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Abstract

The pea as an ancient crop plant s t i l l today has wide uses and is an
import source of food protein. I t is also an important object for genetic
studies and as such has been widely used in mutation induction experiments.
However, in comparison with cereals this ancient crop plant (like several
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other grain legumes) has gained relatively little from advances in breeding.
The review focuses at the prospects of genetic improvement of pea by induced
mutations, discusses principles and gives methodological information.

1. Systematics

Pi sum (English: pea, Spanish: arveja, German: Erbse, French: le pois,
Russian: goroch, Polish: groch) belongs to the order Leguminoaae. Leaving
aside the evolution and controversial findings regarding its botanical
taxonomy, the systematics given by LAMPRECHT [50] and BLIXT [16] seem to
represent a simplified system covering suitably genetic and breeding aspects.
The order Leguminosae is usually divided into three distinct families,
Mimosaceae, Caesalpinaceae and Papilionaceae. The latter is distinguished by
zygomorphic and papilionaceous flowers. The subdivisions of Papilionaceae
have been varying but ten subdivisions or tribes seem now accepted, of which
the ninth, Viciae, comprises such important genera as Pisum and Vicia.

LAMPRECHT [50] regards the genus Pisum as monospecific and includes under
Pisum arvense L.s.l. all existing forms, some of which were formerly given
species rank. Considering the absence of real sterility barriers between
these forms, and the complete Mendelian recombinability of all characters,
this view seems correct. Sterility resulting from crossing forms with
different chromosome structure should be of no importance in this respect as
this is common within many species. LAMPRECHT [50] distinguishes within the
species P. arvense the ecotypes abvssinicum, arvense, fulvum and humile as
naturally occurring. The ecotype sativum comprises the majority of the
domesticated Pisum. Archaeological finds of Pisum as cultivated plant or a
weed go back at least as far as 2000 B.C. [48,85]. However, the first traces
of the ecotype sativum date from the 13th century, with the first record of
white-flowered forms. The Pisum ecotype sativum is not known as a wild plant.

An enormous variation has been recorded in the ecotype sativum. LEHMANN
[51] worked out a system for practical purposes using the agronomically more
important characters.

2. Enonomic importance

The pea being one of the earliest human foods and even today a major
domesticated plant, represents a wide range of -agricultural and horticultural
uses. It is cultivated for green seeds used as fresh, frozen or canned
vegetables and for dry seeds. The green matter is an excellent component for
mixed forage. From the agronomic point of view pea is also valued as a
component in crop rotation. Its ability to fix atmospheric nitrogen through
symbiosis with nodulating bacteria (Rhizobium) is worth emphasizing [11,80].
The valuable agronomic and economic characteristics are the reason for the
world-wide cultivation of pea. Progress in breeding tends to extend the area
of pea cultivation further'.

It is difficult to estimate the overall pea cultivation area. There are
areas without official statistics, such as most of horticultural production.
A rough estimate can be given from the figures for the world's plant protein
production. According to RtiBBELEN [64] among protein resources from
cultivated plants, legumes are very important. Of the total of approximately
150 million tons of plant proteins produced yearly all over the world about
20% are of legume origin. Peas and beans, which are most widely adapted,, seem
to be the major suppliers of food protein from leguminous plants [26]. In
large areas of the world, grain legumes are an indispensible protein food



being inexpensive and readily .available. High yielding cereal cultivars,
however, have shifted much of the cultivation of pulses into areas of low
level management. The more economically attractive cereal production has
become, the less attention has been paid to improving the stagnant or
uncertain yields of grain legumes [BORLAUG, 20]. Recent results in breeding
(also mutation breeding) point to a high seed yield potential in legumes.
Without neglecting the economic significance of other crops, peas and other
pulses could regain an important position among crops helping to overcome
malnutrition.

3. Botanical characteristics

The chromosome number of Pisum is 14 (n=7). It was first established by
CANNON [23] and confirmed by NEMEC [59], STRASBURGER [79], ATABIEKOVA [10] and
others. The karyotype of Pisum (cv. KLOSTER) was determined in detail by
CAROLI and 8LIXT [24]. The leguminous family as a whole seems to be poor in
polyploid forms. Natural polyploid forms of Pisum have not been detected so
far.

Pisum ecot. sativum is an annual plant. Some types have a determinate
growth, at least insofar as their growth terminates and their maturity begins
more or less independently from still favourable environment conditions.
Other types continue growing and flowering. Pollination and fertilization in
pea have been subject to intensive botanical, cytological and embryological
investigations [10,35]. The typical inflorescence is a raceme with the
flowers placed one-sided, but it also occurs in a two-sided or alternating
form. The number of flowers per inflorescence varies from one to several.
The typical flower is papilionate.

Owing to the fact that pollination normally takes place 24 to 36 hrs
before the flowers open, the pea is usually regarded as autogamous
(cleistogamous) [62]. In the literature, sporadic allogamy is mentioned. As
an exception HARLANO [41] reports cross pollination in pea in Peru within 3.3
to 60%. This phenomenon is attributed to particular insect species in South
America, capable of pollinating peas. It seems, however, that in breeding
work the adopted approach to pea as a self-pollinating plant is appropriate.
The pea fruit is a multi-seeded pod whose shape, size, colour, and seed
characters are extremely varied. According to BLIXT [16] the number of genes
known to influence seed characters such as size, shape and colour is at least
45.

As to the chemical composition of pea seeds, the most significant
character is the content of storage protein. On the basis of experiments
conducted by the Institute of Plant Industry Leningrad in different
geographical regions of the USSR, SMIRNOVA [73] has pointed out that protein
content and quality varies according to locality. Proceeding from the
north-west of the USSR to the south-east, protein content varied between 17
and 31%. Varietal differences are of the same magnitude [28,73].

Peas contain a certain amount of antinutritional or even toxic substances
although less than the seeds of most other legume species. Some, e.g. trypsin
inhibitors and haemaglutinines, are inactivated by heat. The content of
tannins liiay be twice as high in genotypes possessing the dominant alleles of
flower and seed colour genes as compared with those carrying the recessive
alleles.



4. Mutation research

The pea, probably mainly due to its autogamy, has been subject of
intensive genetic research beginning with G. MENDEL. Mutation research first
was concerned with spontaneous mutations, subsequently with inducing mutations
experimentally. Pea mutation induction was initiated by OLAV GELIN [29,30] in
the beginning of the forties. From the middle of the fifties, peas became the
object of studies on the method of mutation induction for an optimum increase
of genetic variability [6-8]. Problems of basic importance for the
understanding of the processes involved have been investigated, e.g. karyotype
analyses, radiation sensitivity, allelism and gene mapping including induced
mutant genes.

The literature on mutation research in peas is extensive. A great
contribution has been made by the late H. LAMPRECHT. His whole life's
research work led to fundamental knowledge for the evolution and genetics of
peas, including principles of mutation research [49,50]. His germplasm
collection was described by BLIXT [14]. BLIXT, a close co-worker of
LAMPRECHT, took over his plant material and continued the work. The monograph
"Mutation Genetics in Pisum" printed in 1972 still is the most comprehensive
source of information about mutation research and genetics of peas [16]. It
includes also a list of gene symbols with synonyms.

A summary of mutation research in the Leguminosae was given by 8LIXT and
GOTTSCHALK [19]. The methods for inducing mutations in the Leguminosae are
essentially the same as those used in other annual species [5-8]. Usually
seeds are treated, either with neutrons, x— or gamma rays or with various
chemical mutagens. Among the different types of radiation, neutrons are least
affected by modifying factors (seed moisture, oxygen etc.). Among the
chemicals, the highest mutation rates were obtained by using ethyl and methyl
methane sulfonate (EMS, MMS), ethyleneimine (El) and nitroso methyl urea
(NMH). Table 1 gives examples of mutagen treatments in peas. The IAEA Manual
on Mutation breeding, provides more fundamental information [2]. There exist
already comprehensive collections of experimentally induced mutations in
different leguminous species. In Pisum, approximately 3.500 mutants may be
available in seven collections held by BLIXT, Sweden; GOTTSCHALK, Fed. Rep. of
Germany; JARANOWSKI, Poland; MONTI, Italy; SHARMA, India; SIOOROVA, USSR;
WELLENSIEK, The Netherlands. They contain mutations affecting seed characters
(at least 64 loci); the root and shoot system (52 loci but mainly affecting
the shoot); the foliage and emergence (at least 78 loci with certainty,
probably 1000 loci; the inflorescences (at least 13 loci); the flowers and the
generative apparatus (51 mutated loci); the pods (28 loci). There a.re also a
number of mutations with extensively pleiotropic effects [19,33,72] and
complex mutations, denoted by LAMPRECHT [49] as interspecific.

The spectrum of genetic variation depends on the mutagen used, but the
difference is rather quantitative than qualitative. The potent mutagenic
agents presently in common use are ionising radiations, sodium azide and
alkylating chemicals. The mutagenic effect is always associated with a more
or less pronounced toxic effect leading to germination and growth inhibition,
sterility and lethality. The mutations are to some extent correlated with
such Mj effects. The study of the Mj effects has therefore taken a great
deal of efforts in the research on mutagenesis in peas. A number of factors
modifying the radio sensitivity such as seed moisture, oxygen, temperature
before, during and after irradiation, as well as the growth conditions,
especially during germination of the treated seeds, have been extensively
examined [2,12,16,42,67,69,86].

Despite the extensive studies on Mj generation effects, there is no
really satisfactory basis for evaluating the mutagenic agents used. The



Table I. Examples of Pisum varieties treated with mutagens

Name of variety treatment (seeds unless otherwise stated) reference*

Alderman
Amarilla
Borek
Capital
Dippes gelbe Victoria
Dominant
Falensky 42
Kaliski
Kazanskii
Kelvedon
Kloster
Kornovoi-24
Iregi
Lincoln
Little Marvel
Meteor
Nemchinovsky 766
Paloma
Parvus
Perfection
Petit Provencal
Raman
Ramonskij 77
Rheinlanderin

Rondo
Sprinter
Torsdag
Unknown variety

14-18 krad gamma rays [32]
14-18 krad gamma rays [32]
gamma rays, x-rays, EMS MBNL 10 p.7
5-10 krad gamma rays; 0.03% El; 0.15% EMS 12h [70]
5-15 krad x-rays [39]
0.04-0.4% EMS 24h; 1-15 krad x-rays [87]
5-10 krad gamma rays, 0.03% El, 0.15% EMS 12h [70]
200 rad Nf, 0.014% NEU [81]
20 krad gamma rays [84]
830 rad Nf, 10.8 krad gamma ray3 MBNL 5 p.9
15 kR x-rays (presoaked seeds) [29]
20 krad gamma rays [84]
250 R Nf, 0.2% EMS, 7 krad x-rays [84]
8-12 krad gamma rays, 0.5-1.5% EMS (8h presoaked, 4h treatment) [27]

[27]
5 krad gamma rays, 0.2% EMS [84]
0.03% DES MBNL 12 p.15
20 R Nf, 0.014% NEU [81]
10 krad x-rays, 2% DES, 15h 20 o C [57]
x-rays [16]
10 kR x-rays [29]
15 krad gamma rays [84]
15-20 krad gamma rays [84]
1080 rad Nf, 13 krad gamma rays MBNL 5 p.9
0.3-1.0% EMS (8-16h presoaked; l-3h treatment 20°C, 4-8h postwash) MBNL 9 p.9
1O~3-1O~4 M Sodium azide, pH 3-4, 2-4h treatment 20°C MBNL 9 p.9
ethylene oxide gas, presoaked seeds MBNL 3, p.12
750 rad x-rays (pollen) [65,66]
5-10 krad gamma rays, 0.03% El, 0.15% EMS, I2h [70]
0.2% EMS dry seeds 6h; 0.02% NEH dry seeds 6h [69]

*M8NL refers to the "Mutation Breeding Newsletter" issued by the Joint FAO/IAEA Division, Vienna, No. 1(1972)
No. 25(1985)



diploidy of the plant prevents the immediate detection of mutated alleles,
since in the majority of cases the direction of mutation is from the dominant
allele to the recessive. Phenotypically, most mutations therefore are not
expressed unless homozygosity is reached, i.e. not earlier than in the M2
generation. Only the segregation in M3 and later generations.gives reliable
information on the inheritance of induced mutants. The inheritance pattern of
mutants and eventually also the position of the alteration (locus on the
chromosome), should be established. A mutant locus is effectively located by
using suitable tester lines carrying well identified marker genes, which are
available in Pisum.

In spite of numerous studies, however, it seems that the results of
mutation research in peas as a whole are difficult to apprehend even for
specialists, fin enormous number of mutated genes mentioned in the literature
are either synonymous or only hypothetical, as it is impossible to perform all
the desired genetic tests, especially in case of sterility or lethal genes.
The result of a mutation induction experiment is also influenced by the choice
of the initial material. Hence the quantity and quality of mutants is
somewhat relative, dependent upon the genetic background, and concerns often
only a particular series of studies. The chromosome map in Pisum, although
probably the best in higher plants, contains certain weaknesses, e.g. almost
all linkage data have been derived only from dihybrid combinations and from
F2 analyses, flnother problem for fundamental genetic research, which is
particularly relevant for induced mutagenesis, is pleiotropic gene action.

Considering the progress made so far and the possibility of computerized
management of mutant loci by S. BLIXT of the Pisum Gene Bank, Landskrona,
Sweden, it can, however, be assumed that induced mutations in peas offer good
prospects of further analyzing Pisum genetically.

5. Mutation breeding

a) General considerations

Mutation breeding is a very broad term. In fact all plant breeding (even
the domestication of plants through our ancestors by eliminating wild
characteristics) makes use of mutations, spontaneous or induced ones. Such a
broad interpretation of the term, however, would go beyond the framework of
this review. It is assumed here that mutation breeding is plant breeding that
makes use of experimentally induced mutations.

Opinions about mutation breeding range from enthusiasm to scepticism.
When the possibilities of changing the molecular basis of genes were
discovered, many people believed that this would revolutionize plant
breeding. Geneticists and breeders occasionally yield to a particular
fashion. When the fashion of experimental mutagenesis was confronted with
realistic breeding objectives, the results were disappointing. This failure,
however, was not a surprise to good scientists. The'reasons were not in the
mutation induction as such, but rather in the poor understanding of the nature
of mutations, of their role in a given genome, of the side effects of
mutagens, and of the potential for utilizing mutants in breeding. Noteworthy
is the foresight of a few outstanding scientists like GUSTAFSSON, DELAUNAJ and
SAPIEGIN, LEIN and others. Their consistent research demonstrated the
possibilities of obtaining valuable mutations for breeding purposes and opened
perspectives for the future. Unfortunately, negative experiences were often
formulated in a generalized way, leading to misinterpretations and through
text-books even to prejudice. In an otherwise interesting book "Plant
Breeding Perspectives" SNEEP and MURTY [74] state the following: "MICKE, 1976
puts the total number of varieties developed from induced mutations up to



December 1975 at 197. If this figure is considered in the light of all the
effort expended on mutation breeding, it gives little cause for satisfaction.
In a comparison of the results of mutation breeding with those of classical
breeding methods, our vote will definitely be in favour of the latter,
especially where the crop concerned has a wide genotypic variation that can be
readily exploited in crosses". This opinion cannot be left without pointing
to several relevant facts that should also be obvious to the authors.

(1) The efforts and scope of mutation research in genetics should not be
put into a relation to the economy of mutation breeding. Mutation
research is most valuable from the point of view of biology and
genetics but its links with breeding are only slight. On the other
hand, there has been little research concerned with mutation
breeding as such. The misinterpretation also arises from the fact
that results of mutation research have often been labelled with
expectations of eventual usefulness for plant breeding. Project
reports often contained conclusions with superficial statements as
to the value of mutations for crop improvement. (Similar
observations could probably be made today regarding the potential
benefit of gene engineering and other forms of biotechnology for
developing better crop cultivars).

(2) Discussing different breeding methods as alternatives is not
correct. All breeding methods constitute a complementary pool. It
would be naive to expect that by mutation alone (whether spontaneous
or induced) an ideal cultivar meeting all the agricultural
requirements could be obtained unless all these requirements but one
were fulfilled aready in the original mutagen treated genotype.
Mutation induction basically provides a way of enriching germplasm
with unselected genetic variability and may lead to substantial
breeding progress when properly selected and processed by crossing
into a series of recorabinants.

(3) Where the crop species concerned has a wide genotypic variation
including the desired types, only an inexperienced breeder will
resort to mutation induction.

(4) It has been amply demonstrated that induced mutations are merely an
amplification of natural phenomena, i.e. an induced mutation may
lead to a trait either be existent somewhere in nature or having the
possibility to occur. The essential difference between induced and
spontaneous mutations is in their frequency, and increasing mutation
frequency by mutagen treatments also increases the probability of
desirable changes. The main limitation of mutation breeding appears
to be inappropriate selection [9,54].

(5) From the biological standpoint all mutations are a disturbance.
Nevertheless, some have selective value, or even constitute the
change essential for further breeding (e.g. absence of bitter, toxic
substances). Logically, only a small part of mutations obtained is
included in breeding programmes, ft very good account of the
situation has been given by BLIXT already in 1972 [16]. "A large,
probably a very major, part of the genes functioning in a plant are
most certainly of no concern for the plant breeder in as much as
being essential for the basic function of the cell and
differentiation mechanisms, all genetic variation in such genes
represents "forbidden mutations", in the sense that the resulting
mutants are completely non-functioning and immediately eliminated.

A certain part of the genome may thus exist in probably one specific



combination only, representing what may be called the ultra
conservative part of the system. Another large part of the genome,
which may then be called the conservative part seems although less
rigidly, still to be required to be present in the developed form to
produce a "normal" organism, able to carry out the plant functions
in such a way as to result in a reproductive, competitive
individual. Mutations in this part of' the genome result in lethals,
in sterile individuals, may be in different kinds of severe
chlorophyll deficiency, and so on. Thus what is to be dealt with is
certainly not the entire genome but only a part of it, the variable
or redundant part, and in all probability this constitutes a minor
part". Such considerations should be taken into account by anyone
who wishes to express opinions about mutation breeding as well as by
those who plan to use induced mutations in their breeding programmes.

SNEEP and MURTY [74] also claim that among the properties that can be
obtained from induced mutations are short straw, high protein quality and
resistance. This is certainly an oversimplification. Mutations are likely
induced in any gene. On the other hand, certain mutations in the direction
towards high protein quality may involve interference with the genome part
which BLIXT calls the "ultra conservative part of the system". Similarly,
plant resistance to diseases or stress may have become part of a balanced
complex system in the course of evolution, so that one cannot expect always
more favourable changes without disturbing other valuable properties. The
criticism by SWEEP and MURTY [74] also does not consider whether all the
cultivars derived from mutation induction could have been possibly obtained by
"classical breeding" nor do they recognize how much a good mutant contributed
subsequently to breeding progress by cross breeding. Not the overall mutation
spectrum, but a specific mutated gene or genes may revolutionize the breeding
of a given plant, ft broad qualitative or quantitative recombinational
variability can be obtained by mutant crossing and utilized as selection
material.

b) Objectives for mutation breeding of pea

The utilization of induced mutations in breeding varies with the
reproduction mode of the species and seems to be easier in self-fertilizing
plants. Most cultivated leguminous plants belong to this group. Among the
cultivars obtained by mutation breeding many are pulses [40,55,56]. Pea, as a
diploid cleistogamous plant has frequently been the object of genetic and
mutation research. What are the chances of utilizing mutations in the genetic
improvement of this species? To answer this question several more general
aspects must be considered.

The pulse crops, in general, give lower yields than the cereal crops
[3,13,20]. This fact has been misinterpreted in relation to the genetic
potential of these crops for high grain yield. One school of thought believes
that because pulses are rich in protein and it takes more energy weight for
weight to synthesize protein than carbohydrates, the grain yields of the pulse
crops must necessarily be somewhat lower [BOULTER, 21; RABSON et al., 60].
While the argument in terms of bioenergenetics appears to be quite sound, the
conclusions in respect to the relation between grain yield and protein content
may not [4,13,40,61,68]. For those grain legumes that have received serious
attention from plant breeders during the past 50 years grain yields are as
high as those of cereals (e.g soybean and faba bean). The reasons for the low
yield of pulses may rather be that they have not received enough attention
concerning intensive breeding efforts. Even more important may be the fact
that pulses (particularly in developing countries) have been traditionally
grown under marginal conditions, with the better inputs (land, season.



fertilizer, irrigation) reserved for cereal crops. Under these stress
conditions pulses have been selected more for adaptation to low level of
management rather than for high yields. The plants have responded under these
conditions by developing particular characteristics such as a bushy, spreading
or indeterminate growth habit, non-uniform development, and specific
photoperiod- or thermo reactions often associated with extremely early or late
maturity. The aggressive growth habit of many of the pulse crops means that
they must be efficient photosynthesizers, in other words, their biological
yields are high. A high biological yield, however, does not automatically
lead to a high grain yield. A major requirement is to reconstruct the plant
type so as to improve the grain straw ratio, to generate adaptation to higher
plant populations per unit area etc. Using these concepts, it has been
possible to evolve new ideotypes and improve the yields of grain legumes both
through induced mutations and hybridization [61,65,80].

The Food and Agriculture Organization of the United Nations, organized in
1974 a Workshop on the Biology of Yield in Grain Legumes [20], which came to
the conclusion that the desirable components of such an improved plant type
are as follows: (a) high pod number potential; (b) greater number of
seeds/pod; (c) seed size as great as acceptable within the consumer
acceptance class; (d) a plant canopy profile designed and structured for
maximum light interception; (e) node number, internodal length and branching
pattern in keeping with the requirements of (a) — (d) above; (f) a leaf area
duration to fit the needs of the cropping system in use but as long as
possible in the reproductive period; (g) a root (including nodulating
bacteria) and stem morphology capable of rendering the crop efficient in
nutrient uptake and utilization at all levels of nutrient availability;
(h) growth of structural attributes favouring a high partitioning ratio of
total plant dry weight into grain weight (high harvest index); and others.

All of the above is relevant for peas. Changing structural qualitative
features by mutation may lead to a new fundamental quantitative feature, such
as the seed yield and its quality. As results have shown, such a gradual
reconstruction of the plant ideotype is quite feasible [13,25,61,75].

A major objective in all leguminous plants is going to be the genetic
improvement of traits that support symbiotic nitrogen fixation. According to
ATKINS [11] such improvements are not competing with further increases in
grain yield of pulse crops. The traits sought for (e.g. nitrogen fixation in
the presence higher levels of soil nitrate) may be in contrast to trends of
natural evolution and therefore non-existing in germplasm collections. So far
also breeders have paid little attention to the selection of such traits, to
some extent because the complex of symbiotic nitrogen fixation and its genetic
control is not yet fully understood. However, there s.re reports indicating
that mutation induction can play a major role in remodelling this aspect of
legumes [9,43.44,63].

What are the chances of protein quantity and quality improvement by using
mutants? Research in this area has been quite extensive and results have
shown that in pea as well as in other legumes there are certain perspectives
[26,28,38]. A fairly extensive review on induced mutations for protein
quantity and quality is presented in two volumes of the Proceedings of a
Symposium on "Seed Protein Improvement in Cereals and Grain Legumes" held in
Neuherberg in 1978 [4].

Legumes are two to three times richer in grain protein than cereals. The
question is whether it is more feasible and economic to improve the protein
yield per unit area by increasing protein content in seeds or by increasing
grain yield. From the point of view of breeding, improving grain yield seems



more easy and higher grain yields would contribute to increased protein
production per hectare.

The lower level of certain essential amino acids puts a low grade on pea
protein in terms of nutritional value. Well known is the deficiency in
sulphur-containing amino acids (especially methionine) in pea seeds. However,
so far there are little genetic differences and also not really convincing
results of mutations changing the amino acid composition of pea- storage
proteins without seriously affecting other important characteristics [4,38],
Genetic differences in total protein content and specific protein fractions
are essentially within limits of environmentally produced variability, and
this variability is considerable. Drastic mutational changes in protein
quantity and quality may be changes in the "conservative" genome part of the
plant and belong to the category called by BLIXT [16] "forbidden mutations".
Consequently, the utilization of such mutants has been hindered by negative
pleiotropy. Induced mutations concerning protein also encounter a complexity
barrier. The gene action systems responsible for the storage protein
phenotypes of mature seeds presumably involve not only structural loci
specifying the primary sequences of the subunits comprising these proteins,
but also loci controlling modification, differential transport, assembly,
sequestration and packaging of these components as well as regulatory loci
affecting their relative proportions [THOMSON et al. 83]. One. may conclude
that the existing protein variation in pea is sufficient under the present
circumstances and that aiming at quality improvement should not be at the
expense of grain yield. This, however, should not preclude future research on
perspective of improving protein characteristics [26].

c) Prospects for mutation breeding of peas

It first seems worth considering whether inducing further mutations in
peas is necessary when such a broad genetic variability has already been
obtained (over 3.500 mutant lines). It may be difficult to increase the
number by new mutant genes.

On the other hand, there is no doubt that the already existing genetic
variability is not fully utilized. An evaluation of the selective value of
mutated genes for breeding purposes is not a general feature of pea mutation
research [35,39]. Mutations in different genes, or mutations resulting from
different chromosomal rearrangements, may have the same or similar
phenotypical expression. Owing to the fact that it is seldom possible to
analyse in sufficient detail the genetic basis of each induced mutation,
mutations showing the same or similar expression are often lumped in to one
mutation type. This is a convenient way of classification, but the same
phenotypical mutation can be of different value for breeding [1,35]:
Apparently similar mutations may differ from each other, depending on the
initial material (genetic background), on the altered locus being the reason
for the altered character, but also on other mutated loci,' more or less
linked, which may affect vigor, fertility and other agronomically relevant
characteristics [53]. In many papers it is distinctly pointed out that
induced mutations show very often pleiotropic effects [1,2,19,39]. Thus many
mutant strains have not been used for breeding purposes because the useful
character is connected with a negative feature apparently as a consequence of
pleiotropism. However, to accept this explanation uncritically could be
harmful for the utilization of mutations in breeding. Analytical methods for
studying the genetic background of a mutant are still inadequate. One should
examine possible changes at all levels DNA, gene, locus and chromosome.
Changes may concern the gene structure itself, but equally well they may
concern the locus or the chromosome structure, like minute deletions,
insertions, inversions, duplications, which may not cause any disturbance of
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the meiosis, but may have serious genetic effects in a functional sense and
concern simultaneously several characters. GOTTSCHALK [36] describes a mutant
404A having large stipules', but being completely sterile. JARANOWSKI [46]
isolated a phenotypically similar mutant (magnifolialis) which was fully
fertile and is utilized in a breeding programme. Similar examples can
certainly be found. The conclusion should be that there is still a need for
inducing new mutations and for identifying those involving a change in a
specific gene which, in a functional sense, are fully equivalent to normal
genes. Their recombination with various genotypes without such side-effects
as pleiotropy or disharmonic gene interaction [36,40,72] is a major task.

Another reason for the need of inducing new mutations for breeding
purposes in pea is the fact that the wide mutation range obtained so far is
based upon a rather limited initial material. Although a number of different
varieties have been mutagenized in various countries (Tab. I) we find in the
monography by BLIXT [16] that the cultivars Weitor, Witham Wonder and Parvus
were the most frequently used original varieties of the mutations produced at
Weibullsholm. The genotype used may profoundly affect mutagenic sensitivity
[45,58] as well as the mutation spectrum [71]. It is even assumed that there
is an influence of specific genes on the mutagen effects [15].

6. ftecoromendable mutagenic treatment procedures

The view of breeders should be taken into account as to their practical
possibilities of using this auxiliary method. Despite the extensive
literature from mutation research it is difficult to recommend mutagenic
treatment procedures, as the published results are often inconsistant or even
contradictory. One author, for example, suggested optimum irradiation doses
of 7.5 to 15.0 krad for Pisum sativum and 50 krad of Pisum arvense, but the
difference may be attributable to seed size, seed age, or the variety rather
than the species. The socalled optimum treatment doses are based on quite
different reactions of the material treated, e.g. germination, seedling growth
inhibitions, survival of main shoot, survival of the plant, chlorotic leaf
spots, reduction in fertility etc. These phenomena may be subject to
modification by many factors. Various correlations between the reaction of
the Mi generation and the mutation frequency have been observed, but not
with regard to the mutation spectrum appearing from generation M2 onwards.
The choice of the induction method to be employed has little to do with what
is sought to be obtained in the sense of a particular gene change. Affecting
the genome by means of well known mutagenic agents still results in more or
less random changes. In future there may be a certain chance of obtaining
desired mutations but only by means of agents which are themselves carriers of
genetic information. But breeders need rather simple material treatment
methods and it seems that to irradiate seeds and wait for mutants to appear is
perhaps not an ingenious scientific concept, but when diligently and
consistantly applied has great probability of success: The greater the number
of different mutants induced the greater the probability of detecting useful
ones.

Treating air dry seeds seems to be most practical for breeding purposes.
Other possibilities, such as treating pollen, buds or shoots are more
cumbersome, less easily reproducible and at our present stage of knowledge do
not promise real advantages. A claim that pollen treatment leads to more
useful types of mutants than seed treatment [65,66] has not been verified yet
by other researchers. As far as radiations are concerned, the most frequently
used are neutrons, x—rays and gamma rays (Table I). The main difference
between them is in ionization density, which has as a consequence a difference
in the proportion of certain mutagenic effects [2]. The moisture content of
the seeds is more important for sparsely ionizing radiation (x, gamma rays)
than for neutrons.
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To recommend doses of irradiation is more a matter of practical
experience rather than reliable research. The IAEA Manual on Mutation
Breeding contains general as well as specific information on dosimetry and
suitable doses [2]. It could fee assumed that a dose of 10 to 15 krad gamma
rays is appropriate for pea seeds. In any case, it would be good to carry out
a preliminary dose response test for the seeds to be treated and the available
radiation source. A good criterion of effectiveness is germination reduction,
not exceeding 50% for gamma radiation, better only 30% for neutrons and
certain chemical mutagens. Stronger germination reduction may result from a
high number of chromosomal aberrations, and this in turn will lead to high
sterility. It would be advisable to have seeds irradiated at institutions
having some experience in this field.

With respect to chemical mutagens the dose to be applied is accurately
described by concentration, pH, temperature and time. The time should be well
below the half life of the agent at the temperature used, pH has to be
controlled [2]. EMS, NEU, El, NtVJ and sodium azide seem at the present to be
the most efficient chemical mutagens for peas. Chemical compounds are applied
as water solutions and the seeds are usually pre—soaked for 12 to 16 hours.
Pre-soaking facilitates the penetration of the mutagen into the tissues and
cells and allows a shortening of treatment time (water impermeable seeds may
cause unreliable treatments and should better be sorted out). The optimum
treatment temperature is 21 to 24°C. Treatment time has been varied from
0.5 to 24 hours, but a 2 to 4 hour period seems to be sufficient. The
recommendable concentrations in water solutions are 0.05 - 0.30% for EMS; 0.20
- 0.40 millimole for MEU; 0.05 - 0.15% for El; 0.01 - 0.03% for NMH. The
solutions should be fresh prepared and buffered to pH 5—6. Preliminary dose
response tests are recommended (note: all the mutagenic compounds are toxic,
some very cancerogenic and should be handled with extreme care by experienced
staff).

Genetic variation of breeding material and clear breeding objectives are
fundamental for results in breeding, As has been mentioned earlier, mutation
research in pea concerned so far a very limited number of cultivars. Since it
appears that mutagenic effectiveness depends to a large extend on the initial
genotype [2,45,58,71], it would be advisable to include various kinds of local
populations, cultivars, lines, hybrids, etc. in mutation induction experiments

The probability of obtaining a favourable variant (as in other breeding
approaches) is strongly related to the size of the plant population screened.
Treating only a few hundred seeds can hardly be expected to give much positive
results. Approximately 1.000 surviving and fertile plants in M^ generation
is certainly the minimum, considering that even effective mutagen treatments
may lead to only one mutation per locus in 100 000 cells.

7. Handling of the M} generation

In mutation research, usually much time and effort is devoted to the M^
generation. However, when aiming at mutations to be used for breeding purposes
this work can be limited to a minimum. It is essential only to provide the
mutagen treated seeds with good growth conditions and to avoid lodging by
planting in rows along wire fences. Optimum conditions are essential fc,r good
pod and seed formation. The plants should be harvested individually for plant
progenies. If the M^ generation is very large, a single pod or even a
single seed may only be harvested per plant, thus reducing cost without losing
too much of the mutations. However, whether single seed descent or pod
(plant) progenies are to be preferred depends very much upon the detectability
of the trait searched for [9].
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Starting with the M2 generation, the optimum methods are very similar
to those used for hybridization experiments from F2 onwards. Most reliable
is pure pedigree selection.- If labour is costly but time available,
multiplication up to the M5 or M7 may be done in bulk, followed by
pedigree selection. These methods have their positive and negative aspects.
The pedigree method is very labour intensive, but own experience recommends
it: First, the seeds of individual Mj plants should be sown separately.
Secondly, to facilitate the development of a proper phenotype and to enable
good observations the seeds should be sown in rows along a fence and the
plants be supported additionally by strings, A strong selection, always
comparing with control plants, can such be performed during the vegetation
period, eliminating progenies with pronounced developmental or morphological
defects, disturbances in flowering or reproduction etc. In the remaining
progenies, phenotypic variability can be estimated (indicating mutagenic
effects), and specific developmental and morphological mutants can even be
identified. Such plants should be collected as singles, the remaining plants
as progenies. In M3 and also in subsequent generations the plants should be
sown row to row, paying attention to possible segregations and always
separately harvesting interesting mutated plants. It would be a mistake to
limit the selection of mutants to the M^ generation. Many mutants appear
first in later generations. Only fully fertile mutants should be selected as
generally only such mutants can be utilized in breeding. (Exceptionally, a
partially sterile mutant may be interest, if other desirable features make it
attractive for cross breeding).

The bulk method also has several positive aspects. It is simple, labour
saving, and if properly handled preserves the overall genetic variance
possessing sufficient fitness. In the course of generations, natural
selection will eliminate many defective segregants. The two methods can be
combined according to the technical possibilities of the breeder.

Much of the scepticism towards mutation breeding stems from the
expectation that cultivars can be derived quickly by simply propagating the
mutants obtained. These, however, are rare cases, although even in peas,
several such cultivars are known (Table II). As a rule, a mutant should be
included in a crossing programme as early as possible. Such a procedure may
provide a useful variability range for breeding work and produce a great
number of recombinants [47]. When mutants are crossed with the initial form,
Fj heterosis effects could be observed [34,52,70]. In self-fertilizing
plants this is of minor importance, but transgressions are sought after by
breeders of self-fertilizing plants. The problems related to cross breeding
with mutants were discussed in 1975 by an Advisory Group Meeting organized by
FAO/IAEA [1]. Despite this, our understanding of the nature of induced
mutations in plants is still insufficient and so are the screening methods.
Plant breeding is still an art, largely based on practical experience, and
will in all probability remain so. Selected mutants usually exhibit major
phenotypical changes. However, "micromutations", where distinct phenotypical
alterations are not recognizable, remain unnoticed. These mutations may
change plant metabolism and may be of great value for breeding. Thus, it is
advisable to observe the lines in Mj and M3 generation carefully. When a
variance is noticeable in comparison with control lines (although no distinct
alterations are observed) the line should be further examined and included in
the crossing programme as a potential carrier of micromutations. Such
background mutations can also be uncovered when crossing a mutant
characterized by a major alteration with other genotypes. It is often
possible to isolate lines having positive selection values among the
segregants, although they do not exhibit the major mutated alteration.
Obviously in the background, apart from the distinct feature alteration,
"micromutations" occurred, not recognizable with single plant screening
methods.
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Table II. Mutant varieties of peas

Name of variety Place and date of release
or approval and name of
principal workers and
institute

Kind and date of mutagen treatment
[parent variety or line] or
mutant crosses (mutant underlined)

Main improved attributes
of variety

Stral-ar't

Moskovsky 73

Hans
(L116)

1954, Sweden
O.E.V. Gelin
Weibullsholm Plant Breeding
Institution
Landskrona

1974, USSR
G.A. Debeliy and
O.I. Bezhanidze
Agric. Inst. Central Regions
of Nonchernozem Zone
Nemchinovka, Moscow Region

1979, India
B. Sharma
Division of Genetics, IARI
New Delhi

presoaked seeds.
15 krad x-rays, 1941
[Kloster]

DES, 0.03%, 1967
[Nemchinovsky 766]

E.I. 1967
[P1163]

vigorous development, 2-6% higher
seed yield, high regenerative
capacity, stable yield

larger grain, higher protein
content

higher yield

Wasata 1979, Poland
J.K. Jaranowski
Inst. Gen. and Plant Breed.
Acad. of Agric. Poznan
J. Mikolajczyk, K. Korlub
Plant Breeding Station
Przebedowo

50 krad gamma rays, 1965
[line 5/2]

change of leaflets to tendrils
(high harvest index),, early
maturing (ca. 103 days), high
yield, lodging resistant, fodder
pea. Suitable for combine harvest



Sum

Esedra

Na i/ona

Hamil

Tře u i

1979, Poland
J.K. Jaranowski
Inst. Gen. and Plant Breed,
ftcad. of figric. Poznan
J. Mikolajczyk, M. Kielpinski
Plant Breed.Station Przebedowo
J. Stycynska, Inst. of Plant
Breeding,- Radzikow

1980, Italy
F. Saccardo, CM. Monti
P. Vitale
CNEN Lab. Agricoltura
CSN Casaccia

1980, Italy
F. Saccardo, CM. Monti
P. Vitale
CNEN Lab. Agricoltura
CSN Casaccia

1981, Poland
J. Jaranowski
Inst. of Genetics
ftcad. of ftgric. Poznan
J. Mikolajczyk, H. Strykala
Plant Breeding Station
Przebedowo

1984, Italy
F. Saccardo
CM. Monti, P. Vitale
CNEN Lab. ňgricoltura
CSN Casaccia

Cross Porta x Wąsata

x-rays, 750 rad
pollen 1971
[Sprinter]

x-rays, 750 rad
pollen, 1971
[Sprinter]

Cross (Wąsata x I.6L/78) x Porta

Cross M4-7238 (Pollen, x-rays
750 rad [Sprinter]) x M4-235
(seed, DES [Parvus])

shorter plant type, larger seed
seed than Wąsata, very high yield
potential, edible pea

4 days later flowering, increased
yield, more contemporary pod
setting, better suitable for
mechanical harvesting (canning
variety)

one week later flowering, reduced
plant height, more contemporary
pod setting, longer period for
canning

change of leaflets to tendrils,
early maturity, high yield,
lodging resistant; suitable for
combine harvest

«ery early, short (35 cm)
TKW 184 g (canning variety)



When crossing a mutant with other genotypes, the selection value estimate
is often based only on one cross. It would be better to use a fairly broad
genotype range of parental partners. In the evaluation of the selection value
of a mutated gene called cir by JARANOWSKI [46] and by GOLDENBERG [31], the
mutation consisting of a change of leaflets into tendrils, it appeared that
segregants were susceptible to lodging like traditional forms, or more
resistant to lodging depending on the choice of the second parental partner.
This phenomenon does not need an explanation as harmonic and disharmonic gene
interaction [36], it is simply gene interaction leading to different results.
According to GOTTSCHALK's point of view one would eventually exclude certain
genes because of a "disharmonic effect" from breeding altogether, often based
on evaluation after recombining with one genotype only.

8. Useful mutations obtained and used in Pisum breeding

The literature on the subject being so extensive, it would seem easy to
present many references on useful mutations obtained and used in pea
breeding. Unfortunately, the criticism by MICKE [53] is still valid: "there
have been innumerable 'promising mutants' reported in innumerable publicat-
ions, which never seem to appear again on the stage after their first
presentation". Furthermore, 'usefulness' is often defined too generously on
the basis of characterises of individual plants only. The breeder is always
interested in the selection value per unit area under practical cultivation or
farming conditions. One has to accept that only a very small fraction of
induced mutants is found suitable to enter field trials, and eventually only
1% of those evaluated pass the official tests and obtain approval for
commercial utilization [53,56].

In order to determine what should be considered a useful mutant for pea
breeding it will be necessary to go back to a previous part of the discussion.
Progress in breeding may be derived from reconstructing the plant ideotype
[7]. One and possibly fundamental step in this direction has already been
made, i.e. the utilization of mutated genes responsible for the trans-
formation of leaflets into tendrils. The first, isolated as a spontaneous
mutation by GOLDENBERG [31] in Argentina is now successfully used in garden
pea breeding by SNOAD [25,75-78] in England as well as in the U.S.A.
(personal information). The second, induced by JARANOWSKI [46] is used in
breeding new pea cultivars of various type in Poland. Traditional pea
breeders treat these new genotypes with a certain scepticism because a too
strong reduction of the vegetative matter may have a negative effect on the
potential of seed yield. Physiological studies [75,76] showed that these
forms are not inferior to normal types of peas, but often even exceeded them
in effective assimilation (measured by productiveness as well). If in
addition to that we take into account such useful fanning traits as resistance
to lodging, uniform maturation, earliness, better health, suitability for
effective application of herbicides, it may be suggested that these genotypes
show great promise for breeding new 'remodelled' types of pea with remarkably
improved harvest index. According to SNOAD et al. [76,78] the genotype
afaf StSt is physiologically fully productive. He does not exclude a positive
selection value even of the genotypes afaf stst, although he suggests that
reduction of stipules is not of advantage. We have succeeded in isolating
another 'magnifolialis' mutation that permits controlling the assimilation
surface to a certain extent by changing stipule size. It appears that these
genotypes are more tolerant to a seasonal deficiency of water, hence they are
more stable in yield.

We are aware that reduction of leaf area is not a yield improving factor
itself, but when we consider combine-harvesting, the losses of seeds are
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reduced from 30 to 50X in traditional, strongly lodging forms, to 5% in the
new types. This is an essential factor improving the economic yield.

In the light of our studies it has appeared that the mutated gene (by
other authors defined as af) may be combined arbitrarily with such traits as
the type of growth, earliness, the lack or presence of anthocyanin, seed
characters and so on. It may be assumed that mutants of the type multipodded,
multiseeded, branching, with satisfactory seed size, may introduce new
selection and utilization qualities. The new pea ideotype may be gradually
reached by changing specific characters till the grain yield competes with
that of cereals and the utilization value of pea helps to lessen the protein
deficit in nourishment £25].

One may assume that the pea ideotype is attainable, using already
available spontaneous or induced mutants in breeding programmes £17]. This
could discourage to undertake new mutation induction experiments, but the
emphasis in such experiments should be on breeding aspects using different
cultivars as original material and focussing at well defined objectives, as
mentioned before.

In general, references on useful mutants are scarce and scattered in the
literature. The breeders themselves, probably due to commercial interests,
publish very little, if at all, although such information would be of mutual
value. The best source of information for breeders is the "Mutation Breeding
Newsletter", issued by the Joint FAO/IAEA Division in Vienna (V.I.C., P.O. Box
100, A-1400 Vienna). It covers all crops and stresses practical aspects. It
contains a kind of register of cultivars obtained by mutations, directly or
via crossing, the information of which is actually supplied by the breeders.
Table II lists varieties of pea developed by using induced mutations mentioned
in the Mutation Breeding Newsletter.

Another source of information are the studies of the 'Weibullsholm' Pisum
Gene Bank. Very promising seems to be the use of a computer system in the
maintenance and utilization of the gene bank information. This system is
already used in planning specific plant breeding projects 8LIXT £17]. Perhaps
the results of these studies will be very instructive for breeders. The
initiative of BLIXT to work out guidelines for breeding projects, and the
approach to name mutated features in descriptive terms, is very valuable. The
breeder is most of all a visualizer and the phenotypical expression of the
underlying genes is most comprehensible and appealing to him. He is likely to
weigh and measure only later. Information for the breeder should not be
blurred by symbols £181.

Another information source is the "Pisum Newsletter", issued by the
"Pisum Association". Catalogues of local collections of pea lines are
published, such as "The Catalogue of Pisum Lines, Poznan, Poland, 1981 £82].
Unfortunately, this is only a classificatory record without more detailed line
characteristics or data on possible value in a breeding project.

The effectiveness of utilizing induced mutants in pea breeding could be
increased by setting up local collections with standardized records,
facilitating an exchange of breeding lines. Crossing mutants leads to
hundreds or thousands of recombination lines but only few of these are subject
to further breeding work. Specific selection values are considered only with
respect to local agricultural and climatic conditions. The rest is rejected
but could exhibit perhaps positive selection values in different conditions.
Thus it would be advisable to evaluate lines under various ecological
conditions, as was done by GOTTSCHALK £37]. Such procedures would to a large
extent avoid repeating mutation induction unnecessarily, simplify evaluation,
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and facilitate choice of parents for crossing. Probably the most fruitful
type of co-operation would be visits of pea breeders to various collections,
and the Pisum Gene Bank, during vegetation period. The choice of interesting
forms for use in breeding is very likely to be better than when only based
upon catalogues and computer print outs.

In conclusion, the general statement of MICKE [53] that induced mutations
will inevitably have to supplement what we have and substitute .for what is
being lost can be cited. Considering the results already obtained in mutation
breeding of peas it can be stated without any hesitation that induced
mutagenesis is already a well functioning supplementary tool in pea breeding.
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