast reaction

Scoring of leaf blast reaction was done as per the method described

by Badmanabhan and Ganguly (l959) which is as follows :

Score A - Just brown flecks.

B - Reddish brown, circular discolouration without differentiation.

G - Circular spots 2-3 mm in diameter with a central ashy zone
and dark purplish margin.

D - Broadly spindle shaped spots with a central ashy zone, 2-3 mm
broad and 7-14 ram long.

E - Elongated spindle shaped spots with central ashy zone, 2-3 uu>
broad and upto 20-30 mm long.

The plants showing *K)M (nil) ttA" and "B" type of blast spots on
plants with

leaves were classified as resistant and/wC", "D" and "Efl types as susceptible.

Results and discussion

First generation (M.) of JBatna

The data on the seed germination and survival in 0«l£and 0.2#

SM3 are presented in the Table I. It might be seen from the table that

the percentage of germination was 66.6 and 44*6 in 0»]£and 0*2jt ZMS

respectively. The percentage of final survival vas 44.0#and 53•?# in

O.ljSand 0.2# SMB.
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Selection of resistance to blast in M» generation

The results obtained in the screening trials of Mo are presented

in Table II and also graphically represented (fig.l).

A vide spectrum of blast reaction from ''0° to "3" type spots was

induced by the rautagen treatments in Mg generation both towards resistance

and susceptibility. Pooling together, the population under resistant

groups (*<)", "Aw and 'to* type spots), it was noted that there were 2 % of

•R" plants and 98 per cent of "S" plants in control (untreated seeds)*

The corresponding figures of the treated population were 28*4 per cent of

•«" and 71.6 per cent of "S" in 0.1# SMS and 18.8$ of ««'• and 81.7" of ««"

in 0.2/6 53MS i.e. 23.6 petf cent of MQ plants mutated for resistance to

blast disease in 3MS.

Selection of resistance to blast in M. generation

The data on the blast disease in M, generation of Hatna are

presented in the table III and also graphically represented.

The data on the frequency distribution under different types of

spots revealed that a wide range of variability from "0" to "8" type spots

(fig.2) was obtained from resistant group of KU in M_ generation. The

percentage of resistant plants was 33*79 in 0.1$ EMS and 26.23 in 0.2# EMS

i.e. 31.01 per cent of ML plants entated for resistance to blast disease in

EMS treatment which was higher than in Mg (23.6$)*

The susceptible plants isolated from H, generation also segregated

in M_ generation (table IV) in the range of "0" to "B" type spots (fig*3).

Though the percentage of resistant plants was low (7.7jO*

Beferences

Padmanabhan, S.Y*. and D.Ganguly. Breeding rice varieties resistant to
blast disease caused by Pjrricularia oryzae Cav. I.
Selections of resistant varieties from genetic stock*
Proc. Indian Acad. Sci. g) (l959) 289*
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TABUS I Data on percentage of germination and survival of Batna
(IB 8 x TKM 6)

Mutagen
and
dose

Control

0.1 EMS

0.2 EMS

Number of
seeds
treated

150

150

150

Number of
seeds

germinated

142

100

67

Per cent
gemination

94.67

66.6

44.6

Number of
plants
survived

137
44

36

Percent
survival

96.5

44

53.7

TABLE II Mutation in blast reaction in High Yielding Variety, Batna
(IB- 8 x TKM 6) under EMS treatment in ML generation

Mutagen Nil
and
dose ____

B E Total Total
B

0.1 EMS

0.2 EMS

163 359 462 100? 862 502 3455

(4.7) (10.0) (13.3) (29.8) (27.9) (±4.5)

58 197 143 684' 926 159 2162

Figures in parenthesis represent percentages

984 2471

(28.4) (71.6)

398 1769

(2.7) (9.1)

Batna
(Control )

Co.13
(Highly
susceptible)

(6.6)

2

(2)

1

(1)

(31.6)

33

(33)

9

(9)

(42.7)

65

(65)
50

(50)

(7.3)

100

40 100

(40)

(18.8)

2

(2)

1

(l)

(81.7)

98

(98)

99

(99)
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TABLE III Segregation of Resistance" selections of M_ in M_ generation
of Batna (EMS treatment) * >

Mutagen Nil A B O D E Total Tqtal
and E S

dose_____________________________________________________

0.1 3MS 1153 1426 111? 2150 3621 858 1C,325 3696 6629

(11.17) (I3.8l)(l0.8l)(20.82) (35.0?) (8.30) (35.79) (64.2l)

941 833 485 1286 4309 753 8,607 2259 6348
0.2 „. .

(10.93) (9.67) (5.63)(l4.94) (50.06) (8.74) (22.26) (73.74)

3atna 3 0 13 12 245 120 393 16 377

(0.7) (0) (3.3) (3.0) (62.5) (30.5) (4.00) (96.0)

( Figures in parenthesis represent percentages)

TABLE IV Segregation of "Susceptible11 selection of 1L in M_ generation
of Batna (3MS treatment) •*

Mutagen Nil A B C B 2 Total Total____
and B S
dose_____________m__________________________________«______

73 131 99 398 1351 454 2506 303 2203
0.1 MS

(2.91) (5.23) (3.95) (15.88) (53«9l) (l.8l) (l2.09)(7l.6o)

13 18 24 153 1200 345 1753 55 1698
0.2 EMS

(0,74) (1.03) (1.37) (8.72) (68.45) (19.68) (3.14) (96.85)

13 12 245 120 393 16 377

(3.3) (3.0) (62.5) (30.5) (4.0C) (96.0)

(Figures in parenthesis represent percentages)

* Help rendered by Dr. 2.H.Fisra, Cytogeneticist is acknowledged.
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Selection Ibr BUat Resiataat Katente la Radiation Irradiated He* Populatione.*

8* !• Ewon

Applied Oonetiea Lab.
Korea Atonic Bnergy Boeearch InetLtate

Soonl* Korea

ABSTRACT

A newly released rice variety long»il poaaesaes MOT eaoellent
agrononie traits in Korea, parttetilarly * UL î xmiattte* to tfa* ttLMt
diMM»* ffaually, a tMdstnt fmrietiM r*I»«Md for £ULd planting often
••et tto duOJUnge of tite ereatioa of * amr z«ee «bl« to flourish on th*
boat »hloh ^p to that ttae had ba«n rwiataat. It i» <Jea3raM.o^ tharmfora,

to foroao* anoh now raeo* of tho Auagaa ad to aolact riea gaBOtypoa
to thorn. lhi» otedy waa oonduetod to obtain aoro Ttrolo&t blaat

vaeoo hy X»xgr for •oraoning vaolataat nmtaata t*m irradiated rioa popu*

Fnlonlarta OCTMO Can raeo 1-1, Aieh ahom roaiataat raaetton to
tha Tariaty Tbn«-il, wao irradiated at doaaa of 20, J<D, 60, 80 and 100 kB

of X-rays. Irradiation of conidia raaultad aigoifieattt raduotlon of
oooldial gondnatioA and byphal olongatioa ivwraalj with radiation daoa,

vharaaa a Uttla atiMOaterj of foot of initial growth va* obaorvod at
dooa of 10 kR. te tho baaia of inf activity to tho roaiataat variety
Vang*iL, OOBO ehongoo ia paUwgonioitgr «ao iadnood by X-ray irradiation*
Of tho oavon ioolatea idontdlflad, ono eorroapondod te raeo C-lt throo to

C-$, tm to f* and ono te IA-67. Farttealarly^ tho nmtant raoo 11-67
dorivod from 190 UUirradiated oontdia ahovad aoat roaarirahla Tirolanoa
on tho rariaty lo&g-il raoiatant te oalatiag raeoa and OTidaaead aa a now
raoo wfcieh had not boon roportad la loroa, Ihoao nntont raeoa were naed
for oerooniag the roaiatamt linoa from the tmriaty Tbag-il

* Rasaaroh carried oat tmder IAEA Researoh Contract No. 1030 3D.
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Primarily, a total of U|OU M2 lima from irradiated variety frag-11
were engaged in the teat for blaat resistance in growth room by artificial

Oat ik^FV»W ^P*

tant reaotioiu However, only Id line* from Mj populatioaa were eeleeted
flaally throagh the testa of different condition*. HeonwtHl*, 7 resiatant

linea were aeleoted fro« 9767 M3 populattona of the variety Pong-kwang bgr
blaat mreerjr teat end they were outatanding la the field,

IB addition, a atady of the •eehaaiew of blaat zttatatajiee la Hw

variety lbng»il waa oarried oat* Ihe data ahowed that ailioate and flavonold

ooatenta of rice jOant aight be one of the faetora of tte blaat resistance
in the variety fong-il, however, the reaiataace waa considered to be far
reapoaaibl* for race apeolfioitgr of the variety, la view of fee fact feat
Tong-il ahowa aoaoeptible reaction la fee phlUfplaea. therefore, it ia
eaphaaiied to develop fee varietdLea wife more broad apeetnai of
to blast fean feat of fee varletgr loaf U*
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IDENTIFYING AND UTILIZING RESISTANCE TO
Puccinia striiformis IN WHEAT *

ROLAND F. LINE
Cereal Disease Research Laboratory
Wheat Breeding and Production Unit
U. S. Department of Agriculture
Pullman, Washington, U.S.A.

R. E. ALLAN
Wheat Breeding Laboratory
Wheat Breeding and Production Unit
U. S. Department of Agriculture
Pullman, Washington, U.S.A.

C. F. KONZAK
Department of Agronomy and Soils
Washington State University
Pullman, Washington, U.S.A.

ABSTRACT

Resistance to Puccinia striiformis in wheat cultivars, breeding lines,
and induced mutants, was studied on plants exposed to natural rust inoculum
at field sites and on plants inoculated with specific races and grown un-
der controlled temperatures. Based on infection types and disease inten-
sity at various stages of plant growth throughout the duration of rust
establishment, the following resistance-types (R-types) were identified:
R-type 1, plants resistant or susceptible at all stages of growth and at
both low and high temperatures throughout duration of rust establishment;
R-type 2, plants initially resistant in the seedling stage but eventually
become susceptible, plants resistant at later stages in the field; R-type
3, variable resistance in the seedling stage, high resistance in later
growth stages; R-type 4, plants resistant in the seedling stage, but sus-
ceptible in late stages of growth; R-type 5, plants susceptible, but the
pathogen is slow to sporulate and consequently, rust increases slower in
the field; R-type 6, plants susceptible at low temperatures and resistant
at high temperatures at all stages of growth; R-type 7, plants very sus-
ceptible at both low and high temperatures in the seedling stage and at
low temperatures in later stages; when temperatures are high, plants become
more resistant in later stages; R-type 8, plants susceptible at all stages,
when rust intensity is low and when not under stress, but become more re-
sistant when intensity is high or under moderate stress in the field. Com-
binations of the above types were also observed. Techniques for identifying
resistance to stripe rust, race specificity of the resistance-types, re-
lationship of plant growth habit and head characteristics to disease inten-
sity, historical significance of various types of resistance in the United
States, and methods of using the resistance-types are also discussed.

INTRODUCTION

Studies on the evaluation of wheat (Triticum aestivium L. em Thell)
cultivars, breeding lines and mutants for resistance to stripe rust
(Puccinia striiformis West.) were reported in 1973 at the Second FAO/IAEA
Coordination Meeting on Induced Mutations for Disease Resistance in Crop
Plants at Navi Sad, Yugoslavia [1], The major emphasis of that report was
on a) identifying and measuring resistance based on disease studies in the

* Research carried out under IAEA Reseach Agreement No. 111?.
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field* and studies under controlled conditions in the greenhouse and growth
chambers, and b) improving methods of recording, processing and summarizing
disease data. This report is on the continuation of those studies with em-
phasis on the identification and utilization of resistance to stripe rust.
This report gives examples of kinds of resistance-types that have been
identified, describes how the resistance-types have been used in the past,
and suggests how they may be more effectively used in the future.

TYPES OF RESISTANCE

Several resistance-types (R-types) have been identified on the basis
of results from field studies at several sites in western United States
from 1968 to 1975 and from studies under controlled temperatures in the
greenhouse and growth chambers. In the field studies, plants were exposed
to the naturally occurring inoculum, except for a few locations where they
were also inoculated with specific collections of rust. Pathogenicity of
the rust at the field sites was monitored by using trap plots and by test-
ing urediospore collections from the various sites on differential culti-
vars under controlled conditions. Only one pathogenic race was present at
most sites in most years. However, in a few plots as many as three dis-
tinct races were present. Rust intensity (degree of attack), infection
type, and stage of plant growth were recorded periodically during the grow-
ing season. Table I shows the scale for infection types. The scales and
recording methods were described in greater detail in 1973 [1]. Based on
the field data, six distinct patterns of rust development were identified
(Figure 1). Other patterns may occur but were not clearly identified.

Studies were made in the greenhouse and growth chambers on seedlings
and plants in later stages of growth at temperatures programmed to gradu-
ally alternate between a low night temperature and high daylight tempera-
ture. The major temperature ranges were 2-18°C, 7-20°C and 10-30°. Data
on the initial infection types and subsequent changes in the infection
types were recorded. By combining field information on the pattern of dis-
ease increase and infection type and the controlled temperature data on
infection type, eight distinct resistance types were identified.

The pattern of increased rust intensity in the field is similar for
plants with R-type 1, R-type 2, and R-type 3 (Slope B, Figure 1A). These
three resistance-types appear to be race specific. The plants are highly
resistant to some races (infection types 0-3) but very susceptible to other
races (infection types 7-9). When susceptible, the pattern of rust increase
is characterized by Slope A. When grown at controlled temperatures, plants
with R-type 1 are either highly resistant or highly susceptible (depending
upon the race) to stripe rust at all stages of growth and throughout the
period when rust is on the plant; seedlings with R-type 2 are initially
resistant but eventually the rust sporulates and the plants are then con-
sidered susceptible; and plants with R-type 3 exhibit variable resistance
in the seedling stage.

Plants with R-type 4 are highly resistant in earlier stages of plant
growth, but later in the season (after the heading stage) they become sus-
ceptible and rust intensity increases rapidly (Slope B, Figure IB). This
type of resistance could be described as "late rusting". Some cultivars
with this resistance are resistant to some races, but highly susceptible
to other races, thus this type of resistance may also be race specific.

High infection types (7-9) develop on plants with R-type 5, but sporu-
lation occurs relatively late on seedlings and rust intensity increases more
slowly in the field (Slope B. Figure 1C). There is no evidence that this
resistance is race specific.

152



In R-type 6, plants are more resistant at high temperatures than at
low temperatures at all stages of plant growth. Slope B in Figure ID shows
the typical pattern of rust development for this type under field condi-
tions. As temperatures increase during the season the rate of development
decreases. This type of resistance appears to be nonspecific. The more
genes for this resistance, the greater the resistance.

R-type 7 (Figure IE, Slope B) is the most important type in north-
western United States and has been used extensively for more than 12 years
with no evidence of race specificity. Plants with R-type 7 are very sus-
ceptible in the seedling stage at all temperatures and in later stages at
low temperatures (infection types 8-9), but at higher temperatures (such as
occurs in the field later in the season), resistance increases as the plants
become older (ranging from infection type 6 in earlier stages to infection
type 2 in later stages).

R-type 8 appears to be associated with a tendency for tissue to die
when plants are under stress. When rust severity is high, under dry con-
ditions, or at high temperatures, the tissue dies and further speculation
is prevented, thus rust no longer increases (Slope B, Figure IF). However,
this resistance may not be very useful because early death of the leaves
reduces yield.

Other factors such as plant height, tillering, and presence or absence
of awns also influence the intensity of rust in the field by creating more
favorable environment for the pathogen or by trapping spores.

UTILIZATION OF RESISTANCE TO STRIPE RUST

We have identified the types of resistance (R-types) expressed by cul-
tivars that have been grown in western United States. With this information
we can determine the breeding and testing methods that have been most effec-
tive for providing "stable" resistance and identify some important factors
that should be considered in future breeding and testing. In retrospect,
most of the cultivars grown in northwestern United States since 19H5 (and
probably before that) had good nonspecific resistance to stripe rust (Fig-
ure 2). Most of the common white and hard red winter wheats, grown prior
to 1950, have R-type 7 resistance. The club wheats (Elgin, Elmar, and Omar)
with their limited genetic base, however, are susceptible to all present
races of stripe rust. Consequently, as they increased in production, stripe
rust also increased in importance and during the late 1950's and early
1960's severe epidemics of stripe rust occurred. After the severe epidemic
in 1960, there was a shift back to Brevor, with R-type 7. In subsequent
years, Gaines and Nugaines, with even more effective R-type 7, were releas-
ed. Since then, Gaines and Nugaines have been the major wheats in north-
western United States. In addition, Wanser and McCall (hard red winter
wheats) were released in the mid 1960's and Luke, Hyslop, and McDermid
(white winter wheats) were released within the last 5 years. All of these
wheats have R-type 7 and some also have other types of resistance in addi-
tion to R-type 7. These resistant cultivars have been grown for more than
12 years with no more-virulent races appearing on them, even though they
are susceptible in the seedling stage. In contrast, about 3 years after the
initial release of Moro and Paha (two club wheats with R-type 1), new viru-
lent races appeared on them.

The following are some of the factors that made selection of cultivars
with R-type 7 possible, a) The older popular cultivars had some degree of
resistance. Thus, they were good parental material upon which to build.
b) Selection for resistance was made in the field, under local environmen-
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tal conditions, when plants were relatively mature (after heading) and when
R-type 7 is best identified rather than in the seedling stage or early in
the growing season when the temperatures are low and R-type 7 cannot be
identified, c) Only the most susceptible plants were discarded; plants
with both intermediate and high resistance were saved, d) An extensive
testing system at many sites was used to evaluate the new lines; emphasis
was on improving yield under environmental conditions where the crop was
to be grown. Superior cultivars adapted to various local conditions were
often obtained even when knowledge of the local hazards was limited. Nu-
gaines was released as a new cultivar primarily because its mean yield and
test weight were slightly better than the yield of Gaines when tested at the
various locations, even though it was not better at some locations. We now
know from crop loss studies that the slightly better yield and test weights
of Nugaines were due to slightly better R-type 7 to stripe rust.

These selective methods should continue to be effective in developing
improved wheats for the future. The methods increase the possibility of
obtaining types of resistance not identified on seedlings. However, iden-
tification of the types of resistance requires disease records made several
times during growth in the field; trap plots and rust collections to moni-
tor the pathopenicity of the rust; and tests with the cultivars under con-
trolled conditions. The patterns of rust development shown in Figure 1 are
based on several sets of notes. If notes are recorded only once during the
growing season, some types of resistance cannot be identified, and the in-
terpretations may be different depending upon when the notes are recorded.

Monitoring the pathogenicity of the rust, more accurately identifies
the resistance-types. When Gaines and Nugaines were selected, the patho-
genicity of P_. striiformis was limited to one or at most two races. Now,
after the release of cultivars with specific resistance, several new races
have appeared. A mixture of several races can influence the results ob-
tained on plants that have resistance to some of the races but not to
others. Also, if one race is present early and a second race appears later
in the season (which happened in 1975), cultivars or lines with R-type 1
for the first race but not the second race will exhibit a pseudo R-type U
resistance.

Plants with various types of resistance can be selected in the field
but an understanding of the nature of the resistance can only be obtained
by tests under controlled conditions. For example, in the field a high
nonspecific R-type 7 may appear similar to the specific R-type 1. Race
specificity can be determined by inoculating seedlings with several races.
If seedlings are susceptible to all races, but the wheat line is resistant
in the field, then there is reasonable assurance that the resistance is
expressed only in older plants. If the line is susceptible to some races
but not others, then it has specific resistance. However, it may or may
not have other types of resistance. To identify other types of resistance,
especially to a race that is not present in the field, plants in later
stages of growth must be inoculated with a virulent race and evaluated at
high and low temperatures to identify the existence of temperature sensi-
tive, adult plant resistance.

Ideally, a combination of resistance-types (both race specific and non-
specific) would provide the greatest protection from stripe rust as well as
from many other diseases. The resistance-types have often been difficult
to identify. However, development of the procedures described, permit
several types of resistance to be identified. Certain types have already
proven to be useful in western United States. Their usefulness in other
areas remains to be determined. To determine the best type in other areas,
the environmental conditions in that area must be considered and plants must
be evaluated in those areas.
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TABLE I. BASIC AND EXPANDED SCALES FOR RECORDING STRIPE RUST CPuccinia striiformis) INFECTION TYPES.

en

Basic Scale
Symbol Code

Description of signs and symptoms or Expanded
Infection types* Symbol

Basle Scale
0 0 No visible signs or symptoms.
R 2 Necrotic and/or chlorotic areas, no sporulation or
M 5 Necrotic and/or chlorotic areas, light to moderate

trace ;

Scale Gassner and
Code Straib Code

sporulation.
sporulation.

S 8 Necrosis or chlorosis may or may not be present, abundant
Expanded Scale

0 0 No visible signs or symptoms.

R o£

M e3

S oO

1

Necrotic or chlorotic flecks, no sporulation.
Necrotic and/or chlorotic blotches or stripes,
no sporulation.
Necrotic and/or chlorotic blotches or stripes,
trace sporulation.
Necrotic and/or chlorotic blotches or stripes,
light sporulation.
Necrotic and/or chlorotic blotches or stripes,
intermediate sporulation.
Necrotic and/or chlorotic blotches or stripes,

. moderate sporulation.
" Necrotic and/or chlorotic areas,

abundant sporulation.
Chlorosis behind speculating area,
abundant sporulation.
No chlorosis or necrosis,
abundant sporulation.

0
VR

MR

LM

M

HM

MS

VS

sporulation.
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FIGURE 1. PATTERNS OF STRIPE RUST DEVELOPMENT IN THE FIELD SHOWING A TYPICAL
SUSCEPTIBLE REACTION (SLOPE A) AND EIGHT DIFFERENT TYPES OF RESISTANCE (SLOPE B).
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SCREENING OAT POPULATIONS FOR RUST RESISTANT MUTANTS

R.I.H. MCKENZIE, J.W. MARTENS, D*E» HARDER AND PJ>. BROWN
Winnipeg Research Station
Manitoba, Canada

Abstract

In 1972 a total of about two million M. plants were grown
at Morden, Manitoba* Thirteen plants which were thought to have
possible resistance to race CIO of oat stem rust were harvested.
After extensive seedling and adult plant rust tests the best of
the selected plant progenies was crossed and backcrossed to
Rodney 0, a stem rust susceptible oat. The resistance in this
line M-72-6 was found to be controlled by a single gene.

In 1̂ 73 another two million M_ plants were examined for rust
resistance at Morden and 3d were harvested* None of the ML plants
selected in 1973 appeared to have any seedling or adult resistance
when examined more thoroughly in the greenhouse and again in the
field in 1974*

In 1974 one million M« plants were examined for resistance and
73 selected. None appeared to have any resistance when tested further.

The strain CI3034 which was good adult plant stem rust resistance
associated with weak straw and a light green plant colour was treated
with gamma radiation and EMS in 1973 and the M_ grown in the CIO rust
nursery at Morden in 1974*

A considerable number of dark green plants were present in all
treatments but unfortunately all were found to be stem rust susceptible.
Thus it would appear to be difficult if not impossible to separate the
rust resistance in CI3034 from the undesirable characters, weak straw
and ligh green plant colour.

Difficulty in finding adequate resistance to oat stem rust caused
by Puccinia gramtnts Pers. f. sp. avenae Ertfcs. and E. Henn. has led
rust workers to search deligently for resistance among the wfld
relatives of oats or to attempt to Induce unique new mutants in common
oats through Irradiation or with chemical mutagens.

This paper reports the results of three years of research
designed to induce oat stem rust resistant mutants.

* Research carried out under IAEA Research Agreement No. 1118
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1971 Mutagen treatments
Rust Reaction Verification

These treatments have been described and the preliminary results
published previously [6]. Seedling and adult greenhouse rust tests
along with field rust readings obtained in 1973 are presented for the
13 selections made from about two million M2 plants in 1972 CTable I).
Although several selections had shown some resistance in the greenhouse,
only two selections, M-72-2-1 and M-72-6, showed any promise in the
field rust nursery in 1973.
Genetic studies

M-72-2-1 appeared to have a similar rust reaction to oat plants
possessing the resistance gene pg-9. A cross between M-72-2-1 and
Rodney H, a line possessing pg-9, was made and a seedling rust test
of the F2 progeny revealed that all 317 plants were resistant to race
C 10. Apparently, M-72-2-1 has pg-9 or a similar gene allelic to pg-9.
Because of the Bulking of the Ml progenies, it is not possible to
dectde whether M-72-2-1 is (aI an induced rust resistant mutant, 0>)
an outcross or GO an admixture in the original seed that was irradiated,
The fact that the original progeny of M-72-2 segregated indicated that
(al or Cb) are most probable.

M-72-6 is a Itne conferring moderate resistance to race CIO. It
is possibly a chlorophyll mutant in that the new tissue is a normal
green colour but within a few days becomes progressively more yellow,
like senescing tissue. In young leaves there is also necrotic
spotting. In the field, it was noted that the plants were only about
seventy percent the height of normal oats and that crown root formation
was very poor. Thus, in spite of .the short stature the plants fell
over soon after heading.

M-72-6 was crossed to Rodney 0, which has no stem rust resistance
genes, and the Fl backcrossed to Rodney 0. F2 backcross families were
tested in the seedling stage for rust resistance. Forty-nine out of
90 families showed resistance and all resistant plants were grown to
maturity, classified for height and thetr progeny sown in a rust
nursery that was artificially inoculated with race C 10 of stem rust.
In 1974 the readings were not clear and the test was repeated in 1975,
again without obtaining entirely clear data. Because the rust resis-
tance conferred was of a low level it was not possible to be certain
that the tall segregates were always susceptible, although the dwarf
segregates always were moderately resistant. From these results we
conclude that there is one recessive gene in the mutant that confers
stem rust resistance. There appeared to be no break in the association
of rust resistance and dwarfism. The backcross plants are greener than
the original M6 but do senesce early. Over 200 F3 selections were also
classified and the results agreed with the F2.

Crosses with a line containing pg-9 gave a ratio of 105 moderately
resistant to 45 susceptible F2 plants. The mutant gene is not allelic
to pg-9. Although M-72-6 plants has not been studied cytologically
it is possible that they are nullisomic, which could account for their
lack of vigor.

The reaction to stem rust of the other M-72 selections were not
promising and they were not studied genetically.
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1972 Mutation Treatments
In 1972 four Canadian varieties were chosen for further mutagenic

treatments (Table II and III). All treatments had good stands. The
Ml was grown in isolation at Glenlea and the M2 was sown in 1973 in
an orchard area on the Morden Research Station where it was artificially
inoculated with race C 10 of stem rust. From a population of about two
million plants, 38 were selected for further study because they appeared
less susceptible than the remainder. Subsequent greenhouse and field
tests showed that all were susceptible.
1973 Mutation Treatments

In 1973 three varieties were again chosen for mutagenic treatments.
RL 2995-1, a CI 3034 x Rodney 0 derivative was chosen because although
it had the CI 3034 adult plant stem rust resistance, it also had the
yellow-green plant colour and weak straw of the CI 3034 parent. It
was hoped that this association might be broken. Pendek, a high yield-
ing stiff strawed rust susceptible variety from Holland; and Hajira,
an introduction from Algeria which has stem rust resistance genes
Pg 2, Pg 4 and Pg 8, were also used.

The six treatments used were .20, 30 and 40 KR of gamma radiation,
and one half, one, and one and one half hours soaking in 1% EMS at
30°C. Seeds treated with the two higher gamma treatments failed to
emerge when sown in an isolated area at Glenlea. The emergence of the
other four treatments was from fair to good for all three varieties.

The M2 was sown in 1974 in an orchard area at the Morden Research
Station. At the five-leaf stage, they were artificially inoculated
hypodermtcally with an aqueous suspension of race CIO stem rust spores.
A good epidemic was initiated.

About one million plants were examined two weeks before maturity.
Seventy-three plant selections were made in the Hajira and Pendek
treatments that appeared less susceptible. In RL 2995-1 a number of
plants were noted at heading time that were dark green in colour.
These were all tagged and later found to be quite susceptible to stem
rust so none were harvested from RL 2995-1.

Subsequent greenhouse seedling and adult tests along with field
tests in 1975 s&owed that none of the 73 plants selected had any
resistance to stem rust.

Discussion

Lack of success in obtaining new and useful stem rust resistant
mutants by traditional methods of mutation breeding has been discour-
aging. The failure to find good rust resistant mutants among a
population of about five million M2 plants does not prove there were
none there. However, five experienced rust workers were involved in
the screening each year and any reasonable frequency of mutants
should have been observed. He must either conclude that for some
reason no rust resistant mutants were present or that the frequency
was very low and any resistant plants were overlooked.

We suggest that the resistance to rust obtained in oats by the
mutation treatments described previously, such as M-72-6, may be
similar to that occurring in the oat cultivar CI 3034 [2,5] and may
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also be similar to the resistance to powdery mfldew obtained 1n barley
P,3,4J. We further suggest that this resistance Is not of the
conventional type such as that conferred by genes Pg 1, 2 or 13,
which are independent of plant type, but may be due to sub-lethal
posstbly photosynthesis Impairing imitation which is deleterious to
the plant and incidentally renders It an unfit substrate for the
fungus. If this is correct, it follows that this type of resistance
is inseparable from the undesirable agronomic trait and hence has no
future in crop improvement.

Table I. Origin and Greenhouse and Field Rust Reactions of Mutant Plants Selected For
Rust Resistance in the Field.

Rust Reaction4
Greenhouse

Plant
No.

M-72-1
M-72-2

3
4
5

M-72-6
7
8
9
10
IT
12
13

Seedl ing
Variety

NY 5832
NY 5832
NY 5832
LODI
TIGER
LOOI
WEIKUS
LODI
TIGER
NY 5832
LODI
TIGER
WEIKUS

Treatment

20 KR GAMMA
.02M DES

n
20 KR GAMMA

400R FAST NEUTRONS
.02M DES
.04M DES

400R FAST NEUTRONS
600R FAST NEUTRONS

27,5 KR GAMMA
.04M DES

600R FAST NEUTRONS
600R FAST NEUTRONS

Cl

*»

R
R
R
S
R

Seg. R
S
R
R
R
R
S

CIO

S
Seg. R
R
S
S
R
Seg. R
S
S
S
S
S
S

Adult
CIO

S
MR
MR
MR
S
DEAD**
S
S
MR
MR
S
S
S

Field
CIO

60S
Seg. 20R-MS, SOS

SONS
80S
100S
10R-MR
100S
SOS
75S
SOS
SOS
SOS
SOS

* Rust Reaction R= Resistant, S= Susceptible and MR = Moderately Resistant
** Subsequent tests showed the reaction to be moderately resistant.
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Table II. Culttvars Used in 1972 Induced Nutation Study.

Name

Sioux
Stormont
Random
Yamaska

Origin

Winnipeg, Manitoba, Canada
Guelph, Ontario, Canada
Lacombe, Alberta, Canada
Macdonald College, Quebec, Canada

Stem Rust
Resistance Gene

Pg 2, Pg 4
Pg 2, Fg 4
unknown
Pg 2, Pg 4

Table 111. Seed Treatments Used in 1972.

Nutagen
Dose

High Medium Low Source

Gamma Rays
1% EMS

30KR
1 hr.

22.5KR 15KR
1/2 hr.

Cobalt 60
Ethylmethanesul phonate
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NOTATION BREEDING FOR RESISTANCE TO DOWNY
MILDEW AND ERGOT IN HilNNiabJ'l'UM AND TO

ASCOCHXTA IN CHICKPEA*

B.R, NORTT
Nuclear Research Laboratory

Indian Agricultural Research Institute
New Delhi-110012, India

Abstract

The mutational rectification of the susceptible but otherwise
good yielding male steriles and the pollen parents in pearl millet
of the released hybrids has been completed successfully. The re-
constituted hybrids Here tested in National Co-ordination trials
and one of them (KHB5) has been released for All-India cultivation
during 1975* They were also tested in more than 2000 trials all
over India in farmers* fields and are found to be having only traces
to very low infection of downy mildew as compared to a maximum of
100$ in their normal counterparts in a wide range of environments.
The yield level of the released hybrid (KHB5) based on trials during
the past four seasons is 19.2 Q/ha in 232 trials as compared to
14.5 Q/ha of HB-3 (old) based on 221 trials. Biochemical analysis
of seedlings of the mutant male steriles resistant to downy mildew
and their normal counterparts indicated larger peroxidase activity
of high electrophoretic mobility in the resistant ones and needs
further investigation.

In the trials of the reconstituted hybrids along with their
normal counterparts the new hybrids are at least as good in yield
even in the absence of the disease in virulent form. Their yields
are also comparable to the hybrids in which the back-crossing was
resorted to using resistant donors indicating that the mutational
rectification of the male sterile lines and pollen parents has pro-
vided resistance with wide adaptation. Nearly 400 tons of seed of
this hybrid using mutational rectified parents has been produced which
has replaced the earlier hybrids and will cover an area of 80,000 ha
during this year alone.

* Research carried out Under IAEA Research Contract No. 1058 SD«
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The low incidence of downy mildew in the male sterile developed
from the nutation breeding is likely to be horizontal resistance of
greater stability and needs investigation. The problem of screening
for ergot is still to be successful on a field scale.

The ML generation of chickpea has revealed skewed distribution
of means in the desirable direction for several of the 17 characters
studied including flowering time and yield. This is in contrast to
the spectrum of variation in treated populations in other crops and
could be due to the influence of the past history of selection. The
means of top ten families for each character have indicated that there
are no strong barriers to advance under selection for yield and its
related character.

I*

The mutational rectification for resistance to
downy mildew of the cytoplasmic male sterile Tif t 23A
which is the common female parent of all the pearl
millet hybrids in India and was highly susceptible to
downy mildew has been successfully completed. The
extent of damage to the original male sterile line
before mutational rectification was so large that
hybrid seed production of hybrid seed could not be
carried out in seme areas and the incidence varied
from 3OX to 8O34 depending upon the environment. The
rectification of both the parents of the hybrids was
also done* The results during the past two seasons
have shown the utility of the mutant lines and the
wide adaptability of the hybrids using the resistant
counterparts obtained by mutation breeding* One of
the reconstituted hybrids was released for All India
cultivation with an yield at least comparable to the
old hybrid before the severe outbreak of this disease,
Biochemical analysis of the nature of resistance has
also been undertaken. In chickpea, the type of asso-
ciation and changes in the same were also examined in
the M generation with encouraging results*
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2* MATERIALS AND METHODS:

2.1 Varieties used:
As mentioned in the earlier report/ the varieties

used are the cytoplasmic male sterile Tift 23A and its
fertile counterpart and male parents of the hybrids i.e.
BIL 3B, K56O and K5S9. m chickpea the variety used was
JG22 from Central India*

2*2 Mutaqenic treatment and selection:

The procedures involved have been described in the
earlier report. During the past two seasons, mini-kit
trials were conducted in nearly 240O and 400O places all
over India in the farmers fields, representing a range
of soils from black to light sandy soils and climatic
conditions from semi-arid and arid areas to monsoon areas
with assured rainfall.

2*3 Screening the material for disease
resistance in the fields:

As described earlier, the field conditions in Delhi
and North India and parts of South India are such that
the heavy incidence of the diseases is analogous to an
artificial disease-sick plot. Rectification for any
residual variation for maintenance of sterility in the
corresponding progenies and restoration of fertility in
the respective hybrid combinations was also carried out*

2.4 Biochemical Assav:
Extraction of soluble protein:

Shoots were ground in chilled pestle and. mortar
with SO mH Tris-cl buffer (pH 7*6) (1:4 wVvol) . The
supernatant obtained by centrifugation at 1O,OOO x g
for 10 min. was used for peroxidase assay*

Perexidase Assay:
Peroxidase activity was assayed according to the

method of Shannon et aj. (1966) with slight modificat-
ions* The reaction mixture in a final volume of three
ml contained:

167



0-dianisidine, 1.69 J» Moles; HgOj, 1O.O yU Moles; Na-
acetate buffer pH *»5» 171 .o jbt Moles, Enzyme prepara-
tion O.I ml* Change in absorbance was recorded at
46O nm in spectrophotometer. One unit of enzyme activity
has been defined as a change in one optical density (O.D)
per minute and specific activity as A O.D./min/mg
Protein* Protein was estimated according to the method
described by Lowry et al (1951)

3, RESULTS8

3*1 Standardisation of inoculation techniques;
Artificial inoculation and testing using detatched

leaves for rapid screening against mildew and Ascochvta
as described earlier was continued* Germinating seeds
have also been used to create early infection in the
seedlings using conidial infection. Regarding ergot,
the previous method which was extended to the field
scale was still found to be wanting in creating a satis-
factory level of infection due to the unusual weather
conditions.

3.2 Male sterilesi
The male steriles have been tested for the incidence

of downy mildew under severe conditions of the disease in
the field (Table 1). The mutant male sterile was also
compared witti two back-cross lines using Nigerian and
Indian parents as resistant donors. The results indicate
that the mutant male sterile is far superior to its normal
counterpart in disease incidence and is almost comparable
to the back-cross derivatives in its resistance to downy
mildew. The combining ability tested by the Senior
Millet Breeder of All India Millet Program in cross
combinations involving six diverse inbreds have shown that
the yield performance of the male sterile is equal or
better than its previous susceptible counterpart. It was
also comparable to the combining ability of the back-
cross derivatives (Table 1).

The yield of new Bajra hybrids along with their sus-
ceptible counterparts was examined in All India trials
conducted over nearly 6O locations. The results have
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shown that the reconstituted hybrids are better than
their corresponding counterparts and are adapted to a
wide range of conditions (Table 2). The hybrids were
also examined with other hybrids developed in the co-
ordinated programme during the past four years (Table 3) •
The results based on more than 2OO trials show their un-
equivocal superiority to the best hybrid earlier released
and comparable to the best resistance hybrids recommended
for release. Based on these tests and also nearly 240O
trials in the farmers fields in the year 1975, the All
India Central Varietal Release Committee has recommended
its cultivation all over India. Presently about O.I
million hectares out of a total area of 12 million hectares
under pearl millet are now under this new hybrid derived by
the mutational rectification and nearly 1 million hectares
are expected to be covered by the next season. However,
the data indicate that the hybrid is not completely immune
to the disease but is showing varying levels of incidence
ranging upto 5 to 9% in different endemic areas. It is to
be examined whether this is non-specific resistance. Such
variation could be due to racial differences which is yet
to be confirmed. The need for resistance in the male and
female parents has been brought up by the limited differ-
ences in susceptibility between old and new HB 3 in which
only female parent was rectified. The maturity of the
hybrids is comparable to the normal counterpart. Dwarf
derivatives of the mutant male and female counterparts have
been used in the hybrid production and are found to be
acceptable.

3*3 Biochemical Analysist

A biochemical analysis for ttoe peroxidase activities
of the spectrum of male steriles obtained by mutational
breeding and also back-cross derivatives was undertaken in
laboratory conditions. The results indicate wide differ-
ences in the peroxidase activity particularly the component
with high electrephoretic mobility. It was also observed
that such differences were maximum in the early seedling
stage (Table ). These differences can be reduced in
subsequent stages of growth. Differences due to fertile
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cytoplasm vs. sterile are also evident. The resistant
counterparts derived from Nigerian parents appear to have
characteristically different degree of this activity.

Biochemical analysis of the percxidase activity in
shoots was carried out under controlled condition at 24°C
in B.O.D. incubators at 72 hours and 6 days growth after
sowing by Dr. S.L. Mehta and his associates at the Nuclear
Research Laboratory. A similar analysis was also carried
out in shoots at 1O days after sowing in the field* The
results also indicate differences between resistant lines
and their susceptible counterparts with substantial incr-
eased activity in the resistant male steriles* The differ-
ences were pronounced in the 72 hour-old and 6-day old
material under the controlled conditions. However, there
was rapid narrowing down of the difference when the
material was grown in the field and tested at lO-day old
level. Another interesting feature of the differences is
the consistent higher activity in material related to
the Nigerian stocks (Table ),

The mutant lines were compared with other resistant
derivatives which did not reveal any significant differ-
ence among the resistant counterparts whether derived by
mutational rectification or back-crossing. There were
small but consistent differences in the activity between
A 6 B lines; the latter having slightly increased peroxl-
dase activity. This difference indicates that the cyto-
plasmic differences namely sterile vs. fertile have a
role to play in the observed results*

The analysis was done on the basis of activity per
fresh gm weight. When it was also estimated on the
basis of per mg of protein there were no differences
between A & B lines* On the other hand there was a
slight reversal of the magnitude of activity.

The peroxidase activity in the Maiwa lines* 126D2A,
and 5141A in comparison to the checks 23A and 23D2A in
lO-day old seedlings is not significant while the activi-
ty is higher in the mubational counterpart 5O71A. Since
most of the infection takes place in the early seedling
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stage and nay manifest in a much later stage due to the
systemic nature of the disease, th e large magnitude of
peroxidase activity in the resistant counterparts in
seedlings upto 6 days should be considered as critical
regarding the infection. However, other parameters of
isozyme activity are also being estimated*

The presence of considerable differences in variety
x age of seedling and varieties x A vs. B lines of the
male steriles suggest that care should be exercised in
interpreting the association of specific isozyme patterns
with disease resistance.

Further studies on biochemical characterisation on
the nature of disease resistance would appear to be
necessary.

3*4 Chickpea

As reported earlier the Mj progenies of JG22, a
variety of chickpea from Central India was grown along
with the controls in an augmented randomised complete
block design with the checks replicated 18 times. The
Mj progenies were 324 with 36 control progenies repre-
senting the trials. The mean and range of variation in
the Mj population is presented in Table • Although
data were recorded on 17 characters, information on 11
characters for which intense selection can be practiced
for wide adaptation is presented in this report. The
treated populations have shown considerable range of
variation over the untreated for 9 out of the 11 Charac-
ters; the maximum difference being in the number of
primary and secondary branches, pods per plant and plant
yield. The means in the treated are also better over
the untreated for all the characters, although differen-
ces for days to flowering and lOO-grain weight are negli-
gible. Thus, it would appear that the variability
generated at the dose of 1O kR is large enough for pro-
viding adequate variability in the desired direction.

Selection was made in the M2 progenies to choose
the 1O top families for each of the five characters
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namely grain yield* seeds per pot* seed-weight, number
of primary branches and flowering time and are presented
in Table * The differences in the means between the
controls and the selected families are substantial parti-
cularly for grain-yield and primary branches and limited
for seeds per pod and flowering time. Even in these two
cases of seed per pod and flowering time, the difference
of nearly two seeds per 1O pods and six days earliness
in flowering time can be considered reasonable* A com-
parison of the families has shown that three of them
are common for grain-yield and number of primary branches
and one for grain-yield and seed size. None of them were
common with those for flowering time. The range for
flowering time is also narrow in the treated progenies
(4 days) but was significantly lower than the mean for
the control. Similar is the situation for number of
primary branches and seeds per pod as compared to the
control. The range of yield in top 1O families selected
for yield is substantial (nearly 8 times that of the
mean for the control in seme cases). Thus, mutagenic
treatment has contributed positively to the variation
and mean performance for yield, major yield components
and earliness* There doesn't appear to be any strong
association between the five characters examined which
will prevent advance under selection.

While the shift of the means in the positive direct-
ion is expected for each character in the families select-
ed specifically for that character, it is interesting that
the mean performance of the treated progenies as a group
versus the untreated progenies is better for number of
primary branches, number of secondary branches, pods per
plant, seeds per pod and plant yield, but not for lOO-seed
weight* In the case of other characters they were opposite
to the desired direction, unlike in other crops where the
variation in mutagenic treatment is towards both directions,
the skewed distribution in the case of the above four
characters namely yield and its major components is towards
the desired direction which is not anticipated. However,
mutagenic response and advance under selection are known
to be influenced by the past history of selection and are
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invariably in a direction opposite to the past selection.
Since the cultivar chosen for this treatment is a local
one but has been continuously grown under poor management
it can be expected that the mean performance in the ori-
ginal population was lower and the mutagenic response to
be in the opposite direction.

4. CONCLUSIONS AND PLANS FOR NEXT STAGE OF STUDY:

The present results have shown that mutational
rectification of cytoplasmic male sterility could be
done as has been successfully demonstrated for the
first time in the male steriles of any crop. High
frequency of recovery of resistant lines and the select-
ion sieves through which male sterile lines h ave to pass
would indicate that a detailed investigation on the
mechanisms of mutational processes in th* cytoplasmic
male steriles is essential. Similarly, a biochemical
characterisation of resistance as undertaken in this
study and extended to d if ferent parameters would help in
early and rapid screening for resistance. The combining
ability and wide adaptability of the mutant male steriles
and their hybrids is of interest. This also needs further
investigation. Further modification for the techniques of
laboratory inoculation for ergot to ensure repeatable in-
fections in the field is necessary. The causes for the
persistence of low incidence of downy mildew in the mutant
lines needs to be investigated, whether this is due to
residual genetic or genetic-cytoplasmic interactions or
other causes. Similar results of reetirication carried
out in the Nuclear Research Laboratory, New Delhi against
bacterial blight and blast in rice by chemical mutagens
are of interest*

The studies of means and variation in the top 1®
families for each character in the M2 of Chickpea have
shown no strong barrier between yield* its components
and maturity. A comparison of the selected versus all
the treated families and the control has shown changes
in association to the better or breaking of adverse
association in the mutant progenies even after selection.
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Table 1 . Combining ability for yield and disease resistance in mutant
and other male

23A
(80-100$)

5071A
(5-8*)
505UA
(0-358)
51U1A
(0-3$)

I. 1011

17.52
(25-32)

15.25
(9-13*)
20.21
(1-3$)

16.87
(0-1$)

sfceriles of pearl millet

1.1020

15.3U
(7-11$)

12.87
(3-5$)
1U.38
(0-1$)

17.09
Trace

(q/ha)

1.1075

16.81
(9-13$)
1U.28

(9-11$)

15.90
(2-3$)
15.00
Trace

K.559

lit.79
(21-35$)

19.82
(6-n$)
15.92
(U-5$)
18.76
(0-1$)

Bil 3B

13.31
(70-85$)
21.01

(13-25$)

15.85
(1-3$)
25.05
(1-2$)

K.230

18.05
(13-18*)

21*. 93
(3-11$)
18.76
(2-U$)

30.0
Free

Mean

15.97

18.03

16. 8U

20.146

Pokhriyal, S.C, (1975)



Table Z . Yield of Reconstituted hybrids of Bajra

01

197U-75, Yield (q/ha)'

New Hybrid
No. of
locations

NHB 5

NHB U

NHB 3

NHB 1

HB 3 (old)

HB 1 (old)

Trial I Trial II

(8) (9)

17.70 16.U9

1U.09 15.11

17.96

18.U2

16.31 1U.30

15. 7U

Trial III

(21)

18.20

17.17

20.08

-

17 .lib
_

Trial IV

(11)

2U.03

21.W

2k.k3

mm

22.66

_

Trial IVA

(5)

22.15

19.29

22.12

M>

22.17

_

Trial V

(12)

21.1U

22.13

23.87

-

22. U6

-

Mean
Yield
(q/ha)

19.95

18.21

21.69

18. U2

19.22

15.71*

Total
trials/
locations

(66)

(66)

(58)

(9)

(66)

(9)



Table 3 . Yield of New Bajra Hybrids in Coordinated Trials
Yield (o/ha)

Efybrids

HB 5

PHB 10

PHB Ik

HB 3 (old)

1971-72 1972-73 1973-7U 197U-75 Average

20.U 20.7 17.7
(63) (63) (63)

NT 19.5* 19.9
(11) (33)

NT NT 19.8
(33)

19.8 lU.8 17.8
(63) (52) (63)

*based on initial evaluation total
Figures in brackets are number of

13.2
(B)

18.7
(38)

20.5
(38)

15.3
(Itf)

19.2
(232)

19.U
(82)

20.2
(71)

1U.5
(221)

in single row.
locations.

Table 4- • Peroxidase activity in shoots of cyto male steriles

Sample

Tift 23A

23B

126 D2A

126 D25

L 111 A

L 111 B

5071A
5071B

51U1A

505i»A

of Pearl Milletf

72 hrs growth
Activity/g Activity/rag

F.W. Protein

1U9 12. k

198 Hu7

3UU U2.6

380 14.7.1

3li3 32.6

313 28.6

257 32.5

273 43.9

351 29.0

355 32.6

6 days
Activity/g

P.W.

_

-
378

5U9

172

3li6

U22

276

171

1*06

growth
Activity/mg
Protein

,»

-

33.3

U9.5

13.3
22. U

33.3

30.U

36.3

33.5

Mehta, S.L. (1975)
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Table 5 « Peroxidase activity at different stages of growth in
cytoplasmic male steriles of pearl millet.*

Tif t 23

126 D2

L.in
5071

51U1

505U

23D2

A vs B

72 hrs old

173.5
362.0

328.0

215.0

351.0

355.0

A S
300.0 291.0

6 days old

-

1*63.5
259.0

31*9.0

171.0

U06.0

A B
310.0 390.0

10 days old

228.5
171.3

231.0

229.3

192.0

232.8

196.8
A B

212.6 230.2

^Average of A and B lines
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Table 6 . Peroatidase activity of 10-day old seedlings of
pearl millet

Line

666

23

23D2

126D2

51M

5071

Maiwa

628

5051;

509U

508U
5775
5701

5689
5918

Mutant lines (6)

Other lines (8)

Fooled (1U)

in the field.

Activity
O.D./gm

fresh weight
A B

177.5 279.5
226.0 167.5

166.5 177.0

19U.O 200.0

232.5 226.0

172.5 197.5

250.0 267.5

217.5 2U8.0

178.0 289.0

2W*.0 219.0

200.0 282.0

29U.O 21*8.0

203,0 201.0

221.0 221.0

223 .U 21*3 .U

20U.6 220.U

212.6 230.2

Activity
O.B./mgm
protein

A

18.1

18.8

16.1*

21.7

19.2

22.8

18.2

14.3

26.6

18.9

21.6

20.2

19.7

17.8

20.8

18.7

19.7

B

15.1
11.6

25.U
Uu3

25.1*
20.0

13.8

13.9

20.9

16.8

25.3

21.5

10.U

23 .U

19.7

17.5

18.5
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Table 7 . Mean and range of variation of irradiated
population of chickpea (197U-75J.

Days to
emergence

Vigour
(Scl-10)

Chlorophyll
depth
(Scl-10)

Leaf size
(3cl-10)

Days to
flowering

No. of pr.
branches

Treated (Range) 5-18 1-9 U-6 U«-7 97-106 1.7-8.0
'̂ (Mean)* 10.62*2.09 5.79+1.68 U.92*0.62 5.36*0.72 103.50*1.76 U.25+2.02

Untreated (Range) 6*11 5-9 U-6 U-7 103-105 2.0-5.0
(Mean)* 8.6U*1.05 6.9U+1.19 5.11+0.71 5.37+0.69 10U.36+0.93 3.37+1.39(36)

No. of sc.
branches

Treated (Range) lu 0-68.0
(321|) (Mean)* 15.86*8.U8

SB
Untreated (Range) 7.0-27.7

W) (Mean)* 13.29+5.91
SB ~

Total pods
per plant

27-171
33. 88*22. 2U

13*52
30. 97*17. U7

Seeds per
ten pods

8.7-15.3
10.UO+1.02

8.7-11.7
10.a6*0.85

Plant yield

U.7-71.0
10.37+7. U9

2.3-19.7
8.83+5.06

1000 gr.wt.

17.6-U1.6
30J9+U.86

17.9-37.6
30.08+U.6U



Table 8 . Mean and variation in some agronomic traits in selected
top 10 families out of

Family
No.

10
11
1U
30
U9
32
130
138
170
172

Grain
yield/
plant
(g)

22.7
18.0
22.0
19.7
25.1
18.0
27.0
21.7
U9.0
71.0

Family
No.

6
12
30
1*9
92
111
130
litf
2U3
266

Seeds/
10 pods

15
12
12
11
12
13
12
12
12
13

Mp population of

Family
No.

3
19
88
92
93
173
262
317
326
3U8

Wt. of
10 pods

3.57
U.16
3.81
3.60
3.83
3.60
3.62
3.U8
3.68
3.65

J.Q.22

Family
No.

ll
10
2U
U9
92
183
216
255
267
273

of Chickpea.

No. of
Pr. Br.

6
8
8
8
6
9
6
7
7
8

Family
No.

19
33
3U
35
38
39
155
206
226
2U9

Days to
flowering

101
99
99
99
97
99
97
97
97
97

Mean for
top 10 29.U2+
families 5.UO~~

Control 8.S3+
5.06~

12.UO+
0.31T

10.26+o.85~

3.70+
0.61"

3.00+
O.U6~"

7.30+
0.33"

3.37+
1.39"

98.20+
O.Uf

10U.36+
0.93"

Table 9 • Association between yield and related characters in
treated (10 KR HZ) and control progenies of c'h'ick-pea.

Characters

A.

B.

c.
D.

Yield, seed weight

Yield, Seed/10 pods

Yield, prim.branches

Yield., days to 50̂
flowering

Control

+0.286NS

+0.261̂ s

+0.3U5*

+0.033NS

Treated**
Top ten
families

-0.31UNS

+0.637*

+0.356NS

-O.iiOO83

All treated
families

+0.189*

-0.070NS

+0.505**

+0.035NS

** 316 Families
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INDUCTION OF 1IB3ISTANCE TO BACTERIAL LEAF BLIGHT (XANTHOMONAS OiQfZAE)
DISEASE IN THE HICH YIEIPIH6 VARIETY VJJflYA (IB 8 x T 90 J*

S.Y. Sadmanabhan, S* Kaur, and H» Rao,
Central, Bice Research Institute,
Cttttack-753006, (Orissa) INDIA.

The high yielding variety Vi.laya (IR 8 x T 90), susceptible to

bacterial leaf blight (Xanthomonas orvzae. Uyeda and Ishiyana Dawson) was

taken up for induction of resistance to bacterial lea* blight disease

through EMS treatment * Dehusked seeds of Vijaya were pre-soaked in

distilled water for 4 hours and then were subjected to 0.1# and 0.2# EMS

for 6 hours. The percentage of seed germination and survival was low in

0.2j£ EMS* Seedlings of ML were raised in pots and panicles of individual

plants were harvested separately. The seeds of Mg (8800 plants) generation

were grown in nursery beds and were transplanted in field after 30 days.

The plants were inoculated at the boot leaf stage with X.oryzae by clipping

method. Observations on lesion length were taken 15 days after inoculation*

The frequency distribution of Vijaya control (untreated) was

bimodal while the SMS treated population was polynodal showing the

introduction of new peaks. A wider range of variability had been induced

towards both resistant and susceptible sides. The percentage of resistant

and moderately resistant plants was 0.36 and 0.62 in M» generation.

The seeds of resistant (ll plants) and moderately resistant plants

(20) of Mg were sown for M_ generation. These plants also segregated in the

range of 0-31 and 0-32 cms lesion lengtn. The frequency distribution curve

was polymodal. The percentage of resistant plants was 1.0? per cent fron

•»", of M^ and 0.42 per cent fron ••MB" of Mg and the percentage of

moderately resistant plants was 4.28 from <8" of &, and 3.22 from "MB" of

Mg. Susceptible plants of Mg also segregated towards resistance (i.l5$) and

moderately resistant (6.96#) in M_ generation.

"Research carried out under IAEA Research Contract Ho. 1277 SD.
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Resistant (25) and moderately resistant (l4?) plants of ML were

carried forward to ̂  generation. These plants segregated in the range of

2.1-25 etas lesion length. The frequency curve was polymodal. No resistant

plant (upto 2,0 cos lesion length) could be isolated in M. generation.

The percentage of moderately resistant plants was 4*44 per cent from *B"

of ML and 4.82 per cent from "MB11 of H. and 4*77 per cent from "Sw of

ML generation.

The yield of resistant plants was low whereas the yield of

moderately resistant plants was equal to that of the parent; the yield of

susceptible1 segregants was equal or better than the parent.

Introduction

The high yielding -variety, Yjjaya (BUS x T.90)t susceptible to

bacterial leaf blight (Xanthomonas oryzae; Uyeda and Ishiyama»l>owson) was

taken up for induction of resistance to bacterial leaf blight disease

through chemical mutagen •. •- IMS. The salient features of the variety are

presented below*

(i) A semidwarf variety with a duration df 140 days

<ii) Its yield potential is 3-6 tons/ha in rainy season
and 6-9 tons/ha in the spring season

(A8?f90) <Ui) »*•«»••••««
(iv) It is resistant to leaf hopper and tungro

(v) It is susceptible to stem borer and bacterial leaf
blight.

Material and methods

The seeds of the variety, Vi.laya. were subjected to seed treatment

with ethylmethano sulfonate (EMS), The seeds were carefully dehnsked*

Three lots of dry and dehnsked seeas were presoaked in distilled water for

4 hours. These presoaked seed lots were treated with QgveoNi solution of

0,1 and 0«2 EMS for 6 hours, A control lot containing one hundred and fifty
vas

seeds^NMI simultaneously treated with distilled water for 10 hours. After
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the treatment, the seeds were thoroughly washed in running water and kept

on moist filter paper in petridishes for germination* The surviving

seedlings of ML were raised in pots and panicles of individual plants were

harvested separately and seeds were kept for growing Mg generation.

Selection for resistance to bacterial leaf blight disease in^

Seeds obtained from M^ of Vi.iava treated with O.l&nd 0.# EMS

were sown in nursery beds* A total population of 8800 plants were

available for the study* One hundred seeds from individual N^ plants
were sown in separate rows in nursery beds. When the seedlings were 23-30

days old, they were uprooted and transplanted in the field with a spacing

of 15 x 15 cms. Nitrogenous fertilizer was applied at the rate of 60 kg/ha

at the time of puddling. The plants were inoculated at the boot leaf stage«

Method of inoculation

(a) Preparation of inoculum

For the preparation of the inoculum, young bacterial leaf blight

infected leaves were used as the inoculum source. The diseased leaves

were cut into small pieces and homogenised in a homogenizer. For

approximately 30 gms of leaves. 500 ml of water was used. The cut leaves

were soaked in water for 2-3 hours and then sieved through a muslin cloth.

Scissors were dipped into this bacterial suspension and the tips of the

leaves of the test plants were clipped off with the scissors, thereby

introducing the bacterium into the cut end of the leaf. After inoculating

every 3-4 plants, the scissors were again dipped in suspension and used for

inoculating another set of 3-4 plants.

(b) Scoring of infection

The length of the lesion, which developed down the cut portion

after 15 days of inoculation was recorded. The lesion length on the

iBHfimnm infected leaf was taken as a reaction of a particular plant. The

data on the lesion length were grouped into different frequency classes

of one cms each. These frequency classes were converted as per cent
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frequency classes inorder to facilitate comparisons among different

populations. Frequency curves were drawn for understanding the nature

and trend of bacterial leaf blight reaction*
plants with

The^esion length upto 2.0 ens wereconsidered as resistant and/2.1
with *•

to 6*0 cms as moderately resistant and^Aesion lengt?* of above 6V em» were

considered as susceptible.

M. generation

Seeds of resistant (ll) and moderately resistant (20) plants

isolated from Mg generation were sown for M, generation for the selection

of mutants resistant to bacterial leaf blight.

M. generation

Seeds of resistant plants (25) and moderately resistant plants (14?)

of M, were carried forward to M. generation*

In each generation i.e. M. and ̂  a few susceptible plants were

also carried forward.

(All the procedures for inoculation, scoring of infection and selection of

resistant mutants were similar to that of the JL generation).

Results and Discussion

The data on germination and final survival in 0.1 and 0.2# MS

are presented in the Table I. It might be seen from the table that the

percentage of germination was 68.6 and 62*0 in 0*1 and 0»2}f EMS

respectively. The percentage of final survival was 62*8 and 50.0 in 0.1

and 0.2$ EMS i.e. both germination and survival decreased in 0.2# EMS.

Selection of resistance to Bacterial leaf blight

(a) >U generations

The results obtained in the screening trials of ML are presented

in Table II and also graphically represented(fig.l)« The frequency

distribution of bacterial leaf blight reaction on the untreated population

revealed a bimodal curve with the peaks at 18-19 cms and 27-28 cms* class

intervals. In the EMS treated population* the curves were polymodal with

the peaks at 1-2. 10-11, 14-15, 17-18, 20-21 and 28-29 cms in 0,1* EMS,
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and peaks at 8-9, 14-13, 18-19 and 27-28 at 0.2£ EMSL The frequency

curves for bacterial leaf blight reaction in M^ generation thus showed

the introduction of new peaks indicating that a great amount of

variability could be created in both positive and negative directions
through nutagenie treatments. The percentage of resistant and moderately

resistant plants was 0*36 and 0.62 in 0*1$ EMS. There were no resistant plants
were 0.0? per cent

and moderately resistant plantain 0.2$ 'MS treatment.

(b) ML generation

The results obtained in the screening trials of M- are presented

in Table in and also graphically represented(fig. 2). It is clear from

the fig.2 that the population of resistant plants in M- segregated in

the range of 0-31 ems class intervals. The frequency curve was polymodal

and the highest peak was obtained at 10-11 cms. The percentage of ft",

•Ml" and "S* plants was 1.0?, 4.28 and 94*63 per cent respectively.

Moderately resistant plants selected from Mg generation, segregated

in H. in the range of 0-32 ems class interval with the highest peak at

18-19 cm (fig .3). The percentage of '»", 'M£M and "S" plants was 0.42,

3.22 and 96.36 per cent respectively.

The susceptible selections of M,, also segregated in the range of

0-32 ems and the highest peak was obtained at 9-10 cms (fig.4). The

percentage of *&", IB" and <Bltwa« 1.15, 6.96 and 93*04)6 respectively.

(c) t^ generation

Frequency curves of 1L population raised from the resistant

selections of H, were in the range of -2.1-24.0 ems (Table IV) with the

highest peak at 10-11 cms; where as the moderately resistant plants of

JL segregated in the range of 2.1-23*0 ems with the highest peak at

11-12 cms. The susceptible selections of M. also segregated in the range

of 2.1-29*0 cm in M^ with the highest peak at 18-13 ems.

Mo resistant plant could be isolated in M. generation* The

percentage of *9ftl> plants was 4.44 per cent from "R» of M,; 4.82 from

"tB« of Mj and 4.77 from •*" of H, generation.
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Plants of 2.1-3.0 cms class group could, however, be selected in

M, generation from not only 11 w segregates of M_ but also from "MB11 and

*S» segregates.

Althoughaf ew plants with resistance to bacterial leaf blight

disease could be isolated from Vijaya in H> and M- generations of 0,1 Jf

IMS, none of these lines bred true in M. generation* *** plants with

some degree of tolerance (Ml) could be isolated from treated

population.

The data obtained showed that (l) the frequency of induced

mutation for resistance to bacterial leaf blight was very low, (2) all

the resistant, moderately resistant and susceptible selections segregated

for ft", <9ftN and *£* in H. and M. generation though the proportion varied.

Observations on the grain yield of selected plants were taken in

M. and M^ generation (table V). The yield of resistant plants was low

whereas the yield of moderately resistant plants was equal to that of the

parent; the yield of susceptible segregants was equal or better than the

parent.

There are two possible lines of approach, one is to select for

resistance and then identify the high yielding plants among the resistant

selections • This does not appear to be promising in the variety,

under the treatments tried. On the other hand, if selections are madeand
for yield fron "Wft^plants we may end up with plants with good agronomic

attributes and some degree of tolerance to bacterial leaf blight

disease.
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TABLE I Data on percentage of germination and survival of
Vijaya (IR

Mutagen and
dose

Control

0.1 JOB

0.2 BCS

Number
of

seeds
treated

150

150

150

8 z T 90)

Number of
seeds

germinated

145

103

93

Per cent
germination

96.6

68.6

62.0

Number of
plants

survived

143

75

46

Per cent
survival

98.7

62.8

50.0

TABLE II Frequency distribution of bacterial leaf blight reaction
in Hj generation of Vi.laya (BJ 8 x T 90) under WS treatment

Mutagen
and Lesion
dose length

in cms

Percentage of
0-2.0
((Resis-
tant)

2.1-6.0
(Hod .re-
sistant)

occurrence of individual classes
6.1-14.0 14.1-22.0
(Suseep- (Suscep-
tible) tible)

22.1-30.0
(Suscep-
tible)

30.1-38.0
(Suscep-
tible)

0.1 EMS 0.36 0.62 19.60 56.04 21.85 1.53

0.2 SB 0.07 14.23 65.1720.32 0,21

Vijaja
(untreated)

58.00 39.00 3.00
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generation of Vijaya (IB 8

Mutagei
and

dose

0.1 EME

0.2 9CE

i B^ct^on I
of selec- Lesion {
tions in length {
MA genera- in cms {

tion

B

\ MB

3

B

1 MB

S

'ereentaffe ox
SO- 2.1-
5:2.0 6.0
} (Res- (Mod.

ist- res-
ant) ist-

ant)

1.07 4.28

0.42 3*22

1.15 6.96

-

-

0.54

x T 90) tinder EMS treatment

occurrence of individual
6.1-
14.0
(Sus-
cep-
tib-
le)

27.40

18*09

39.65

-

-

15.13

14.1-
22.0
(Sus-
cep-
tib-
le)

32.33

46.32

35.52

-
w»

45.71

22.1-
30.0
(Sns-
eep-
tib-
le)

33.85

26.15
14.02

-

-

33.15

classes
30.1-
38.0
(Sus-
cep-
tib-
le)

1.07
5.80

2.70

-

-

6.19

TABLE IV Frequency distribution of bacterial leaf blight reaction in M^
generation of Vjjaya (IB 8 z T 90) under EMS treatment

Matagen Reaction Pcir.centage of occurrence of individual classes
and of selee- Lesion 0-2.0 2.1.6.0 6.1-14.0 14.1-22.0 22*1-30.0

dose tions in length (Besis- (Mod. (Suseep- (Suscep- (Suscep-
M. genera- in cms tant) resis- tible) tible) tible)

. ^ tion __________ tant ____„

B . 4 . 4 4 81.36 13.87 0.03

0.1 3B m - 4.82 77.46 17*6l 0.20

S - 4 . 7 7 66.43 28.40 0.29

B -

0*2 EMS Mft - - 52.55 4?«J6

S - 0.28 52.84 46.88
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TABLE V Yield in grans of •«", «WB«* and "Sn selections to bacterial
blight front Vijaya in M_ and tt generations under EMS
treatment

Generation

Vf
fL»

M4

Vijaya

Mutagen Bange in Bange in Bange in
and single plant single plant single plant

dose yield in gms yield in gas yield in gas
of *«R" selec- of "MS" selec- of "S" selec-
tions tions tions

0.1 SMS 1.0*13.3 1.0-17.1 2.0-29.1

0.2 EMS - 8.9* 8.0-27.0

0.1 MS - 1.5-19.2 1.0-25.1

0.2 EMS - 0.8-16.9 4.3-28.2

Untreated - - 13-23

* Only one plant was available.
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FREQUENCY W MUTATIONS IN M,.M,ANO M4 IN VUATA
UNDER 01 EMS

Ms ft'
M»V
VUAYA (UNTREATCO)

LESION LENGTH (Cms)
fK Z
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FREQUENCY Of MUTATION IN M, MjANO
UNDER 0 I EMS

M4IN

> UNSELECTED1 M> "MR" FROM M»
1*4 'MR' FROM Mj
VIJAYA UNTREATED

LESION LENGTH CC«9
FI6 3
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FREO.UENCY OF MUTATIONS iNM2,M3AND M4 IN VIJAYA
UNDER 0 I CMS

•'"•••• MZ UNSEUECTED
*•-"• MJ VFROM M2

VU/WA UNTREATED

LESION LENGTH IN (cm)
FIG 4

194



EVOLUTION OF INSECT FEST AND DISEASE RESISTANT,
HIGH YIELDING AND IMPROVED QUALITY VARIATION OF
COTTON BY THE USE OF IONIZING RADIATION *

H. SHUAIB
Atomic Energy Agricultural Research Centre
Tandojam, Distt: Hyderabad, Pakistan

Abstract

Cotton is an important cash crop of Pakistan and plays a very
important role in the National Economy. It is grown over 4*0 million
acres annually for supplying cotton lint to the local textils industry
and for export purposes.

The yield of cotton lint per acre is very low in Pakistan i.e.
about 285 kg/hao as compared to 46? in U.S.A., 756 in USSR and 929
in Israel.(1973-74) ̂

The causes of this low yield are many, but the major ones are low
yield potential, very low inputs of fertilizers, insecticides etc.
Insect and disease control is beyong our farmers* means. The loss in
yield due to one disease alone i.e., "boll-rot of cotton is estimated to
vary from 3 to 37$ (Kamal 1972) and in certain years when these attacks
are in an epidemic form, there is a total loss in yield. Insect damage
due to Jassids, thrips and boll worms are estimated from 5 *° 20$ or more.

Ionizing radiations can be helpful in creating new genes for disease
and insect resistance or transferring desirable genes from wide crosses
through chromosomal aberrations.

It is proposed to evolve insect pest and disease resistant variety
of cotton with better qualities of cotton fibre through induced mutations.
The detail for the development of breeding material is given below:

a) Selection of insect pest and disease tolerant parents from
the available genetic variability, already, developed through
Mutation Breeding Programme of this Centre. A part of the
harvested seed will be irradiated with Gamma rays for raising
1L generation under glass house conditions.

*) Research carried out under IAEA Research Contract No. 1325 SD.
l) International Cotton Advisory Committee.
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b) Hybridisation of desirable parents within the species i.e.
Gossypium hirsutum.

c) Crossing the two cultivated species of cotton i.e.
Gossypium hirsutum and Gossypium barbadense for raising
P.. seed. F. seed, so produced, is proposed to be irradiated
in suitable doses of Gamma rays and neutrons. Some of these
crosses were made in 1974* A total of 136 crossed bolls have
been harvested for raising F. seed in summer 197?* The detail
is given below:

i) G. hirsutum x G. barbadense • 72

ii) G. hirsutum x G. tomentosum » 64

(derivatives) z

Total » 136

d) Regular Pathological studies will be carried out both in
the field and the Laboratory.

196



CONCLUSIONS AND RECOMMENDATIONS

The meeting was attended "by 17 participants, representing
15 different research projects. Following the presentation of
project reports and a critical discussion of each project, the
participants deliberated on research activities for the follow-
ing two years. The recommendations made at the two previous
research coordination meetings (Nairobi 1971t Novi Sad 1973) were
fully endorsed. In addition, the following conclusions and re-
commendations were adopted:

!• CHOICE OP PARENT MATERIAL

The choice of parental material is of great practical importance,
however, has been given relatively little attention in comparison to
such factors as dosage, screening techniques, etc. Discussion of
this subject at the meeting brought to light several basic questions
that should be given serious consideration by investigators working
with mutagen-induced disease resistance.

(a) Level of resistance of the parent variety. With most common
crop plants, the investigator can choose from a number of varieties
that represent a range of resistance (to certain pathogenic races, at
least) from highly susceptible to a considerable degree of resistance.
Host agree that treating the highly susceptible variety will give the
greatest chance of "creating" a mutant line that is significantly
superior to the parent. But this line may not be as good, in absolute
terms, as other varieties available to the breeder. Choice of a variety
with some resistance may give a better chance for obtaining a mutant more
resistant than available material, and with practical value.

(b) Agronomic quality of parent variety. Mntagen treatment too
often results in lower yield and otter undesirable characteristics.
Generally, it is advisable to use varieties of good agronomic type so
that any disease resistant mutants will have a better chance of being
used in breeding programmes.

(c) Number of parent varieties to use. With limited resources,
the investigator must choose between testing a larger number of lines
from a smaller number of parents, or fewer lines from a larger number
of parents. This needs to be considered in view of the probable
success of finding resistant mutants. Polygenic resistance may appear
more frequently than monogenic resistance but be less easily detectable.
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Several suitable parental varieties should "be treated since certain
varieties may easier mutate than others, and the mutation spectrum can
be expected to depend largely on the genotype of the treated variety.

2. SELECTING FOR RESISTANCE

The type of resistance that can "be identified depends upon the
selection method* To select for resistance in the field, it is desirable
to approximate the environmental conditions under which the disease occurs
naturally. Resistance may "be effective under one set of environmental
conditions, but not under another set. Techniques for identifying resistance
in the laboratory or greenhouse under controlled conditions should Toe
evaluated to determine their relationship to resistance in the field "before
the techniques are used in selecting for resistance on a larger scale.

3. MASS SELECTION

Mass selection can 1>e a suitable way in early generations to increase
tolerance or resistance. This would be true likewise for cross breeding
as for mutation breeding.

Mass selection can be used only if a particular yield component or
another suitable character shows outstanding reactions and at the same
time other yield components show no or only small reactions. A good
example is the sensitive reaction of the "thousand grain weight1* in wheat
after infection with Septoria nodorum. The influence of the ratings on
yield have to be studied very carefully, furthermore, the yield components
which are influenced by the pathogen should "tee measured easily and eco-
nomically.

When using mass selection in early generations, the occurrence
of unwanted side, effects has to be surveyed and excluded* When
tolerant lines are obtained, they may be intercrossed and again
subjected to mass selection*

4» SCŷ itULNG FOR RESISTANCE BY DlKBJiA' MEASUPrcMF?NT OF THHr HOST—
PATHOGEN INTERACTION

The extent of the interaction of a pathogen and its host may
range continuously from no suppression (high virulence/susceptibility)
to complete suppression (avirulence/resistance) of the pathogen.
Sometimes it is difficult to identify the more useful resistant plants
because differences may not be visual. It is proposed that attempts
be made to analyze host/pathogen interactions directly to identify
resistant plants. This could involve finding techniques to measure
pathogen growth rates or distribution in the host histologically, or
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to draw from the research of biochemists and physiologists useful and
rapid means of identifying the extent of the host/pathogen interaction.
Experiments should then Toe conducted to correlate the host/pathogen
interaction measurements with other better known measures of relatively
low levels of "resistance" (such as seed weight). If small differences
can be detected in early generations) then those plants showing these
differences could be inter-crossed to more rapidly build up higher levels
of resistance.

5. RANGE OP CROP SPECIES TO BE COHSOERED

Grain legumes are of prime importance for improving human diet in
many protein deficient sectors of the world. Oil seeds are important
as wellt and so are many export earning crop plants. Disease resistance
in these crops is frequently unsatisfactory and efforts for improvement
of resistance inadequate, Farther searches for resistance and research
towards its utilization should be strongly supported.

6. CONSIDERATION OF EPIDEMIOLOGY ASFECTS

(a) More use should be made of epidemiology as a strategy-setting
science to guide mutation breeding programmes and estimate their conse-
quences. For instance) if adequate resistance or tolerance seem
unavailable from a. regular or mutation breeding programme) consider
use of the resistance or tolerance that is obtained to do part of
the work of disease control) and the use of cultural practices
(including biological control such as the use of antagonists) and
ttee discrete and economical use of fungicides to do the other part.
More attention should be paid also to the consequences of the wide-
spread use of a single resistance gene or type.

(b) Specific resistance is easy to detect in qualitative tests.
General resistance) however, may require sophisticated instrumentation
and techniques to detect small quantitative differences. Therefore,
epidemiological instrumentation and techniques need to be updated for
more valid seedling tests and for selecting of general resistance.
Needed are: for examplet a quantitative means of applying aliquots of
the same inoculum to pot after pot, and dew-deposition chamber(s) to
wet the inoculated leaves uniformly and retain the benefit of the pre-
cision gained with the quantitative inoculation equipment.

(c) It may be worthwhile to determine, if there are in fact corre-
lations between numbers of lesions or yield of spores/lesion resulting
from quantitative inoculation of seedlings or of mature plants in an
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early generation, and yield components such as 1000 kernel weight in
conventional field tests for tolerance.

(d) Cultivars that were rated tolerant in conventional small field
plot tolerance tests may "be subjected to more definitive epidemiologioal
tests. This should require relatively large, isolated plots in which
the fungus that does the damage builds up only on the cultivar under test,
and unbiased means of evaluating tolerance such as monitoring spore yield
with spore samplers outside the plot, and taking host yield from fungi-
cide sprayed vs. non-sprayed paired sub-plots.

(e) The classical "disease triangle" considered that three entities,
a susceptible host and a virulent pathogen interacting in a favorable
environment resulted in plant disease. But not unless a fourth dimension
also is favourable, that of TIME!, does disease actually develop. Thus we
have not a disease triangle, but a four dimensional "disease pyramid", the
volume of which may represent the amount of disease on the plant or in the
population.

Environment

Pathogen

Time enters into the development of disease epidemics in many ways:
the host is more susceptible at certain stage(s); initial inoculum
generally first attacks the host at a certain time each season; only
occasionally in each season is the environment favourable for inocula-
tion and subsequent infection, i.e., sufficient duration of leaf wetness
while the temperature is optimal; for maximum disease development favour-
able periods for inoculation and infection would have to recur cyclically
say at 7 or 10-day intervals, so that each spore generation can immedia-
tely propagate itself.

Specific resistance acts by filtering incoming inoculum to exclude
avirulent biotypes of the population while allowing virulent biotypes to
develop. Conceptually, general resistance, tolerance, multiline cultivars,
etc*, work at least in part by delaying the rate of progress of the
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epidemic* In a case shown by Julia Guzman *) on potatoes, Phytophthora
•

infestans spores germinated more slowly, the fungus required more time to
colonize in the leaf, the lesions enlarged more slowly, subsequent sporu-
lation was less but tuber yield was higher than in a susceptible cultivar,
in spite of the fact that, in the end, lesions looked alike.

This illustrates some of the many ways in which time enters into the
development of disease epidemics and indicates special ways in which time
may enter into the concept of breeding for resistance*

Nature of partial resistance in certain
clones of three Solatium species to Phytophthora
infestans, Phytopathology jj£ (1964) 1398-1404*
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