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FOREWORD

Several co-ordinated research programmes on the use of induced mutations
for genetic improvement of crop plants have been organized and operated in the
last two decades by the Joint FAO/IAEA Division of Isotope and Radiation
Applications of Atomic Energy for Food and Agricultural Development. These
programmes aimed at developing the mutation breeding methodology, at the
development of improved varieties for particular crops or crop groups such as
rice or legumes, or at the improvement of agronomically important specific traits
such as disease resistance or seed protein quantity and quality. The emphasis has
been primarily on induction, selection and evaluation of mutants for release as
new cultivars. However, as recommended by the Advisory Group on Induced
Mutations in Cross-Breeding, Vienna, 13-17 October 1975 (IAEA, 1976), the
contribution of induced mutants to genetic improvement of crop plants should
include also their use as parents in cross-breeding programmes.

A considerable increase in the yield potential of cereal cultivars has been
brought about by improved lodging resistance, permitting more intensive inputs
of water and fertilizers. Lodging resistance involves several plant characters,
among which length of the culm appears to be most important. However, a major
drawback is that the modern short-stature cultivars, for instance of rice and wheat,
derive their semi-dwarf plant type from a limited number of genes, e.g. one in
rice from the old Chinese variety Deo-geo-woo-gen and two in wheat from the
Japanese variety Norin 10. This may represent a risk in terms of vulnerability
towards pests, diseases and other hazards. It is also noticeable that some of these
short-stature cultivars exhibit some defects, as incomplete panicle exertion in
rice. On the other hand, the intensive use of the limited semi-dwarfing genes in
breeding programmes raises the question of whether these gene sources are widely
used merely by chance or because of then- high "adaptability" to interact with
various genetic backgrounds and/or with different environments.

Short stature is one of the most frequently selected features of induced
cereal mutants and is a characteristic present in many of the mutants released as
cultivars. In view of the potential risk of genetic vulnerability and considering
the fact that many semi-dwarf cereal mutants have not been used so far in cross-
breeding, a Co-ordinated Research Programme on Evaluation of Semi-Dwarf
Mutants as Cross-Breeding Materials in Cereals was initiated in 1980 with the
objective to provide cereal breeders with alternative sources of genes for short-
stature plant types. The first Research Co-ordination Meeting of this programme
was held on 2—6 March 1981 at Vienna. At the meeting, participants reviewed
the present status of genetic studies and several aspects of breeding for semi-
dwarf plant type in cereals, discussed methods of evaluating semi-dwarfing genes
for use in cross-breeding programmes and took decisions regarding future work
plans.

The present publication includes the papers presented at the meeting and
the conclusions and recommendations reached following intensive discussions.
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ANALYSIS AND EVALUATION OF SEMI-DWARFING GENES IN WHEAT INCLUDING
A MAJOR HEIGHT REDUCING GENE IN THE VARIETY "SAVA"*

MICHAEL D. GALE, C.N. LAW, G.A. MARSHALL,
J.W. SNAPE, A.J. WORLAND

Plant Breeding Institute,
Maris Lane, Trumpington,
Cambridge, United Kingdom

1. ABSTRACT

The aims of the project are to isolate genetic factorscontrolling plant height so that their potential value inbreeding programmes can be ascertained. The Norin 10 genes,
Rhtl and Rht2, which currently enjoy 54 per cent of the UK
acreage, are shown to have neutral or positive effects on net
yield. The characterisation of Rht genes other than thosefrom Norin 10 and Tom Thumb, which may be manipulated as qualitative
characters, usually requires their prior isolation by aneuploid
techniques. The use of various chromosome manipulations to locate
and assay the yield effects of genes from Mara, Sava and EMS
induced mutants are described.

The exploitation of new semi-dwarfing genes is described
within the context of the 'tall-dwarf breeding model. This
model predicts that, although positive pleiotropic effects on
yield are ideal, genes with negative effects on plant yield
may be useful providing the height reduction effect is adequate
and is open to modification by height promoting genes which
can restore the selected phenotype to the breeders' target
height.

2. Semi-dwarf wheat breeding in Britain
Wheat breeding in the UK is carried out by a numberof private organisations and by the State financed Agricultural

Research Council. Of the ARC breeding institutes, only the
Plant Breeding Institute at Cambridge is concerned with spring
and winter wheat breeding. Varieties produced by all breeders
are tested by an independent organisation, The National Institute
of Agricultural Botany at Cambridge, which produces a recommended
list of varieties for use by 'JK farmers, based on their relative
overall performance for yield, lodging, earliness, disease
resistance, pre-harvest sprouting and grain quality.

To date most semi-dwarf breeding at the PBI has centred
on the Norin 10 genes, obtained by Dr. F.G.H.L. Lupton in 1964
as crosses with French wheats made in Chile. The Chilean breeders
in turn obtained the genes directly from Dr. O.E. Vogel's
programme at Washington State. The first British semi-dwarf variety,
Fundin, was released in 1974. In 1980 40 per cent of the total
UK winter wheat acreage was grown with Norin 10 derived varieties.
In 1981 this figure will increase to 54 per cent due to
increased popularity of the quality semi-dwarf Bounty. The
1981 NIAB Recommended List of 16 varieties contains nine semi-dwarfs, including eight from the PBI. The top six highest
yielders are all semi-dwarfs.

The spring wheat crop commands a much smaller acreage inthe UK. Only one of the four recommended varieties is a semi-dwarf,
This variety, Highbury, was bred at the PBI and introduced in
1978. Last year Highbury accounted for 10 per cent of UK spring
wheat sales.

* Research carried out in association with IAEA under Research Agreement No.2816.
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All of the PBI winter wheat semi-dwarfs carry Rht2 (see
Table 1). This simply reflects the fact that both semi-dwarf
sources obtained in 1964 carried only this gene. Highbury, which
derived its semi-dwarfism from CIMMYT material, carries Rhtl.

Short straw is now regarded as a prerequisite for UK
varieties and breeders consider between 70-80 cm as their
target plant height. Our breeders are not, however, committed
to Norin 10 based semi-dwarfism. Crosses involving varieties
such as Talent and Sava are providing advanced lines with
good yields and straw strength.

The Tom Thumb dwarfing gene is also being considered by
breeders although its extremely dwarf phenotype is considered
too short. It is attractive in bread wheat for its associated
effects on reducing cr-amylase levels, especially in sprouted
grain. Lines with moderate, but not outstanding, yields have
already been obtained. In Triticale the need for dwarfinggenes is probably more acute than in bread wheat. Of
the two Norin 10 genes only Rhtl is available for use in
this crop, because Rht2 is carried in the D genome of
hexaploid wheat. By "itself Rhtl has a relatively minor
effect on plant height in the taller crop and Rht3 hasbeen used to produce very high yielding triticales suitable
for fertile soils.

3,. Genetic analysis of height control in wheat and
associated effects on agronomic characters.

The aims of this project are to isolate genetic
factors controlling height so that their potential value
in breeding programmes may be ascertained. In most instances
genes controlling plant height cannot be definitely identified
in segregating populations because of the confounding effectsof background genetic variation on the same character. In
instances where an easily measured qualitative character is
found to be associated with individual height genes, analysis
can proceed without prior knowledge of gene locations.
However for genes for which no such 'handle' is available,
it is necessary first to locate the chromosome and then to
isolate that chromosome genetically so that its effects
on height and other characters may be measured. Intra-
chromosomal recombinant lines still need to be examinedto ascertain that only a single gene is accountable for
all the chromosomal effects measured.

Analysis of the Norin 10 and Tom Thumb dwarfing genes
has been facilitated by the 'gibberellin insensitivity'
character. Aneuploid techniques have been necessary for
the analysis of the genetic factors controlling reduced
height in Sava, Mara, and two EMS derived mutants in the
variety Berse'e.

Norin 10 semi-dwarfing genes
Genetic analysis of the two Norin 10 dwarfing geneswas greatly assisted by their association with gibberellin

insensitivity. The two genes, now known as Rhtl and Rht2,
have been located on chromosomes 4A {1} and 4D {2} respectively,
by monosomic analysis the dominant GA-insensitive
character. Further analysis by ditelocentric intra-chromosomal
mapping (3) has shown them to be carried at homoeologous loci.

Analysis of crosses involving Rht3, already known to be
carried on 4A {4}, has shown that the Tom Thumb dwarfing
gene, previously thought to be independent of Norin 10
dwarfism is, in fact, an alternative allele at the Rhtllocus (Fig. 1).
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Figure 1. The chromosomal locations of Rhtl, Rht2 and Rht3.

3.1.1. Varietal classification for Norin 10 dwarfing genes.
Using the tester lines Sdl and Sd2, developed at Pullmanby Allan {5}, in which Rhtl and Rht2 were first isolated,

the genotypes of a range of varieties have been identified.
The procedure has been to cross three tester lines, Rhtl,
Rht2 and tall, preferably in a spring background, to the
unknown genotype. Seedling GA-insensitivity tests {6} on F2progenies will identify one or two Rht alleles by31 (insensitive) : 1R (responsive) or 151 : 1R segregations
in the tall tester cross. Similarly jttrtl or Rht2 will be
identified by lack of segregation for GA-response in crosses
with the respective genes.

Varieties from the FBI, CIMMYT and Indian programmes havebeen classified in this way {?}. Table 1 shows the range of
varieties classified including identifications by Hu {8},Pugsley (pers. comm.), Nelson et al.{9} and Fick and Qua!set {10}.

3.2. Associated effects of Rhtl, Rht2 and Rht3 on yield
A number of experiments have been conducted to identify

the effects of these genes on yield and yield parameters in
the absence of lodging. While suitable isogenic lines inlocally adapted genetic backgrounds have not been available,these experiments have involved the comparative analysis of
groups of random Rht (dwarf) families and rht (tall) familiesfrom single crosses. In this way the background genotypesof the two groups should, on average, be identical, withthe exception of a small linkage block around the gene underinvestigation. Homozygotes for the tall and dwarf alleles
are identified in F2 progeny by GA-seedling tests (Fig. 2).

The effects of Rht2 on yield characters has been
measured in two crosses, Cappelle-Desprez x Hobbit 'S1(Rht2) and Chinese Spring x Hobbit 's' {11}. Comparisons
of groups of Rht2 and rht2 F3 families showed clear effectson plant yielTTFig. 3). The positive effect of Rht2 on
plant yield is due to improvements in spikelet fertility in
the semi-dwarf spikes (Table 2). A deleterious pleiotropic
effect is seen in the reduction in grain protein.



Table 1. Classification of semi-dwarf varieties carrying Rhtl, Rht2 and Rht3 from
the Plant Breeding Institute, UK, CIMMYT, MexicoTTndian and other breeding

programmes.
U.K. (Plant Breeding Institute)

Rhtl Highbury
Rht2

Rhtl

Rht2

Rht3
Rhtl+RTvt2

Rhtl

Rht2

Rht1+Rht2

Rhtl
Rht2

Rhtl
Wt2

Rhtl
Rhtl+RlrEZ

Rhtl
"RTrt2
WE3

Rhtl+RTvt.2

Avocet
Durin
Hustler
SandownWizard
MEXICO (CIMMYT)
Cocoraque 75
Nacozari 76
Tanori 71
{Anahuac 75
Canario 'S'
Dougga
NaofenWoodpecker 'S'}1
Azteca 67
Pitic 62
{Alondra 'S'
Como ' S 'Fynen 'S1
Maya 74
Pima 77
Towhee
Tordo
Yecora
INDIA
HD 1593
WL 711
HP 1102
HD 1925
HD 2204
HUM 12
Sharbati Sonora
HD 1949
AUSTRALIA
Wren2Egret?
Kite3
NEW ZEALAND
Matipo
Pataka
AFRICA
Zambesi II01 sen
OTHER
Toquifen
Coulee5
D 68996
D 6301 6

Avalon
Penman
Longbow
Sentry

Inia 66
NortenoZaragoza 75
Auriten
Chat 'S1
Flicker 'S1
Siskin 'S1

Ciano 67Salamanca 75
Bolillo 'Sr
Coquena 'S'Grajo 'S'
Moncho 'S1Quetzal
Trifon
To po
Saric

HD 2009
WG 357
Safed Lerma
HD 1981
UP 115
WH 147
UP 301

Cook2
Ox ley

KaramuRongotea1*

Arvand
Limpopo

El Gaucho
Mexifen
Tom Thumb
UC 2

Bilbo
FundinMardler
Sportsman

Jupateco 73
Penjamo 62
Bluejay 'S1Chiroca 'S1
Hermosillo 77
Sol sort 'S1

Jaral 66
Sonora 64
Buckbuck
Cowbird 'S1
Huacamayo 'S'
OrizabaSaDsucker
Yding
Cajeme

HD 2122
PV 18
Choti Lerma
HD 1982
UP 262
WH 157

Banks2Condor

Oroua1*

Gwebi

AobakomughiTom Pouce
Norin 2

BountyGalahad
Mithras
Sterling

Lerma Rojo 64
Siete Cerros
Brochis 'S1Cooperation 2
HorkSonglen
Nuri
Tesopaco 76Chanate 1
Emu 'S1Jungfrau
Pamir 'S1
Sparrow
Zapilote}1
Torim

HD 2189
K 7410Pusa Lerma
HD 2135
HW 135
HP 1209

Warigal2WW 15

Ngezi

Suwon5

Norin 10

Brigand
Hobbit
Norman
Virtue

M.exipak
Sona 227
BulbulCuckoo
OuncoTitmouse 'S
Pavon 'S'
Tobari 66
Cinto 'S'
Era
Maipo
PichihuilaSonalika

Vicam

WL 410IWP 72
HD 2177
HW 517
CC 464

Avocet2

Courtot
NOTE. Classification from other sources: 1, Nelson _et a]_._{ 10}; 2, A.T. Pugsley, pers,

comm.; 3, J. Syme, pers. comm.; 4, W. Griffen, pers. comm.; 5, M.L. Hu (8);-6, Fick and Qualset {11}.
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Table 2. The effects of Rht2 on yield characters in F3 families fromHobbit 'S' x Cappelle-Desprez and x Chinese Spring (11).
Cappelle-Desprez x Hobbit 'S1 Chinese Spring x Hobbit 'S'

Rht2 rht2 Rht2 rht2
Height (cm) 73 ** 91 75 ** 86
Plant yield (g) 21.7 * 18.6 19.0 * 17.6
Tiller number 10.6 10.0 10.4 * 9.6
Ear yield (g) 2.00 * 1.64 2.28 * 2.11
Grain number/ear 60 ** 51 60 ** 45
100 grain weight (g) 3.20 * 3.47 3.92 ** 4.65
Protein % 15.5 * 16.9 13.5 ** 14.7

No F3 families 22 34 17 15

The two experiments were grown as spaced plants, in randomised blocks in the same
year. However the spacings for the higher yielding lines from Cappelle-Desprez x
Hobbit 'S' were 5 cm between plants within rows 30 cm apart, whereas the between
plant, within row spacing for the Chinese Spring x Hobbit 'S1 trial was 10 cm.
Thus reduced interplant competition accounts for the higher ear yields in the
latter experiment. In both trials intergenotype competition was minimised by
removing edge plants from the analyses.
The ear yields and yield components were measured on the tallest tillers of eachplant. Thus the 'whole plant' yields will not be directly related to ear yieldand tiller number.
The asterisks between the dwarf and tall means denotes the significance of the
difference: * < 0.05, ** < 0.001.

There are indications from other crosses that
the extent of yield improvement with the Rht genes may
be dependent on genetic background (Gale and Snape,
unpublished). In a spring tetraploid cross, Rhtl was
found to decrease grain size and protein content without
the concomitant increase in spikelet fertility {12}(Fig. 4 and Table 3). It is not clear whether these
differences from the winter wheat Rht2 crosses represent
real differences between Rhtl and Rht2 or interactions of
the genes with ploidy level, or spring and winter habit,
or other unidentified interactions.

Results for Rht3 in the winter hexaploid cross, Cappelle-
Desprez x Minister Dwarf, are qualitatively similar to those
for Rht2. In spaced plants, with the short 50-60 cm Rht3genotypes isolated from tall competition, grain numbers per
spike were increased by 40 per cent. The decrease in
grain weights of 24 per cent resulted in overall ear yields
being unchanged {13}.

Similar effects were seen in drilled plots for the
same lines (Flintham, unpublished). The data shown in
Table 4 shows that the Rht3 dwarfs, in which seedling
emergence was lower {cf 14}, have compensated by producing
higher yields per ear, again via increased spikelet
fertility. The net effect on yield of Rht3 is neutral.
Other PBI breeding programmes have produced Rht3 dwarfs
with encouraging yields {15}.
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Table 3. The effects of Rhtl on height and yield in F3s derived froma spring durum cross, Anhinga x Valnova{13}.

Parents Random F3 lines

Height (cm)
Plant yield (g)
Tillers per plant
Ear yield (g)
Grains oer ear
100 grain wt (g)

Inova

75.5
7.90
5.8
1.85

45.2
4.08

Anhinga

92.0
7.05
5.7
1.51

35.5
4.27

Rhtl

66.4
8.87
6.6
1.75

44.2
3.98

rhtl

** 110.3
8.99

* 5.9
* 1.92
* 42.1

** 4.56

NOTE: Significant differences as in Table 2.

2.6

2.4

2.2
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Figure 4. Height and yield of leading tillers in F3 familieshomozygous for Rhtl (e) and rhtl (o) developedfrom the spring tetraploid cross, Anhinga x Valnova.
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Table 4. The effects of the Tom Thumb dwarfing gene, Pht3 on
yield and quality in random F5 lines from Cappelle-
Desprez x Minister Dwarf grown in drilled plots.

Rht3 rht3
Height (cm) 44.7 ** 93.2
Plot yield (g nf2) 805 829
Ears (nT2) 552 ** 686
Grains per ear 44.2 ** 26.8
100 grain weight (g) 3.62 ** 45.7
Ear yield 1.61 ** 1.25

Falling number 367 ** 265
Nitrogen % 1.20 * 1.27
Loaf volumes 1.33 1.35

NOTE: Significant differences as in Table 2.

Much of the interest in Rht3 lines is related to the
associated effect of the gene to give lower grain a-amylase
levels, especially when conditions are conducive to pre-harvest
sprouting {16}. Table 4 shows that, in a year when a-amylaselevels were low, the deleterious effects of the gene on otherquality characters were restricted to the lowered protein
levels, common to all the GA-insensitive Rht allelles.

3.3, Semi-dwarfism in Mara
The short-strawed Italian wheats provide a source of

dwarfism which is different from Norin 10. The genes
responsible for dwarfism in this variety are believedto be derived from the Japanese variety Akagomugi. Thisgenetic source of short straw, which is not associated
with GA insensitivity, has been transferred to many
Mediterranean varieties including the variety Mara,

Single chromosome substitution lines of Mara into Cappelle-
Desprez are being produced at the Plant Breeding Institute by
recurrent backcrossing onto the recipient parent while holding
individual donor chromosomes as monosomics, as described by Law
and Worland {17}. These lines have now received four backcrosses
and series of duplicate lines have been extracted by selfing.Analysis of plant height among these lines has shown that two
chromosomes, 2D and 5BS-7ES, carry genes having major effects on
height reduction (Fig. 5) {18}. The 5BS-7BSchromosome, resulting
from a reciprocal translocation between chromosomes 5B and 7B, is
present in Cappelle-Desprez but not in Mara. Thus the inter-
pretation of the effects of this substitution is complicated
because the height reductions observed may be determined by
genes on either 5B or 7B, or both, but they may also be related
to a deficiency situation which could have resulted from the
segregation of the translocated chromosome. Tests to resolve
this are underway.

Results from spaced plant and drilled trials
indicate that the substitution line, Cappelle(Mara 2D), has
lower yields than Cappelle-Desprez. Investigations are
underway to establish whether this yield penalty results from

14
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a pleiotropic effect of the dwarfing gene and, if so, whether
it is so severe as to preclude its use in the Plant Breeding
Institute breeding programme.

3.4. Semi-dwarfism in Sava
The variety Sava, bred at Novi Sad, Yugoslovia, derives

its short straw from genes other than Rhtl or Rht2. The success
of this variety in Eastern Europe prompted an investigation of
the genetics of this type of semi-dwarfism as a potential
alternative to the Norin 10 genes already in use in the PBI
breeding programmes.

Previous analyses {e.g. 19} have not clearly identified
major genes for dwarfism in this variety, and no attempts have
been made to identify the related effects of such genes on yield,over and above any effects via reduced lodging.

The problems encountered with previous analyses stem from
the fact that conventional F2 monosomic analysis, which workswell for qualitative characters, confounds allelic and
chromosome dosage effects for quantitative characters which
are affected by aneuploidy (20). In order to circumvent these
problems two extended versions of monosomic analysis, which
do not involve measurements on aneuploid plants, were employed.

The initial identification of possible critical chromosomes
was carried out by making comparisons between sets of three F3lines, selected as disomes from within an F2 monosomic hybridpopulation. These duplicate lines for each chromosome in turn
were grown as spaced plants. From this analysis chromosomes 2D
and 5D were pinpointed as possible dwarfing gene carriers.

The second technique, carried out with the nine chromosomes
in groups 1, 2 and 5, involved the production of reciprocal F3substitutions for Koga and Sava as in Figure 6. This technique is
an extension of the reciprocal monosomic backcross method (21). In a
winter sown field trial, duplicate lines from each of six lines of each
reciprocal for each chromosome were sown as randomised plots in two
blocks. Each line was represented by 44 plants.

Individual plants were scored for height, grain numbers and
ear yields for the tallest tillers. Plots, excluding edge plants,
were scored for total biological yield and whole plant grain yields.
Nitrogen levels were measured in mixed grain samples from individual
plots using the micro-Kjeldahl method.

The height analysis showed clearly that only chromosome 2D fromSava gave a consistent semi-dwarfing effect. Table 5 shows the
effect of this chromosome on height and yield characters.

Clearly allelic differences between the Koga and Sava 2D
chromosomes accounts for almost all the parental difference in
plant height. Although F2 and F3 plant analyses do not show clearevidence of segregation "for a single major gene, it is possible that
2D controls the major effect with other genes of lesser effect in
the background.

The effects on yield parameters are remarkably similar to those
of Rht2 in plants grown under similar conditions {cf 11). Earfertility is increased and grain size decreased with a slight, but
significant, positive effect on net yield per tiller.

However the whole plant data shows that, unlike the Norin 10
genes which have little effect on total plant weight, the combined
effect of Sava 2D on tiller numbers and straw length results in a
significant reduction in biological yield of 22 per cent. Total
plant yields were also lower as a result of reduced tiller numbers
and harvest index was unchanged.
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Table 5. The relative effects of chromosome 2D from Sava and Koga
on plant height and yield parameters.

Parents Reciprocal F3 substitutions
Sava Koga Sava 2D Koga 2D

Height 80.9 109.3 86.8 ** 113.8
Tillers/plant 9.6 8.4 7.3 * 8.9
Ear yield (g) 3.10 2.90 3.17 * 2.84
Grain no/ear 59.8 69.8 69.7 * 61.2
TOO grain weight (g) 5.18 4.13 ' 4.55 4.63
Grain nitrogen % 2.77 2.77 2.62 2.73

NOTE: Significant differences as in Table 2.

It is likely that the source of the dwarfing genes is the same
in both Mara and Sava i.e. the Japanese line Akagomughi used in Italy
by N. Strampielli. The pedigrees are Mara = Autonomia///(Aquila),Gentilrosso//(Diamano), Rieti/Akagomughi and Sava = Redcoat//(Fortunato),
Lauro Bassi/Diamano.

Both Mara and Sava are derived from the variety Diamano, one of
the early Italian semi-dwarfs bred by N.Strampielli from the Japanese
variety Akagomughi; Diamano = Rieti/Akagomughi, Mara = Autonomia//
(Aquila), Gentilrosso/Diamano and Sava = Redcoat//(Fortunato), Lauro
Bassi/Diamano. Further analysis is required to ascertain whether
the dwarfing genes in Mara and Sava are identical, and, if so, to
explain the different yield effects associated with Mara 2D and Sava 2D.
It will be necessary in both cases to determine whether these effects
are indeed pleiotropic and not due to other genes on 2D, and whether
the height reduction is due to a single gene. Experiments are
underway to produce the intra-chromosome 2D recombinant lines which
will provide material to answer these questions.

3.5. EMS induced semi-dwarf mutants in Bersee
Each of the analyses described above concerns genesalready present in commercial varieties which are, presumably,

adapted to their genetic backgrounds. Recently, Worland etalI. {22} have examined the genetics and associated yield
effects of three EMS induced semi-dwarfs produced by Chaudhry
{23) in the variety BersSe.

The three mutants were obtained from EMS treated stocksof Bersee monosomic 2B, following the suggestion by Tsunewaki
and Heyne {24} that the use of monosomics should increase
the chances of identifying induced recessive mutations in thechromosome that is hemizygous. Appropriate aneuploid analyses of thethree mutants showed clearly that two of the mutants carriedidentical major genes on chromosome 2A, and not 2B, the
chromosome maintained in the hemizygous state at the start ofthe experiment, which suggests that the use of monosomics
may be of limited value in directing mutagenic experiments.

The two original mutants, known as A and C, were, however,
quite different in plant height i.e. 80 and 66 cm t 0.8 cm, and
in their yield characteristics, suggesting that there were
other mutated genes in the background affecting these characters.
An attempt to isolate the chromosome 2A effects was made by
substituting this chromosome back into the parent variety,
Berse"e. The effect of this 'cleaning up' process was
quite dramatic both on plant height and yield, as shown in Table
6 for mutant A, now designated Rht7. Plant height is increased
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Table 6. The effect of the EMS induced gene, Rht7, on height
and yield, both in the original mutant line and after
removal of other background mutations {23}.

Bersee Mutant A Bersee 2A
(Mutant A)

Weight (cm) 128 79.9 96.7
Plot yields (g) 242 34 93
100 grain weight (g) 4.44 2.58 3.58
Tiller number 12.7 6.6 NS 7.8
Grain number per ear 54.9 25.3 35.5

NOTE: All intergenotypic character differences significant,p < .001, except where noted.

by 17 cm and plant yield by 59 g or 200 per cent I The substitution
line yields are still very low compared with Bersee, due to
reductions in each of the major yield components, and probably
preclude the consideration of this gene for use in commercialvarieties. Nevertheless it is clear that the potential value
of mutant genes cannot be assessed by simply observing the
original line in which the new gene is detected, it wouldappear to be imperative that the gene is first isolated from
other deleterious, or possibly advantageous, mutations that
may have occurred in the same grain.

4. Height-yield relationships
Positive genetic correlations between plant height and

yield are common in the small grain cereals, see Law et al.,
{25}. Such correlations are best observed in segregating random
lines from individual crosses, which do not include segregation
for any major genes for adaptation, including semi-dwarfing
genes. It should be stressed that this relationship is not
necessarily expected in comparisons of non-random lines,particularly between varieties.

A typical strong correlation is seen in FS lines
from the cross Cappelle-Desprez x Besostaya I (Fig. 7).Analysis of the performance of these lines both in spaced
plant and drilled sowings from F2 to FS showed that, in thiscase, selection for increased height gave a better yieldresponse than selection for yield itself {25}. Clearly yield
advance will be most efficient by selection both for height
and yield. In this cross, which is not atypical, 50 per
cent of the genetic variation for yield is associated withheight variation. The physiological nature of the relationship
is not clear. However there is no genetic evidence for linkage
between the height alleles and the yield alleles, leaving
pleiotropy as the most likely situation. It is not unreasonable
to assume that taller plants have higher biological yields
and consequently more productive potential.

It is clear that this relationship is contrary to
present day breeding requirements, except of course where
the value of straw is high, unless genetic factors which
reduce plant height can be found which have different height-yield
relationships from the many minor genes involved, probablypleiotropically, in crosses such as the one discussed above.
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Figure 7. The relationship between height and yield in random
F3 families derived from the 'tall' wheat cross,
Cappelle-Desprez x Besostaya I.

The requirement is for semi dwarfing genes which have, ideally,
positive effects on yield. However, as the model shown in
Fig. 8 implies, as the mean effect of a major gene on height
becomes greater, semi-dwarfing factors having neutral or even
negative effects on yield may be used to advantage { 20}.

The breeding rationale implicit in the model is that
major semi-dwarfing genes should be fixed early in a breeding
programme and then strong selection should be applied forincreased height. Genes with strong dwarfing effects maybe exploited in this way providing that background height promoting
factors are available to restore the phenotype to the target
height i.e. that tall enough for general agricultural usebut not so tall that yield losses are incurred from lodging.

Of the genes discussed above, Rht2 (Fig. 3), in the
hexaploid cross Chinese Spring x Hobbit 'S', confers higher
yields via its effects on yield components, however, with
a height reduction of only 11 cm, the scope for positive height
selection is restricted. It is possible in crosses like thisto select dwarfs which are too tall.

Rhtl in the durum cross (Fig. 4), shows a slight negative
effect on yield, but at the same time a greater effect on
height than Rht2 in hexaploids (Table 2) i.e., >40 cms rather than<20 cm. This difference is probably not due to a difference
between the effects of Rhtl versus Rht2 but more likely due to
different dosages of similar Rht genes in the tetraploid and
hexaploid genotypes. Assuming that each of the chromosomes 4A, 4B and
and 4D carry Rht loci, then the semi-dwarf durums will carry two
Rht and two rht alleles whereas in bread wheat the effects of twoRht alleles wTTl be diluted by the presence of four rht alleles.
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Figure 8. A model showing the effects of selection for increased height in
populations into which s-emi-dwarfing factors have been introduced.
It is assumed that the genes for dwarfism do not affect the
positive relationship between height and yield determined by theother genes present in each population. The "lodging cut-off"is the plant height at which losses in yield due to lodging beginto occur - this point is movable and is determined by environmental
and genetic factors. In each case the black circle denotes the
mean of the population carrying a particular allele.
(a) the substitution of an all ele for dwarfism having a positive

effect on yield
(b) the substitution of an allele for dwarfism whose effect onyield is neutral or identical to the effect of the allelefor tallness on yield
(c) the substitution of an allele for dwarfism whose effect on

yield is negative
(d) the population carrying the tall allele.

There is however still considerable variation for plantheight within the Rhtl group, and therefore selection for 'talldwarfs' among this group might be extremely rewarding in such a cross.

Rht3, which, in the Fu lines from Cappelle-Desprez x
Minister Dwarf, is associated with a neutral or slightly
negative effect on yield presents problems because of thelack of variation within the dwarf lines capable of being
exploited to restore the phenotype to acceptable agricultural
plant heights. Breeding effort with such a gene shouldclearly involve a search for strong height promoting genes.
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Rht7 is the one gene, of those discussed, which is
associated with reductions in yield even greater than
those found in the strongest height-yield correlations and
therefore probably has no potential for breeding purposes.

The 'tall-dwarf breeding model therefore provides a
way of assessing the value of individual height genes. The
important characteristics of any gene are i) the extent ofheight reduction, ii) the associated yield effects, iii) the
extent to which the height effect may be modified by other
height promoting genes which are themselves associated with
increased yield and, probably, iv) interactions between
the gene and background genetic effects.

5. Conclusions and perspective
It is clear that in the UK, as in most other wheat

growing areas of the world, there is a need for new sources
of semi-dwarfism as alternatives to Rhtl and Rht2 from Norin 10.
In Britain breeders are of the opinion that the target height
for the wheat crop of 80-90 cm will not change for some time.However the 'tall-dwarf model allows us to consider genes with
stronger dwarfing effects than the Norin 10 genes, or even
combinations of dwarfing genes, providing that these effectsare modifiable back up to the desired plant height.

One immediate conclusion from our experience of analysisof major genes such as those considered above is that a
quick and reliable system is required that will establish
whether potential new sources of short straw are different from
those already investigated. To this end we are establishing
a tester series of genes including fth_t 1,2,3,4*,6*,7, and 9*
(*supplied by C.F. Konzak) and the Sava and Mara 2D substitutions.To avoid confusion it is important that newly identified sources
should not be assigned gene symbols until they have been
established as single genes. Simple FI complementation tests
in crosses with the testers should provide evidence of
allelism, although if the situation found in the EMS derived
Berse"e mutant, Rht7, is found to be generally true of newly
mutated dwarf lines, a certain amount of prior genetic
'cleaning up1 may be necessary in some cases.

The sources of new genes for examination includeunadapted or exotic hexaploid varieties, alien genes
introduced to hexaploid wheat through suppression of
homoeologous pairing and mutation studies. In particular
a search for a GA-insensitive all ele at the 'vacant' locus on
chromosome 4B might be rewarding. Experiments are underway
to transfer Rht2 to 4B via homoeologous pairing to provide
a second Norin 10 semi-dwarfing locus for use in durum and
triticale or even a third for use in hexaploids.

Identification of developmental control systems may also
be useful in evaluation of a new gene's potential.
Investigations of the various physiological and morphological
consequences of the GA-insensitivity genes may provide an initial
yardstick for assessing similar consequences of other genes.
In this respect experiments are underway to examine hormonal
lesions and cell division and size differences in a
range of barley reduced height mutants, obtained using sodiumazide, and to relate these differences to yield effects
associated with the genes.

Finally a most important aspect of semi-dwarfing genes,
including those already in use, concerns their
interaction with genetic background, possibly with other major
genes for adaptation, e.g. photoperiod insensitivity or
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vernalisation, and their interaction with environment. The
development of isogenic lines of Rhtl, 2 and 3 in four adapted
genotypes is nearing completion in this laboratory. One of the
first uses to which these will be put is to investigate the
importance of these potential interactions under different
agricultural environments.
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EVALUATION AND GENETIC ANALYSIS OF SEMI-DWARF MUTANTS OF WHEAT*
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Abstract

EVALUATION AND GENETIC ANALYSIS OF SEMIDWARF MUTANTS. I. WHEAT.
Large numbers of semidwarf (reduced height) mutants have been recovered

over the 20 years we have been inducing mutations. Because of- our need to
emphasize practical breeding goals, few of the mutants have yet been subjected
to genetic analyses. Efforts to modify and improve some of the mutant semi-
dwarf plant types for use in breeding are continuing, as are experiments to
induce new reduced height mutants in advanced breeding lines. Radiation in-
duced mutant, Burt M 937 (CI 15076) carries a recessive reduced height gene
designated rht/(. Gene rht/; is independent of Rht-^ and Rht? of spontaneous
origin. EMS mutant Marfed M 1 (CI 13988) carries a partially dominant gene
designated Rhtg. The spontaneous recessive gene rhtg present in the 'short
standard' cultivar Burt (CI 12696) was designated to clarify the genetics of
height control in the Burt background relative to a taller form (Itana).
Gene Rht_ has been designated from studies by others. The relation of rht/,,
Rh_tj, rht£ and Rht? is yet unknown. Our recent research indicates that a
single partially dominant reduced height gene in mutant Magnif 41 M 1 (CI
17689), and the possibly completely dominant reduced height gene present in
mutant Karcag 522 M 7K merit early identification in the wheat genome because
of their promise for breeding. These mutant genes represent a significant
addition to the previously known germ plasm resources for reduced height in
wheats. A coordinated, international effort is needed to expedite genetic
analyses, identification and breeding evaluation of the large -numbers of
reduced height mutants even now available. Cooperative interchange of
potentially useful stocks and information about them will stimulate breeders
to employ promising induced mutants to complement or supplement spontaneous
reduced height gene sources, thus reducing genetic vulnerability of wheat,
the world's most important cereal crop.

INTRODUCTION

Intermediate to short and very short stature in semidwarf wheats is
considered essential to continued yield advancement in wheat breeding for
the Pacific Northwest. Even in the drier regions (<250 mm rainfall), the
more stable reduced height characteristic of some short and intermediate
stature wheats shows promise whether a crop is grown annually or in alternate
years after fallow. Irrigated culture of wheat in these dry regions now
makes up about 20% of the Washington State production. Under irrigated cul-
ture, very short (ca. 45 to 60 cm) wheats with a higher than present harvest
index (0.60) would be desirable, since lodging is difficult to control with
the typical semidwarf wheats. So far, very few short wheats carrying both
of the major "Daruma" [1] genes, Rhtj and Rht?-, have been developed. Even
fewer of the very short lines carrying.gene Rht^ have been of practical value.
Consequently, if the production capability of wheats is to continue advancing,
further improvements must be made in plant architecture which include new and
different genes for controlling plant height. On the ot"her hand, there is
becoming an increased interest in the straw residue either for animal feed
(after pelleting with appropriate additives) or as an organic mulch material
for controlling soil erosion and maintaining soil productivity. Thus, the
straw value may have to be included in future harvest index calculations:
the straw value often may compensate for production of wheat grain at a

* Scientific Paper No. 5914. College of Agriculture Research Center, Washington State University,
Pullman, Washington, Project Nos. 1568 and 1570. Supported in part by USDA-SEA STEEP funds. Research
carried out in association with IAEA under Research Agreement No. 2690.
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loss under irrigation on sandy soils (Washington wheat grower, Ted Tucker,
personal communication, 1979). This change in relative values of grain to
straw requires that the designs of new semidwarf wheats retain plant capacity
for straw production at levels necessary for intended uses, placing new de-
mands upon the germ plasm base employed in wheat breeding. New genetic
resources created using mutagens may be the basis for elevating wheat pro-
ductivity to new levels. Thus, the main goal of our mutagenesis research
on wheat has been to induce and identify desirable alternative and/or supple-
mentary reduced height gene resources to serve as inputs. This report
describes some reduced height gene sources we have induced or acquired for
investigation at Washington State University, and our current approaches in
genetics and breeding evaluation studies with these stocks.

MATERIALS AND METHODS

Several genetic tester stocks have been collected for use in allelism
and comparative morphology and physiology studies (Table I). Currently under
investigation in some detail are several induced mutants (Table II). Other
reduced height wheats obtained for investigation include Solo (PI 410903)
from Germany, Marzotto (CI 15267) and a number of other Italian wheats, as
well as Yugoslav, Chinese and Japanese wheat stocks. Exploratory breeding
studies have been or are being made with these materials prior to selecting
stocks or derivatives for intensive investigation.

Studies thus far have involved analyses of ?2 an^ ?% populations from
mutant X mutant intercrosses, or mutant by tester crosses. Independent in-
heritance of mutants is also estimated via crosses with breeding lines carry-
ing known reduced height genes. We also will begin using backcrosses (in
some cases reciprocal) to facilitate genetic analysis of some cross
combinations.

Height measurements are made from the cross to the base of the spike
on the longest tiller of each plant, but also an estimate of the average
tiller height is taken. Culm internode lengths are made on, the longest
tiller from each plant. Space planted F£ segregations are evaluated by
plotting frequency distributions, and F-^ progeny are evaluated to distinguish
heterozygous from homozygous ?2 plants. More recently, however, an effort
is being made to use Chinese Spring monoditelo tester stocks obtained from
Drs. E. R. Sears and G. Kimber, University of Missouri. Coleoptile measure-
ments and GA response data were collected after growing seedlings in dis-
tilled water or 10 ppm GA^ for 7 days in dark then 7 days under light
according to the method of Myhill and Konzak [4].

RESULTS AND DISCUSSION

Our genetics and cross breeding evaluation studies so far have been
conducted only on a small number of the mutants we induced by radiations in
mutation breeding experiments. In an earlier report [5], we described some
of the characteristics of a selected group of the semidwarf mutants induced
in T_. aestivum vulgare cv. Burt, a hard white winter wheat, and £. aestivum
compactum cv. Omar. Only two of the mutants (Table III) have yet been sub-
jected to genetic analyses. One of these Burt M 937 (937, ert = erectoides)
has proved to carry a recessive gene different from other known genes, now
designated rhtv, [2]. The other mutant Burt M 860 (M 860, Table III), is now
undergoing allelism tests. A third mutant, ,Burt M 818 (description not
shown) proved to carry a recessive height reducing gene different from that
in Burt M 937 (CI 15076), but allelism tests have not yet been made with
other gene testers [1,6]. However, it can be expected that Burt M 818 will
be different from Rhti , Rht_2, Rht 3, rhtA, Rhtg and rhtg, in view of their
phenotypic and genotypic characteristics. Rht^ and Rht2 are considered as
dominant genes [1], because stocks carrying these genes exert a distinct,
though variable reduction on height in the F^ of most crosses. Also, the
modal class in ?2 °f crosses of near isogenic lines carrying either Rhti or
Rht? X an isogenic line carrying rht^ is the height level of the Rht^ or
Rht2 parent [6]. A controversy has arisen relative to the genetic basis for
the association between the semidwarfism of Rht^, Rh_t_2 and Rhtg, insensitivity
to gibberellin GA^ and short coleoptile length. The Cambridge research group
[7-13] has presented evidence supporting the conclusion of Pick and Qualset
[14] that the associations of semidwarf and GAj insensitive in the Rht^, Rht2
and Rht, carriers may be pleiotropic manifestations of the same gene. The
Pullman, Washington, research group has obtained evidence of recombination
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TABLE I. GENETIC TESTERS USED IN REDUCED HEIGHT STUDIES AT WASHINGTON STATE UNIVERSITY

Accession
number

CI 17329
CI 17393 .
CI 17394
CI 17324
CI 17398
CI 15233
CI 17335
CI 17042
CI 17786
PI 415999
CI 15076
CI 13988
CI 12696
WA 6868

Identification

CI 13253//*Burt
Centana/CI 13253//5*Centana
Centana/CI 13253//5*Centana
CI 13253/7*Burt
Centana/CI 13253//5*Centana
Centana/CI 13253//5*Centana
CI 13253/*Burt
Centana/CI 13253//5*Centana
Tom Thumb 7*Burt
'Tordo'
Burt M 937
Marfed M 1
Burt
Bersee Mutant 1

Reduced
height gene'1

Rht^ rhtg
Rht-, or Rht2
Rhti or Rht2
Rht 2 rht$
Rhti or Rht2
Rht 2 or Rhti
Rht! Rht 2 rht£
Rht! + Rht, +
Rht3 rht6
Rht 3 + ?
rht 4 rht6
Rhtg + ?
rht6
Rht., + ?

Type
vernali-
zation
response
HWW
HRS
HRS
HWW
HRS
HRS
HWW

? HRS
HWW
HWS
HWW
SWS
HWW
HRW

GA Source
Response

I
I
I
I
I
I
I
I
I
I
S
S
S
S

WA
MT
MT
WA
WA
MT
WA
MT
WA
CIMMYT
WA
WA
WA
GB

tSemidwarfing genes have been designated as reduced height genes using the symbol Rht
[2], the stock carrying gene rhtg has not yet been received. The Rht genes carried
by near-isogenics of Centana, i.e., CI 15233, CI 17393, CI 17394, CI 17398 [3] have not
yet been checked.

TABLE II. INDUCED MUTANTS AND OTHER STOCKS CURRENTLY UNDER INVESTIGATION AT WASHINGTON
STATE UNIVERSITY

Accession •
number Designation

Domi-
nance

Type+
vernali-
zation
response

GAU
response Origin# Source

HEXAPLOID WHEATS:
WA4569
WA4831
WA6271
WA6272
WAS 860
WA6270
WA5859
WA6275
WA6327
C.I. 17689
C.I. 17241
C.I. 17775
C.I. 17776
DURUM WHEATS
P.I. 347731
WA6274
WA6866
WA6867
WA6521
WA6030

Burt M 860
Karcag 522 M 7K
Karlik 1
Karlik 2
Marfed M 551
Marfed M 175
Marfed M 1171-15
Marfed M 6796-2
WA6021 M 1
Magnif 41 M 1
Chris Mut MN6616
Coulee/B937sel20
C.I.13438/B937sel87-l
;

Castelporziano
Leeds M 131
Wascana M 1
Rollete M 33
K6800707 M 1
Leeds Rht^ sel

R?
D7
7

R
R
R
D
R
SD
R
-
-

SD
SO*7
7
7
Rhtjj

HWW
HRW -
HRW
HRW
SWS
SWS
SWS
SWS
SWS
HRS
HRS
HWW
HWW

HAD
HAD
HAD
HAD
HAD
HAD

S
S
S
S
S
S
S
S
S
S
S
I
I

S
S
S
S
SI

y-radiation
y-radiation

MNH
MNH
EMS
MNH
EMS
EMS
MNH
MNH
DES
Spont.
Spont.

Neutrons
EMS
MNH
EMS
MNH
——

WA
Hung.
USSR
USSR
WA
WA
WA
WA
WA
WA
MN
WA
WA

IT
WA
WA
ND
WA
WA

H-HWW = hard white winter, HRW = hard red winter, SWS = soft white spring, HRS = hard red
spring, HAD = hard amber durum.

iSD = semi-dominant, reported earlier [1] as recessive.
§ Many semidwarf durums carry this gene.
HI = GAj insensitive, S = GA3 sensitive.
#MNH = N-methyl-N'nitrosourea, EMS = ethyl methanesulfonate, DES = diethyl sulfate.

27



between the gibberellin insensitivity trait and the semidwarfism, leading
to the recovery of tall, GA insensitive lines as well as short GA sensitive
lines [1,6,15, C. F. Konzak, unpublished]. Sutka (personal communication,
1980) apparently has obtained evidence supporting results of the Pullman
group. We do not yet have test cross results pertinent to the genetic com-
position of the short GA sensitive recombinants. However, an interesting
resolution to the apparent controversy may now be emerging: all of the
reported results may prove correct, representing slightly different ob-
servations on a problem more complex than considered by either of the re-
search groups. As yet incomplete results from crosses involving tall GA
insensitive recombinants isolated from progenies analysed by Hu [6, and C.
F. Konzak et al., unpublished], indicate that the tall GA insensitive lines
may still carry the reduced height—GA insensitivity association, since semi-
dwarf recombinants have been recovered in 7% from the cross CI 17776, a tall
(Rhtj) GA insensitive (Gaij) X CI 17775, a tall (Rht,) GA insensitive (Gai2)
(Fig. 1). Interpretations that seem plausible at this stage obviously must
include one or more additional genes. This gene(s) appear(s) to be epistatic
to the Rhti (or Rht^) condition which may help to explain results of Allan
[16, R. E. Allan, unpublished] and others (see reviews by Dalrymple [17] and
Gotoh [18].

It is suggested that the 'tallness' gene loci may be loosely linked to
the (Rht) Gai loci resulting in some restriction to recombination and the
apparent dominance of 'tallness' observed by some investigators. It now
seems plausible that the 'tallness' loci in fact may not be 'tallness' genes
at all, but suppressors of the semidwarfing effect of the Rh_t, and Rht,, loci.
As suppressors they might not be detectable in the normal tall genotype.
These hypotheses are based on culm length measurements and general obser-
vations of field grown F2 progenies of crosses involving CI 17775 and CI 17776
without yet the benefit of F3 progeny tests for either height or GA response.
The F2 culm length segregation of 397 plants of the cross of CI 17776 X
CI 17775 includes 6 distinct double short recombinants, presumably carrying
Rhti Rhtg. The proportion of these is low enough to suggest a loose linkage
as concluded earlier [1,6], but the few possibly taller lines, leave open the
question that the segregation may involve three genes for reduced height.
We have observed that the tall GA insensitive derivative CI 17775 of Coulee
(Rht?) appears slightly taller than Burt or the GA insensitive derivative
(CI 17776) of CI 13A38 (Rht1). Thus it is possible that the dominant allele
of the minor reduced height gene possibly of rhtg in CI 17775 still separates
it from CI 17776 and Burt (Fig. 1). A larger population would be needed to
test this point, but it may become clear from analyses of the F3 culm height
segregation. The test crosses made earlier were not successful but have been
attempted again. The Coulee derivative (CI 17775) has appeared to be carry-
ing a grass clumping '_D' gene which interacts with one present in the Burt
background. This ,D gene, may have been introduced via contamination from an
unknown source. However, the CI 17775 stock may be heterozygous for the D^
gene since one of the cross populations did not include grass clump progeny.
A series of new crosses was made in 1980, to be followed by tester backcrosses
in 1981. In the meantime, our selected lines have been made available to
others. Regrettably, variable environmental effects on plant height from
season to season, as well as over the plot areas within each season, intro-
duce uncertainty, requiring test crosses for positive genotype identification.
We have many such crosses in process.

Other preliminary results indicate that the mutant gene in Burt M 860
is likely different from others available in the Burt background, but these
studies are not yet complete. Burt M 860 is a somewhat more complex mutant
than most others yet studied. The mutant line carries two other features,
one of which (deep waxy spike) is the result of an independent mutation.
Another trait of the mutant line, reduced winterhardiness, also is likely
due to a separation mutation. Burt M 860 may carry some chromosome abnor-
malities since segregation from a cross with another mutant (Burt M 937)
included some defective and sterile progeny.

Differences in the proportions of total culm length made up by each
internode of the mutants, near isogenics and Burt, suggest that an overall
reduction of internode lengths occurs with all of the height reduction
mechanisms (Tables III and IV) [19,20,5]. However, seasonal differences in
culm length levels at Pullman showed that one of the mutants, Burt M 860
is not only the most height stable of a group of Burt mutants studied over
a period of years, but its stability is slightly better than that of Gaines
(Rht?) and is also slightly shorter than Gaines (Table V). It will be of
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FIG. 1. Longest tiller height (cm) of ^2
CI17776 (tall Gaij) x CI17775 (tall Gai?).

(n = 397) from the cross

interest to determine how the different internode lengths respond to en-
vironments. Burt M 860 has yielded poorly because of its lower winterhardi-
ness, whereas the similar height line Burt M 937 (rht^) used in genetics
studies was a good yielder. The comparative internode patterns of the
different Burt mutants (Tables III and IV) suggest that differences in
relative internode length may be a factor in their environment response [20].
It would be useful to define the relative internode length stability or
variation for each mutant line, as observed for a series of environments and
years. An attempt was made to obtain these data, but financial and labor
resources available did not permit completion of the task.

Genetic analyses of the Omar mutants (Table III) have not been made,
but one mutant line induced in later experiments has been used in breeding.
A promising HRW derivative (N7001004) is being exploited as germ plasm for
its semidwarf trait and large, fertile, lax spikes.

?2 data from crosses made for breeding purposes suggest that another
new reduced height mutant, Magnif 41 M 1 carries a single gene with dominance
expression similar to that of RhtT and Rht?, but which segregates independ-
ently of these two genes [1, C. F. Konzak, unpublished]. Thus, in view of
the fact that Rht, and Sht^ are located on the same chromosome arm [11,12,13]
the Magnif 41 M 1 factor must also differ from Rht^ as well. Crosses of the
mutant back to Magnif 41 have just been made and the ?2 will be analyzed in
1982. Additional tester crosses will be made in 1981 with stocks carrying
other designated genes. It is likely also that the Magnif 41 M 1 factor
differs from that of rht^ because of its partial dominance. However, its
degree of dominance appears to be less than that of Rhtg [1,21,22] and it
has few, if any, associated deviant characteristics like many other mutants,
and its distinctly different phenology suggest it is yet unique to our know-
ledge of reduced height sources. Magnif 41 M 1 is like Magnif 41 in every
way except in height. Its height reduction is not evident until after the
boot or spike emergence stage as its leaf length, width and other traits are
closely similar to Magnif 41 [1]. A comparison of culm internode lengths of
Magnif 41 and Magnif 41 M 1 shows that most of the height reduction is in
fact in the peduncle and the internode below it (Table VI). Culms of the
mutant had six internodes more often than was observed for Magnif 41.
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TABLE IIT. MORPHOLOGICAL AND PHYSIOLOGICAL CHARACTERISTICS OF SOMF, INDUCED MUTANTS (MODIFIED FROM KONZAK KT At,.

Sel

Btirt M
Burt M
Btirt M
Burt M
Burt M
Burt M
Burt M
Burt M
Burt M
Burt M
Burt M
Burt M
Burt M

. No.

860
937
770
7 ft 7
743
1071
987
895
763
1088
106/4
1093
1109

Burt Control:):
Dinar M
Omar M
Omar A
Omar M
Omar M
Omar A
Omar A
Omar A
Omar A
Omnr A

436
2890
2939
1292
1526
2927
1477
I486
2974
2954

Omar Control-]:

Culm Length of tnternodes relative
lit. to parent
(cm) I

79 57
80 55
84 -63
90 97
90 104
92 75
94 99
94 70
95 67
95 98
97 117
99 116
99 99
107 8
76 43
97 82
116 58
116 88
117 66
119 67
123 100
125 118
126 70
130 87
132 13

2
86
71
96
88
107
80
92
98
88
83
94
1JO
97
11
56
76
72
87
91
88
99
120
83
102
19

3
74
63
84
82
87
78
91
86
78
86
92
93
87
20
53
69
80
92
88
90
96
100
92
104
29

4
75
85
77
84
90
90
88
93
94
89
90
92
90
26
51
69
86
83
87
86
86
77
97
95
34

Peduncle

74
89
64
84
91
91
85
90
95
84
86
85
95
43
72
76

111
89
96
104
95
85
111
100
37

Date
headed
rel. to
control

_ i
i

_ i
+1
0
0+1-1
0
0
0

+2
0
0
+2
+2
•U
0
0
0
0
0
0
0
0

Spike Awn
Igth. Igth.
(cm) (mm)

76
71
79
75
75
82
73
81
78
79
83
82
79
80
52
48
47
47
45
46
46
46
51
46
47

122
123
122
116
125
137
125
130
130
117
135
131
128
129
——
——
38——
——
59
54
58
53
61——

Ave No.
pairs
spike-
lets
7.5
7.2
7.5
7.8
7.7
8.2
7.8
8.4
7.7
7.7
8.0
7.1
7.9
7.9

J2.3
10.5
9.3
10.1
10.0
9.3
9.5
9.2
9.2
9.6
10.3

Seedl.
ht .mm
32°C'-

134
150
136
327
137
144
345
141
144
125
128
125
143
140
126
127
124
135
120
129
140
138
110
116
147

, Coleop-
tile
Igth. mm
32°cl"
34
33
32
35
29
33
33
32
31
33
32
33
34
35
44
41
44
42
43
46
48
44
41
41
49

Kernel
length
(mm)

5.4
5.7
5.9
6.3
5.8
6.1.
5.9
5.9
5.9
5.8
6.1
6.0
6.1
6.0
5.3
5.4
5.3
5.3
5.2
5.3
5.4
5.3
5.1
4.9
5.4

Kernel
width
(mm)

3.0
3.1
3.1
2.8
3.1
3.1
3.2
3.0
2.8
3.2
3.0
2.9
3.2
3.3
2.8
2.5
2.8
2.6
2.6
2.6
2.9
2.6
2.5
2.8
3.1

Test,
weight
Ibrs/hu

58.6
57.5
57.1
56.6
58.4
58 . 7
57.0
57.7
57.9
60.1
57.8
59 . 4
58.8
59.3
60.1
54.9
57.!
59. j
58.9
59.2
60.2
58.0
58.0
56.0
59.4

1962
yield %
control

88
9')

.106
97
99
107
1J4
108
98
100
98
109
116
100
. —
91
138
122
U8
121
119
105
110
92
100

tCultured according to the method of Myhill and Konzak [1J.
^Actual culm length (cm).



TABLE IV. CULM AND INTERNODE LENGTHS OF MUTANTS AND NEAR ISOGENIC LINES OF BURT MEASURED ON PLANTS GROWN IN
TWO ENVIRONMENTS DIFFERING IN ANNUAL RAINFALL, PULLMAN (-500 mm), LIND (-250 mm), GROWN IN 1965 AFTER ONE
SEASON FALLOW. ADAPTED FROM M.R. KRAUSE [20].

Ave.t Culm Length (cm) Ave.1• Internode Length, % of Total Culm Length
1

Pullman 1 $

Burt
Mutants:
Burt M 987
Burt M 1071
Burt M 1088
Burt M 1093
Burt M 1158
Burt M 818
Burt M 770
Burt M 860
Burt M 1723
Burt M 937
Near-Isogenics :
I 6409
I 6776
I 6732
I 7393
I 6992
Burt (actual length)

(cm)

74

68
67
67
65
63
62
59
59
57
53

59
58
57
57
56
74

3.7

3.6
3.5
5.4
3.1
4.1
3.0
6.1
5.7
4.4
3.3

2.4
3.6
4.6
2.6
5.0
3.7

Llnd

60

58
56
55
54
54
50
49
51
51
50

52
51
51
50
52
60

I

3.5

2.9
3.4
3.4
2.1
2.2
3.1
3.5
6.6
2.9
3.1

3.6
3.3
3.3
2.8
3.9
3.5

P§

3.5

4.7
3.1
3.4
3.2
4.3
3.4
3.5
3.7
3.3
4.0

3.8
3.5
3.0
3.7
3.6
(2.6)

L§

4.2

4.5
5.2
4.8
4.6
4.5
5.0
4.4
4.5
4.6
4.8

4.1
4.2
3.7
4.0
5.0
(4.8)

2
P

9.2

10.2
8.7
8.7
8.9
9.4
9.7
8.1
9.3
8.8
9.2

8.7
8.5
8.0
8.3
9.1
(9.2)

L

8.6

8.9
9.6
8.8
9.2
9.0
9.2
8.5
8.7
8.7
9.2

8.9
8.7
8.6
8.1
10.0
(9.2)

3
P

14.9

14.6
15.1
14.0
14.3
14.1
14.9
13.8
15.6
14.4
15.8

12.6
12.4
12.8
12.6
13.7
(11.0)

L

12.6

13.5
14.4
13.1
13.6
13.1
13.9
13.2
13.8
13.2
13.9

12.4
12.2
12.4
12.1
13.5
(7.5)

4
P

25.3

25.4
26.8
27.4
27.7
26.7
26.6
28.0
27.6
26.0
23.8

24.6
26.3
25.9
26.7
25.7
(18.7)

Peduncle
L

22.8

23.2
23.1
23.5
23.6
22.0
22.1
24.7
24.0
23.7
22.9

22.7
21.4
22.1
22.6
22.8
(13.6)

P

47.1

45.1
46.3
46.5
45.9
45.5
45.4
46.6
43.8
47.5
47.2

50.3
49.3
50.3
48.7
47.9
(34.8)

L

51.8

49.9
47.7
49.8
49.0
51.4
49.8
49.2
49.0
49.8
49.2

51.9
53.5
53.2
53.2
48.7
(30.9)

tAve. longest 3 culms/plant
rj:E = standard deviation (cm)
§ P = Pullman, L = Lind



TABLE V . VARIATION IN YEARLY CULM HEIGHT OF BURT MUTANTS,
PULLMAN, 1962-65.

culm height (cm)
Identification

Burt
Gaines
Burt M 1088
Burt M 1071
Burt M 987
Burt M 1093 .
Burt M 818
Burt M 770
Burt M 860
Burt M 937

1962

111
75
103
97
92
97
90
87
72
77

1963

106
70
90
90
90
85
77
75
65
72

1964

81
66
76
79
69
66
69
66
61
51

1965

74
58'
67
67
68
65
62
59
59
53

Mean

93
67
84
83
80
78
75
72
64
63

SD?

21.6
7.1

13.0
13.1
13.0
15.5
12.0
12.1
5.7
13.2

tNear isogenic Rht-^ or Rht? line of Burt.
= standard deviation.

TABLE VI. COMPARATIVE CULM HEIGHT AND CULM INTERNODE PATTERNS
FOR MAGNIF 41 AND MAGNIF 41 M 1.

Internode and Length (cm)
Accession Peduncle

1.

2.

Magnif 41
% of total
I
Magnif 41 M 1
% of total
r

Mutant I of
Magnif 41

% Reduction

51.4
47.3
3.4
24.4
39.0
3.0

48

53

2

27.7
25.5
2.7

13.7
21.9
3.5

50

51

3

16.8
15.5
1.5
12.7
20.3
1.6
76

24

4

9.3
8.6
0.9
7.3

11.7
2.0
79

22

5

3.4
3.1
0.6
4.4*
7.0
1.8
129

+ 29

Total

108.7.
100.0
4.2
62.6
100.0
4.3
58

42

* Also includes a frequent 6th internode.
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Our genetics studies with other stocks have just begun. In this re-
search we take advantage of crosses made for practical breeding purposes to
provide background for detailed genetics studies we may do later or en-
courage others to carry out. Some of these crosses indicate that the gene
of WA6021 M 1 also differs from Rhti and Rht?, and that the gene of Karlik
1 probably differs from Rh_t9(Konzak, unpublished). The gene or genes of
Marzotto appear(s) to differ from Rht2, but a cross of Marzotto with a
semidwarf winter/spring wheat breeding line (possibly with Rhti) suggested
that the parents may have a major gene in common (Konzak, unpublished).

More recently, we have concentrated our efforts on a very promising
Y-radiation-induced mutant line of Karcag 522 which we reselected for
stability from material obtained from Viglasi [23] in Hungary. This mutant,
Karcag 522 M 7K (K = our selection) is most unusual in that it has behaved
as a complete dominant in all crosses made to date. Additional crosses
have been and will yet be made with various tall and short genotypes, and
we would be pleased to receive unusual tall genotypes for testing with it.
Its breeding behavior is currently under investigation as is the location
of the Karcag 522 M 7K reduced height gene using the Chinese Spring dimono-
telosomics. The preliminary results already indicate that the K522 M 7K
reduced height gene may combine in a less than additive fashion with Rht^,
and that it appears independent of both Rht-^ and Rht?.

We have conducted only limited genetic studies with durums, but have
induced and collected several mutants we consider useful both for breeding
and genetics research. Of the studies conducted to date, Jalalyar [24] and
Konzak et al. [1,15] concluded that a gene present in the CIMMYT line 'Crane'
was the same as that in a semidwarf (probably contaminant) selection, WA6030
(M6800127) from a mutagen-treated population of the cv. Leeds. Another
similar line, M6800152 also considered a contaminant because of its GA in-
sensitivity, was thought to carry a gene different from that of Crane, based
on segregation from a cross with WA6030. However, Gale et al. [25] more
recently tested what may not have been the correct line obtained from us,
but found it carried the same gene (Rht-^) as Crane.

We have not yet been able to better identify the materials used in
Jalalyar's [24] studies. However, we hope in the future to resume some
genetic work with the available durum stocks, and to conserve their viability
and identity. One truly mutant semidwarf was studied in crosses with the
Leeds semidwarf (Rht-̂  stock. This mutant, Leeds M 131 (Leeds M6S00131) was
shown to carry a single partially dominant gene independent of that (Rhti)
in WA6030 (reported earlier as recessive) [1,15,24]. From our breeding
studies we know that another stock, Castelporziano, carries a semidominant
reduced height gene different from Rht-^ since the gene can be recombined
with Rht_i in crosses, and unlike Rht^ the Rht gene of Castelporziano is not
associated with GA insensitivity. The relation between reduced height
genes of Castelporziano and Leeds M 131 is not yet known. Our Wascana M 1
mutant was more recently induced, and except for laboratory studies showing
its similarity to Wascana, no breeding or genetic work has been done with
it at Pullman. Reduced height mutants of Rollette obtained from North
Dakota have been used in breeding experiments which indicate they also
differ from Rhtj_ but they have not yet been allele tested against other
mutant genes.

ANALYSIS, FUTURE PLANS, AND CONCLUSIONS

If mutagen treatments have been effective, or if a large M2 popu-
lation is screened it is likely that the number of mutant stocks isolated
from most mutation breeding or mutagenesis experiments will exceed the
analytical genetics testing capability of most research programs. On the
other hand, very large numbers of mutants of a selected class (as semidwarfs)
are desired in any mutation breeding effort. Selecting those mutants most
desirable for indirect use as germ plasm sources in recombination breeding
or for use in genetic studies may be difficult from visual observations
alone. It cannot be assumed at the outset that a mutant having a desirable
phenotype will be useful in breeding, nor can it be assumed that the yield
performance of a mutant is a measure of the performance of recombinant
derivatives from crosses in which it is used. Similarly, it may not be
safe to assume that desirable and undesirable traits carried by a single
mutant stock will or will not be separable or modifiable in breeding or
genetic studies. Most commonly, induced semidwarf mutants are not simply
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reduced versions of the original line or cultivar. In general, height
reduction may be associated with reduced seed size, later maturity, reduced
spike size, reduced leaf length, differential shortening of stem internodes,
reduced or increased tillering ability, cytological instability, etc. [1,5,
19]. However, some seraidwarf mutants may carry no other associated pheno-
typic modifications, as seems to be the case for the Magnif 41 M 1 line.

It is well known that GA insensitivity and short coleoptile length
are strongly associated with the reduced height genes of the Daruma (Norin
10 and Suwon 92) sources of Rht} and Rirto [1,16,26,27,28]. The reduced
height gene Rhtg from the Tom Thumb (CI 13563) source carries similar
associations, but the coleoptile length is even shorter and an additional
association with reduced amylase activity also occurs [11,12,14]. In-
dications are that some of the associated character complexes of reduced
height genes may be modifiable [27]. These modifications may result from
genetic recombination between components of the character complex, but
the differences due to recurrent parent background suggest that most
modifications are due to epistatic effects of genes at loci external to
those of the complex [27, C. F. Konzak, unpublished].

In our studies with mutant and isogenic semidwarf wheats it has been
apparent for some time that interallelic interactions occur which affect
the additivity, heterosis [19,29] and dominance relations among different
reduced height alleles and loci. The extent of epistatic interactions also
may be influenced by environment. Epistatic suppressor loci linked to the
Rht Gai loci, but affecting only the reduced height expression of these
loci, could explain seemingly contradictory results of different workers
relative to the dominance relations of Rht-^ and Rht2 loci. The use of near
isogenic cultivars and/or lines should remove some of the complicating
aspects of other reduced height loci often present when dissimilar parents
are used. The type of genetic suppression suggested here may also apply to
coleoptile length, not via the same loci that suppress semidwarfism, but
possibly by other loci, since Allan [27,R.E. Allan, unpublished] has re-
cently isolated longer coleoptile semidwarf lines able to emerge better
from deep seedings. The cultivar Sprague (CI 15376) [30], which carries Rhtj
Gai, isolated by simple recombination breeding appears to have better emergence
ability than other semidwarf cultivars (R.E. Allan, personal communication).
In these cases, the gain in suppression of the short coleoptile and/or
reduced emergence ability may be due to the action of the modifier (ep-
istatic) genes introduced by recombination breeding and strong selection
pressure. Genetic investigations of the inheritance interrelations among
reduced height loci and associated traits can provide new information use-
ful both for extending knowledge of wheat genetics as well as for advancing
the science of practical wheat breeding. Induced mutants are proving of
exceptional value in this research.

Since gene Rht? has been designated, it is now imperative that such
tests be made before additional genetic loci are designated. Because of
our long and continued interest in reduced height mutations, and of our
enthusiasm for mutation breeding, we will continue inducing and selecting
semidwarf (reduced height) mutants, as we identify desirable parent lines.
Mutants will be evaluated both for direct use and as germ plasm in crosses
with other breeding materials. We continue to produce new mutants because
their induction and stabilization in new genetic backgrounds can be achieved
more quickly and the chance for new and possibly better phenotypes is
greater than would be achieved were our efforts limited to cross breeding
with those mutants already obtained. A similar approach is being used by
von Wettstein and Nilan in their research to induce catechin-free mutants
in many barley lines and cultivars (personal communication, 1980). We
also plan to continue to improve our genetics studies of the more promising
mutants within the scope of our available resources and will backcross raw
mutants to the parent line early in their evaluation to improve their
isogenic character.

Our genetics and breeding studies with induced mutant and spontaneous
semidwarfs have given us a useful base of experience to draw upon for future
genetics and breeding research with materials we now have available and
with any promising new materials we may yet acquire. The breeding studies
can complement the genetics work, and vice versa [31]. Useful information
can be compiled about possible relationships between reduced height genes
through results obtained in routine recombination breeding studies while
very often recombinants isolated from genetics studies prove useful as germ
plasm in breeding. F_ breeding populations may rarely provide good enough
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data for estimating linkage relationships when genetic associations are
found, largely because most modern breeding lines will carry one or more
minor genes plus a major reduced height gene. However, crosses in which a
major reduced height gene of one parent is known often will provide evidence
that a major gene of the other two parents is independent, or may suggest
the possibility that genes may be linked or allelic. Analytical difficul-
ties arise when two stocks also differ by one or more minor, or major re-
duced height genes, and when linkage information is required. In those
cases it is probably necessary that the mutant gene be transferred to a
standard stock before the genetics studies are initiated [32]. As has been
noted by several workers [1,6,15,33,34], the associated GA insensitivity of
the Rhtj_, Rht? and Rhtg genes provide an excellent indicator to assist with
gene location studies. For stocks without such distinct associated marker
traits, genome location studies may be more difficult unless the mutant gene
under investigation has a really major effect.

Studies using the Chinese Spring monoditelosomics to locate mutant
genes in the genome include cytological examination of the proposed parent
material to establish the chromosome constitution of each plant used for
crosses, but it should be possible to locate a gene to a chromosome arm by
the uniformity of one of the Fo progenies. However, selecting mutants for
intensive genetic studies merits some serious consideration as well.

Our studies so far have identified genetic extremes from completely
recessive to completely dominant major height reducing genes in common bread
wheat. The extreme dominant genetic behavior of a height reducing gene is
yet unique to an induced mutant while the genetic behavior of both induced
and spontaneous height reducing factors appears to encompass partially
dominant to completely recessive gene loci. Similarly, many mutant reduced
height genes of minor effect (or environment sensitive) appear to be in-
duced, and are certainly present among non-mutant breeding materials. Even
so, only a relatively small number of mutant and spontaneous height re-
ducing genes have been studied, and to my knowledge, no two alleles of the
same gene have yet been detected (except for the suggestion by Gale et al.
[12] that Rhtj and Rht^ may be allelic). The results exemplify the in-
adequacy of genetics research on wheat, the world's most important food
crop plant. Moreover, the very extensive and world wide use of the two
major reduced height genes in breeding semidwarf wheats introduces a
potential associated genetic vulnerability to yield limiting hazards [35,
36]. We hope the future holds more promise of increased support for wheat
genetics research. A more adequate knowledge of genetics is essential to
continued progress in the improvement of wheat by breeding.
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ABSTRACT

A number of short-statured triticale plants were selected in M,
following gamma-ray or EMS treatment of seed of Beagle and DR-IRA

triticales. Selection for homozygous mutants will be attempted in M-.

The Cornerstone male sterility mutant mslc is being combined with

the three GA-insensitive, reduced-height mutants Gai/Rhtl, Gai/Rht2 and

Gai/Rht3 in order to establish a composite cross based on homozygosity
of a given Gai/Rht allele. This would allow selection for minor genes
for increased height on a GA-insensitive, reduced-height background.

1. TRITICALE

Induction of short-stature mutants involves two genotypes and two
mutagens (gamma-ray and EMS). Triticale is being established as a new
cereal crop in Australia. Even though the area planted is quite small,
five varieties have been released in 1979-1980 and expanded areas of

this crop are confidently predicted.

Many high-yielding genotypes are too tall and lodging is very
common in triticale. For this reason induction of short-stature

mutants was undertaken. Gamma-ray irradiation or EMS treatment of seed
of Beagle and DR-IRA triticales was carried out by Mr. Rajput while in
this laboratory on an IAEA training programme. A number of short plants
were selected in M-. These were grown as M, rows in 1980 and the
following number of short plants were selected:

Variety Treatment No. of Plants

DR-IRA ' EMS 102

DR-IRA Gamma-rays 113
Beagle EMS 72

Beagle Gamma-rays
Total 401

In 1981 four hundred and one progeny rows will be grown with the

view of selecting homogeneous short-stature ones.

* Research carried out in association with IAEA under Research Agreement No. 2621.
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The procedure that has been adopted is a "bulk" approach rather
than a "pedigree" approach. Although some detail is lost in the bulk
approach and in fact duplicates of the one mutation event may be
isolated, it does have its advantages. A large number of plants can be
examined and only the short types of good agronomic appearance will be
retained for detailed study.

2. WHEAT

The "Cornerstone" male-sterile mutant , mslc , is being used in
Composite Crosses for various reasons. The composite of immediate
interest involves GA-insensitive, semi-dwarf mutants Gai/Rhtl, Gai/Rht2
and Gai/Rht3. The aim is to construct a Composite Cross based on mslc
and one of the Gai/Rht alleles.

The first step is to combine GA-insensitivity /semi-dwarf ness
(referred to as GA-insensitivity or insensit ivity in the following)
with male sterility. There are three GA-insensitive alleles, Gai /Rht 1
on chromosome 4A, Gai /Rht 3 ( the Tom Thumb gene) which is on chromosome
4A and allelic to Gai/Rhtl, and Gai/Rht2 on chromosome 4D. The first

attempt was to combine the Cornerstone male-sterility mutant mslc with
the mutant Gai/Rhtl as the Gai/Rhtl allele is frequent in Australian
wheats. Both of the alleles, mslc and Gai/Rhtl are on chromosome <*A.
However from linkage studies of Gai/Rht3 and mslc it was expected that
the linkage between Gai/Rhtl and mslc would not be tight. However, a
large population in which sterile GA-insensitive segregants were
expected in considerable numbers yielded no such segregants.

GA-responses were grouped into three classes: insensitive,
intermediate and sensitive. Two intermediate, sterile plants were
isolated. These may be heterozygous a J / ' l l - as well as being1 gai rht 1
homozygous £§=£ . These have been crossed with insensitive, fertilepislc
sibs in the hope that the sibs are heterozygous "s'c' - This could give
rise to insensitive, sterile segregants. The intermediate, sterile

fiai /Rhtl Mscplants have also been pollinated by Condor, Q •'/Rhtl Msc ' This could
give rise to insensitive, heterozygous fertile offspring that will
produce insensitive, sterile plants in the following generation. Also
selfed progeny of insensitive, fertile plants will be examined for
heterozygosity of Mslc.

If it proves too diff icult to combine homozygosity for Gai/Rhtl
and homozygosity for mslc because of tight repulsion linkage, one of
the other two Gai/Rht mutants will be used. After all, mslc in the
Pitic background combines the mslc allele with the Gai/Rht2 allele
possessed by Pitic. Cornerstone male-sterile mutant will also be
crossed with Tom Thumb in order to attempt to combine mslc allele with
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the Gai/Rht3 allele. However, initiation of this Composite has been

delayed until the linkage relationships of the various mutants are
better understood.

The male sterile, GA-insensitive stock will be crossed with a
number of varieties that have the same GA-insensitive allele. Each
variety used in the initial cross will be checked for possession of
this allele by growing an f- population and scoring for homozygosity

of GA-insensitivity. (This test may or may not distinguish between

Gai/Rht1 and Gai/Rht3, but it would distinguish between each of these
and Gai/pht2). Seed of families that does not segregate sensitives in
F-, after crossing of the male-sterile, GA-insensitive stock with

varieties carrying the same GA-insensitive allele, will be bulked and
grown as one population. This will allow interpollination in the
population. This will be continued for a number of generations
accompanied by positive selection for plant height. Selection for tall
segregants on a homozygous Gai/Rht background will involve selection

for minor genes for height on a semi-dwarf background.
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SEMI-DWARF WINTER WHEAT BREEDING IN HUNGARY

Z. BARABAS, Z. KERTESZ
Cereal Research Institute,
Szeged, Hungary

ABSTRACT

1. A series of wheat varieties are grown in Hungary with good
grain yield but with a relatively long stalk, 95-115 cm.
Significance of evolving semi-dwarf versions of these is stressed.

2. Genetic and breeding works for semi-dwarf type and mutation
studies in wheat in the institute are described.

3. Plans for mutation breeding for semi-dwarfness and genetic
characterization of induced as well as non-induced semi-dwarf
mutants are outlined.

In Hungary there are two wheat breeding centres: one is the
Cereal Resarch Institute in Szeged, Southern Hungary, and the other is
the Agricultural Research Institute of the Hungarian Academy of
Sciences in Martonvasar, Central Hungary. In both the institutes
researches on semi-dwarfness are being carried out. The present paper
summarizes the results obtained on semi-dwarf wheat and the future plan
for induction of semi-dwarf mutants and their evaluation as cross
breeding material in Szeged.

In Hungary the first wheat varieties of modern type, e.g.
Bezostaya 1, were introduced in the 60's. Today most of the Hungarian
and foreign varieties grown in Hungary are shorter than Bezostaya,
being 85-100 cm in plant height. There are of course, tall wheat
varieties, e .g . , the Soviet Jubilejnaya 50, preferentially grown on
poor soils. This variety has a height of 120 cm in Hungary. However,
it has a unique ability: after lodging its stem curves up and "stands
up" again. Due to this ability it can be easily harvested even after
lodging, whereas mechanical harvesting of other varieties af te r lodging
is very hard work. Considering that in Hungary the harvest is
mechanized, such characters as dwarfness and stiff stem are of great
importance.

The recently released Hungarian varieties, GK Csongor, GK Szeged,
Tiszataj, also the Yugoslav Novoszadszka, Rana 1 and 2 and other
varieties are generally 80-90 cm tall and have a good standing
ability. However, they could be considered neither dwarf nor
semi-dwarf types under our conditions. The optimal height of wheat is
now about 80 cm. A stem shorter than this limit is not suitable
because of the problems in control of weeds and diseases and in root
development stability.

During the past 10 years, we have obtained several thousand dwarf
lines by crossing. All important dwarf sources used were Norin 10
progenies from the Vogel Materials, Ble Tom Pouce, Krasnodal Dwarf ,
Olson and others. The real dwarf lines, 60 cm or less in height,
showed serious defects. Their resistance to diseases could be
improved, but the correlation between the short stem and the poor root
system has not yet been broken. The yield of dwarf lines was lower
than that of semi-dwarf and tall ones. Therefore one of the most
important aims of our work is to search for suitable dwarf lines or to
obtain them by induced mutations. Once this has been achieved, new
semi-dwarf and dwarf forms can be produced by cross breeding by using
them as parents.
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3y using dwarf lines as parents, some promising results have
already been obtained in the past years. For example, among the
progenies of Bankuti 1201 x Ble Tom Pouce cross, there were found lines
which are 80-85 cm in height and with good winter hardiness and high
protein content. Some of them have already been reported in an earlier
IAEA programme (1). However, these selections had a poor milling and
baking quality and poor adaptability to the local conditions. Protein
content of the C^ strain of the dwarf version of Bankuti was 17.4% or
more in the f irst year of the experiment but did not attain 13% in the
following year. Similar variations were also observed for other
characteristics.

Experiments were carried out on the induction of resistance to
powdery mildew and rust diseases (1-3), but no new resistance gene of
practical value was found. However, changes in morphological
characteristics and plant height were observed. These mutant lines are
valuable in basic breeding materials because they are often superior to
lines derived from the Norin 10 in some characters, as stem stability,
winter hardiness, etc.

From the progenies derived from crosses (multiple crosses) of
different sources for dwarfness, we collected 110 dwarf lines. The
involved dwarfing genes are not yet known. In the spring of 1981, we
will cross dwarf lines with one or two testers for dwarfness in the
glasshouse and/or in the field, and their progenies will be developed
to the ?2 generation. Investigation on them and further selection
will provide information about the genetic nature in respect of
dwarfness and also of their agronomic characteristics. In a complex
crossing of dwarf lines, interesting progenies were obtained.
Multi-crosses resulted in dwarf lines, of which plant height including
ear was not taller than 15-20 cm, far less than the height of the
shorter parent, 50-60 cm.

One part of our new programme is agronomic and genetic
characterization of these new types of dwarf lines. The other part of
the programme is the irradiation of the tall varieties, which may
produce new semi-dwarfing or dwarfing gene sources. Outline of our
programme is presented in Table 1.

In the part of induction of mutation of our new programme, a tall
Soviet variety Jubilejnaya 50 and a Yugoslav Partizanka will be treated
with different doses, 5,000 and 15,000 rad of 60Co. For each of the
varieties, 2,000 M^-M2~M3 plants will be developed by selection
using the Single Seed Descent (SSD) method in glasshouse, and also
25,000 Mi-M2~M3 plants will be examined in the field. Semi-dwarf
and dwarf plants will be selected in M3, and their breeding
behaviours (inheritance and homozygosity for induced semi-dwarfness or
dwarfness) will be investigated by the ear-to-row method with 40-50
individuals per row. On the true breeding lines, number of responsible
genes for reduced height, effects of mutant genes on plant height and
other characters, potentials of mutant strains as cross breeding
parents will be examined by diallel analysis.

The perspective mutants will further be selected in the glasshouse
by the SSD method and in nursery by the ear-to-row method. The visibly
suitable progenies - not sterile or mal-formed - will be compared with
the best standard varieties. The M^-MS materials will be tested
for protein yeild by GQA neotex machine. The best of them will be sown
in our pathological nursery for tests of resistance or tolerance to
stem and leaf rusts and powdery mildew by the twin method (4) which is
suited to the selection of non-race-specific resistance.

The above tests will permit us to determine from all angles the
practical value of the already obtained and the newly obtained mutant
lines. If we obtain mutants of any unexpected characters, we would
take them under our consideration. For example, about two decades ago
it happened that in a programme to induce dwarf forms of fodder
sorghum, we obtained the first induced male sterile mutants in
monocotyledonous crops. Since then, valuable sublines have been
selected from these male sterile lines, e.g., Schertz and Bashaw (5)
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Table 1. Scheme of the proposed muLdLion and evaluaLion studies for each genotype to be done

in the Cereal Research Institute, Szeged, 1980-83

G r e e n h o u s e e x p e r i m e n t s F i e l d n u r s e r i e s

Mutation programme Crossing programe and test Mutation Crossing and test

19 8O M-ĵ  20OO plants SSD
1981 Jan. M2 2OOO plants SSD+Sel.

June M3 2000 plants SSDfSel.

Oct.

1982 Febr.

July
Nov.

1983

Diallele mating involving
old mutants
Diallele test-results
Identification of mutants
from M2

- " - - " - M-,

Diallele mating /new
mutants/
Diallele test-results

25000 plants SSD

25OOO plants SSD F., and 1?2 generation
productivity test of
the best mutants and/or
combinations

-, 25000 plants
Sel.of M

Diallele test of all
of the mutants
F~ and F-, generation



selected apomictic progenies from the pgy mutant which we obtained
earlier. It is also worth mentioning that in our glasshouse
experiments a presumably apomictic wheat line was observed. In several
plants of carefully isolated and emasculated lines, a complete seed
setting was observed. It happened in September 1979, but not
replicated on the nursery in 1980. The special climatic effect of the
glasshouse cannot be ignored, but induction of apomictic lines in wheat
can not be precluded.
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ABSTRACT

In 1974 a wheat mutation breeding research was initiated to select
semi-dwarf mutants- The variety utilized was IAC-5 which is not so
demanding as far as soil fertility is concerned and shows a certain
resistance to high soil Al content. However its high culm length might
cause yield losses due to lodging. Af te r seed gamma irradiation, three
semi-dwarf mutants were selected at the M£ generation. Since then,
these mutants have been tested in several parts of Brazil. The results
of the trials showed that on average the mutants yielded less than the
original variety, and possible reasons for the reduced yield are
discussed.

1. Introduction

Brazil has spent a large amount of money on the importation of
wheat. Although attempts have been made to find a substitute for wheat
in Brazil, the consumption has been increasing. For this reason,
research has been extensive in this crop, including genetic improvement
by conventional methods of plant breeding. A preliminary work with
induced mutations has been reported in wheat.

The objective of the present paper is to report some results from
the evaluation of three short-culm mutants obtained in Brazil. This
research was carried out in a collaboration between various institutes,

2. Some breeding and cropping aspects of wheat in Brazil

The production of wheat in Brazil is generally concentrated to the
states in the south of the country. The average production over the
last 20 years has varied greatly, being 385-1186 kg/ha depending on
climatic conditions during the crop seasons. Several factors are
mentioned as causes of the low yields, such as high level of infection
by diseases and poor soils with high acidity and high aluminium
content. The material previously cultivated in the greatest producer
state (Rio Grande do Sul) was long-culm, had a long vegetative cycle,
high susceptibility to stem rust and a malformation of grains (1).

This material showed, however, an adequate adaptation to the different
types of soils on which wheat was grown. A brief report on breeding in
Rio Grande do Sul (2) indicates that an attempt was made to maintain
the same degree of adaptation to soil conditions in the new varieties
as in the parent material, together with earliness, short culm and a
better quality of the grain.

The success obtained with semi-dwarf cultivars with high grain
yield was an incentive to breed Brazilian cultivars with this
character. It has been noted (3) that from 1956 onwards, crossings
were made between several Brazilian wheat varieties and short-culm

Research was supportad by IAEA under Research Contract No. 2195.2
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material obtained from Mexico. According to ClMMYT the most used
source of dwarfness is Norin-10. Since the beginning of the breeding
for Norin-10 dwarf wheats (4) it was noted that such material regularly
showed lower productivity than cultivars selected from Brazilian
germplasm ( 4 ) . One of the main reasons might be the soil, already
mentioned, having high Al content which causes "blight" in susceptible
material. For a while it was thought that there was a connection
between short culm and susceptibility to aluminium., as it was not
possible to obtain a short-culm line which did not show "blight".
Meanwhile, genetic studies involving susceptible and non-susceptible
materials indicated that this connection was due to genetic linkage.

3. Utilization of induced mutation in wheat breeding in brazil.

In a review in 1969 ( 2 ) , it was noted that work with induced
mutations in wheat breeding in Brazil was started in 1960. Irradiated
seeds of several materials were used to obtain mutants in earliness,
short culm, resistance to diseases and to high aluminium, etc. More
recent papers (5 ,6 ) reported on a project to obtain short-culm or stem
rust resistant mutants in two wheat varieties chosen because of
considered tolerance to "blight" caused by high aluminium content. As
mentioned before, it has been very difficult to obtain lines with both
short culm and "blight" resistance. There are two alternative ways to
obtain such lines through induced mutation. One would be to try to
obtain tolerant mutants from short-culm varieties and the other to
obtain short-culm mutants from tolerant varieties. The second
alternative was chosen as it has been reported (7) that tolerance to an
Al"1"^ solution is due to a dominant gene, which could cause problems
in mutation breeding; it is also mentioned in the literatures that
short-culm mutants in wheat and other crops have easily been obtained.

4. Evaluation of short-culm mutants obtained from the variety IAC-5

Details on the method used to obtain mutants were previously
described (5,6) ; seed of the IAC-5 variety was irradiated with
gamma-rays. The variety IAC-5 was obtained in 1956 as a result of
several crosses. Although there are at present new varieties at the
farmers disposal, many still use IAC-5. One of the reasons is probably
the fact that IAC-5 is not so demanding as far as soil fertility is
concerned, and another is that it shows a certain resistance to high
soil Al content. One of its disadvantages is long culm (100-120 cm)
which might cause yield losses due to lodging. Therefore, this variety
was chosen for an induced mutation project, one of the objectives of
which was to induce short-culm mutants.

Three short-culm mutants, named Ticena-1, Ticena-2 and Ticena-3,
were obtained. Ticena-2 seemed, besides its short culm, to be earlier
than the origin variety. These mutants were selected and analysed at
the Tiete Experimental Station, Tiete, SP and subsequently distributed
to various institutions in different parts of Brazil. Therefore, yield
trial results started to appear from these institutions at the end of
1977: the trials SP-77 and SP-78, in 1977 and 1978 respectively, at
the Tiete Experimental Station: BRA-78-1, BRA-78-2, BRA-79-1 and
BRA-79-2, two trials respectively in 1978 and 1979 at Centre de
Pesquisa Agropecuaria dos Cerrados, Planaltina, DF; MG-78, trial in
1978 at Empresa de Pesquisa Agropecuaria de Minas Gerais, Patos de
Minas, MG; PR-79, trail in 1979 from Institute Agronomico do Parana
Londrina, Parana. Sowing time, experimental design, plot size,
collection of data, etc., were according to the standard mode of each
institute; specific details from some of these trials had already been
reported (8-10). Due to the lack of uniformity a statistical treatment
of the data has not been made.

In order to compare somehow the different mutants in the different
locations, the yield and the culm length of each mutant are expressed
as a per cent of the control and original variety IAC-5. The data at
different locations are arranged according to yield level of the
control in tons per ha. at: each location.
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In Fig. 1, the culm length of the mutants is presented. The
Ticena-2 mutant shows the greatest reduction in culm length, 64.8
percent of the length of IAC-5, followed by Ticena-3, 69.3 per cent of
IAC-5 and Ticena 1, 80 per cent. In relation to yield levels at
respective trail locations, the mutant Ticena-2 seems to vary least in
culm length. Perhaps it is also possible to discern a certain tendency
in Fig. 1, viz., the reduction in culm length is greatest at medium
yield levels, from 2.5 to 4.5 tons per ha, tending to diminish at low
and high levels.

In Fig. 2. the yield of the mutants is presented in the same
manner. The mutants differ seemingly less in average yield in relation
to control than in culm length. The highest average yield was observed
on Ticena-2, 67.4 percent of IAC-5, followed by Ticena-3, 66.2 percent
and Ticena-1, 63.9 percent. These differences between the mutants are
probably not statistically significant. The tendency shown by culm
length reduction - to be greater at medium yield levels - is found also
in the yield reduction and more pronounced. If this tendency is
extrapolated to a yield level about 8 tons per ha, the mutants would be
capable of the same yield as IAC-5. This would not be surprising,
since the experience from, e.g., the Mexican dwarf wheats indicates
that the production potential of these wheats is only more fully
expressed under higher fertilizer - higher water supply conditions. It
should also be noted that the trials were harvested manually whereby
any lodging losses would be minimized. Specifically the mutant
Ticena-2 was throughout all trials more lodging resistant than IAC-5.
It may therefore be expected that by mechanical harvesting and heavy
lodging the mutants, particularly Ticena-2, may show less losses of
yield.

At the event of selection of Ticena-2 it was also noted that this
mutant was 10 to 14 days earlier than the original variety and this
earliness has been confirmed in the present series of trials.

The lower yield of the mutants seems in any case not due to a
higher sensitivity to aluminium in the soil because according to people
in charge of these trials the soils had no higher levels of aluminium
and no aluminium "blight" symptoms were observed in the mutants. It
cannot therefore be decided whether or not the mutants are the same as
the origin variety IAC-5 in respect of sensitivity to aluminium.

It would be interesting to analyse some yield components to find
their possible relations with the low yields of the mutants. As these
trials were not uniformly observed, due to the fact that observations
had to follow the standard procedures at the different institutes in
handling them, only 1000 grain weight figures are available from all
the trials, except for one (PR-79). These data are shown in Table 1.
On an average of 7 trials the mutants show a lower 1000 grain weight as
compared to IAC-5. However, only in the case of Ticena-1, the
difference is statistically significant. In some cases, mutants show
as high as or higher grain weight than IAC-5. Therefore, the grain
weight may not be a major element of the reduced yield of the mutants.

From the report on disease incidence of the trials, there was no
clear evidence that the lower yields of the mutants be due to their
susceptibility to rusts.

The most likely explanation of the lower productivity of these
three induced serai-dwarf mutants could be the pleiotropic effects of
induced mutations which have been observed frequently on many induced
seni-dwarf mutants.
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Fig i- PLANT HEIGHT OF SHORT CULM MUTANTS AT DIFFERENT YIELD LEVELS
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SHORT-STRAW MUTANTS AND OTHER DWARFING GENE SOURCES USED FOR THE
IMPROVEMENT OF WHEATS AND BARLEY IN ITALY*
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ABSTRACT
The reduction of plant height in wheat and barley by cross-breeding in

Italy started at the beginning of this century.
In common wheat, the semi-dwarf character can be traced back to a

Japanese variety Akakomugi used as a parent in cross-breeding. In durum
wheat, semi-dwarf varieties have been developed by the introduction of the
Norm 10 gene Rht,. Barley is the only cereal crop in which plant height
and lodging resistance have still to De improved. Short-straw mutants have
been induced by radiation treatments at Casaccia Nuclear Center in all the
cereals mentioned above. In bread wheat, demand for short-straw types being
less imperative, use of induced mutants nas been rather limited. About 40
short-straw mutants have been induced in the variety Strampelli. Among them,
two mutant lines, St 116 and St 121, have proved to be more resistant to
lodging and equal to or higher in yield potential than tne mother variety.
In durum wheat, 4 mutants have been released as varieties and 4 other mutants
have been used in cross-breeding and yielded semi-dwarf varieties. These
varieties are competitive with other semi-dwarf varieties of different origins
and represent valid alternatives to the "mono-culture" of Norm 1C types.
In barley, a short-straw mutant ( Ris«i 9265) has been crossed with some tall
Italian varieties and promising progenies are being selected.

INTRODUCTION
Wheats ana barley are the most important cereals grown in Italy in

winter and spring seasons. Their acreage and total oroduction are given
in Table 1. At present, common and durum wheats occupy more or less eaual
acreages and their annual productions are enough for the domestic consumptions.
Barley production, in contrast, is not sufficient, and more tnan one million
tons of barley grain is annually imported.

* Research earned out in association with IAEA under Research Agreement No. 2687.
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Apart from the economical value and the fundamental importance for
human consumption, the peculiar aspect of these cereals derives from their
capability of growing at relatively low temperatures. Contrary to maize
anc rice which are grown during spring and summer and require high temper-
atures and irrigation, wheat, barley, oats and rye utilize water available
during their biological cycle which takes place in seasons with the highest
precipitation.

In the majority of countries of the Mediterranean basin where rainfall
is erratic in summer, wheat, barley and some other crops which can utilize
water available ir winter were domesticated in ancient times. Because of
this adaptive nature, along with other favourable characters, these cereals
became an essential component of our civilization. They were subjected to
unconscious selections by farmers and enormously improved through thousands
of generations. To have an idea of this tremendous improvement is sufficient
to compare our present cultivated forms with the wild ancestors. The
varieties before the exploitation of the semi-dwarfing genes were taller,
bigger in kernels, fewer in tiller and more vigorous than the wild counter-
parts.

Until few decads ago. tall plant height was believed to De a good
character, fairly correlated with high yield. This belief is still wide-
spread in some areas and it is not so striking because we know that, even
though semi-dwarf varieties are increasing in number and cover wider acreage,
the positive plant height-yield correlation has a sound scientific basis
(1). The slogan of "tall-dwarfs" has thus been coined by C.K.Law and nis
co-workers and addressed to wheat breaders.

We now know that the urgency to shorten cereal plant height started
with the growth of the industrial revolution which made available increasing
scientific and technological inputs to be employed in agriculture. By
increasing inputs, plants tended to be taller and more susceptible to lodging.
It was an Italian breeder, K. Strampelli, who first faced this problem and
approached it in right ways (2).

COMMON WHEAT
Seven million tons is the Italian average annual production of common

wheat in recent vears. The largest share of this production is for making
bread (about 6 million tons); 0.4 million tons for seed; a small quantity
for animal feeding and a less amount for export. The daily consumption of
Dread per caput is now 230 grams, being about one half of that in 1946

At tne beginning of this centur\. Italian farmers were used to growing
local tall varieties among which the most wide-spread were Rieti. Gentil-
Rosso, Cologna-Veneta, K'oe and Calvige. For a certain period these varieties
were subjected to selection and somehow improved. Strampelli challenged the
rootec opinior that selection is the onl> tool for improving wheat, and
realized that new characters could onl\ be obtained by hybridization. Ir
particular he searched for short-straw and early-maturing types, and found
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them in an agronomically poor Japanese variety, Akakomugi. In 1905 a great
number of crosses (more than 100) were carried out and the segregating
populations followed for many years. In 1920, the first semi-dwarf and early
maturing variety was released and named Ardito. This variety derived from a
cross between a tall hybrid derivative (originating from a cross of Rieti x
Wilhelmina Tarwe) and Akakomugi. It represents a milestone of a breeding
operation which triggered the first "Green Revolution in the world". For
the first time, the yield ceiling of 5 tons per ha. was attained and Italy
became self-sufficient for wheat in a few years. Awakened by Ardito, other high
yielding varieties such as Villa Glori, Mentana, Damiano Chiesa and San Pastore
were developed. San Pastore, for instance, was released in 1930 and is still
now cultivated in almost 300,000 ha. in Northern Italy.

The cultivars included in the "National Register of Varieties" comprises
92 entries, including 7 of foreign origins (Table 2). Most of them (64%)
have been released after 1972. Some old varieties, such as San Pastore,
Mara, Fiorello, Campodoro, Funo, Gallini. Argelato, Conte Marzotto and
Libellula, are still cultivated but their acreages are slowly decreasing.
Other varieties as Mec, Orso, Saliente, Morandi, Flavio, Sanya and Valledoro
appear very promising and their acreages are rapidly increasing.

After the successful breeding by Strampelli, Italian breeders have
almost exclusively used breeding materials possessing dwarfing gene(s)
originated from Akakomugi. Now and then, a few foreign varieties have
been used in hybridization programmes but no semi-dwarf variety carrying
Norin 10 semi-dwarfing genes (referred to as Norin 10 genes in the following)
as yo.t is cultivated in farming.

Mutants with short-straw have been induced at CSN Casaccia and eval-
uated for several years. They show better lodging resistance in comparison
with the mother variety and slightly higher yield potentials (Tables 3, 4
and 5).

DURUM WHEAT
Italy is the largest consumer and exporter of semolina products in

the world. Production, acreage and yield per ha. of durum wheat are given
in Table 1. Durum wheat is grown mainly in Southern Italy and considered
a crop of semi-arid climates. Genetic and breeding work has been rather
scarce in the first half of this century, and yield potential of durum wheat
has always been lower than that of bread wheat, towards which the major
breeding efforts were devoted in Italy.

In 1956, D'Amato and Scarascia started programmes of fundamental
genetic research and mutation breeding as well on this crop. A large number
of mutants of different varieties were induced and isolated following diff-
erent mutagenic treatments (Table 6). Among the mutants isolated for short

*
plant height and evaluated in agronomic trials, some showed lodging resis-
tance and yielding ability better than the mother varieties. Two mutant
lines of Cappelli (Cp B132 and Cp C48) were released as varieties in 1968
and named Castelporziano and Castelfusano, respectively. In 1969, the
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best mutant line (Gr A145) of variety Grifoni was released with the name
of Casteldelmonte, and in 1974 a mutant line Ga B125 of variety Garigliano
entered the "Official Register" with the name of Castelnuovo (5) (Table 7).

Beside the mutation breeding approach aimed mainly at inducing short-
straw and lodging-resistant mutants, other breeders have been trying to
develop new varieties through other ways: 1) crossing among durum strains
and selecting very early maturing and moderately tall types; 2) crossing
between durum and Italian common wheat varieties; 3) crossing between
tall varieties and mexican durum lines carrying the Norin 10 gene (Rht,).""~"" |_
The first approach has yielded several varieties, such as Capeiti, Appulo,
Hymera, Maristella and Trinakria which adapt to the agro-climatic conditions
of Southern Italy where rainfall is small and technological imputs are
limited. Under these conditions, the above mentioned varieties show little
lodging and produce grain of good quality, particularly Trinakria being
distinguished by its superior grain quality, i.e., high protein content
and very good spaghetti cooking quality. The second approach (durum wheat
varieties x Italian common wheat varieties) also yielded several varieties,
such as Raineri, Gabbiano, Ringo, Polesine and Granato.

Some of these are semi-dwarf types due to the presence of plant height
reduction gene(s) of Akakomugi carried over to these varieties through common
wh-=at varieties as Mara and Marzotto. The remaining varieties as Raineri,
Polesine and Granato are rather tall and moderately resistant to lodging.
This group of varieties, derived from the interspecific hybridization, have
had only a modest impact on farmers who were provided at the same period
with more choice of varieties, particularly of the third variety group
carrying the Norin 10 gene (Rht.) as Creso, Mida, Valgerardo, Valnova and
Valselva.

These varieties in comparison with Capeiti and Appulo are late in
heading. However, some of them show remarkable resistance to stem rust and
mildew. They are suitable for cultivation on fertile soils with good
supply of water and nitrogen. Under such conditions, their yield potential
is equal or even higher than that of the best common wheat varieties (Table 8).

Among the semi-dwarf durum wheat varieties which have neither Norin 10
nor other dwarfing genes from common wheat, Tito and Augusto deserve par-
ticular attention. These varieties derive from crosses of short—straw
mutants with a tall American variety, Lakota. They are the results of
successful use of induced mutants in cross-breeding and indicate that mutants
can make contributions which go far beyond the direct use of mutants in
farming. Tito is a cold resistant variety, about 10 cm taller than Creso
but shows lodging resistance more or less the same as Creso. This is the
only variety which is competitive with the semi-dwarf varieties of other
origins and therefore represents a valid alternative to the "mono-culture"
of Norin 10 types (7).
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The success of the selections carrying a Norm 10 gene nas diminished
the importance of short-straw mutants in breeding orogrammes of wheats.
However, in some suo-arid areas, typical of Mediterranean basin, where
varieties carrying the Norm 10 gene Rht. show doubtful responses, short-
straw mutancs could play an important role in breeding varieties suitable to
such environments. Mutants for earlmess in maturity also seem to be very
promising under these conditions. Now the biggest problem of durum wheat,
i.e., lodging resistance, being solved, we need small refinements dealing
mainly with disease resistance, cold resistance, drought resistance and
better technological quality. However, new semi-dwarfing gene sources are
important and might become essential for wheat breeding in the future.

BARLEY
Barley is used mainly for feed both as gram and as silage. The pro-

duction of barley meets only one third of the need in Italy, a relevant
amount being imported. From 1969 to 1979, the average of barley increased
by 68%, and its total production increased by 200%. The increase of yield
per ha. is aue to tne improved varieties, mostly by introduced ones (85%),
the extended cultivation on more fertile soils and the improved agronomic
practices.

Breeding work for improvement of barley in the past was very scarce
in Italy, and this accounts for the low number of Italian varieties (8 out
of 53) in the "Official Register" (Table 2).

Lodging ana disease resistance are the main problems to be solved.
Good gene sources for short-straw are practically not available, thus the
nitrogen fertilizer level in barley cultivation being kept rather low to
avoid lodging.

At Casaccia Nuclear Center, short-straw and erectoides mutants have
been induced in a variety Leonessa. However, these mutants wnen crossed
with other varieties have yielded segregants of poor breeding value
showing fragility of culm, poor root development and susceptibility to
diseases. Recently the Ris^ mutant 9265 (variety Alf) has been crossed
with tall varieties and promising progenies are being selected.

In order to develop barley varieties suitable to different Italian
environments the Ministry of Agriculture and Forestry (MAF) set up a Barley
Breeding Project in 1979.
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BARLEY

Table 1. - ACREAGE, TOTAL PRODUCTION AND YIELD PER HECTARE OF
COMMON WHEAT, DURUM WHEAT AND BARLEY IN ITALY IN 1979.

! 1

SPECIES ! ACREAGE HA. PERCENTA TOTAL PRODU-
| GE | CTION T.

1 ! 1
COMMON WHEAT 1,860,902 49 5,598,511

DURUM WHEAT | 1,655,186 | 43 | 3,402,820

1

PERCENTAGE

62

37

YIELD
Q/HA.

30

21

301,175 799,940 27

Table 2. NUMBER OF VARIETIES IN THE OFFICIAL REGISTER OF
VARIETIES UP TO 31 DECEMBER 1978.

! 1
N. OF VARIETIES N. OF VARIETIES PERCENT

SPECIES DEVELOPED INTRODUCED TOTAL VARIETIES

Common wheat

Durum wheat

Barley

Rice

Oat

Rye

IN ITALY | FROM ABROAD

85

50

8

47

8

3

7 92

LOPED IN

92.4

3 ' 52 94.3

45

-

12

6

53

47

20

15.1

100.0

40.0
i

Q 33.3

OF
DEVE-
ITALY
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Table 3. - CHARACTERISTICS AND YIELD PERFORMANCE OF COMMON WHEAT MUTANT LINES ISOLATED FROM THE
'"\RTETY STRAMPELLI IN A PRELIMINARY YIELD TRIAL.

(Mother variety

mutant lines

Strampelli
St 42
St 43
St 44

Strampelli
St 62
St 63

Strampelli
St 69
St 70
St 71
St 72
St 73
St 74
St 75
St 76
St 77
St 78
St 79
St 80
St 81
St 82
St 83
3t 84

! St 85
St 86
St 87

Year

1976-77

1979-gO

1975-76

Plant height

cm

88
- 14
- 15
- 12

105
- 17.5
- 10.5

87
- 13.5
- 14.5
- 22.5
- 9.5
- 8,5
- 12.0
- 12.0
- 24.5
- 22.5
- 25.0
- 11.0
- 12.0

'-'"'.I
- 8.5
- 16.0
- 21.5
- 23.0
- 18.5

1
Yield | Test weight

1
ql/ha | ql/ha

1
GO. 2 ' 80.7

- 12.2 ' - 4.9
- 18.7 , - 5.1
- 17.7 - 3.7

54.4 ' 76.3
- 3.7 , . 2.2
.1.6 j 1.0

i
i85.8 ! 80.0

- 19.5 | - 5.0
- 24.8 j - 7.0
- 25.0 ' - 7.8
- 21.1 - '2.O
- 16.6 - -2.1
- 10.7 J - 3.3
- 2.4 J 0.6
- 27.1 ; - 3.3
- 1.3 ! - 6.6
- 29.1 - 5.8
- 19.0 - 5.7
- 12.0 - 4.0
- 24.0 - 0.3
- 20.5 - 4.8
. 0.4 | - 3.1
- 22.0 , - b.3
- 11.0 j - 5.5

Oyt O •"» f~\- 24.3 - o.9
- 12.3 ! - 5.8

Lodging*

index

1.5
!

°

2.0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
000
V

Ear emercence

tJme

11.5 May |
- 5.5
. 3.5
+ 1.5

1 May
+ 2
+ 1

3 May
. 2
0

4- 2.5
0

4- 1.5
4- 2.0
+ 2.0
4 2.5
.2.5
. 2
. 1
. 1.5
4 2
4 1
. 2
f 2.b
. 3
. 1
. 0.5



St 88
Si 89
St 90

Strampelli
St 1J3
St 11-1
St 115
St 116
St 117
St 118
St 119
St 120
St 121
St 122
St 123
St 124

1977-78

- 13.5
- 20.5
- 16.0

88.5
- 21.0
- 13.5
- 18.5
- 8.5
- 6.0
- 21.5
- 27.0
- 11.0
- 17.0
- 16.0
- 18.5
- 19.0

- 4.8
- 30.2

• - 16.6

60.2
- 27.5
- 5.4
- 16.2
+ 1.2
- 2.6
- 14.6
- 30.3
- 14.3
- 10.0
- 15.7
-17.1
- 10.7

- 4.4
- 5.5
- .1.4

78 . 0
-:• 1.6
•- 5.1
- 5.3
- 0.5
+• 1.8
- 1.0
- 10.1
- 4.2
- 4.9
+ 0.4
- 4.0
- 1.8

0

°
0
0
0
0
0
0
0
0
0
0
0
0
0

+• 1.5+ 1
0

1 May
-» 2

0
+ 2

0
+ 3
+ 3
4 3

0
h 2
+ 1
•f 2
+ 2

* 0 = No lodging; 5 = maximum lodging

TABLE 4 - Plant height, yield and test weight of three semi-dwarf mutants
of common wheat and their mother variety (tested at 3 locations
in central Italy in 1978-1979).

Mother variety
and

mutant line

Strampelli

St 83
St 81
St 75

Plant height

cm

] 02 . 7

96.1
88.1
85.0

Yield

ql/ha

61.96

61.01
56.87
55.94

Test weight

Kg/hi

81.7

80.8
82.1
82.6



TABLE 5 - Plant height, yield and test weight of two semi-dwarf mutants
of common wheat and their mother variety (tested at 7 locations
in Central Italy, 1979-80).

Mother variety
and

mutant line

Ctrampelli

St 116

St 121

Plant height

cm

100.6

92.9

84.9

Yield

ql/ha

56.6

59.4

58.4

Test weight

Kg/hi

80.3

79.1

76.8

Lodgi ng

index

3.0

2.1

1.4

Table 6 Characteristics of short-straw durum wheat mutants isolated from the varieties
Cappelli and Aiziah (After BAGNARA D. 1975).

Mother variety
and
mutant line

Cappelli
Cp C 47
Cp F 136
Cp C 42
Cp CB 2
Cp C 30
Cp B 132*
Cp B 137
Cp C 24
Cp B 144
Cp A 214
Cp A 66
Cp C 48*
Cp C 33
Cp A 47
Cp A 41
Cp A 49
Cp A 83
Cp B 121
Cp A 215
Cp A 107

Aziziah
Az B 155

Mutagenic
Agent

Control
Nth
Nf
Nth
Nf
X-rays
Nth
Nth
Nth
X-rays
Nth
Nth
Nth
X-rays
Nth
X-rays
X-rays
Nth
Nth
Nth
X-rays
Control
Nf

Culm length
(°i of control!

122 cm
53.26
66.27
68.85
68.85
69.67
72.95
78.69
78.69
79.50
81.97
82.79
82.79
87.70
88.52
89.34
89.34
90.16
90.16
90.98
91.80

100 cm
87.50

Lodging
Index
•%•%

2.50
0.00
0.00
0.00
0.00
0.00
0.00
0.37
0.00
0.00
0.01
0.46
0.12
0.12
0.69
0.68
0.79
0.01
0.17
0.01
0.17

2.4
0.0

Ear emergence
time

7.5 May
+1.0 days
+4.0 "
-1.0 "
0.0 "
+3.0 "
+ 2.0 "
+ 2.0 "
-r2.0 "
+0.5 "
-2.0 "
+2.7 "
+0.8 "
+1.5 "
-1.7 "
+0.7 "
-0.6 "
+3.3 "
0.0 "

+0.7 "
+ 1.0 "

3.0 May
•̂ 2.4 days

Yield
(% of
control )

39.15 q/ha
76.80
106.50
95.07

_
90-15
117.95
71.96
93.42
101.07
82.87
48.75
113.34
77.75
78.93
97.48
81.75
56.56
57.01
72.15
84.91

36.70 q/ha
107.20

Mutants released as varieties with the names Castel
Porziano and Castelfusano, respectively

** 0 = no lodging: 5 = maximum lodging
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Table 7 Characteristics of short-straw durum wheat mutants isolated
from the varieties Capeiti, Garigliano and Grifoni (After
BAGNARA D., 1975)

Mother Variety
and
Mutant lines

Capeiti
Ct B 266
Ct B 30
Ct B 99
Ct B 215
Ct B 622
Ct B 7
Ct B 462
Ct B 620
Ct B 203
Ct B 450
Garigliano
Ga 47
Ga A 209
Ga A 206
Ga B 125*
Ga A 170
Ga A 200
Ga A 3
Ga A 171

Grifoni
Gr A 145*
Gr A .11
Gr A 168
Gr A 82
Gr B 116

Mutagenic
agent

Control
Nth
Nth
Nth
Nth
Nf
Nth
Nf
Nf
Nth
Nth

Control
Nf
X-rays
X-rays
X-rays
X-rays
X-rays
Nf
X-rays

Control
Nf
Nf
Nf
Nf
X-rays

Culm length
(% of control)

104.1 cm
72.1
78.7
84.0
84.3
88.9
89.1
89.3
90.0
94.6
96.5
108 cm
89.6
91.4
91.7
91.8
92.5
92.5
92.6
93.0
98 cm
78.2
82.1
87.2
89.3
91.6

Lodging
index **

--
—
—
—
—
—
—
—
—
—
3.6
1.4
—
2.0
0.8
—
—
1.6
2.0
2.5
—
—
1.3—

Ear emergence
time

6.5 May
- 2.3 days
+ 1.5 "
+11.0 "
- 1-5 "
- 6.0 "
- 2.5 "
- 6.6 "
- 5.5 "
+• 2.0 "
- 2.0 "
3.6 May

- 1.7 days
—

- 0.5 "
+ 0.4 "

__ ' '

"
- 1.2 "
- 0.9 "

1.3 May
+3.2 days
—

+ 3.0 "
+ 3.4 "
+ 1.4 "

Yield
(% of control)

39.9 q/ha
91.7
113.1
113.8
100.2
103.8
116.6
112.3
108.8
120.6
121.7

38.9 q/ha
103.6
79.5
97.1
106.7
76.6
81.5
97.4
103.0

39.5 q/ha
107.3
63.9
71.8
69.8
97.1

Mutants released as varieties with the names Castelnuova
and Castel del Monte respectively
0 = No lodging; 5 = maximum lodging
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TABLE 8 - Yield and test weight of common and durum wheats obtained in 80
agronomic trials carried out in central Italy for 8 years (after
BOZZINI A., MOSCON1 C. and ROSSI L. 1978).

PARAMETERS

Mean yield (q./ha)

Mean test weight (Kg/hi)

Common wheat

Irnerio or
Flaminio

54.01

77.65

CAPEITI**

40.56

61.29

Durum wheal

CRESO*

58.83

81.95

TITO***

58.43

77.37

* Tall variety
** Semidwarf variety carrying Norin 10 gene (Rht 1)
*** Semidwarf variety carrying a mutant gene for reduced height
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USEFUL MUTATIONS INDUCED IN DURUM WHEAT BY GAMETOPHYTE AND SEED
TREATMENTS*

K.A. FILEV
Institute of Genetics,
Sofia, Bulgaria

B. DONINI
Joint FAO/IAEA Division,
IAEA, Vienna

ABSTRACT

The durum wheat breeding programme aims at improving the local
cold tolerant varieties for lodging resistance, higher yield and good
grain quality. The Bulgarian durum wheat cv. 233 has been submitted to
mutagenic treatment of gametophytes (1,2,3,4 krad, "^Co gamma rays),
seeds (10 krad, 60Co /-rays; 1 krad, fast neutrons; EMS, 1.5% for 20
hrs at 20° and both gametophytes and seeds (2 krad •*• 10 krad, gamma
rays; 2 krad f -rays + 1 krad, fast neutron; 2 krad, y -rays + EMS,
1.5%). 2264 MI plants were harvested and in each plant the spike of
the main culm was kept separate from those produced on the later
tillers. A higher frequency M]_ plant progenies segregating for
morphological and semi-dwarf mutations was observed after gametophyte
and combined gametophyte and seed irradiation as compared to only seed
treatment. Furthermore, after garaetophyte irradiation, out of the 131
M]_ segregating progenies, 122 were homogenously heterozygous for the
induced mutations (non-chimeric) and all the spikes of a plant were
carrying the same mutantion. In 9 Mj progenies which did not
segregate in all the spikes within the plant, there was a reduced
number of seeds per spike or a deficit of recessives.

Among the total number of morphological mutations induced, a very
small number were semi-dwarf mutations and they were obtained only
after gametophyte irradiation. The induced semi-dwarf mutants are
under evaluation for lodging resistance, yield and protein content.
They will be used also in the cross-breeding programme.

Introduction

In Bulgaria durum wheat is cultivated as a winter crop.
Temperature in winter may fall to as low as -25° or -30°C.
Therefore, durum wheat must have good cold tolerance besides the other
agricultural features such as resistance to lodging and disease, high
yield, good quality and early ripening. Almost all introduced
cultivars are completely killed during the coldest winters. The old
Bulgarian cultivars, No. 1522, No. 788 and No. 233, are satisfactorily
cold resistant but tall, being 120-145 cm in plant height, and
susceptible to lodging.

The aim of the durum wheat breeding programme is to improve our
cultivars, which have resistance to cold, for lodging, early ripening,
high grain yield, good grain quality and resistance to rust, mildew and
septoria.

* Research was supported by the IAEA under Research Contract No. 2688.
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A mutation breeding programme has been carried out and treatments
with both physical and chemical mutagens were employed. The programme
aims to investigate:

a) the frequency of induced mutations after irradiation of seed
and gametophyte;

b) the M2 segregation pattern to clarify chimeric structure
of HI plants following treatments of seed and gametophyte;
and

c) the agronomic performance of induced mutants.

Material and Methods

A Bulgarian cultivar No. 233 of Triticum durum was used as mother
cultivar in the present experiments. This cultivar has high cold
tolerance and high yield potential but is tall (120 cm) and susceptible
to lodging.

The following three experiments were performed:
1. Plants grown in pots in a greenhouse were exposed during

their anthesis to gamma rays in the Casaccia Gamma Cell
(°̂ Co source) at an exposure rate of 188 rad/m with total
doses of 1,2,3 and 4 krad (Gg-1, Gg-2, Gg-3 and Gg-4). At
the time irradiation, plants were at the mononucleate to
trinucleate stage of male gametophyte development. Two main
spikes were harvested from each of the irradiated plants
(Experiment I);

2. Seed samples with moisture content of 10.8% were treated with
10 krad of gamma rays in the Casaccia Gamma Cell (Sg), and
with 1 krad of fast neutrons in the Casaccia Reactor Triga
Mark II^(SNf). Another sample of seeds was treated with !„5%
EMS solution for 20 hr at 20°C (SEMS) (Experiment II); and

3. Plants grown in pots in a greenhouse were irradiated during
their anthesis in the Gamma Cell of Casaccia with a total
dose of 2 krad. Seeds obtained from two main spikes of the
irradiated plants were divided into three samples and further
treated with 10 krad gamma rays (Gg +Sg), 1 krad fast
neutrons (Gg + SNf) and 1.5% EMS solution for 20 hrs at
20°C (Gg +EMS) (Experiment III).

The HI plants were grown in the field and harvested separately.
From each M^ plant the spikes were harvested, keeping the spike of
the main tiller separated from those produced on secondary tillers.
9056 MI spike progenies coming from 2264 HI plants were sown in the
field for M2 analyses.

Results and Discussions

Frequency of induced mutations
Frequencies of HI plant progenies segregating for chlorophyll,

morphological and semi-dwarf mutations which have been recorded on
material in the field are presented in Fig. 1.

The frequencies of HI plant progenies segregating for
chlorophyll and morphological mutations following gametophyte
irradiation (Experiment I: Gg-1, Gg-1, Gg-3 and Gg-4) were distinctly
higher than those following treatments of seed (Experiment II: Sg, SNf
and SEMS). Combined treatments of gametophyte and seed (Experiment
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Ill: Gg + Sg, Gg + SNf and Gg + SEMS) gave higher frequencies of
mutated MI plant progenies than after single treatment of seed.
Moreover, treatment of gametophyte with gamma rays combined with EMS
seed treatment resulted in the highest frequency of mutated MI plant
progenies. Furthermore, after gametophyte irradiation, a higher
frequency of M^ plant progenies segregating for morphological than
chlorophyll mutation has been observed at all doses appplied (Fig. 1).
On the contrary, after seed treatments with fast neutrons and EMS a
comparatively higher frequency of M]_ plant progenies segregating for
chlorophyll, mutations has been obtained.

The chlorophyll and the morphological mutation frequencies were
almost equal after combined gametophyte and seed irradiations (Gg +
SNf), while the frequency of chlorophyll mutatons was higher in the Gg
+ SEMS treatments. A linear relationship against the doses applied of
chlorophyl and morphological mutations has been obtained after
gametophyte irradiation. The statistical analysis by the chi-square
method reveals a significant high fitness of the observed values to the
theoretical ones calculated from the regression equations.

M2 segregation pattern and relationship with stage of plant
treatment
It has been reported that after gametophyte irradiation, when

spikes of individual M^ plants were kept separated, segregation for
chlorophyll mutations was observed in all the spike progenies of
individual MI plants (4). Thus, MI plants are assumed to be
homogenously (non-chimeric) heterozygous for induced mutations. Data
obtained in the present experiments support these results (Table 1).
As shown in Table 1, 122 M^ plantSj out of the 131 analyzed,
segregated for morphological mutations in all the spikes. The other 9
M]^ plants showed segregation only in few spikes either of the main or
secondary culms. Similar results were obtained after combined
treatments of gametophyte and seed (Table 1). Moreover, 93% of M]_
plants following gametophyte irradiation are not chimeric for induced
mutations. On the contrary- and as expected - after seed treatments,
the frequency of M^ plants segregating for morphological mutantions
in all spikes was only 5.1% (2 among 39 tested).

The data obtained in this experiment confirm the results already
reported in barley (1,2) and in durum wheat (3), showing that M^
plants following gametophyte irradiation are genetically homogenous,
not chimeric, for induced mutations.

The 9 MI plants which showed segregation for morphological
mutations either in the spike of primary tiller or in spike of
secondary tillers could be expected to be due to deficit of recessive
or to small number of plants in each of M^ spike progenies.

Agronomic performance of the induced mutants
Table 2 presents the numbers of M], plant progenies segregating

for morphological mutations and also for semi-dwarf mutations. The
frequencies of plant progenies segregating for morphological mutations
were high following gametophyte irradiation and combined gametophyte
and seed irradiations, in comparison with seed irradiations.

The number of plant progenies segregating for semi-dwarf
mutantions was very small in comparison with those for other •
morphological mutations. Only four plant progenies were segregating for
semi-dwarf mutations, among a total of 251 plant progenies segregating
for morphological mutations.

In Table 3 are presented some characteristics of the four mutants
grown in M3 generation in comparison with the parental variety. The
mutant 65/1N has a plant height of 65 cm, being the shortest among the
induced semi-dwarf mutants. The other three mutants, 65/2, 120 and
124, respectively, had plant height of 76, 87 and 92% of the mother
cultivar. Mutant 65/1N was a rather drastic mutant, showing reduced
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grain yield and 1000 grain weight and increased protein content of
seed. The remaining three mutants showed in general slight changes
for the traits investigated, except the mutant 65/2 which has increased
protein content repeatedly confirmed in several tests. All the four
mutants maintained the cold tolerance of the mother cultivar.

A research programme is now planned to use the induced semi-dwarf
mutants in cross-breeding, with the cultivar D 7175, GR-0365, Agate and
local ones (No. 1522 and No. 788). In fact, they have a good seed
quality for processing.

Preliminary results obtained are very encouraging: 3 lines exceed
in yield the standard cultivar in a range of 18.3 - 28.9%. They are
resistant to cold and lodging and early ripening. These lines are now
under test by the National Strain Testing Board.

It is planned also to localize the semi-dwarfing gene(s) carried
by the mutant 65/1 and to test allelism of the induced semi-dwarfing
genes with the genes carried by cultivars Valnova, Augusto and Creso
and those of "Norin 10".
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TABLE 1: SEGREGATION PATTERN OF M.^ PLANTS

AFTER GAMETOPHYTE, SEED AND COM-

BINED GAMETOPHYTE AND SEED TREAT-

MENTS

Experi-
ments

I

II

III

Stage of Treatment and Dose

CONTROL

GAMETOPHYTES

1 Gamma rays 1 krad (Gg-I)
2 Gamma rays 2 krad (Gg-2)
3 Gamma rays 3 krad (Gg-3)
A Gamma rays A krad (Gg-A)

SEEDS
1 Gamma rays 10 krad (Sg-10)
2 Fast neutrons 1 krad (SNf-I)
3 EMS 1.5%o (SEMS)

GAMETOPHYTES AND SEEDS

1 Gamma rays 2 krad, Gamma rays 10 fcrad,
(Gg + Sg)
2 Gamma rays 2 krad, Nf I rad (Gg + SNf)
3 Gamma rays 2 krad, EMS 1.5%o (Gg + SEMS)

Plant progenies with segregating
for morphological mutations

Total
No.

3

28
A3
37
23
131

17
12
10
39

31
29
21
81

In spikes of
primary and
secondary tillers

No.

-

27
40
3A
21
122

1
1
-
2

29
27
20
76

%

-

96. A3
93.02
91.89
91.30

5.88
8.33
-

93.55
93.10
95. 2A

In spikes of
primary tiller
or in spikes of
secondary tillers

No.

3

1
3
3

_2
9

16
11
10
37

2
2

_ 1
5

%

100.00

3.57
6.98
8.11
8.70

9A.12
91.67
100.00

6.A5
6.90
A. 76
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TABLE 2: FREQUENCY OF MI PLANT PROGENIES SEGREGATING
FOR MORPHOLOGICAL AND SEMI-DWARF MUTATIONS
AFTER GAMETOPHYTE, SEED AND GAMETOPHYTE AND
SEED TREATMENTS

Experi-
ments

I

II

III

State of Treatment and Dose

CONTROL

GAMETOPHYTES

1 Gamma rays 1 krad (Gg-1)
2 Gamma rays 2 krad (Gg-2)
3 Gamma rays 3 krad (Gg-3)
4 Gamma rays 4 krad (Gg-4)

SEEDS

1 Gamma rays 10 krad (Sg-10)
2 Fast neutrons I krad (SNf-1)
3 EMS 1.5%6

GAMETOPHYTES AND SEEDS

1 Gamma rays 2 krad, Gamma rays 10 krad
(Gg + Sg)
2 Gamma rays 2 krad, N 1 krad (Gg + SN)
3 Gamma rays 2 krad, EMS 1.5%o (Gg + EMS)

Plant
progenies
analysed

No.

503

363
326
211
114

413
236
117

171
149
104

Segregating plant pro-
genies

Total

3

28
43
37
23

17
12
10

31
29
21

%

0.59

7.71
13.19
17.54
20.18

4.12
5.08
5.65

18.13
19.46
20.19

Semi-
dwarf
mutant

—

1
2
—
—

—
—

1

--

%

--

0.28
0.61
—
— —

—
—

0.58

—
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TABLE 3: CHARACTERISTICS OF SEMI-DWARF MUTANTS

LINES OBTAINED AFTER GAMETOPHYTE

IRRADIATION AND TESTED IN M,,

No. of
Lines

No. 233
65/1 N

65/2

120

124

Treatment

Control
Gametophyte 2 krad gamma
rays
Gametophyte 2 krad gamma
rays
Gametophyte 1 krad gamma
rays
Gametophyte 2 krad + seeds
10 krad

Plant
Height
cm.

120.0
65.0

92.0

105.0

110.0

Grain
Yield

100
kg/ha

45.8
33.7

46.4

47.5

45.2

%

100.0
73.6

101.3

103.7

98.7

1000
grain
weight
g

50
26

45

52

52

Test
weight
kg /hi

80.4
78.6

82.8

81.2

81.8

Protein
Content

Percent
of dry
matter

15.6
17.3

18.1

14.3

15.8

%

100.0
110.9

116.3

91.7

101.3
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EVALUATION AND GENETIC ANALYSIS OF SEMI-DWARF MUTANTS OF BARLEY*

S.E. ULLRICH, R.A. NILAN, B. BACALTCHUK1"
Washington State University,
Pullman, Washington,
United States of America

Abstract

Agronomic improvement of barley (Hordeum vulgare I . ) often includes

height reduction to condi t ion the crop to resist lodging , a common problem

in barley production under all but the driest growing condi t ions . There

is a trend in the United States to breed for short, stiff-strawed cul t i -

vars to reduce the potential for lodging . A number of currently grown

U.S . semi-dwarf barley cul t ivars are discussed i n c l u d i n g Washing ton State

Univers i ty ' s latest winter ( ' B o y e r ' ) and spr ing ( ' A d v a n c e ' ) releases that

have reduced height and are lodg ing resistant. The on-going mutagenesis

program at WSU has produced a number of semi-dwarf mutants i n c l u d i n g

approximately one-hundred selections obtained in 1980 from four 1^, popu-
•

l a t ions . A study i n v o l v i n g a comparison of seedl ing traits of semi-

dwarf and normal he ight cul t ivars is discussed. In general it was found

that coleoptile length and emergence traits were not affected by plant

he igh t . Current and fu ture semi-dwarf research is discussed.

Introduction

One of the most detrimental aspects of barley (Hordeum vulgare L.)

is weak straw which gives this crop the tendency to lodge. Reduction of

plant height u sua l l y results in reduced lodg ing and subsequent increased

y ie ld . However, thick or stiff straw is also an important ingredient in

lodging resistance. Fortunately, in barley a large number of reduced

height mutants have been found or induced ( M i l a n , 1964). There are four

major described sources of dwarfing genes in barley. These inc lude the

* Scientific Paper No. 5913. College of Agriculture^ Research Center, Washington State
University, Project Nos. 1006, 3006, 6481, 0430, 0233. Research carried out in association
with IAEA under Research Agreement No. 2690.

t Assistant Professor of Agronomy and Assistant Agronomist, Department of Agronomy
and Soils; Professor of Genetics and Agronomist, Department of Agronomy and Soils and
Program in Genetics; and Graduate Student, Department of Agronomy and Soils, respectively.
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brachytic genes, brl and br2, the semi-brachytic gene, uz_ (Haus and

Tsuchiya, 1971), the erectoides genes, ert (Persson and Hagberg, 1969),

and the semi-dwarf gene, sdw, radiation induced in the cultivar 'Jotun1

(Al l et al.,1978). There have been at least 182 e_rt mutants described

representing 26 loci. Many of the reduced height genes in barley act by

shortening the internodes of the culm and spike, as well as shortening

leaves and coleoptiles. Most of the mutants genes are monofactorial

recessives with or without additivity. Some genes are dominant or par-

tially dominant, however (Milan, 1964).

In addition to known, described sources of dwarfing, a number of

genotypes with genetically unidentified dwarfing genes are being utilized

around the world. One of these is an induced semi-dwarf mutant from the

cultivar 'Piroline' being used in the Washington State University barley

breeding program.

The objectives herein are to outline general strategies for breeding

semi-dwarf barley and to present results of basic evaluations of semi-

dwarf barley mutants and breeding programs with an emphasis on Washington

State University's (WSU) efforts. Continuing and future semi-dwarf

barley research at WSU is also outlined.

Breeding of Semi-dwarf Barley

Many barley breeding programs in the United States utilize genotypes

with dwarfing genes including the program at WSU. Three major breeding

approaches have been used to develop short-statured barley's including

mutation breeding, variations of the pedigree method and male sterile

facilitated recurrent selection.

Reduced height mutants have been induced in breeding programs and

utilized directly or with limited backcrossing as cultivars. Irradiation

and chemical mutagens, particularly sodium azide, have been used exten-

sively in the WSU program. Both induced and spontaneous mutants have

been utilized in hybridizations and incorporated into pedigree type

programs to develop semi-dwarf or medium height parents and cultivars.

Composite Cross XXXII was developed to provide short-strawed germ

plasm in the form of a male sterile facilitated recurrent selection
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population (Ramage et al. , 1976 ) . Subsequently other populations of semi-

dwarf nature have been developed from Composite Cross XXXI I (Ramage, 1981) .

Of a more basic nature a number of isogenic l ines have been developed

to study the effects of reduced height on barley functioning and produc-

tivity (Es l ick and Hockett, 1977 and Reis, 1977) . In addition numerous

other studies have involved the inheritance and performance of semi-dwarf

barley (e.g. Ali et a!., 1978 and Sears, 1979)..

Results of the Evaluation and Breeding of Semi-dwarf Barley

This paper is not intended to be a comprehensive report or literature

review on semi-dwarf barley in the United States, but rather an indication

of the U. S. situation with the WSU program outlined in some detail.

There is a general trend in the U. S. to develop cultivars with re-

duced height to increase lodging resistance, particularly for production

under high yielding environments (high nitrogen and rainfall/irrigation).

A list with descriptions of several currently grown semi-dwarf U. S. bar-

ley cultivars is presented in Table 1. The plant heights of these culti-

vars were 20-35 cm less than standard height cultivars in Washington

trials. The first U. S. cultivar produced directly from chemical (Diethyl

sulfate) mutagenesis was W S U ' s 'Luther', a six-row, reduced height,

lodging resistant winter barley from the cultivar 'A lp ine ' (Nilan and

Muir, 1967). 'Advance ' , W S U ' s newest cult ivar, is a six-row, spring,

semi-dwarf with reduced lodging compared with the standard cultivar

'Steptoe'.

Evidence of the trend toward semi-dwarf cultivar development can

likwise be seen in the United States Department of Agriculture's Western •

Spring Barley Nursery. In 1980, six advanced semi-dwarf lines were en-

tered from the Oregon, California and Idajio programs. Reduced height

germ plasm in the pedigrees of these lines came from ' B a r a c ' , 'G rande ' ,

'Diamant' (Haahr and von Wettstein, 1976) and Minn-21 (Rasmusson et al.,

1973). Three of these six semi-dwarf l ines placed 2nd, 3rd, and 4th in

yield among 30 entries grown in 24 locations from Fargo, North Dakota to

Tulelake, California. These results indicate the high yield potential as

well as wide adaptation of semi-dwarf barley.
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L o d g i n g resistance is of primary importance in the WSU Barley breed-

ing program, as much of W a s h i n g t o n ' s 250,000+ hectares of barley is pro-

duced under r e l a t ive ly h i g h r a i n f a l l or i r r iga ted condi t ions . Several

of W S U ' s released semi-dwarf c u l t i v a r s have been described above and in

Table 1. A sample of advanced s p r i n g semi-dwarf breeding l ines is de-

picted in Table 2. Four d i f fe ren t gene sources of reduced he ight were

u t i l i z e d in the parentage of these l i n e s , and of these, two were the re-

s u l t of induced muta t ions , D i a m a n t , the V a l t i c k y mutant ( H a a h r and von

Wettstein, 1976) and a P i ro l ine mutant (WSU program). The y ie ld data

in Table 2 are at least prel iminary i nd i ca t i ons of the adaptation and

y i e l d i n g a b i l i t y of those semi-dwarf barleys compared to the standard

two-row c u l t i v a r ' K l a g e s ' and six-row c u l t i v a r Steptoe.

As part of the on-going barley mutagenesis program at WSU ( N i l a n et

a!., 1977) reduced he igh t , st iff-strawed mutants have been selected.

Among four M- sod ium azide-treated popu la t i ons grown in 1980, 100 dwarf

or semi-dwarf mutant plants of good agronomic type were selected ( T a b l e 3).

A mutant from Advance wi th p a r t i c u l a r l y good potential was selected in

1979. All of these mutants w i l l be increased and evalua ted in the breed-

ing program.

A number of basic studies have been conducted comparing semi-dwarf

with standard he igh t U. S. grown barley. E s l i c k and Hockett (1977) showed

that two erectoides mutants were no di f ferent in y i e l d i n g ab i l i ty but were

s i g n i f i c a n t l y more l odg ing resistant than isogenic normal Betzes. Reis

(1977) u t i l i z i n g one erectoides and eight brachyt ic isogenic pairs in

the Betzes background found that all mutants had s i g n i f i c a n t l y shorter

coleopti les than normal Betzes. However, in a greenhouse study no sig-

n i f i can t mutant-normal differences in emergence were detected when the

depths of p l a n t i n g were 25 and 50 mm deeper than each mean isotype coleop-

t i le leng th . In the f i e ld , so i l moisture removal was less for seven of

the e ight mutants compared wi th the normal , w h i c h indica ted greater water

u t i l i z a t i o n ef f ic iency by the reduced he igh t isotypes.

Many semi-dwarf wheats have re la t ive ly short coleopti les and poor

f i e l d emergence ( A l l a n et a!., 1965). To invest igate the s i t u a t i o n in

barley among P a c i f i c Northwest (U. S.) var ie t ies , we conducted a f i e l d
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study at Pullman in 1980. A representative sample of the barleys and

data are presented in Table 4. 'Larker' and Steptoe are representive of

standard height cultivars and Advance, 'Kombar', WA 8517-74 and 'Kombyne1

represent a range of semi-dwarf barleys. Steptoe had the shortest coleop-

tile length (evaluated at 20 c). In general the semi-dwarf cultivars

emerged well with the very short line WA 8517-74 performing exceptionally.

It does not appear that emergence will be a problem with at least the

semi-dwarf barley sources we and Reis (1977) have studied. This supports

our general field observations as well.

An additional point should be made relevent to the commercial use of

semi-dwarf barley cultivars, particularly in the Western U. S. In the

drier dryland cultural areas (< 300 mm annual precipitation) standard

height and "taller" semi-dwarf cultivars already are quite short due to

moisture stress, thus lodging is not usually a problem. Some semi-dwarf

spring barley may be excluded from these areas of extreme environmental

conditions.

Continuing and Future Research

The WSU barley breeding program is continuing with an emphasis on

lodging resistance through the incorporation of stiff-strawed semi-dwarf

germ plasm. We are eager to evaluate "new" germ plasm from other programs

and we will continue to select new mutants in the on-going azide muta-

genesis program. An advantage of the mutagenesis approach is that mutants

can be selected from germ plasm already adapted to local environments.

New semi-dwarf sources received or induced will continue to be evaluated

agronomically and in crosses or backcrosses with our adapted cultivars

and lines. Our semi-dwarf-standard height comparison study will also

continue, as we are interested in stand establishment and total agronomic

and quality performance of both spring and winter types. A cyclic program

to evaluate materials from an "adaptation" male sterile facilitated

recurrent selection population developed by R. T. Ramage (Ramage, 1981)

and distributed woHriwide will be initiated in the 1981 crop year.

Several reduced height sources are included in this population.

There is a trend in the Pacific Northwest to reduce tillage in small

grain production. We plan to increase testing and initiate selection of

semi-dwarf barley under zero tillage and minimum-till age systems.
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There is great potential for genetic studies given the large number

of new sources of semi-dwarfing avai lable through mutagenesis programs

and other breeding programs.

We Took forward to and appreciate this opportunity for cooperation

in the area of semi-dwarf barley germ plasm evaluation.
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Table 1. A sample of currently grown
U.S. serin-dwarf barley cult ivars.

Cultivar Breeding program Semi-dwarf source

Winter types
Luther Washington State Univ.
Boyer Washington State Univ.
Mal Oregon State Univ.
H.esk Oregon State Univ.

Spring types
Advance Washington State Univ.
Kombar Northrup-King a Co.
Kombyne Northrup-King & Co.
Gus Western Plant Breeders

Alpine induced mutant
Luther
Luther
Luther

Triple-Bearded Mariot
CM 67
CM 67
Ravage 's Short, Stiff-

strawed MSFRSP^

"^MSFRSP = Male sterile facilitated recurrent selection
population (Ramage, 1981).

Table 2. A sample of advanced spring semi-dwarf barley
breeding lines, Washington State University, Pullman, 1980.

WA Line
Semi-dwarf

Source
Plant ht.

(cm)
Yield

(kg/ha)

Two-Rows
8517-74 Piroline Mutant & Diamant 89 7225

10698-76 D i a m a n t 89 7204
9337-79 WA 8517-74 89 6642
Klages (Standard height check) 114 6293

Six-Rows

7195-79 Advance 109 8360
10144-79 Advance 107 6588
10365-79 CCXXXI I 76 4918
Advance (Semi-dwarf check) 102 6859
Steptoe (Standard height check) 123 7009
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Table 3. Sodium azide induced semi-dwarf barley
mutants selected in 1980, Washington State University.

Parent cultivar/l ine Type No. of mutants selected

Advance
Morex
WA 9037-75
WA 9044-75

6-row
6- row
2- row
2-row

32
10
28
30

Table 4. Seedling trait comparisons among reduced
and standard height barley cult ivars, Pullman, 1980.

C u l t i v a r

Larker
Steptoe
Advance
Kombar
8517-74
Kombyne

Plant ht.
( c m )

112a
b

89de

Si

Coleopt i le I g th
( cm)

7,80a°
7 35
7 '67abc7,39
8.00a

7.41abc

Emergence ^
rate i n d e x 1

683ab

648ab

730*
562b

7Uab

F i n a l stand
( n o . )

84abc

90
87ab
80abc

*
Means within a column not followed by the same letter differ
at P = .05 by Duncan's new multiple range test.

^ERI calculated by summing the no. of plants emerged at day 1
after 1st emergence x 4 + no. at day 2 x 3 + no. at day 3 x
2 + no. at day 4x1 in the field.

"100 seed/rep were planted in the field.
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ON THE PHYSIOGENETIC REGULATION OF DWARFNESS IN BARLEY*

H.E. HOPP, G.C. FAVRET, E.A. FAVRET
Departamento de Genetica,
INTA, CC 25,
1712-Castelar, Argentina

ABSTRACT

The physiogenetic regulation of Parley growth was investigated by using two
types of dwarf varieties. GA-less and GA-ins are single gene dwarf mutants,
the first is very sensitive to exogenous GA, addition while the latter is
completely insensitive to any addition of the hormone. When the GA-like
content of the mutants was analyzed it became evident that while &A—i'ns
showed almost the same chromatographic pattern as the normal type,GA-less
had no detectable activity in the same conditions. ( H)GA. fed to the roots
was readely translocated •co the sheaths and converted into at least four
metabolites that were tentatively identified by thin layer chromatography
techniques. No major differences between normal and GA-less dwarf was found
at this respect indicating that the mutation does not modify GA_. metabolism.
These data are consistent with the presence of astructural dwarfing gene
controlling the production of active gibberellins.
In contrast, GA-ins dwarf formed significantly less amount of a polymer-bound
GA. product than their isogenic counterparts suggesting that this product is
important for normal development. This idea is supported by an observed
relationship between polymer-bound GA formation and growth rate. These
results are consistent with the presence of a second system of genes
controlling the utilization of the active gibberellinsjthus regulating their
biological effect.
The mutation affecting the sensitivity to GA was demontrated to affect the
interaction between auxins and coleoptile elongation. GA-ins coleoptiles
consistently stfwed an increased sensitivity to auxins when compared to the
normal genotype. Peroxidase isozymes seem not to be involved in the GA
regulation of auxin induced elongation of barley coleoptiles.

Paper No. 625 of the Department of Genetics, INTA, Castelar.

81



Artificially induced single gene mutants are potentially the simplest
systems available for studying the genetic and physiological control of
development in vascular plants.Several pnysiological mutants have been
isolated in the Department of Genetics, Lv'TA-Castelar as well as in other
Institutes from other countries. The system consisted in the analysis of 6
to 3-days-old barley seedlings being sheath elongation the main physio-
logical event at this stage. Sheath elongation can be artificially stimu-
lated by addition of exogenous GA. The mutants utilized were:
a) GA-less:a dwarf mutant very sensitive to GA- addition permiting the

— 8detection of very low concentrations of hormone (10 M, this
is, 100 times lower than the normal genotype). If this mutant is fed with
GA, it grows until maturity and the length of the plant and rachis internodes
is dependent of the quantity of hormone given to the roots. Variation
ranging between "erectoids" and normal plant are then obtained.
b) GA-ins; a dwarf mutant completely insensitive to any addition of GA,

regardless of the quantity or concentration utilized. It is
also less sensitive to temperature and final growth is consequently much
less dependent on environmental fluctuations than other variable geno-
types. It can be considered a genotype with a greater adaptability to
different environments. No other effect attributed to the gibberellins
is expressed in this mutant. Besides, it is unable to produce anthocyanin,
even if the gene(s) is known to be present. The corresponding allele is
dominant or semidominant, depending upon how it is estimated. The gene
is located in chromosome 2 and associated with Vv locus ( 2-row/6-row).
It is worth mentioning here that this mutation is analogous to that found
in Norir. 10 wheat and its derivatives.

The endogenous GA-like content was analyzed by the dwarf-rice Tan-
ginbozu bioassay. Paper chronatography, thin layer chromatography as well as
silica gel partition column chromatography showed the presence of two main
GA-like substance in extracts froir. normal plants. The same pattern was
found in GA-ins extracts. The compounds were tentatively characterized as
GA- and GA.Q by means of their chromathographic behaviour. Furthermore
abscisic acid-like content was also studied and as for GAs, no important
differences were found. On the other hand, GA-less extracts had no detectable
hormone activity in similar conditions, indicating that the two dwarfs dif-
fered one fron each other in their ability of synthesizing GA.

Thus, dwarf lines may be classified into two groups based on their
ability to synthesize GA:
a) lines with limited production of GA, hence they respond to externally

applied GA
b) lines with blocked GA utilization, with normal or higher concentrations

of CiA, hence they ao not respond to exogenous GA.
Several examples of siniler line types have been described in maize,

wneat and rice (among the cultivated plants).

The GA utilization was studied by feeding seedlings with radiactive
GA precursors. Products of the GA supplied were detected by scanning of
previously chrouatographied thin layer sheets. (3H) GA. fed to LUC jcots
was readily translocated to the sheaths and converted into at least four
LJ£tabelites. Tnese were tentatively identified as (3K) GAg (2- /? -hydr£
xyiated oerivative of GA., biologically inactive and probably a degradation
forzO , GA?-glucose (glucosilated derivative of GA,) , GA.-glucose (bi_p_
logically inactive derivative of a higtily active GA that probably repre_
sents a storage fone of the honuone) and polymer-bound GA1. The existence
of polymer-bound gibberellin-like substance in various plant systems was
suggested by several authors. In tne present study gibberellin-like sub-
stances were recovered from a polymer fraction. Susceptibility to protease
diggestion suggests the protein nature of tne derivative but, unlike animal
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systems, hormone seems to be covalently bound to the polymer. Five lines of
indirect evidence suggest that this latter compound has an important roll in
normal development:
1)GA-ins dwarf formed significantly less polymer-bound GA. than their

isogenic counterparts. On the other hand, though some minor dif-
ferences in the time course incorporation into trie metabolites was observed,
the pattern of products in normal and GA-less seedlings was almost the same,
indicating that the mutation does not modify GA.. metabolism. This result is
consistent with the presence of a structural dwarfing gene in GA-less con-
trolling the synthesis of active gibberellins.
2) A highly significant regression between polymer-bound GA formation and

the growth rate at different GA concentrations.
3) Pulse-chase experiments indicated that polymer-bound GA. turn over was

maximum when the seedlings were physiologically sensible to
exogenous GA addition, decreasing after "insensitivity" to GA begins to take
place.
4) The formation of polymer-bound GA^ is quicker in young sensible seedlings

than in old ones with their tissues already differentiated.
5) The amount of bound radioactivity was not affected in spite of the ad-

dition of increasing concentrations of non radioactive GA below
the saturation point of biological responsiveness. Only at concentrations
triat superate saturation values a significant competition was found.

These results suggest that the' quantity of receptor polymer present
is greater than the required by tne endogenous GA content indicating that
endogenous GA concentrations play the roU- of limiting factor. In this
context the number of occupied sites may be proportional to the biological

• effect explaining why exogenous addition of GA increases this effect.

Effect of the dwarfing gene in the interaction of auxins and gibberellins

Barley coleoptile segments of the normal variety MC 20 and its
isogenic dwarf mutant GA-ins were subjected to the auxin-induced elongation
test. Although both types of coleoptiles showed stimulation of growth upon
indolacetic acid (IAA)addition, GA-ins was consistently more sensitive (as
compared to t'.C 20) atany of the concentrations assayed, suggesting that
gibberellin regulates auxin-induced coleoptile elongation. Peroxidase
activity has been associated to the action of plant growth regulators (i.e.
auxins and gibberellins) by several authors and this association was
studied in MC 20 and GA-ins coleoptiles. By means of starch electrophoresis
technique peroxidase activity could be resolved into at least 8 isozymic
bands. Addition of IAA to the incubation medium produced a lack of staining
of the anodic bands. This effect was correlated to the quantity of IAA-
stimulated elongation. At IAA concentrations which did not produce stimu-
lation of elongation no detectable differences with the non-treated controls
were found. If gibberellin regulates the activity of an isozyme responsible
for auxin inactivation, the GA-ins mutant must show the lack of a particular
band. However, this was not the case neither in IAA treated nor in non
treated segments. These results suggest that anodic peroxidase bands are
more likely related to the aging process than to auxin inactivation in
rhis system.
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SEMI-DWARF RICE MUTANTS AND THEIR AGRONOMIC EVALUATION*

P. NARAHARI, D.C. JOSHUA, N.S. RAO
Biology and Agriculture Division,
Bhabha Atomic Research Centre,
Trombay, Bombay, India

ABSTRACT

Experiences with Induced semi-dwarf rice
mutants, isolated at Bhabha Atomic Research-Centre
and also at sone other institutions in India are
briefly reviewed.. In most of the cases, the dwarfing
gene in the induced mutants is found to be allelic to
Dee-geo-Woo-gen gene but a few instances of non-
allelism are also reported. Use of induced mutants
in hybridization experiments, on a limited scale,
have indicated promising results. Several hybrid
derivatives that combine the desirable triats of

. semi-dwarf stature, long slender quality grain,
translucent kernel with high yields and/or moderate
resistance to stress conditions have been developed.
They showed yield potentials between V and 8 t/ha
at different locations in the country and were in
general statistically on par and often superior to
even the course grained checks IR-8 and jaya.

A better understanding of the already available
rice genetic stocks of semi-dwarf stature and such
induced mutants, with respect to their morphology,
cytology, physiology, agronomy and genetics, will help
in identifying new and better sources of dwarfing
genes.

1 . INTRODUCTION

The major impediments to increasing grain
production in wheat and rice had been the lack of
response to nitrogenous fertilizers and lodging.
These were successfully overcome by evolving semi-dwarf
varieties. The introduction of Mexican semi-dwarf
wheats became an immediate success. For a variety of
reasons, however, the impact of semi-dwarf rices has

* Research was supported by IAEA under Research Contract No. 2689.
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not been so spectacular C^J' Wit3e variations are
encountered in agro-climatic conditions of different
rice tracts in India. Rice is grown mainly in the
rainy season (June-December). Assured water supply
is limited to about 30 percent of the cultivated area*
It is grown on one extreme as rain-fed dry crop as in
Adilahad district of Andhra ftradesh and on the other
as 6-8 m deep water crop as in Assam. It is grown at
altitudes varying from below sea level as in Kerala and
to 2135m as in Kashmir. Besides, it is also cultivated
in problem areas as the coastal saline swamps and ill-
drained and water-logged conditions prevalent in the
vast Indo-Gangetic plain. The newly introduced semi-
dwarf types, Taichung (Native) 1 and IR-8, have been
widely used to combine their high yielding ability and'
wide adaptability vith the desirable characters of
Indian varieties. The latter, though tall in stature,
possess several desirable characters suited to Indian
consumers. The grains arellong and fine, some varieties
are aromatic and some others show tolerance to stress
conditions like salinity and disease. As a result of
intensive breeding during the past 15 years, a large
number of semi-dwarf varieties have been evolved,
tested and released /"2_7« However, the common source
of dwarfing gene in almost all of these cases is one
and the same Dee-geo-Woo-gen (Dg Wg). A high degree
of susceptibility to disease and insect pests and a
narrow choice of quality grades are the major drav

'backs that are associated with Dg Wg gene. Bence, the
use of new plant type rice varieties has been some what
limited on this score also. Induction of semi-dwarfs
in traditional local varieties, while offering alternate
sources-of dwarfing genes, may also provide additional
advantage of tolerance to stress situations and local
acceptability of the good quality rice.

This paper deals with the induction of semi-
dwarf mutations in several indica varieties as well as
their use made in cross-breeding purposes at the Ehabha
Atomic Research Centre in particular as also at other
institutions in India.

2. JRSSEKT STATUS CF BREEDIB3

Upto mid-sixties there vere around 1+30 improved
released varieties, including 27 hybrid derivatives,
under cultivation all over India £"$J • These varieties
are mostly tall and are traditionally grown under lov
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levels of fertility/management. Their tillering capacity
is relatively less and even under the best management,
seldom yield more than V~5 t/ha- Under good fertility
conditions, particularly beyond 30 to ifO kg N/ha, they
tend to grow leafy and lodge,often even before flowering.
The successful introduction in 1 %5 °f the first semi-
dwarf type Taichung Ka.tive-1 £"^J followed by 3R-8 in
the very next year ushered in a new promising era of
increased productivity and production of rice in the
country. Xield of 8-10 t/ha became realisable. These
varieties highlighted the concept of 'plant type1.
They have short erect stem, dark greem leaves, show
early vigour and respond to high fertilization without
lodging. The breeding programmes have since got
oriented towards developing the new plant type varieties.
&s a result of intensive and co-ordinated efforts,
during the past decade and a half, by the All India
Co-ordinated Rice Improvement Jroject (A3DRI?) at the
rational level and by Rice Research Stations and
Agricultural Universities at the State levels, 20
high yielding short-statured varieties have been
released by Central Variety Release Committee (CVCR),
while such releases by the states Variety Release
Committees and Agricultural Universities number 106
till 1979 {~2J'• °f this total number,eleven
varieties, including 2R-8, represent successful
introductions, while most of the other varieties are
the result of hybridization between the traditional
tall varieties and the serai-dwarf types originating
from Dg Wg gene incorporated in 2R-8 and Taichung
(Native) 1. The only examples of mutant varieties are
Jagannath released by CVRC, the hybrid mutant-95
developed from the irradiated hybrid material of the
cross jhona 31+9 x Taichung (fetive) 1 in the State
of Pun jab,and K-84- an frndica, type of mutant from T-6£
released in Jammu and Kashmir State £5j* Thus in
the development of high yielding rice varieties in
the country, the contribution of nutation breeding
is indeed limited*

The new semi-dwarf varieties released so far
are estimated to cover 37 per cent of the total rice
area in the' country. Their impact in increasing the
rice production is mainly confined to areas with
assured irrigation facilities and in lands of medium
to high fertility. Of the total rice area, 111-
'drained and water logged areas constitute ifO per cent.
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Here varieties with medium tall stature, non lodging
habit and grain dormancy are required. The coverage
and impact of the nev varieties is relatively less in
such areas.

to luscious crop canopy of the nev high
yielding semi-dwarf varieties, the micro-climate in
the cultivated area becomes congenial for the develop-
ment of pests and diseases. Consequently increased
pest and disease incidence is posing a grave threat*
The emphasis of late, therefore, is to develop
varieties vhich possess acceptable responses to at
least one or two stress conditions.

3. VARIATION IN MCJTAGEinD RESPONSE

In order to develop a suitable methodology and
choice of variety, the mutagenic response was studied
in a number of rice varieties. Differential response '
vas observed at sub-species, varietal, ploidy and
genotypic levels. In general, the sub-species indica.
and .-iavanica were less sensitive as compared to the
^attonics; and vithin the species inter varietal
differences were also observed /"6_7> A hybrid between
an Indica <ITB-10) and a la'ponica (Korin 6) varieties
vas intermediate in radiosensitivity ^~7_/. Auto-
tetraploids of two indica, rice varieties (GEB-21+- and
SR 26 B) were more resistant than their diploids to
radiations and chemical mutagens (unpublished). At
genotypic level the albina types in two indica
varieties were more sensitive to radiation than the
normal green ones /"8,

If. COMEKRfaTlffE STUDIES WEE K3UTEOUS AND GAMMA. RAYS

Comparative effects of fast neutrons and gamma
rays were conducted vith the primary aim of finding
out the appropriate dose with which maximum frequency
of dwarf mutants could be obtained. ESS of -fast
neutrons was found to be 10 for a variety of parameters,
but for the induction of all types of dwarfs, it vas
as high as 26. The highest frequency of dwarfs was
obtained at U-0 Krads of gamma rays and M-.3B Krads of
fast neutrons ~
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5. MkXIKISAIION OF MUTATION FREQUENCIES

Maximum sensitivity to gamma rays was noticed
in seeds pre-soaked for 30 hrs in water at which the
nutation frequency was also at its peak ^~11_/» The
frequency of ESS induced mutations increased with the
onset of DNA synthesis and the highest frequency was
observed at if 5 to l+8 hours when DNi. synthesis was
taking place in the tiller initials /*12, 13_/. With
DES high mutation frequencies were obtained with 2 hr
treatment at 1 »C$ and 0.2$ concentration in the cases
of dry and water pre-soaked seeds respectively /"12,
137-

6. COMBINATION CF PHYSICAL AND CHEMICAL MUTAGENS

In combined treatments of physical and chemical
mutagens a synergistie effect on mutation frequency
was obtained when seeds irradiated with thermal
neutrons were treated with DES f^J* During the
course of these studies it was observed that seeds
stored for 10 days after thermal neutron irradiation
bad lesser frequency of chlorophyll mutations because
of the noh-metabolic stage during the storage time when
the radio-activity also gets reduced /~15_7*

7. ODT-CROSSIKG IN INDUCED MUTANTS
Short stature of induced mutants, overlap in

flowering time with their parents and reduced fertility
resulted in abnormally high values of natural crossing
(even to the maximum of 1 OOJO in many induced mutants
in M

8. INDUCTION OF AGP,ONOMICALLI IMPCBTJLHT MUTANTS

After the initial radio-biological studies,
concerted efforts were made for isolation of dwarf,
non-lodging and/or early flowering mutants in local
tall cultivers. During the course of these experiment
several agronomically desirable mutants were isolated
and tested for their yield performance £^1J*
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9. SEMI-DWARF AMD DWARF MUTANTS AND THEIE
CHARACTERISTICS

Ramiah and Parthasarathy /" 18_7 were the first
in India to have reported about the induction of
dwarfs in rice* Such induced dwarfs and semi-dwarfs
have since been obtained by many workers at several
institutions in the country, notably the Central Rice
Research Institute, Cuttack /" 19_7» Indian Agricul-
tural Research Institute, New Delhi/"20_7 and
Osmania University, Hyderabad /~21 J. At the Bhabha
Atomic Research Centre, a wide range of short
statured mutants were isolated in several varieties
viz., ER-5, K-if2, JTB-10, SR 26 B, D-6-22, Back,
GEB-21+, Basmati-370 and 3R-S. Most of these dwarfs
were found to be single gene recessives /"22-31_/.
The dwarfing gene in many of the investigated mutants
was allelic to Dg Wg gene together with modifying
genes </~31 and Iferabari, unpublished,/. Non-ellelism
of the semi-dwarf ing gene system to Dg Wg gene has
also been reported in five mutants of Telia Kattera
C "&-J, in a Central African Mutant /"31J and in
Jaganath, induced in the variety T-lV! /~29_/. The
mutant TR-5, induced in SR 26 B at Bhabha Atomic
Research Centre also shows non-allelism (ferahari
et e]L. T unpublished). Height reduction in these
dwarfs was due to the reduction in length of specific
internodes, rather than by reduction in number of
internodes £33~36_7. Further, isozyme studies
indicated specific and quantitative differences in
peroxidases between the mutants and also their controls
/~33» 37_7» Ready £±§Jl/"38_7 reported specific
differences in amylase activity in different semi-
dwarf mutants. There was no relation between the
silica content in the various plant parts and the non-
lodging character of the dwarf mutants /~33./»
Another interesting observation in the dwarf and
extreme dwarf mutants was that they showed, particu-
larly in their ratoon tillers, extremely short,
condensed and well spread chromosomes /"33> 39_7»

OUT experience with induced mutants in several
tall rindica varieties have revealed the following*

1} Not all the induced dwarfs are responsive to
nitrogen application; mutants induced in ER-5 &nd K=!f2
did not give higher yields under such conditions.
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2) There is a vide variation in straw strength in
tall varieties. Mutants induced in thin and veak
straved varieties generally remain weak and lodge*
This was particularly noticeable in GEB-21+ where even
extreme dwarf mutant also showed lodging nature.
Stiff straw mutants were easily obtainable in varie-
ties which have thick and relatively better straw
strength. This fact is brought out in the case of
Baok and SR 26 B.

3) Mutants from poor tillering cultivars are in
general poor in tillering capacity as in ECB-10.
If) Tolerance to salinity is maintained in the
induced mutants as is evident in TK-5 obtained from
SR 26 B.

5) Cross breeding among semi-dwarf mutants gives
the advantage of recovering a greater frequency of
dwarfs in F2 and hence more recombinants with desirable
characters e

In view of the above observations, there appears
to be a need for a critical choice of the variety for
induction of semi -dwarf mutants. In the current studies
emphasis was on the following*

1J Semi-dwarfs in Basmati-370 having fine long
grains with aroma, cross breeding among mutants can
impart the above characters.

2) Semi-dwarf with saline resistance so that
this can be transferred with dwarfing gene system;
IH-5 is such a mutant.

3) Dee-geo-Woo-gen dwarfs such as 3E-8 and
Sona have the advantage of wide adaptability. By
crossing to such parents dwarf mutants will derive the
benefit of wide adaptability.

if) Induced mutants in white-Luchai-112, a fine
grained variety as a source of cross breeding purpose*

10. INDUCTION CF SEMI-DWARF MDTAKTS IK
VARIETIES (BASM&I 1-370)

There is at present a bright prospect for export
of quality rice, long grain aromatic types like
Basmati~370 are prefered and comcand premium price in
the markets of the Western world and particularly in
the West .ksian countries. However, such varieties are
prone to grow very tall and lodge even before flowering*
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It has been possible to obtain seui-dwarf mutants with-
out disturbing the grain character. Beddy and Reddi
/~^0_7 reported in It, a semi-dwarf mutant in an
aromatic variety HR-47. The mutant showed 10 days
earliness,more panicle number (28), increased protein
content (11.3^) and 20 per cent more yield ["^ J*
At Central Rice Research Institute, Cuttack, several
semi-dwarf mutants were obtained in Basmati-370 /"l9jr»
Many of them gave 3.0 to 3.6 t/ha as against 2.8 t/ha
that of Basmati-370 £^2j. Chaudhry e_i &JL f2&J
have isolated many semi-dwarf mutants in several aromatic
varieties* Some of the promising mutants induced in
Basmati-370 and Eansraj are already nominated for
A3DRIP trials. Mutants TCA-P2-5 induced in Tilakchandaa
is ifO cm shorter and 25 days earlier maturing than its
parent. At the station trials it gave yields ranging
between if.2 and 5.2 t/ha and over ^.1 t/ha in A3CRIP
trials. This mutant is now under final stage of trials*

One such successful example at Bhabha Atomic
Research Centre is B-63 (TR-28) induced in BasnE.ti-370
/~13_7« During 1979 monsoon season, it was tested in
Uniform Variety Trial (U-V.T.) (scented) at nine
research stations in Maharashtra State* It gave an
overall average yield of 2.9 t/ha which was 16 per cent
less than that of the parent check. In the same season
this mutant was tested in A3DRIP at 29 locations. It
gave an overall mean yield of 2.6 t/ha as compared to
3.3 t/ha that of Basnati-370. However, because of its
close similarity of grain and quality to the parent
type, it was retained for further testing in 1980
monsoon season. Results are awaited*

11. fROEEIN IMPROVEMENT

In three rice cultivars, viz., IR-8, D-6-22
and Basnati-370, a total of 236 'macro' mutants (most
of which showed reduced height) obtained after
different mutagenic treatment were analysed for their
protein content /~>+3, Mf_7. A large number of the
mutants showed increased protein content (maximum •
22^). However, the best mutant could reach only to
90 per cent grain yield of the check. Amino acid
composition of four of the drastic mutants of IR-8,
with high protein content but extremely poor grain
yields, showed some increase in lysine content.
Mutants with protein distribution deeper in endosperm
have been reported by Sarla and Reddy
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12. USE CF INDUCED MUTANTS IN HT3RJDIZAT ION

Mohanty and Las f'29 J have recently reported
about promising cultures derived from hybridization
of two induced mutants, Jaganneth and Dular dwarf,
inter se_ and also vith tall and semi-dwarf cultivars*
At the Bhabha Atomic Research Centre the following
eight crosses were made involving TR mutants: T (N) 1 x
TR-1 , TR-1if x Sona, TR-15 x Sona, TR-16 x Sona, TR-27
x Sona, TR-5 x Basmathi-370, Basmati-370 x'TR-5 and
IR-8 x TR-5. Other dwarf crosses include Basmati-370
x Sona and its reciprocal. Two hybrid derivatives,
TR-17 and TR-20,originating from the cross IR-8 x
TR-5 were used in the following crosses: Jfehsuri (?) x
TR-17, 1-khsuri (?) x TR-20, A-23 -x TR-17, A-15 x TR-17
and IR-30 x TR-17.

From the first cross five dwarf culture s,TR Nos.
6 to 10,were developed. In AJCRIP trials they generally
gave *+ to 5 t/ha and compared favourably with fics grain
check Ratna but did not reach to the yield levels of
the coarse grained Jaya.

Reciprocal crosses between Basmati-370-and Sona
and also between Basmati-370 and TR-5 yere made at
Bhabha Atomic Research Centre. From the former crosses
seven semi-dwarf fine grained and from the latter
crosses 26 promising lines in advanced generations
beyond F..Q are, at present, being evaluated at Trombay.
Two of the derivatives viz., YI-66 and VII-1lf from the
former group of crosses were evaluated in the UVT
(scented) in Kaharashtra State during 1979 aonsoon
season. Their average yields, based on seven locations,
were 3M+5 and 3^2^- kg/ha respectively as against 2952
and 3228 kg/ha those of the checks Basmati-370 and
Pusa-33 respectively. Because of their good grain
quality either or both of them are likely to be
retained for further advanced testing in District
Trials 4

Nine selections (TR-17 to TR-2J) combining the
desirable characters like semi-dwarf, non-lodging plant
type with erect leaves, long, slender and translucent
kernels were made from the cross IR-8 x TR-5. TR-5
is an induced dwarf mutant from tall saline resistant
cultivar SR 26 B. These selections have been tested
at Trombay in both dry and monsoon seasons for six
years (1972-78). During the dry seasons, differences
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among the TR cultures and checks were not statisti-
cally significant, all of which gave an average yield
of around 7 t/ha (table I). During monsoon season,
however, TR-19, TR-20, TR-21 and TR-25 gave signifi-
cantly superior yields in comparison with the coarse
grained Jaya and IR-8 and fine grained Sona (table II)
The other TR cultures were statistically on par with
the higher yielding check cultivar Sona; their
average yields ranged between it .97 and 6.22 t/ha
against ^.85 t/ha of Sona. Moreover, the kernel
characteristics of these TR cultures are superior to
those of Jaya and IR-8 (table III).

Two of these cultures TR-17 and TR-21 show
moderate resistance to blight and tungro virus, while
the former is comparable to Jaya in duration, the
latter is late by two weeks. In the past 10 seasons
(1975-1980) the yield of TR-17 at Andhra JFradesh
Agriculture University and also at A3CRIP, Hyderabad,
varied between if .O and 7 .if. t/ha and was in general
statistically at par or sometimes superior (even
upto If1 per cent) to Jaya and occupied top ranks in
the advanced and/ or Co-operative trials. During the
past two seasons TR-21 , tested in the Co-operative
trials, gave high yields of 5.7 to 7.8 t/ha and
consistently figured in the top three ranks. Both
these cultures are now advanced to the pre-release
mini -kit trials for 1981 monsoon season in Andhra
Pradesh and Karnataka States.

In Maharashtra State TR-17 w&s tested in UVT
at 12 locations and ranked a close second with an
average yield of It.V t/ha. It is therefore, promoted
to the pre-release District Trial testing in the
ensuing monsoon season. TR-21 has now qualified to
be included in U.V.T. in the State. The Department
of Agriculture in Karnataka State has been conducting
District Trials with TR-23 during the past two seasons.
In the dry season of 1980 the average yield of TR-23,
based on results from 10 districts — 2 trials per
District— was it .2 t/ha which was 50 kg more than the
coarse grained Jaya.

13. YIELD HEF ORIFICE ON FARMERS ' FJSICS

All the promising cultures originating from the
cross IR-8 x TR-5 have periodically been supplied on
demand to private farmers. Initial results from
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farmers vere reported earlier /"" 1?_7« I>uring 1978
monsoon season, over 1.7 tons seed of these cultures
was distributed in snail (1 to 5 kg) quantities to
1^87 farmers. They compared these varieties with
locally grown popular varieties which included mostly
the latest releases. M the end of the season a total
of 295 reports (19*2 per cent) received from then
indicated that on the whole, three-forths rated the
perforsiance of TR cultures as being superior (63-7
per cent) or equal (12.2 per cent) and 72-5 Pe^ cent
of them accepted the cultures for further cultivation.
TR-17 vhich was rather widely grown in the country
showed the maximum acceptance of 81.0 per cent. In
northern States these cultures generally matured at
least 8 days later than Jaya or IR-8 and thus delayed
the subsequent wheat sowings. For such tracts,
therefore, TR-17 having a comparable duration was
again supplied to 201 farmers in 1979 monsoon season.
M, the end of the season 61 reports, constituting 30.3
per cent of the total farmers supplied with seed^were
analysed. This time an overall of four-fifth reports
rated the performance of IR-17 as being superior
(62.3 per cent) or equal (18.0 per cent) and 78.9
per cent of the farmers accepted it for further
cultivation. It is worth a mention here that at
several places the seed produced in both the seasons
was reported to have already been distributed to
neighbouring farmers.

Cultures TR-17, TR-20 and TR-21 have been
reported to give 25 to 50 per cent higher yields in
certain high pK (8.if) soils in western region of the
country* Local natural spread of these cultures is
also reported.

1if. CONCLUSIONS

On the basis of our experience we conclude that
intensive efforts in inducing new and various semi-
dwarf and other desirable mutants and hybridizing such
mutants per se_ and with a large number of other
improved cultivars may prove profitable for evolving
new high yielding semi-dwarf types. In this connection
a better understanding of the induced semi-dwarfs with
respect to their morphology, cytology, physiology,
agronomy and genetics is essential.
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1J. RESEARCH PIAK IN 1 981 - 198?

Research Preset: Cytogenetic, physiologic and
agronomic evaluation of induced semi-dwarf mutant
(Part of a co-ordinated programme on the evaluation of
mutant stocks for semi-dwarf plant type as cross "breeding
materials in cereals).

The programme of work would includes

a) Induction and collection of dwarf and semi-
dwarf mutants•

b) Characterisation and classification of
collected mutants\

c) Investigation of responses of dwarf and semi-
dwarf mutants to nitrogen fertilizer and growth
regulating substancesj

d) Chromosomal studies of dwarf and semi-dwarf
mutants; and

e) Crossing among semi-dwarf mutants and also
between such mutants and stocks of known
genetic constitution*

Agronomic evaluation of the semi-dwarf cultures
of the hybrid derivation now on hand will be continued
both at Bhabha Momic Research Centre and outside. In
the variety white-Luchai-112, several hundred variants
and mutants of semi-dwarf and dwarf nature have already
been isolated. They will be grown in K-, and further
generations. After a preliminary non-replicated trial
promising mutants will be further evaluated. Cytolo-
gical investigations of certain 'dwarfs is underway;
it will be extended to include other semi-dwarf mutants
of interest.. Protein analysis of these mutants is also
proposed besides eliciting their response to nitrogen
fertilizer and gibbere,llin.

E2FER21CES

1. JLTEv&J., D.S., Semi-dwarf riee and wheat in global
food needs, Quart. Rev. Biol., j±£ (1971) 1 •

2. SZETI&R4MLN, R. and SHC8EL RA.KI, K., High-yielding
rice varieties in India, their impact and our
changing concepts, Indian J. Agric. Sci., >±2. (1979)
11+1.

96



3. PARTEASARATK}:, N.P., "Rice Breeding in Tropical
Asia up to 1960", rice breeding. 2RRI, Los Banos,
Philippines, (1972) 5-

If* CHALAH, G.V., Taichung (Native) 1 promises rice
in plenty, Indian Fmg., 15. (1965) 3^.

5* MURTY, V.V.S., "Prospects and possibilities of
utilizing induced mutation breeding programme in
developing high yielding rice varieties", Proc.
Symp. The Role of Induced Mutations in Crop
Improvement, Hyderabad, Sep. 10-13, 1979, DAE,
Govt. of India, (1979) 1.

6. HARAHARJ:, P., Effect of diethyl sulphate on
several varieties of rice, Indian J. Genet. 29
1 (1969) >*2.

7. JOSHUA., B.C., RAO, fl.S. and G OPAL-AYE NGAR, A.R.,
Radiation studies on japonica-indica rice
hybrids, Indian J. Genet. 26 A (1966) 298.

8. SHAMS. RAO, H.K. and BORA, K.C., Differential
radio-sensitivity in rice (Oryza sativa "Linn.)
at the genotypic level, Nature 182^766 (1 961 )
762.

9. N&RAHARI, P., "Studies on the radiosensitivity
at the genotypic level in rice (Oryza. sativa L.)R,
Radiations and Radiomimetic Substances in
Mutation Breeding, DAE, Govt. of India. (1969)
125.

10. G OPAL-AYE NGAR, A.R., RAO, N.S., BKATT , B.X.,
MISTRI, K.B., JOSHUA, D.C. and THAKARE, E.G.,
**Studies on the effect of neutron irradiation
on seeds'*, Neutron Irradiation in Seeds IH,
Tech. Rep. Ser. No. 1^-1 » IAEA, Vienna (1972) 1«

11. SHAMfe, RAO, H.K. and l&RAHARI, P., "Modification
of the efficiency of mutagens in rice seeds
pre -soaked in water", International Symposium
on Use of Isotopes and Radiation in Agriculture
and Animal Husbandry Research, New Delhi (1 971 )
82.

12. GOPAL-AY.ENGAR, A.R., RAO, U.S. and JOSHUA, D.C.,
* Modifications of the efficiency of diethyl
sulphate in rice seeds pre -soaked in water1*,
Induced Mutations in Plants, IAEA, Vienna (1969)
271 „

97



13. KALAHARI, P., DNfc. synthesis time in .germinating
rice'and pattern of diethyl sulphate induced
mutations in pre-soaked seeds, Indian J. Expl.
Biol., l^ (19?8) 139.

1lf. RAO, U.S. and G OPAL-AXE 1GAR, A.R., "Combined
effects of thermal neutrons and diethylsulphate
on mutation frequency and spectrum in rice**,
Biological Effects of Neutron and Proton
Irradiation, Vol. I, IAEA, Vienna (1964) 383.

15. RAO, U.S., JOSHUA, D.C., MISTRI, K.B. and
&OPAL-AEENGAR, A.R., Modification of radiation
damage with storage in seeds irradiated with
thermal neutrons, Mutation Res. & (1968) 281.

16. NARAHARI, P., Extent of natural out crossing in
the X-ray induced mutants of rice variety BR5,
Indian J. Genet. 32 3 (1972) 3!+9»

17. NARAflARI, P., JCSHUA, D.C., SI&KA RAO, H.K.,
BBA3IA, C.R. and RAO, U.S., Induction of
desirable mutants and their use in rice improve-
ment programmes, presented at Regional Seminar
on Improvement of Rice Production Through
Research Using Nuclear Techniques, Jakarta,
Indonesia, 10-1 it, Oct. 1977 (Mineo.)

18. BAMIfcB, K. and P£RTEA£ARTHI, H., X-ray mutations
in rice, Proc. 25th Indian Sci. Cong., Sec. 32L,
Abst. 12 (1938) 212.

19. GUJGADHAJiAN, C. and K3BE&, R.K., Induction of
non-lodging short-culm mutants and its importance
in India's rice production strategy, J. Nuclear
Agric. Biol., 2. (1976) 23.

20. SIDDIQ, E.A. and SWAMIMLTHAM, M.S., "Induced
mutations in relation to the breeding and
phylogenetic differentiation of Oryzs. sativa L»%
Rice Breeding With Induced Mutations, IAEA.,
Vienna X1968) 25.

21* REEK:, O.K., **Role of induced short culned
mutations in rice improvement", (ft-oc. The
L.C. Dunnand Th.Dobzhansky Memorial Symp. on
Genetics, Lee. 16-18, 1976) 259.

98



22. NLRAHARI, P. and BCR&, K.C., Radiation induced
spikelet .abnormalities and mutations in rice
(Oryza sativa Linn.), Indian J. Genet* 23. 1
(1963) 7«

23. SAELT, B.N. , A freak dwarf mutant induced by
fast neutron in rice, Curr. Sei..3it (1965) 222,

2lf. SHASTRT, S.Y.S. and MBJJHACHAHI, G.V., X-ray
induced imitations in cultivated rice, ft. P. 130,
Curr. Sci., & (1965) 55.

25. NtRAHARI, P., "X.-ray induced mutants in an
rice variety HR^ , Proc. Symp. Eadiations

and Radiomimetic Substances in Mutation Breeding,
Govt. of India (1969) 172.

26. KfiBAHtEI, P., Interrelationship of the £-
induced mutations in an indica rice variety BR5,
Curr. Sci. y. 16 (1972) 603.

27. PADMk, A. and REDDI, G.M., Genetic behaviour of
five induced dwarf mutants in an i.ndicq, rice
cultivar, Crop Sci., 12 (1977) 860.

28. CE^UDHAJIY, E.G., Hfc.NDk, J.S., MAL2K, S.S. and
SIKGH, H., "Productive mutants in scented rice
of Uttar Pradesh", Proc. Symp. The Role of
Induced Mutations in Crop Improvement, Hyderabad^
Sep. 10-13, 1979, I^E, Govt. of India (1979) ^7.

29. MOHA.KTI, H.K.4: D^S, S.R., ^Breeding Potential
of induced plant height mutations in rice*,
Proc. Symp. The Role of Induced Mutations in
Crop Improvement, Hyderabad, Sep. 10-13, 1979»
DU&, Govt. of India (1979) 55«

30. PRASA=D, S.C., SINEA, S.K., "Promosing mutant
. variety of rice evolved through gamma ix-radiation",

Proc. Symp. The Role of Induced Mutations in Crop
Improvement, Hyderabad, Sep. 10-13, 1979, ̂ E»
Govt. of India (1979) 65.

31. SINGE, V.P., SJDDIQ, E.A. and SWtMINA.TEiN, M.S.,
Mode of inheritance of dwarf stature and alletic
relationships among various spontaneous and induced
dwarfs of cultivated rice (Qryza. , sativa L.),
Theor. &Appl. Genet. , 55 (1979) 169.

99



32. REDDI, G.M. and PADMA, A.., Some induced dwarfing
genes non-allelic to Dee-geo-Woo-gen gene in rice
variety Telia Kattera, Theor. & Appl . Genet.,

(1976) 115.
33. JOSHUA., D.C., RAO, N.S. , BEATI&., C.R., MISTRI, K.B.

and BHUJBAL, E.K. , "Characteristics of dwarf
mutants induced in ricert, Proc. Symp._ Radiations
and Radiomimetic Substances in Mutation Breeding,
DLE, Gort. of India (1969) 185.

3»f. K&Wfcl, T. and l&RAE&RI, P., Pattern of reduction
of internode lengths and changes of some other
characters in short culm mutants in rice , Indian
J. Genet. 31 3 (1971) 1*21.

35. HARAHAF.I, P., Altered pattern of internode
elongation in an X-ray induced dwarf mutant of
an indica rice variety BRJ?, Curr. Sci. *tl 20
(1972)

36. REDDI, T.P., PLENA, A. and REDDI, G.M. , Short -culm
mutations induced in rice, Indian J. Genet. 25.
(1975) 31 •

37. PJLDML, A. and REDDI, G.K. , Genetic and perozidase
isoenzyme studies of certain dwarfs in 0. sativa»T

Genetics (Suppl.) %& (197?) 62.

38. VEKKfcT REDDI, T., SEKHAR, B.P.S., REDDT, G.M. ,
"Anylase activity in seedlings of certain induced
dwarfs of rice**, Proc. Symp. The Role of Induced
Mutations in Crop Improvement, Hyderabad, Sep.
10-13, 1979, DAE, Govt. of India (1979) 77»

39. JOSHUA, D.C. & RAO, K.S., Extremely short
pacbytene chromosomes in induced dwarf mutants of
rice, Indian J. Erpl. Biol., 12 (1979) 2»f.

ifO. REDDI, O.K. and REDDI, T.P., "Induced semi-dwarf
Basumati rice mutant for commercial use*,
Inter nat. Symp. Use of Isotopes and Radiations in
Agriculture and Animal Husbandry Research,
New Delhi (Dec; 1971) 237.

Jf1 . REDDI,' O.K., ** Induced mutations in rice improve-
ment — a decade of progress", Proc. Symp. The
Role of Induced Mutations in Crop Improvement,
Hyderabad, Sep. 10-13, 1979, &AE, Govt, of India
(1979) 15*

100



lf2. MISRA, R.N., "Induced nutation in rice breeding
at Central Rice Research Institute, Cuttack",
Proc. Symp. The Role of Induced Mutations in
Crop Improvement, Hyderabad, Sep. 10-13, 1979?
D6J2, Govt. of India (1979) ?•

If3. NkRAHARI, P. and BHATIA, CJR.., "Induced
mutations for increasing protein content in
vheat and rice", Breeding For Seed Protein
Improvement Using LZuclear Techniques, IAEA,
Vienna (197?) 23.

Mt. l&RAHARI, P., BHATIA, C.R., GOPMAKRISHltt., T.
and MITRk, R.K., "Mutation induction of protein
variability in vheat and rice", Evaluation of
Seed Protein Alterations by Mutation Breeding,
Tft-FA, Vienna (1976) 119.

If5. SARLL, A..K. and REDDI, G.M., Role of local
germplasm and induced mutations in the
improvement of the protein content in rice,
Theor. &Appl. Genet., 23. (1979) 75»

101



X&BLS I

GRAIN YIELD AMD AKCIUARI CHARACTERS OF Tfl-CULTURES EERIVED FROMJCHE CROSS jR-6 x TR-?

o
K)

(HABI OR DRY SEASON -.

Grain yield/ha (Kg)
Culture

No.

TR-17
TR-18
TR-19
TR-20
TR-21
TR-22
TR-23
TR-21*
TR-25
souk
3R-8
JAYA

) 5%
C.D.)

) 1%

N.B. s

72-73
(F5)

8322
8500
7811
8328
8867
8083
7773
8750
8111
8133
7789
-

-

7$>
7000
6361*
6730-
7703
6VI7*
6561
7OV8
6710
69^7
7157
6Vt1*
-
706

9A

i) Figures in
ii) Single and

at 5$ and '

75-76
F11)

5875
5670
59V6
5930
562»f
5U-75
5193
-

630V
58»f3
-

5610
N.S.

N.S.

76-77
(F13)

697>f
6V88
6659
66M7
6750
61 V?
6120
-

6358
6620
-

6095

-

77-78(F15)

5796
if873
61V1*
6809**
5511

-
5867
-

5965*
if9Vl
5^67
5071

986
1391

parentheses are not

Average
(pooled)

6793
6378
6657
7083
663*f

(6567)
6WO

(7730)
6?M
6539

(6566)
(5592)
N.S.

N.S.

included in

TROMBAY)

to ,
flower-

ing

119.2**
116.7**
119°^"*
120.W**
117.1**

(129.3)
123.8

(!2lf.2)
123.9
125.1*

(!2lf.l)
(119.6)

2.22

2.98

the poole d

Plant .
height
(cm)

82.5
86.3*
85*8
85-5
nry ,Lj.**

(80.9)
85.1

(8^.9)
78.5**
8>f.2

(80.8)
(70.9)

1.78

2.39

Panicle
length

(cm)

22.1**
23.5
21 .l»**
21 .8**
22.5**

(22 .V)
23.0*

(22.3)
22.3**
23.8

(22.5)
(20.5)

0.86

No. of
panicles
per plant

13«
11.
11.

7**

5
5

10.2**
11.

(13-
11.

(13-
11.
12.

(11.
(12,

0.

1.

o*
3)
»f
3)
5
0
6)
9)
82

10

analyses.
double asterlx indicate significantly different results from Sona

\% level of probability, respectively. (N.S. = Not significant)
iii) Ancillary characters are pooled averages of 6 seasons*



TlBLE II

GRAIN YIELD AND AMCILIARY CHARACTERS OF TR-CULTURES DERIVED FROM THE CROSS IR-8 x TR-?
(KHAiRIP

Culture
No.

TH-17
TR-18
TR-19
TR-20
TR-21
TR-22
TR-23
TR-2lf
TR-25
som
3R-8
JAIA

) 5
O.B. j 1

N.B. i)
ii)

Grain yield/ha

1973
(F6)

V639
5380
706V**
5722*
6311+**
5V89
5076
563V*
7037**
V633
3756
-

% 893
% 1187
Figures

197>
(F8)

V677
V888
5#f6**
5391**
6110**
5066
5353**
5197*
5883**
lf65l
if 980
-
503
671

1975
(F10)

Vf6*f7
5514.0**
629*f**
5628**
6lfl3**
5^33**
If 9^2
5156*
61VO**
^550
-

3662**
571
770

in parentheses

(F12)

^383
>f107
5200
5057
5722
UV82
^273
-

V661
5009
-

if 01 5
-
-

Ol WET SEASON

(Kg)

1977(Flif)

H2Vf7
3562
»f730*
50^-7*
hBQO*
321 if*
3866

-

1978
(F16)

V679
5778**

* 6715**
* 628*f**
* 600*f**

-
5512*
-

Mf98** 6363**
3913
3835
3597
577
778

»f77»f
52U6
U 01 8*

681

913
are not included in

Single and double asterix indicate

- TROMBAI)

Average
(pooled)

Vf5V>
U876
59U2**
5522**
589^**

(^737)
^837

(5329)
576"+**
>f588

(V4-5V)
(3823)

if 71
632

the pooled

Days toa Plant
flower- height
ing

91.7*
103.'+**
11»fr7**

106.0**
106.6**

(110A)
10+ .8**

(108.3)
10^.8**

9V. 3
(92.9)
(91 JO

2.2

2.9

analyses

(cm;

92.9
106.7**
108.5**
106.0**
93.0*

(97.2)
97.2**

(107.7)
98.7**
88.7

(89.8)
(81 .6)

V,8
6.5

*

significantly different results from

Iknicleb No. ofb

length panicles
(cm;

22 .6**
26.5**
22.6**
23.6
2lf-3

(22.9)
23.6

(23-7)
23.6
2lf.5

(23.8)
(23.2)

1.1

1.5
Sona

per
plant

8.1
7.6
7. »f
6.6*
6.9

(8.1)
6.9

(7-5)
6.8
7-6

(7.6)
(7-6)
0.8

1.1

at 5$ and 1% level of probability, respectively,
ill) Ancillary characters are pooled averages of six (a) and four (b) seasons.



TABLE HI

g

GRAIN AND KERKEL MEASUREMENTS Of THE CULTURES DERIVED
FROM THE CROSS IR-8 X TR-J

Grain

TR-17
TR-18
TR-19
TR-20
TR-21
TR-22
321-23
TR-2»*
TR-25
Bora
IR-8
Jaya
TR-5

)
C.D.)

)

1000-
grain
weight

25.25
28.33
27.86
28.12
2?.2lf
26.31
27.11
27.52 •
27.55
19. 5V
28.69
28.93

(17.19)
5# 0.183
1jf 0.2U5

length
(mm)

9.87
10.1M.
10.36
10.50
10. 1V
10.51
10.76
9.85
9.88
9.82
9.09
9.00

(7.15)
0.187
0.251

Breadth
(mm)

2.50
2.55
2.59
2.57
2.3*f
2.56
2.Mf
2.81
2.6V
2.09
3.06
3.02

(2.8»f)
O.OV6

0.061

Length/
breadth
ratio

3-95
3.98
V.oi
V.08
V.33
if.11
V.»f2
3.50
3«7V
V.70
2.97
2.98

(2.52)
0.095
0.128

1000-
kernel
we ight

(g)

20.19
22.83
21.82
22.36
20.20
20.60
21 .U2
21.72
21.86
15.6V
23.06
23.39

(12.99)
0.2UV

0.328

Kernel

Length
(mm)

7*19
7«V?
7.V1
7.63
7-35
7.32
7-56
7-09
7.18
6.82
6.50
6.58

(V.7V)
0.123

0.165

Breadth
(mm)

2.15
2.17
2.2W
2.20
2.08
2.19
2.07
2.38
2.23
1.80
2.61
2.5^

(2.39)
O.OV6

0.061

Length/
breadth
ratio

3.3V
3-V3
3-31
3.V7
3-5V
3-35
3.65
2.99
3.22
3.79
2.V9
2.59

(1.98)
0.083
0.111

N.B.S

3)

Maasurements are made on the produce of 1975 WQ* season.
Length and breadth measurements are based on 10 readings per replication.
All figures are averages of four replications.
Figures in parentheses are not included in the analjsis of variance.



USE OF INDUCED AND SPONTANEOUS MUTANTS IN RICE GENETICS AND BREEDING*

J. NEIL RUTGERf

USDA-SEA-AR,
Agronomy Department,
University of California,
Davis, CA,
United States of America

ABSTRACT

Adapted scmidwarf rice varieties, the first of which was released

in 1976, were grown on 51% of the California rice area in 1979 and on

more than 702 of the area in 1930. State average yields during these

two years have been 7.1 metric tons/hectare, about 0.7 ton higher than

in any previous year. In 1981 as much as 95% of the area is expected

to be in semidwarfs. Numerous experimental trials show that the semi-

dwarf varieties yield about 15% more grain, and 13% less straw, than

the tall varieties they replaced.

Induced and spontaneous mutants have played a significant role in

rice improvement in California, both in direct releases as varieties and

as parents in crossbreeding programs. The first California semidwarf

variety, Calrose 76, was an induced mutant. Six additional semidwarf

varieties derived their semidwarf gene from the Calrose 76 source,

through crossbreeding. This useful induced mutant seinidwarfing gene,

sd , is allelic to the Deo-Geo-Woo-Gen (DGWG) source of semidwarfism.

At least two non-allelic semidwarfing genes, sd. and sd,, have been
___^ H

induced, but neither has been as useful as sd,.
Semidwarf mutants have been induced in 10 different varieties.

Other useful or potentially useful mutants have been found for early

maturity, waxy endosperm, opaque endosperm, gold hull, white hull, and
male sterility. Recently a recessive tall character, which may be use-

ful in hybrid rice seed production, has been found.

* Research carried out in association with IAEA under Research Agreement No. 2730.
' T Research Geneticist, USDA-SEA-AR.
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Future plans are to induce and evaluate useful new senidwarfing
genes which are nonallelic to the DGVG source, in order to minimize
genetic vulnerability due to widespread usage of a single semidwarfing
allele.

BACKGROUND

Trie status of semidwarf wheat and rice variety development in the
USA through 1979 was sunnarized by Dalryraple [1], who noted that 147
semidwarf wheat and 6 semidwarf rice varieties had been released in the
USA, with seciidwarf wheats occupying 29 percent of the wheat acreage,
and senadwarf rice varieties 9 percent of the rice acreage. The semi-
dwarf rice variety situation, with special reference to California, is
updated through 1980 in the present background section.

Public rice varieties in California are cooperatively developed by
three agencies: the University of California, USDA-SEA-AR, both at
Davis, California, and the California Cooperative Rice Research Founda-

tion, Inc., located at Biggs, California. The principal activities of
the Davis-based agencies are in basic research on breeding methods and
germplasn development, while the Biggs agency is engaged in variety
development. Thus the Davis group investigated a breeding method,
induced mutation, and took the lead in developing two semidwarf
varieties and several germplasm lines, while the Biggs group has
developed numerous additional varieties, both tall and semidwarf.

Since rice yields in the USA were at a relatively high base level
(5 metric tons/hectare), semidwarf varieties did not produce the dramatic
doubling of yields that frequently occurred in the Green Revolution.
Nevertheless, the cumulative evidence from California, the state in
which practically all of the USA semidwarf varieties are concentrated,
indicates that the semidwarfs can increase rice yields 15 percent. On
California's 6 metric ton base, a. 15 percent yield increase represents
close to 1 metric ton/hectare, a nice increase, especially for the
incorporation of single recessive gene.

In 1980 over 70 percent of the rice area in California was planted
to semidwarf varieties, up from 51 percent in 1979, and 10 percent in

1978. Planting predictions of semidwarfs for 1981 range as high as 95
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percent of the crop. This represents very rapid adoption, as the first
semidwarf variety, Calrose 76, was released in 1976. State average

yields in 1979 and 1930, the first two years in which the semidwarfs

were widely grown, were over 7.1 metric tons/hectare, or approximately
102 higher than in any previous year (Figure 1). While it nay be argued
that favorable weather conditions enhanced the average yields,

especially in 1979, it also appears that the semidwarf varieties are

contributing appreciably to the higher yields.
Thus the changeover to seraidwarf rice varieties in California is

nearly accomplished. To date there are no significant amounts of semi-
dwarf rice varieties in the southern rice growing states (Arkansas,

Louisiana, Mississippi, and Texas). Since intermediate stature
varieties (100-120 en) are presently in use in those states, the semi-
dwarfs may not show as large yield advantages there.

RESULTS
The first semidwarf rice variety released in California, Calrose 76,

originated as a single gene mutant from the tall variety Cairose [2, 3],

In California the height of the semidwarf varieties is generally about

90 cm, compared to 120-130 en for the older tall varieties (Figure 2).

To date, nine semidwarf rice varieties have been released in California

(Table 1) [4] as well as one high yielding short stature long grain

variety, L-201 [5], which is not thought to have a semidwarfing gene.

Two of the California semidwarfs, Calrose 76 [3], and M-401 [6], are

direct releases of induced mutants, while six more, M7 [7], M-101 [8],

M-301 [9], S-201 [10], M-302 [11], and Calmochi-202 [12], derived their

senidwarfing gene from the Calrose 76 source, through conventional

hybridization and pedigree breeding (Figure 3). One derived semidwarf,

M-101, also carries an induced mutant gene for early maturity. Clearly,

induced mutation has played a key role in development of the California

semidwarf rice varieties.

Three reasons why induced mutation has been so useful are:

1. The objectives were clearly specified and limited to characters

under simple genetic control, primarily semidwarfism and early

maturity.
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2. Once found, the desired characters were quickly incoporated into

the standard hybridization programs.

3. The rate of incorporation was speeded by the close relationships

of the California varieties. Except for some Japanese and

Chinese varieties, most introduced lines are not well adapted

to California's environment. Hence, it has been easier in

breeding programs to use induced mutant genes than to use

introduced sources.

One way of expressing the close relationships of the California

varieties is by calculating coefficient of parentage [13] of each

variety with Calrose (Table 2). To date the process of recombining

a few major genes in the background of the relatively narrow gernplasm

base in California rice varieties has not led to any problems of vulner-

ability, partly due, no doubt to the fact that California has few of

the usual rice diseases and pests» However, nov that the 15 percent

yield advantage of semidwarfism has been realized, we may have reached

a new yield plateau. In order to get our next round of yield increases,

it may be necessary to introduce additional genetic diversity,

One California seroidwarf, M9, derives its semidwarfing gene from

IR8 [14]. The one semidwarf variety in Louisiana, LA110, released in

1976, derives its semidwarfing gene from T(N)1 [15], LA110 was released

for industrial purposes, primarily brewing, as chalky grain and low

milling quality make it unsuitable for table use. Another semidwarf,

also deriving its sercidwarfing gene from T(N)1, is expected to be

released in Texas in 1981 [16].

Tne seraidwarfs yield more because of their increased responsiveness

to nitrogen fertilizer. Typical nitrogen response curves are shown in

Figure A for two semidwarf varieties and one tall variety. In addition

to showing greater lodging resistance at the higher nitrogen levels,

the semidwarfs also show increased numbers of panicles per square meter

[17].

To date the most useful induced mutant semidwarfing gene in Cali-

fornia has been sd , which is also allelic to the Deo-Geo-Woo-Gen (DGWG)
""""X

source of senidvarfism [18. 19]. Thus Calrose 76 and its six. derivatives
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carry the sd. source, and M—&01 is believed to carry the same allele,
even though it arose through an independent mutational event, i.e.,
irradiation of a different parent variety at a different time and
place. However, other semidwarfs have been induced, and two sources,
sd. and sd., have been shown to be non-allelic to sd [19]. The allelic

L. H J.

relationships of several sernidwarfs are shown in Figure 5. Because of
slightly taller height and/or associated pleiotropic effects, neither
the sd. nor the sd, source has been as useful as sd.. Thus the sd-
source is about 10 cm taller than the 90 cm sd. source, and hence isJ.
less resistant to lodging. Similarly, the sd. source is about 10 cm
taller than the sd- source, and also exhibits a pleiotropic effect for
about a 20 percent reduction in grain size.

Following the initial success with irradiation of the tall variety
Calrose [2, 3], semidwarf mutants have been induced in several additional
varieties. A list of these semidwarfs and their genetic relationship,

where known, to the reference sd. source is given in Table 3.

During the last decade, several other potentially useful mutants in

rice, both spontaneous and induced, have been found in California (Table
A). One of these other mutants, a spontaneous mutant for early taaturityL
became a highly successful variety, 115. The success with semidwarf and
early maturity mutants has encouraged California rice breeders to con-
tinually scrutinize their crop for useful mutants, both induced and
spontaneous.

Recently a recessive tall character, which probably is a spontaneous
mutant at the_sd_ locus, was found [20], The gene, designated eui for
elongated uppermost internode, produces a near—doubling in length of the
uppermost internode, a 12% increase in panicle length, and little or no
effect on other internodes or plant characters. It is proposed that
this gene would be a useful fourth elenent which would complement the
other three genetic elements—cytoplasmic male sterility, maintainers,
and restorers—generally used in hybrid seed production. The eui gene
would be incorporated in pollen fertility restoring parents in hybrid
seed production in situations where a semidwarf F. generation is desired!
The tall paternal plant type would be desirable for windblown pollen
dispersal onto semidwarf female plants and the resulting hybrid plants
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would be senidwarf, unlike the usual case of tall hybrids from senidwarf
by tall crosses. Additionally, its increased height would permit a co-
mingling of the hybrid parent seed stocks to maximize crossing and would
facilitate mechanical removal of the paternal parent before mass harvest
of the coamercia.1 hybrid seed.

FUTURE WORK PLANS

Since all of the USA semidwarf rice varieties carry either the DGWG
gene for semidwarfism or an induced mutant gene (sd1) which is allelic*"""L *j.
to the DGWG source, there is a potential for genetic vulnerability in
the senidwarfs. Therefore the objectives of the present project are to
identify and evaluate useful new semidwarfing genes in rice which are
nonallelic to the sd (= DGWG) source, thus reducing potential genetic

vulnerability due to widespread usage of a single semidwarfing source.
The work plan is to:

1. Induce additional semidwarf mutant genes in leading USA rice
varieties.

2. Hybridize several new semidwarfing sources (already in hand)
with the sd. source in order to identify useful nonallelic semi-

dwarfing genes. Determine possible pleiotropic effects of the
new genes. Test new genes for linkage with the sd. gene, with
the glabrous hull gene, gl, with the waxy endosperm gene, wx,
and with a marker gene for opaque endosperm, _o_. Other marker
genes will be introduced for linkage tests as the project
continues.

3. Evaluate the yield potential of the new nonallelic sources, and
of the various doubledwarfs resulting from recombination of the
s_d. gene and the new genes.

110



REFERENCES

[I] Dalrynple, Dana G., Development and spread of setni-dwarf varieties

of wheat and rice in the United States, Agricultural Economic

Report :to. 455 (1980), USDA-OICD and USAID, Washington, D.C.

[2] Rutger, J. II., Peterson, II. L., llu, C. H., Lehnan, U. F., Crop Sci.

.16(1976)631.

[3] Rutger, J. N., Peterson, M. L., Hu, C. H., Crop Sci. JL7_(1978) 978.

[4] Brandon, D. II., Carnahan, H. L., Rutger, J. J!., Tseng, S. T.,
Johnson, C. W., Williams, J. F., Uick, C. M., St. Andre, G. J.,
Canevari, H. M., Scardaci, S. C., Hill. J. E., California Rice
Varieties: Description, Perfornance and Management. Calif. Agric.

Exp. Sta. Bull. (1981) in press.

[5] Tseng, S. T., Carnahan, H. L., Johnson, C. U., Brandon, D. II.,
Crop Sci. _19(1979) 745.

[6] Carnahan, K. L., Johnson, C. U., Tseng, S. T., Brandon, D. M.,
Crop Sci. _2U1981) in press.

[7] Carnahan, H. L., Johnson, C. W., Tseng, S. T., Crop Sci. JL8(197S)

356.

[8] Rutger, J. N., Peterson, M. L., Carnahan, H. L., Brandon, D. M.,

Crop Sci. 19(1979)929.
[9] Johnson, C. W., Carnahan, 11. L., Tseng, S. T., Brandon, D. >U,

Crop Sci. .20(1980)551.
[10] Carnahan, H. L., Johnson, C. W., TsentJ, S. T., Brandon, D. M.,

Crop Sci. _20(1980)551.
[II] Johnson, C. W., Carnahan, H. L., Tseng, S. T., Hill, J. E., Crop

Sci. .21(1981) in press.

[12] Carnahan, II. L., Johnson, C. W., Tseng, S. T., Rutger, J. N., Crop

Sci. Jl(1931) in press.

[13] Kempthorne, 0., An Introduction to Genetic Statistics, Iowa State

University Press, Ames, Iowa (1969) 75.

[14] Carnahan, H. L., Johnson, C. W., Tseng, S. T., Mastenbroek, J. H.

Crop Sci. _18(1978)357.

[15] licllrath, W. 0., Jodon, II. E., Sonnier, E. A., Trahan, G. J.,

Ilarchetti, M. A., Crop Sci. 19(1979)744.

I l l



[16] Bollich, C. N., (1980), Personal Conmunication.
[17] Cat, T. V., Peterson, 11. L., Rutger, J. N., Crop Sci. _18(1978)1.

[18] Foster, K. V., Rutger, J. K., Genetics _88(1978)559.
[19] Mackill, D. J., Rutger, J. K., J. Ilered. 2£(1979)335.

[20] Rutger, J. K., Carnahan, H. L., Crop Sci. 21(1981)373.
[21] Rutger, J. 13., Carnahan, E. L., Johnson, C. V., Crop Sci. _21

(1981) in press.
[22] RutRer, J. II., (1981) unpublished data.

[23] Rutger, J. K., Foster, K. I?., HcKenzie, K. S., liackill, D. J.,

Peterson, M. L., llu, C. H., Crop Sci. 19(1979)299.

Table 1. Current public rice varieties in California, all released since
1974 [4], Yield advantage of each short stature variety over its
corresponding tall check variety is given in parenthesis.

Grain type Maturity, days to heading
1 Very early
i < 90 days
1 (100 series)

Short grain

(S)

Medium grain

(M)

I

i M-lOl(lA)
i

Early
90-99 days
(200 series)

S6*

8-201(14)

M9(9)

Intermediate
- 100-105 days

(300 series)
!

1

i

M- 301 (15)

, M-302(17)

Late >
> 105 days |
(400 series) '

1

!
Calrose 76(9) I

M7(15)

M-40K22)

1

Long grain

(L)

Sweet rice

(Calmochi)

Lr201(21)

Calmoehi-202
(17)

i

i

ii

1

*S6 is the only tall variety being maintained in the Foundation seed program.
Small amounts of several other tall varieties (chiefly M5 and Calrose) are
still being grown, but are expected to disappear shortly.
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Table 2. Coefficients of parentage between Calrose and
past and present publicly-developed rice varieties
in California.*

Past & present
varieties

Coefficient of
parentage

with Calrose

Colusa
Caloro
Calady
Calrose 76
CS-M3
M5
S6
M7
M9
M-101
M-301
M-302
S-201
Calraochi-201
Calnochi-202
M-401
L-201

0
0.88
0.62
1.00
0.66
0.66
0.33
0.83
0.12
0.91
0.7A
0.74
0.58
0.33
0.50
0
0

Calculated as described in [13],

Table 3. Rice varieties in which seraidwarf nutants have been
induced in California.

Variety

Calrose

Calrose

Colusa

Labelle

Mars

M5

Maxwell

WC-1403

Tsuru Mai

S6

Terso

Plant type Alleles

semidwarfs sd , sd,, sd

senidwarf with narrow leaves sd^rsd.

seraidwarf sd

sd?^sd1

"
sd^:ad1

11 unknown

n ti

senidwarf with narrow leaves "

senidwarf sd

" unknown

Reference

A [19]

[21]

[2]

[22]

[22]

[21]

[21]

[21]

[21]

[22]

[6]
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Table A. Additional useful and potentially useful rice mutants found in California.

Parental
variety or
line

CS-H3

Calrose

Mutant character
and origin

early maturity; spontaneous

early maturity; induced

Use

released as variety 115

released as germplasm D18 and

Reference

[4]

[23]

S6 v?axy endosperm; induced

Calrose 76 early tnaturity; spontaneous

MS early maturity; induced

S6 early -maturity; induced

Terso early maturity; induced

M-101 opaque endosperm; induced

78/18347 Waxy endosperm; induced

M-101 gold hull; induced

M-101 white hull; induced

M-101 genetic male steriles;
induced

ESD7-3 very early maturity; induced

Labelle very early maturity; induced

D31; D31 also incorporated
into variety M-101

released as variety Calmochi- [12]
201; also incorporated into
variety Calmochi-202

released as permplasm ED7 [21]

released as gernplasm Cl 11052 [21]

released as germplaso CI 11053 [21]

released as germplasia CI 11054 [21]

genetic marker in outcrossing [22]
studies

genetic marker in outcrossing [22]
studies

genetic stock [22]

genetic stock [22]

population improvement breeding [22]

genetic stock [22]

genetic stock [22]
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Early Wataribune Chinese

1920

1948

1968

1976

1981

S-2OI Calmochl2CI

Figure 3. Ancestry of current publicly developed short and medium grain rice varieties in California. Semidwarf
varieties are in double boxes, tall varieties in single,boxes. Breeding lines and proprietary varieties
are underlined. Female parent is on the leftj , except for three cases in which the female parent is'
designated by £ . The cross producing S-201 was actually between a sister line of S6 and the induced
mutant D51, a mutant later found to have the same semidwnrfing gene as Calrose 76.



yield, kg/ho

101 135 168

NITROGEN, kg/ha
202

Figure A. Response of the semidwarf varieties Calrose 76 and M7, and
the tall variety CS-M3, to nitrogen fertilization [4],

07
D32

DGWG

023
D24
D25

D66

Figure 5. Allelic relationships of senidwarf mutants and Deo-geo-woo-gen
(DGHC). Genotypes at the sane corner of the triangle are allelic;
those at different corners are nonallelic [19].
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SEMI-DWARF RICE BREEDING IN JAPAN AND GENETIC STUDY OF SEMI-DWARF RICE
MUTANTS

H. YAMAGATA, T. TANISAKA, K. YONEZAWA, M. FUJIMOTO
Faculty of Agriculture,
Kyoto University,
Kyoto, Japan

ABSTRACT

In the 15 years from 1958 to 1973, average culm length of Japanese
rice varieties showed a rapid reduction from 95 cm to 82 cm,
realistically reflecting the postwar breeding trend in Japan.
Nowadays, it can be said that the improvement of rice towards short
culm length has almost reached the goal and the coming objective of
breeding will mainly be directed in creating further stiffer-culm
varieties with the present culm length. However, some problems remain
to be solved. Firstly, the source of semi-dwarf genes are traced back
to only a few stocks. Secondly, genetical studies on semi-dwarfness
still remain quite undeveloped, although they are considered to be
indispensable for enhancing the efficiency of rice breeding.

Results of some genetic studies of induced semi-dwarf mutants are
presented. Future research plans presented are stressed on identifying
and evaluating the useful semi-dwarfing genes in our mutant stocks as
cross breeding parents, to contribute to averting the potential risk of
genetic vulnerability of semi-dwarf rice.

RICE BREEDING FOR SEMI-DWARFNESS

In Japan, works for breeding sh'ort- and stiff-culm rice varieties
started as early as in the 1920's, and several varieties with somewhat
short or stiff culm, such as Norin 1 and Tokaiasahi, were released in
the 1930's and 1940's. Shortly after World War II, the national demand
for food production and the rapid reconstruction of economic conditions
accelerated the rice cultivation with heavy supply of chemical
fertilizers. This brought, however, considerable lodging, as well as
disease and insect injuries on rice cultivation, and has brought forth
a strong need for varieties with much shorter and stiffer culm.

In Fig. 1, the mean culm lengths in some years from 1908 to 1973
are shown for respective 5 varieties which ranked highest in the
cultivation acreage. As this figure shows, the culm length has clearly
become shorter as the years roll on. The reduction of 13 cm during
1958 to 1973 surely reflects the postwar trend of rice breeding in
Japan.

Nowadays, semi-dwarf varieties are widely used in all districts
except Hokuriku, and the breeding stressed on short culm is no longer
of considerable significance. The present general apprehension is
rather that culm length less than 70 cm may cause the reduction of
yield. Thus, the aim of breeding will from now on be directed in
creating stiffer-culm varieties with the present level of culm length.

Research carried out in association with IAEA under Research
Agreement No. 2619.
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The f irst epock-making event in the history of semi-dwarf rice
breeding in Japan was the accomplishment of so-called Jukkoku-type
varieties, Houyoku, Kokumasari, Shiranui and Reihou. These varieties
were bred through the incorporation of a semi-dwarf gene from a local
variety, Jukkoku, which had been cultivated in Kyushu dis tr ict ,
especially in Fukuoka prefecture, in the period f rom the late 1940's to
1950's. The pedigree of these semi-dwarf varieties is shown in Fig. 2
(1). Jukkoku has some quite excellent characteristics, such as
semi-dwarfness, long panicle, many panicles and high y ie ld , but is very
susceptible to both blast and bacterial leaf blight. Then, Jukkoku was
crossed with Zensho 26 which is highly resistant to bacterial leaf
blight and considerably tolerable to blast. This crossing produced the
varieties Houyoku, Shiranui and Kokumasari, and the crossing of Houyoku
with Ayanishiki yielded the variety Reihou.

Figure 3 illustrates the lengths of culm and elongated internodes
of these Jukkoku-type varieties as well as those of Norin 18 and
Benisengoku which were leading varieties in Kyushu district at the
corresponding time. As can be seen in this figure, the internode
lengths of Jukkoku-type varieties are much shorter than those of Norin
18 and Benisengoku, not only in lower but also in upper internodes.

The release of a short-culm variety Reimei '2) may be regarded as
the second epochal event in Japan, because of the first contribution of
induced mutation to rice breeding. Reimei was released in 1966 after
gamma-ray application to a variety Fujiminori, and was predominantly
cultivated for more than ten years mainly in Tohoku district.
Meanwhile, another short-culm mutant strain, Hokuriku 100, was obtained
af te r gamma-ray application to the variety Koshihikari which is now
holding the first place in the acreage of cultivation in Japan for its
good taste. Hokuriku 100 has not been accepted as a new variety due to
its blast susceptibility, but has been widely used as a promising
parent stock for breeding of semi-dwarf and stiff-culm varieties.

In Japan, the breeding of short-culm rice varieties has been
accomplished rather smoothly. However, there remain a few problems to
be solved. For instance, the semi-dwarf gene sources appreciated by
many breeders are limited to only a few stocks, such as Jukkoku,
Sachikaze, Fujisaka 5, Reimei and Hokuriku 100. Therefore, it is
considered necessary to enrich much more the useful genetic source of
semi-dwarfness. In addition, genetical studies on semi-dwarfness still
remain quite undeveloped, in contrast to the advanced breeding for
semi-dwarfness. This may be attributable to the comparatively easy
successes in the past in breeding of short-culm varieties. In order to
enhance the efficiency of the breeding, however, promoted research on
genetics of semi-dwarfness is considered to be indispensable.

RESULTS OF SOME GENETIC STUDIES ON INDUCED MUTANTS

1. Diallel analysis of semi-dwarf mutants in rice
Three long-culm and 3 short-culm mutant strains, which were

induced by ganma-ray irradiation of a variety Ginbozu and similar in
heading date to the original variety, were analysed in the experiment-
These six mutant strains and the original variety were crossed with
each other in all the possible combinations.

The diallel analysis for culm lengths of thus obtained 42 FI
progenies and the 7 parents led to the following results: 1) Relations
between Vr and Wr did not reveal any non-allelic interactions; 2)
variance analysis of the diallel table showed that both additive and
dominance e f f e c t s of genes were highly significant, dominance was
largely uni-directional, and there were no differences between
reciprocal crosses 'Table 1); 3) genetic parameters estimated by
Hayman's method (4) showed that the average degree of dominance over
all loci was 0.48, indicating that partial dominance was prevailing,
and the recessive genes responsible for culm length were in excess of
the dominant ones 'Table III); and 4) correlations between the parents
and their (Vr + Wr) values indicated that dominance tended to be
directed towards tallness 'Fig < » ) .
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2. Genetic variation in plant type of rice mutants
•Principal component analysis was applied to 31 plant-type mutants

on 9 agronomic characters, i.e., culm length, panicle length, panicle
number, number of elongated internodes and lengths of internodes fron
the f i rs t to f i f th . The first principal component indicated the
variation from "long culm and upper-internode elongation" to "short
culm and lower-internode shortening". This may suggest that short-culm
and, in addit ion, lodging-resistant mutants can be obtained with
relative ease in mutation breeding.

FUTURE RESEARCH PLANS

Exp. 1
Ident i f icat ion of induced semi-cu7arf genes: Induced semi-duarf

mutants selected f rom our mutant stocks as well as those which may be
supplied from other participants in this programme are crossed wi th the
original varieties, and their F j _ , F2 and F3 generations are
analysed for segregation.

Exp. 2
Allelisia test of semi-dwarf genes: Allelism test will be made on

the above semi-dwarf genes. Some spontaneous semi-dwarf genes of
recent leading varieties will also be included in the test.

Exp. 3
Linkage analysis of semi-dwarf genes: Linkage analysis of the

identified semi-dwarf genes will be made by using some marker genes,
e.g., g, ri, Pi-zr, Pi-a, tri, Dn, la, maintained in our laboratory.

Exp. 4
Morphological and physiological analysis of semi-dwarf mutants:

The induced and spontaneous semi-dwarf mutants will be evaluated for
some agronomic characters such as heading date, panicle number, culm
length, internode length and grain yield. Histological characters such
as parenchymatous composition of internode will also be investigated.

Exp. 5
Analysis of gene-environment interactions in semi-dwarf mutants*.

Responses of several semi-dwarf mutants to environmental factors such
as sowing time, fertilizer level and day length are examined ^ith
regard to the mode of internode elongation.

Exp. 6
Detection of semi-dwarf genes: A number of indigenous varieties

collected from various places of Japan will be investigated for their
plant types, to get some information for exploring semi-dwarfing genes.
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TABLE I - ANALYSIS OF VARIANCE FOR CULM LENGTH IN DIALLEL CROSSES
OF 6 CULM-LENGTH MUTANTS AND THEIR ORIGINAL VARIETY BY
THE METHOD OF HAYMAN

Item
a D-F+H1-H2
b H2

2b]_ VT
b2 Hi-H2
b3

Reciprocal
c difference
d
Block
B x a
B x b
B x bj
B-X b2
B x b3
B x c
B x d
Block interaction

MS
524.412
19 . 9.05
183.524
12.720
11.297
1.514
1.792
0.230
1.517
5.225
1.521
1.377
7.139
1.823
2.822
5.890

df
6
21
1
6
14
6

15
1
6
21
1
6

14
6

15
48

VR* P
345.69 0.005

3.81 0.005
120.66 0.05-0.10
9.24 0,005-0.01
1.58 0.10-0.25
0.83
0,62

VR** P
89.03 0.005
3.38 0,005

31.16 0.005
2.16 0.05-0.10
1.92 0.025-0.05
0.26
0.30

* Each item was tested against its own Block interaction MS
** All items were tested against the pooled Block interaction MS

TABLE H. GENETIC
PARAMETERS OF THE
DIALLEL ANALYSIS OF CULM
LENGTH

D O. « <-> . ~

13Hl - - - - -
H 2 _ _ _ _ _
h2 _ _ _ _ _

E _ _ _ _ _
!i
D
H 2 _ _ _ _ _

62.34
14.24
13,38
42.36
-10.23

5.89
0.48

n_9^

+ F
0.71
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FIG. 1 - MEAN CULM LENGTH OF 5 RICE VARIETIES WHICH
RANKED HIGHEST IN CULTIVATION IN SIX SELECTED
YEARS DURING THE PERIOD OF 1908-1973.
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CULM-LENGTH MUTANTS AND THEIR ORIGINAL VARIETY
(Table 1).
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CONCLUSIONS AND RECOMMENDATIONS

INTRODUCTION

A review of the present status by the participants of use of
spontaneous as well as induced semi-dwarf 'SD) mutants in hybridization
programmes demonstrated that induced SO mutants already play a role in
cereal breeding. Nevertheless, certain problems result from changes of
important agronomic characters associated with height reduction, from
the genetic nature of induced mutants, from the response of S3
genotypes to different agro-ecological conditions, or from the
interaction between SD genes and the genetic background. Such problems
have to be solved to make effective and efficient use of induced SD
mutants as cross-breeding materials in cereal breeding programmes.

The participants agreed that more induced SD mutants should be
made available as new or alternative gene sources in breeding for SD
type following critical evaluation as described below:

I. AGRONOMIC EVALUATION AND CHARACTERIZATION OF SD MUTANTS

Induced and spontaneous SD mutants may show a deviation from the
original variety for other agronomically important characters. The
primary step in the evaluation of SD mutants as potential cross
breeding parents should be an assessment of the agronomic potential.
Only those true breeding mutant lines which have a clearly recognisable
reduced plant height and a reasonable agronomic value should be
investigated further for the evaluation and characterization.

The evaluation and characterization should be made in two steps:
(1) the investigation of those charactes which are most likely to
contribute to a success of the SD mutant, and (2) among the mutants
selected in the first step, further in depth investigations of
agronomic and physiological characters.

The following characters should oe investigated in the first
step. Observations or measurements should be made on true breeding
mutant lines with a minimum of 20 plants, and the results recorded on ji
line basis.

1. Emergence percent and coleoptile length in standard condi-
tions.

2. Plant architecture at flowering and maturity stage.
2.1 Plant habit at maturity recorded as erect, normal,

or spreading
2.2 Heading synchrony recorded as good, intermediate and

poor.
2.3 Number of effective tillers at maturity under standard

cultivation conditions recorded as number/m^ or per
20 plants.

3. Culm length at maturity, recorded as length of che tallest
culm.

4. Flag leaf angle at flowering recorded as erect, horizontal,
and drooping.

5. Spike or panicle at maturity.
5.2 Length of spike or panicle of the tallest culm.
5.3 Weight of spike or panicle or number of fully

developed grains or kernels per spike or panicle
of the tallest culm.

5.4 Spike and panicle exertion recorded as plus or minus
for -/heat and barley, and good, well, poor, partly
exerted and enclosed for rice, by observation.

6. 1000 grain weight.
7. Heading and maturity tine recorded as number of days after

sowing under standard cultivation practices.
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8. Tolerance ro stresses (drought, high humidity, cold, high
temperature, etc.), recorded only if remarkably changed under
standard cultivation conditions, in comparison with the
original variety.

9. Resistance to pathogens and pests, recorded only if
remarkably changed under standard cultivation conditions, in
comparison with the original variety.

10. Agronomic performance
10.1 Lodging at maturity recorded in a standardized scale.
10.2 Grain yield recorded as gm/m- or 20 plants.

Suggested physiological and agronomical characters to be
investigated in the second step of evaluation and characterization are
listed in the Annex..

In both the first and second steps, all the characters
investigated should be compared with those of the original variety
among mutants of the same variety (for characterization of SD mutants
in relation to the original variety), a comparable tall genotypes or of
standard varieties.

Testing of selected mutants for these characters in two or more
environments could provide valuable information about genotype-
environment interactions of the mutants. However, further evaluation
of SD mutants should probably be preceded by genetic characterization.
Investigators should be aware that mutagen treatments can
simultaneously produce several genetic alterations. As a consequence
some of the observed effects on the investigated characters may be due
to induced mutations in other loci, and the agronomic evaluation may
not reflect the potential breeding value of the SD gene per se.
Furthermore, the observed reduced height itself may be due to mutations
of more than one gene, in which case the transfer of the character in a
cross-breeding programme would be more difficult. It should of course
be taken into account that a single mutant SD gene may express
differently in different genetic backgrounds, with regard to plant
height and also in respect of pleiotropic effects on other characters.

II. GENETIC CHARACTERIZATION OF MUTANTS

Genetic studies on a number of spontaneous and induced SI) mutants
have already provided some valuable information for breeding of SD
plant type varieties. Such information comprises a number of genes
concerned, their location on chromosomes, linkage with genes
controlling other agronomically important characters as 'Jell as
interactions between SD genes, with different genetic backgrounds and
with different environments. Further genetic studies on induced and
spontaneous SD mutants are essential for effective, efficient and
planned use of these SD genes in breeding.

Inventory of Resources
One of the collaborative aims of the co-ordinated research

programme is to inform breeders and associated scientists about
the range of dwarfing gene sources available in the world. This
could be accomplished by assembling a list of dwarf genotypes
available at the various institutes throughout the world. Most of
this material will be genetically uncharacterized and much of it
will represent alternative sources of the same SD genes. Many SD
stocks are genetically removed from the original mutants through
subsequent genetic manipulation, e.g., backcrossing and
selection. The list should include as much as possible
information about the genetics, the phenotype and tne agronomic
performance of individual mutant lines, with the relevant
references. The sharing of such materials between laboratories
will be facilitated by establishing collaborative experiments in
which the originators' effort in producing the lines is recognized
(by co-authorship in resulting publications).
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The stocks listed as "resources" may include released
varieties, original mutant lines, lines with mutant genes
transferred by genetic manipulation and, mainly in the case of
wheat, stocks produced by alien gene or whole chromosome transfer.
Genetic Tester Stocks

There is an urgent need to develop a standard set of SD
isogenic lines in each species for characterization of the genes
of new reduced-height mutants. These stocks should serve :
(a) as the definitive reference source of known SD alleles and
(b) in tests of allelism to ascertain whether mutants -:arry new

alleles.
In wheat, of the eight genes so far identified and named,

Rhtl (4A), Rht2 (4D), Rht3 (4A), Rht7 (2A), and Rht8 (2D) have
been located, and rht4, Rht5 and rht6 have yet to be assigned
chromosomal locations. Isogenic lines have been produced for
Rhtl, Rht2 and Rht3 in a tall spring wheat variety, April Bearded,
and a standard variety, Huntsman. Since genetic analysis in wheat
relies on aneuploid techniques it is recommended that a new set be
developed in a spring genotype in which monosomics are available,
e.g., Spring Bersee, and that the April Bearded set be extended to
include rht4 to Rht8.

In durum wheat the variety Cappelli would be a suitable
background for an isogenic set.

In rice, it is recommended that the three independent sources
of reduced height, the semi-dwarf japonica varieties, M-101
(sd-| ), D66 (_sd_2) ant̂  ^^4 (_s_d_4) from California be used as
the initial standard set. For indica types, the line IR-36 should
be used as a tester for the sd] allele.

In barley", so many erectoides mutations (often possessing
height-reducing effect) as well as SD genes have been reported,
the participants agreed to invite barley geneticists' advice on
tester stocks.

Collaborative work to produce a standard set of SD isogenic
lines is recommended.

Use of Gene Symbols
A new gene symbol should only be allocated after a test with

the standard isogenic tester stocks, or with the recognized tester
stocks. The gene symbol used should comply with the guidelines
for naming reduced height alleles set up by various existing crop
gene committees-

In rice and barley several different symbols have so far been
used for reduced height alleles. In wheat eight genes have been
named to-date but only five have been located to chromosomes. The
inconsistency of dominant or recessive gene expression in hybrids
leads to a suggestion to name all height-reducing genes tlhtn,
irrespective of "dominance" or "recessivity" as Rhtl, Rht2 and
Rht3 alleles 'R.A. Mclntosh, 1976).

Genetic Analysis
Genetical analysis will usually proceed in four steps:

(1) the determination of the number of major genes controlling
height in a mutant;

(2) when a single major SD gene has been found and isolated,
tests of identity of the gene with the already identified
ones;

(3) when a new locus is identified, tests of identification of
the chromosomal location of that locus and its linkage
relation with other genes, and
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in the case of a new allele, assessment of the gene in terms
of genetic and environmental interactions as expressed on
height and in respect of pleiotropic effects on agronically
important characters.

1. Determination of number of SD genes and their isolation:
The first step will be to observe segregation from

reciprocal crosses between the mutant and the original
variety. Clear discontinuous distributions of height in such
crosses may rarely be obtained, but quasi-discontinuous
segregations can be expected even for genes of less effect in
such relatively isogenic backgrounds. An inconclusive result
from such a test may derive from (a) there being several
mutant alleles affecting height which will have to be
separated by backcrossing to the original variety (isolation
and "clean-up" of mutant allele), (b) partial dominance of
induced SD mutant gene, or (c) the height reduction being
relatively small. Both the latter two cases (b and c) may
require extending the segregational test to £3 and ensuring
very uniform growing conditions. Through these procedures,
cytoplasmic mutations, if any, are also identified and
individual major SD mutant genes are "cleaned-up" and
isolated.

2. Identification of new SD genes or alleles:
The tester isogenic lines will provide the only means of

identifying new mutant genes as novel alleles. Ideally a
result of no complementation, or complementation with one
tester stock, will provide a definite result of a new or
known allele, respectively. Partial complementation
throughout could be due to the gene being partially dominant,
in which case the segregation in ?2 will have to be
observed. Partial complementation in a single tester cross
could be due to heterosis, an alternative allele, or the
effects of background segregation. If these alternatives are
hot resolved by F£ or backcross segregation, it may be
necessary to "clean-up" the mutant line, i.e., by
backcrossing onto the recipient tester tall line before
repeating the tests. Problems may still be encountered
because the SD type may not be clearly recognisable in the
back-cross progeny. In this case it may be necessary to
resort to other methods of recognizing the gene e.g., hormone
responses or, in the case of wheat by making chromosome
substitutions before repeating the tests of allelism.

3. Gene location:
Location of new genes for reduced height in rice and

barley on particular chromosomes will usually involve linkage
studies with available marker gene stocks or translocation
marker stocks. Although trisomics are available in both of
the species, it will be difficult to use these stocks for
gene mapping because of the effect of trisomy per se on
height.

In wheat, several systems of analysis are available,
including conventional ?2 monosomic analysis, with or
without cytological analysis, extraction of ?•$ disomics
from ?2 raonosomics, reicprocal backcross monosomic
analysis, reciprocal monosomic analysis, ditelocentric
analysis and the production of intervarietal chromosome
substitution lines. Qualitative characters such as extreme
height difference (e.g., Rht3) and associated phenotypes
(e.g., GA-insensitivity) can be analysed in populations
containing aneuploids such as in the conventional ?2
monosomic analysis and ditelocentric analysis. However, in
most cases, the variation will be quantitative and it will be
necessary to produce disomic derivatives from monosomics
before assessing chromosomal influence on segregation for
height difference. Workers should be aware of varying
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complications that can occur in such genetic analyses with
wheat. Heterozygosity for translocations or other chromosome
aberrations would affect the analysis. Also difference in
the transmission rate of particular chromosomes through the
pollen can cause abnormal segregation patterns. Finally,
unless constant checking with tnono-telocentric testers is
carried out, there is always a danger of "univalent shift"
which could result in genes controlling height being located
to the wrong chromosome.

Further Genetic Characterization of Stocks Possessing 5P Genes

Further genetic information required for optimal exploitation
of new genes in variety production may be obtained from the
following types of studies:

1. Gene x gene Interactions: The use of two or more genes in
combination with require knowledge of additivity or epistasis
of the SD genes. Interactions of SD genes with major genes
for adaptation, e.g., photoperiod sensitivity, vernalization
requirement, ear emergence time, may restrict or enhance the
use of individual SD genes and the genetic background may
lead to wider agricultural use of individual genes.

2. Homoeallelism: In polyploid crops such as wheat and oats it
is likely that series of loci exist where genes of similar
function are carried on homoeologous chromosomes. Knowledge
of such homoeallelism of a new SD allele with one already
characterised in terms of its associated effects will be
useful in assessing the agronomic potential of a mutant.

3. Gene x polyploidy interactions: The same SD gene may be used
in tetraploid and hexaploid wheat or in rye and triticale.
In each case it will be necessary to determine whether the SD
gene interacts with the polyploid level of the crop.

A. Gene x background genotype x environment interactions:
Consideration of these interactions between SD genes and
background genotypes and environments, e.g., the performance
of genes in upland or lowland rice, or irrigated and rainfed
wheat may greatly influence the exploitation of individual
genes.

5. Cytoplasaiic inheritance
Little is known about cytoplasmic effects on height but
possibilities exist for cytoplasmic mutants or nucleo-
cytoplastnic interactions affecting plant height.

6. Associated effects of SD alleles:
A central issue in the assessment of the agronomic potential
of new Sd genes will be how they effect other productivity-
related characters besides plant height. It will always be
important to discriminate between the possibility that such
effects, when found, may either be due to pleiotropic effects
of the gene or merely to genes which are linked with the SD
allele. In general this will only be achieved by comparing
duplicate isogenic lines or by analysing adequate populations
of random lines in which the gene is segregating.

Mutants to be investigated

Since the genetic characterization of mutants is rime
consuming, the investigation should be restricted to those SD
mutants showing highly reasonable agronomic potential.
Accumulated results of studies on genetic characterization of
induced and spontaneous mutants may provide some criteria for the •
selection.
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Agronomic character izat ion of SD nutants in ^reat dep th
should be carried out on the "cleaned-up" and genetically
charac ter ized ones, so that the evaluation re f l ec t s the potent ia l
of S3 genes per se.

The genetic characterization of SO mutants will provide
criteria for using these mutan ts in cross breeding as parental
materials. Conparison of the genetic character is t ics a:nong
mutants and wi th other spontaneous or induced mutants successfully
used ss cross-breeding parents may provide addi t ional criteria.

III. USE OF SD IfUTAXTS IH CIU5SS-BREEDING

Muta t ion induction is one of the tools available to plant
breeders, and progressive plant breeders will wish to use all of the
tools available to them.

Mutat ion breeding has its most immediate usefulness in situations
where an adapted genotype needs improvement in only one or a few
well-defined, highly heritable traits. Such induced beneficial mutants
are used however, also as cross-breeding materials for the improvement
of other genotypes. >

An example of this approach is the California semi-dwarf rice
situation, where it has been easier in cross-breeding programmes to
utilize induced SD mutants of locally-adapted breeding materials than
semi-dwarf donors f rom the tropics. The induced SD mutants have the
advantage of already being in the cold tolerant japonica background,
whereas the tropical donors are not only cold susceptible but also have
unsat isfactory grain quality. A similar approach would be recommended
for the induction and utilization of SD mutants in adapted varieties
with unique features which are diff icult to t ransfer by hybridization,
e.g. , grain quality, salinity tolerance, complex resistance to diseases
and insects, and certain straw characteristics.

In cereal breeding for semi-dwarfness, it is highly important to
diversify genetic resources. Therefore, existing and new SD mutants
should be f i r s t agronomically and genetically characterized for their
use in cross-breeding programmes. In utilizing induced SD mutants in
cross-breeding the breeder should retain flexibility in his concept of
the "ideal" semi-dwarf plant height, since the ideotype may vary from
crop to crop, environment to environment, or in a single environment as
cultural practices become more intensified or sophisticated.

Procedures for Using SD Mutants in Cross-Breeding

1. Conduct preliminary small-plot or rod-row agronomic
evaluation of new mutants under standard conditions. This
procedure is useful also for seed propagation.

2. 'a) As sufficient seed becomes available, begin evaluation
under cultural practices which may more fully exploit
the genetic potential of the mutants . These practices
include different soil fert i l i ty levels, different
planting densities and di f ferent locations.

(b) Simultaneously, begin hybridization of mutants with the
original variety. Some newly induced mutants have
undesirable characteristics which may be eliminated by
backcrossing to the original variety. It is advisable
to re-select a rather large number of SD plants in ?2
which will provide homozygous types of "cleaned-up" new
SD genes in more advance generations. Reciprocal
crossing is also advised in order to identify and
properly manipulate possible cytoplasmic mutations which
may have been induced.
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3. Cross SD mutants with other breeding lines to find
recombinants which may be more desirable than their parents.

4. When only one or two mutant genes are responsible for
semi-dwarfness, breeders may obtain homozygosiry for the
semi-dwarfing genes in early generations after crossing.
However, breeders have to realize that selection of
homozygous types from a population of limited size in early
generations reduces the chance of recombination and may•
result in high similarity of the chromosomeCs) carrying the
Sd gene(s) in the derived breeding materials.

5. Breeders should note agronomically important characters
associated with semi-dwarfness: lodging resistance, planting
density response, maturity time, disease reaction, stand
establishment characteristics including coleoptile length,
mesocotyl length and seedling vigour, and other adaptability
factors.

6. Breeders should search for unusual semi-dwarf mutants which
may have particular value in breeding studies. For example,
there is evidence in rice that narrow leaf SD mutants may
show, under certain conditions, higher efficiency of grain
production. Other mutants of interest may have unusual
associated responses to GA or other hormones, to diseases or
environmental stresses. SD mutants with a typical relation-
ship of dominance and recessiveness may have useful
applications.

IV. COLLABORATIVE EFFORTS

In order to effect ively and quickly evaluate SD mutants as
cross-breeding materials and to utilize evaluated SD mutants in.
hybridization programmes, collaborative e f fo r t s , at international as
well as national levels, have to be devoted to the following activities:

1. Exchange of information about related researches and breeding
programmes.

2. Collection and exchange of SD breeding materials.

3. Maintenance of SD genotypes - in co-operation with national
and international bodies responsible for germplasm collection
and maintenance, e.g., IBPGR, national and international gene
banks.

4. Co-operative tests of SD mutants for agronomic
characterization and for investigation of gene x environment
interaction.

5. Preparation of an inventory of SD genotypes.

6. Development of a standard set of SD isogenic lines for
allelism test.

7. Development of near isogenic lines for SD genes and
investigation of gene x genetic backgrouns x environment
interaction.

International Organizations such as IAEA and ?AO should
administrate these co-operative programmes. The participants
appreciate and strongly support the establishment and operation of such
co-operative works.
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ANNEX

Characters suggested to be Investigated for evaluation of SD mutants
in the second step test (those with asterisks may be included in the
first step test).
1. Seedling characters

1.1* Coleoptile length
1.2 Mesocotyl elongation
1.3 Seedling leaf length and width
1.4 Number and length of roots

2. Plant architecture
2.1* Plant habit
2.2* Development synchrony
2.3* Number of tillers
2.4 Root system

3. Culm characters
3.1* Culm length
3.2 Number and length of elongated internodes
3.3 Culm diameter and culm "v?all" thickness
3.4 Culm strength
3.5 Anatomical structure of internodes
3.6 Culm colour

4. Leaf characters (flag leaf and leaf below)
4.1 Leaf colour
4.2 Leaf length, width and thickness
4.3* Leaf angle
4.4 Anatomy of leaf

5. Inflorescence
5.1* Length of rachis
5.2 Number of internodes
5.3 Compactness or laxne?=
5.4* Number of fertile and total spikelets
5.5 Number of florets (wheat)
5.6* Panicle exertion
5.7 Awn length

6. ____
Length and breadth of grain and/or lemma
1000 grain weight and volume
Grain quality (e.g., aroira, araylase content, protein content,
SDS value or baking quality)
Sprouting resistance
Dormancy'
Longevity
Germination percent, rate and vigor
Enzyme activity (e.g. ariylase, peroxidase, etc.)

7. Physiological characters
7.1 Cibberall-Lc *cid responr.c
7.2 Abscisic acid and auxin response
7.3 Light quantity and quality response
7.4 Photoperiodic sensitivity
7.5 Vernalization requirement
7.6* Vegetation and reproductive periods
7.7 Enzyme activity (e.g., nitrate reductase)
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8. Stress tolerance*
8.1 Drought
8.2 High humidity
8.3 Cold
8.4 High temperature
8.5 Winter hardiness (wheat and barley)
8.6 High or low pH
8.7 Adverse soil condition (e.g., salinity, Al, Mn, Fe, etc.)

9. Resistance to pathogens and pests*

Reactions to pathogens and pests under natural epidemic
conditions.

10. Agronomic performance

10.1* Lodging resistance
10.2 Planting density response
10.3 Fertilizer response
10. A Ratoonir.g/regrowth capacity
10.5 Competition with veeds
10.6 Response to different environments
10.7* Grain yield
10.8 Straw yield (for harvest index)
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