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INTRODUCTION 

Durum wheat is widely cultivated in several areas of the 

world, under different climatic conditions. Table 1 lists 

the countries where this crop is cultivated, together with 

the acreage and the iiivideuce on the total world acreage. 

It can be inferred that the species ranges successfully 

from dry, warm areas of North Africa, Southern Europe and 

Near East, to temperate areas of Central Europe and North 

America, to cold areas of USSR. The acreage covered, as a 

percentage of the total acreage, is highest in dry, warm 

countries (Near East, North Africa and Southern Europe to

tal: up to about 5y/»). However, in USSR, under completely 

different climatic conditions, the acreage amounts to }2',l 

of world acreage, which shows that the species is highly a-

daptable. 

Milling of the kernels yields semolina which is mo

stly used for macaroni making; bread and other food, howe

ver, are also made, often using a more finely ground pro

duct, especially in countries where trading systems arc not 

well developed. Therefore, the largest semolina consumption 

occurs in those countries where per capita pasta consumpti

on is also higher, so that, in the world trade of durum 
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wheat, the main importers are the countries belonging to 

EEC, and the main exporters are USA, Canada and Argentina. 

Other important producers - Near East and North African co

untries- are not contributing to the export to the same ex

tent as in the past. 

A slow but steady expansion of macaroni consumption 

per capita will probably result in a further increase in 

durum wheat needs in the near future. This justifies the 

recent and present efforts in durum wheat improvement, by 

means of mutagenic as well as other methods. 
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1. DOMESTICATION AND GEOGRAPHIC DISTRIBUTION 

Paleobotanic relics can help in assessing the time 

when man, presumably, started to utilize tetraploid whe

ats and other cereals as a food, in the passage from noma

dism to a primitive agriculture. Harlan & Zohary (1966) ci

te evidence from a series of prehistoric villages in Isra

el, Lebanon, Syria, part of Turkey, Iran and Iraq. Dwellers 

of these villages around 7000-5000 b.C. already included 

tetraploid wheats in their diet; therefore, domestication 

of tetraploid, as well as diploid,species is even earlier, 

probably going back to 10,000-8,000 b.C. 



Table 2 

Jlajsificaiion of the O
ronus 

iiinkorn (2n-1~) 
Monococca Flaksb. 

T. monococcum L. 
ssp. boeoticum (Boiss.)Mk 

ssp. monococcum 

Triticum according to Mac K 

Emmer (2n=?."') 
Dicoccoidea Flaksb. 

T> 

T. 

timopheevi Zhuk. 
ssp. araraticum 

(Jakubz.)Mk 
ssp. timopheevi 
turgidum (L.)Thell. 
ssp. dicoccoides 

(K8rn.)Thell. 
ssp. dicoccum 

(Schrank)Thell. 

ssp. paleocolchicum 
(Men.)Mk 

ssp. turgidum 
conv. turgidum 
conv. durum 

(Desf.)Mk 

conv. turanicum 
(Jakubz.)Kk 

conv. polonicum L. 
ssp. carthlicum (Nevsk 

ey 

Dinkel (2n=42) 
Speltoidea Flaksb. 

T. 

T. 

)Mk 
i)Mk 

zhukovskyi Men.and Er. 

aestivum (L.)Thell. 
ssp. 

ssp. 

ssp. 

ssp. 
ssp. 

ssp. 

spelta (L.)Thell. 

vavilovii (Turn.) 
Sears 

macha (Dek. and 
Men.)Mk 
vulgare (Vili.)Mk 
compactum (Host)Mk 

sphaerococcum 
(Pere.)Mk 
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2. EVOLUTION AND TAXONOMY OF TETflAPLOID WHEATS 

As well known, the genus Triticum includes diploid 

tetraploid and hexaploid species. Bivalents only are formed 

at meiosis both in diploid and polyploid species. In the 

latter, Kihara's genome analysis (1924) demonstrated the 

existence of genomes common to them and to diploid species. 

In particular, in crosses between any tetraploid and diplo

id wheat, P plants (2n=2l) produce seven bivalents and se

ven univalents, showing that tetraploid wheats have one ge

nome in common with the diploid wheats (genome A), plus an 

extra genome (genome B). Hence, they originated from a cr

oss, followed by chromosome duplication, between a diploid 

wheat and another species, donor of the B genome. Genome a-

nalysis has not yet succeeded in identifying any of the di

ploid wild Triticinae, belonging to the genera Aegxlops. A-

gropyron or Secale, the chromosomes of which can pair succe

ssfully, at meiosis, with those of the B genome. Neverthe

less, comparative morphological and caryotipic analysis (Sa 

rkar & Stebbins, 1956j Riley , Unrau and Chapman, 1958), 

led to the conclusion that this species had to be Aegilops 

speltoides. Such assessment, however, is not unanimously 

accepted (Johnson, 1972). From exhaustive electrophoretic 
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studies on more than 1000 accessions, Johnson (1968, 1972) 

cincludes that all species of Aegilops invariably show pro 

minent protein bands which do not occur in the pattern of 

the tetraploid wheats. On the other hand, variability in 

the protein pattern of the wild diploid wheat3, which os

tensibly contributed the genome A, suggests that they may 

have contributed also the B genome. 

Recently, Kimber and Athwal (1972) gathered a series 

of evidences against the hypothesis of Aegilops speltoides 

being the actual B genome donor. They suggest a polyphyle-

tic origin of tetraploid wheats: two or more tetraploids 

should have originated from as many hybridizations betwe

en one diploid wheat from one side, and two or more other 

species from the other. Later, intercrossing among such te_ 

traploids would have resulted in: i) a relatively unchan

ged A genome, and, ii) a considerable: repatterning of the 

D genome, which eventually is no longer amenable to any e-

xisting diploid species. It must be added that the occur

rence of such a process in the Triticinae was already sug 

gested by Zohary and Peldman (1962). 

The diploid wheat donor of the A genome may be eith

er the wild T. thaoudar (Riley and Bell, 1959) or the al

ready domesticated T. monococcum (Sarkar and Stebbins, 1. 

c ) . In the second case, the origin of tetraploid wheats 

would have occurred under domestication. However, Johnson 

(1967), while rejecting the hypothesis of a polyphyletic 

origin of the durum wheats, suggests that all cultivated 

Emmer (AABB) tetraploids were derived from T. dicoccum ; 

this, in turn, was selected from one of several types of 
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the wild tetraploid T. dicoccoides. 

All tetraploid wheats cross readily among themselves, 

giving rise to fertile hybrids. The only exception is T. 

timopheevi, the hybrids of which with other 4x wheats usu 

ally show irregular meiosis and sterility. Because of this, 

it was at first proposed that timopheevi carries a genome 

different from B. Recent evidence shows that ne sterility 

of timopheevi hybrids is due to a genetic system determi

ning ae synapsis (Wagenaar, 1961). Furthermore, cytoplasmic 

factors also play a role in inducing sterility in P hyb

rids from timopheevi mother plants (Wilson and Ross, 1962). 

Recent caryotipic analysis has shown that chromosomes of 

wheats belonging to the timopheevi group are remarkably 

different from those of other 4x wheats. The symbol USRH 
t , 

for timopheevi genome is, therefore, B instead of B (Boz-

zini and Giorgi, 1969). 

As to the relationships between A and 3 genomes, Se

ars (1959) and Okamoto (1962) proved that each p; - of ho

mologous chromosomes of a given genome is similar in gene

tic contei.t to a corresponding pair of the other genome, 

so that, to a certain extent, it could be substituted for 

by it. Given certain conditions, homeology allows for a 

certain amo oat of homeologous pairing at meiosis. In both 

tetraploid and hexaploid wheats, these conditions occur on

ly when chromosomes 5 B are absent, since they carry, in 

their long arras, a factor or complex of factors inhibiting 

horaeologous pairing. 

Mac Key (1966) has proposed a taxonomic classifica

tion of tetraploid wheats (table 2) in which T. timopheevi 
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because of its isolating mechanism, appears aa a species on 

its own, subdivided in two subspecies: one cultivated (ssp. 

timopheevi) and the other wild (ssp. araraticum). All other 

tetraploid wheat3, which easily interbreed to produce fully 

fertile hybrids, are grouped under one species: T. turgidum. 

Within this, T. dicoccoides is the common wild ancestor from 

which all cultivated tetraploids arose through a slow poly

genic difxerentiation due to domestication and geographic i-

solation. Among them, T. durum is a convariety of the ssp. 

T. turgidum. Tetraploid wheats lack those major genes which 

are responsible for many profound differences among hexaplo-

id wheats. 

Presently cultivated tetraploid wheats are to be as

cribed mostly to T. turgidum, ssp. turgidum, conv. durum, 

and, to a much lesser extent, to other convarieties within 

ssp. turgidum, and ssp. dicoccum . Wild tetraploids, T. di

coccoides and T. araratjcum, still grow in some areas, the 

former mainly in Israel, Jordan, Syria, Lebanon, and the 

latter mainly in Soviet Armenia. 
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3. BASIC AND METHODOLOGICAL STUDIES ON THE MUTAGENESIS IN 

DURUM WHEAT 

3.i Comparison of mutagens 

In order to find the most effective and efficient mu

tagens, the effect of many chemicals and different types of 

radiation was evaluated using parameters measured in more 

than, one generation. 

In an extensive investigation on three varieties of 

T. durum treated with radiations and chemicals, D'Amato et 

al. (1962) showed several differences among mutagens as to 

their effect on t] frequency and spectrum of induced chlo

rophyll mutations in the M generation. Among radiations, 

the much higher effectiveness of neutrons as compared with 

X rays was confirmed. When chemicals and radiations were 

compared, chemicals induced generally lower rates of muta

tions than did radiations. Towever, higher mutation rates 

were obtained with chemicals than with radiations in spikes 

with higher fertility. The mutation spectrum also changed, 

shifting from albina in the case of radiations to xantha 

and other chlorophyll mutations of the viridis group in the 

case of chemicals. Finally, the size of the mutated sector 

was clearly smaller with chemicals than with radiations, th

is being apparently due to a lower diplontic selection. 

Bozzini and Scarascia Mugnozza (1970) made similar 
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comparison among mutagens, by studying both chlorophyll mu

tations and morphological and sterility mutations, and also 

trying to answer the question whether or not the frequency 

of chlorophyll mutations, scored either in the greenhouse 

or in the field, is a good indicator of the overall frequen 

cy of induced mutations. Besides answering in the positive 

the above question, they classified the relative mean effec

tiveness of the mutagens used as follows: i) in inducing 

chlorophyll mutations: DES£X rays <Nfi EMS < Nth; ii) in in

ducing morphological mutations: X rays <DES< EMS < Nth £Nf. 

They pointed out that:"....pigmental mutations found in the 

field appear particularly frequently after neutron and EMS 

treatments. For morphological mutations, frequencies of 30-

AOfo were reached in Cappelli, whereas a maximal yield of 20-

40>» was observed in Aziziah. Nf seem to be the best mutagen

ic agent for inducing morphological mutations in Cappelli, 

whereas Nth appeared to be more effective in Aziziah. Indu

ced genetic changes depressing fertility were particularly 

frequent after chemical and neutron treatments...". Obvious

ly, results are different according to the type of mutation 

considered and the kind of genotype treated, even when con

sidering cultivars within the same ploidy level that are li

kely to be diploidized to a similar extent. The dependence 

upon the genotype seems, however, higher with chemicals than 

with radiations (D'Amato et al., 1962). 

Although results from treatments of durum wheats are 

not yet published, the potency and probable usefulness of 

two chemical mutagens, MNH (methylnitrosourea) and azidfi 
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(as NaN or KN ) should be mentioned. MNH treatments of du

rum wheat and barley have proved unusually effective and ef

ficient. The yields of mutations are at least as high as 

with EMS and may be higher (Konzak, unpublished). 

Therefore, the two groups of mutagens, chemicals and 

radiations, are, in practical breeding, equally useful and 

complementary, rather than exclusive of each other (Scara-

scia-Mugnozza, 1969)» It should also be stressed that, from 

the point of view of the breeder, the most valid criterion 

of judgement about the relative effectiveness of different 

mutagens must be based on the relative frequency of those 

mutations which are likely to be of practical use, more than 

on the total inducible mutations (Scarascia-Mugnozza, 1969). 

3.2 Acute vs. chronic irradiation 

As it is well known, a given dose of radiation can 

be applied within a few minutes or hours (acute treatment) 

or during weeks or months (chronic treatment). Results of 

the relative merits of these two procedures are scanty and 

contradictory, both in durum wh«at and in other crop plan

ts. In durum wheat, the only available results are those by 

Donini et al. (1968). They irradiated chronically three cui 

tivars from the three-leaf stage to seed ripening and con

cluded that the frequency of chlorophyll mutations was lo

wer than in the case of auute irradiation. Moreover, muta

tions seemed to have been induced mainly during embryogene-

sis, and not in the vegetative cella. 
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3.3 Single vs. recurrent treatments 

Repeated treatment, one or more times in different 

generations, of already treated material, is termed recur

rent treatment. The aim is mainly the induction of new mu

tations in already mutated genotypes, thus widening the spe 

ctrura of rotations which might be obtained with a single ra 

diation treatment. More particularly, in polyploid species 

the hcmeologous loci of which are mostly genetically iden

tical, the buffering action against the expression of indu

ced mutations can be lessened by inducing further mutations 

at the loci themselves, in a process of genetic diploidiza-

tion. Data by Kao and Galdecott (1966) on a series of spe

cies of different ploidy level, including T• durum var. Lan 

gdon, T. monococcum var. flaveseens and T. aestivum var. 

Thatcher, have clearly shown that recurrent gamma irradia

tions are effective in inducing a progressive genetic diplo 

idization both in 4x and 6x species. The highest mutation 

frequencies were obtained, in 2x, 4x and 6x species, at the 

l3t, 2nd and 3rd treatment respectively. This proves beyond 

any reasonable doubt the usefulness of repeating treatments 

to polyploids in order to obtain higher mutation frequencies 

Results in T. durum (Scarascia-Mugnozza and Konti, 1966) a-

,̂ ree oubctantially with those mentioned above. In X-ray tre

atments, they obtained a progressive increase in the frequen 

cy of chlorophyll mutations (up to a doubling of the fre

quency induced by the first radiation exposures), when the 

number of exposures was increased from 1 to 5. No variation 

was observed in mutations spectrum; a result at variance 

with the findings in other species of Triticum and in other 
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generar e.g., in T. aestivum (Hoffman and Walther, 1961), 

in rice and barley (Ywiaguchi, 1962); in Panicum miliaceum 

(Steuckardt, 1960 a and b ) . 

In conclusion, positive results can be obtained, in 

terms of increased mutation frequencies and, sometimes, of 

a wider mutation spectrum. It must be stressed, however, 

that the method could require more time and labor. Short

cuts (e.g. growing several generations per year in a green

house ) can be taken advantage of to overcome such inconve-

niencies. 

i 

3.4 Treatment of multicellular and unicellular ontogenetic 

stages and the problem of chimeric tissue formation 

When seeds are treated, recovery of mutations in the 

following generations depends on the location of the muta

ted cell in one of the primoidia of the embryonic M inflo

rescence. In wheat, as in many grass species, the primordi-

um of each spike is made of a number of cells (D'Amato, Sea 

rascia, Monti & Bozzini, 1962). Following induction of mu

tation in a cell, the priraordium will become a chimeric 

structure with mutated and non mutated sector. The follo

wing cellular divisions will give rise to a chimeric tissue 

anC spike which, when reproduced, will yield a phenotypic i 

segregation "non mutated" vs. "mutated" not in agreement J 

with the ratio expected under the hypothesis of a recessi- | 

ve monogenic mutation (i.e. the commonest case), which is J 

3:1, but with a higher frequency in the "non mutated" phen£ ji 

typic class: fche latter will be joined also by the indivi- I ! 
I i 

duals deriving from the non mutated sector of the spike. ) > 

w nr 
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The result will be a deficit of mutants: the higher the de

ficit, the smaller the mutated sector. To have a good proba 

bility of isolating in M at least one phenotypically muta

ted individual, which is to be homozygous in the common ca

se of a recessive mutation, it is necessary to adjust the 

size of the M5 population to the size of the mutated sec

tor in the spike. A small mutated sector requires a large 

M population. 

Therefore, the estima»-ion of the size of the muta

ted sector has a practical relevance. It can be performed 

according to a method considering in M the ratio of "non 

mutated" vs. "mutated" individuals: the larger the departu

re from the theoretical ratio 0,75:0,25, the smaller the 

mutated sector (Gaul, 1959 and 1961; Weiling and Gottschalk, 

1961). A topographical method can also be adopted (D'Amato, 

1965). It consists in the localization of chlorophyll muta

nts on the spike; for ease of reference, the spike is ide

ally subdivided into four vertical portions, each of which 

is split into an upper and a lower part. 

Th> different modes of action of chemicals and ra

diations give rise, in T. durum, to sectors of different 

size: smaller in the case of chemicals, since a higher 

number of cells will survive per primordium; larger in the 

case of radiations, which cause a higher elimination of 

cells, leaving sometimes a unicellular primordium. Segrega

tion ratios observed by D'Amato in T. durum range from 12',$ 

in chemicals io 16$ in radiations (D'Amato, 1965). 

Favorable environmental conditions, allowing a higher 

percentage of survival and a better growth of tissues, lead 
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to a lower competition between mutated and non mutated tis

sues (diplontic selection); so that the vate of reproduc

tion of the former may be nearly equal to that of the lat

ter.. This will eventually result in larger mutated sectors 

and more advantageous segregation ratios (D'Amato, I.e.). 

Data obtained by D'Amato (I.e.) on chimera forma

tion and diplontic selection after seed treatment in durum 

led this investigator to the following further conclusions* 

i) M. spikes segregating with a large deficit of recessi 

ves are more frequent if chemicals are used instead 

of radiations; 

ii) with both chemicals and radiations, segregation ra

tios increase as the doses increase; 

iii) a chimeric situation could arise even in the case 

of only one initial forming the sporogenous tissue, 

if this cell were treated in a G phase. The origi

nating chimeric tissue would be made up by 5&° of 

cells carrying the mutation, if the likely effect of 

diplontic selection i3 disregarded. 

Wha*. stated at point iii) occurs also when a unicel. 

lular ontogenetic stage, as a zygote or gamete, undergo a 

treatment. In cereals, pollen at anthesis is generally in 

post-synthesis, i.e. in Q , and trinucleate. A treatment at 

this stage will usually induce a mutation in only one of 

the generative nuclei. Also, generally only one chromatid, 

in a chromosome, carries the mutation. As a consequence, 

the transmission of the mutation will take place only if 

the mutated generative nucleus will perform the fertiliza-
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tion. Then, after the first zygotic division, only one out 

of the two daughter resulting cells will be a carrier of the 

mutation, giving rise to a mutated cell lineage. 

In conclusion, it is clear that even the treatment of 

a unicellular ontogenetic stage does not ensure to avoid a 

chimeric situation. This aim can be pursued either by means 

of an earlier treatment, when both generative nuclei are 

at G stage, or by treating the pollen when it is still bi

nucleate. 

Among the unicellular ontogenetic stages, pollen is 

the more favorable to be treated, since the zygote offers a 

series of disadvantages, as: i) a short duration of the G 

stage; ii) a non-synchronous development of flowers along 

the spike. 

Finally, while the treatment of unicellular stages 

before DNA synthesis has proved to be a good device to avo

id chimeric tissues when dealing with point mutations or ve 

ry small chromosomic rearrangements, this no longer holds 

true when .large chromosomic Arrangements occur. 

To summarize, a unicellular situation (either the 

only cell surviving in a spike primordium or a unicellular 

ontogenetic stage) does not always prevent from the arising 

of chimeric tissue, unless a G or pre-synthesis condition 

can be identified and treated. 

A more extensive reference to this topic can be fo

und in D'Amato et al. (1965), Donini et al. (1967), Saccardo 

and Devreux (1967), Devreux and Saccardo (1968), Scarascia-

Mugnozza et al. (1968), Devreux et al. (1968), De Nettan-

court et Devreux (1969), Donini et al. (1970) and Bozzini 
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et al. (1974). 

3.5 Mutations of the chlorophyll apparatus and their value 

in an early assessment of the relative effectiveness of tre

atments 

The induced mutations, mostly recessive, are phenoty-

pically detectable from the second generation after treat

ment. An early comparison of the relative effectiveness of 

mutagens and methods is therefore possible at that time. 

Since the characters agrcnomically most interesting can be 

evaluated only when plants are adult, it is extremely inte

resting to assess the relative frequency of mutationc 

at seedling and adult plant stage. Very often, the mutations 

considered at the seedling stage concern the chlorophyll aj) 

paratus. They are advantageous, since they can be screened 

early in the development. Also, they are the most frequent 

ones, being phenotypically determined by a series of loci 

involved in the formation of chlorophyllian pigments. 

Many results so far obtained, concerning the relati

ve value of mutagens and doses, are bas-d on the considera

tion of frequencies of chlorophyll mutations (see D'Amato 

et al., 1962), assuming a proportionality between chloro

phyll and other mutations. However, clearcut evidence of 

this relationship has not been achieved so far, particular

ly when different mutagens are compared, rather than diffe

rent doses of the same mutagen. 

Bozzini and Scarascia-Mugnozza (1970) after treat

ment with three kinds of radiations and two chemicals, have 

shown the existence of significant correlations between the 
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frequencies of chlorophyll and morphological mutations, 

both under greenhouse and field conditions: hence, frequen

cy of chlorophyll mutations could be a reliable index of mu 

tagenic effectiveness. The ratio between frequencies of chlo 

rophyll and morphological mutations obtained by these inve

stigators was affected both by mutagen and treated genotype, 

as shown in the following table. 

Table 3 

Ratio between frequencies of morphological and chlorophyll 

mutations, on spike-progeny basis, in two varieties of du

rum wheat treated with radiations and chemicals. 

Cultivar 

Cappelli 

A z iz Lab 

Mutagens 

Radiations Chemicals 

3-2 4.2 

1.7 2.2 



4. TYPES /ND INHERITANCE OF INDUCED MUTATIONS 

4.1 Pigmental and morphological mutations of theoretical 

interest 

After 1956, many Italian and foreign varietiec ha

ve been treated at Casaccia Centre, and hundredr of viable 

pigmental and morphological mutations have been inducer. 

Segregation ratios were observed in the offspring of hetero

zygous individuals. For 3ome pigmental mutations, table ; 

summarizes the data obtained (Scarascia-Mugnozza and Bozzi-

ni, 1966). Twenty one heterozygotea gave an CI progeny ex

hibiting a 1;' (or 0.25) ratio, the mutated phenotype being 

recessive. In the other 9, the proportion of mutant indivi

duals was considerably lees than 0.25. However, when repro

duced in the M. generation, they showed an improvement of oe 

gregation ratios, with a better approach to the 3:1 value. 

This is very likely due to a progressive elimination of de

leterious genetic changes co-induced with the mutation. 

Table 4 

Segregation ratios ,. 
V : UA 

Phenotypes Ho. of 0.2'} <0.25 No. of 0.1$ <ó.li 
mutat ions mutation:.; 
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Albina 
Xanthalbina 
Chloroalbina 
Xantha 
Viridoalbina 
Tigrina 
Virescens 
Chlorina 
Viridio 
Anthocianic 

CM
 

2 
3 
8 
2 
"7 
1 
2 
1 
2 

1 

2 
3 
2 
7 
1 
2 
1 
2 

1 
2 
1 
5 

• 

1 
2 
1 
5 

1 

3 

1 
1 
1 
2 

A similar study of the type of inheritance was carried 

out for several induced morphological mutations of theoreti

cal interedT*; the data are shown in table 5 (Scarascia-Mu-

gnozza and Bozzini, 1966). 

Table 5 

Segregation ratios in 

Phenotype 

'.Vaxless 
Antnocyanic glumes 
Solid stem 
Defective endosperm 
F.lymoides 
ophaerococcoid 
Vavilovoid 

P of mutant x mother line 

No. 

Segregation 

of mutations 

4 
2 
1 
1 
2 
1 
1 

ratios 

0.25 

2 
1 
1 
1 
2 
1 
1 

backcrosses 

in P2 

<0.25 

2 
1 

Out of 12 mutojrts crossed to their respective mo

ther line, '; behaved as monogenic recessive. 3 mutations 

(2 vnxlecs and 1 anthocyanic glumes) showed a strong deficit 

of rfiO(;Guive mutated phenotypes, along with a certaxn amo

unt of L-terility. The latter is probably accounted for by 

the presence of induced translocations, as indicated by 1 

or 2 ri.n̂ r, of 4 chromosomes al. mei03is. 
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A particular series of induced mutations, affec

ting the process of gametogenesis, was also studied. They 

cause stickiness of chromosomes at meiosis (Martini and 

Bozzini, 1965)» asynapsis (Martini and Bozzini, 1S66); de

synapsis (Bozzini and Martini, 1971)» male sterility (Moz

zini, 1974) and reduced seed setting (Bozzini and Bagnara, 

1965). Their inheritance, observed through several segrega

ting generations, can he summarized as follows (table 6): 

Table 6 

Mutation 

Inheritance of induced mutations affecting gametogenesis 

No. of mutations No. of factors and be
haviour of mutated 
phenotypo 

Stickiness 
Asynapsis 
Desynapsis 
Male sterility 
Reduced seed setting 

1 
2 
5 
1 
1 

monogenic 
i< 

i i 

t i 

i i 

recessive 
i« 

i i 

II 

•1 

4.2 Mutations at genomic and chromosomal level 

4.2.1) Igduction_of haploids and aneuploids 

The possibility of utilizing different types of aneu-

ploids in genetical analysis (Bozzini et al., 1966) gives 

a great importance to techniques making their induction mo

re frequent. Bozzini et al. (I.e.) report data concerning 

X-ray irradiation of pollen in T. durum, T. dicoccoides, 

T. timopheevi and an Aegilops caudata x T. monococcum thaou-

dar hybrid. A selection in favor of seedlings germinating 

with delay made easier the isolation of aneuploids, which 

were particularly frequent after irradiation of pollen at 

tfh 
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the mononucleate stage. Within the same level of ploidy, 

the different degrees of diploidization of the treated spe

cies proved to be a significant conditioning factor. As for 

the types of aneuploids obtained, the hypoaneuploids were 

by far the most frequent, whereas the hyperaneuploids, i.e. 

trisomies, tetrasomics and other polysomics, were rare and 

isolated mainly in progenies characterized by reciprocal 

translocations or by disturbances ax meiosis (Bozzini et al. 

1969). 

Among the several ploidy types induced in T. durum, 

only trisomies behave in such a way as to be possibly utili

zed for genetical analysis: their transmission is good, rea

ching an average of 30$, so as good are their fertility and 

viability. Furthermore, the occurrence of morphologic cha

racters acting as markers is frequent. 

Instead, true monosomies show a reduced fertility 

and a low transmissibility, preventing their utilization. 

There are, however, some exceptions, represented by some 

partial monosomies, i.e. lines with a chromosome complement 

2n=27+1 telocentric or centric fragment. 

Natarajan and Swaminathan (1958), after irradiat

ion of pollen of Triticum at different levels of ploidy, 

reported a similar increase of aneuploid frequency. Such 

increase, recorded after irradiation of spikes two or three 

days before anthesis, should be accounted for by a high per 

centage of pollen grains no longer functional, but still 

germinating and able to stimulate the egg to a parthenoge-

netic development. 
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4.2.2) Induced translocations and their influenceon spi

ke fertility 

Among the various chromosomal rearrangements, tran

slocations are known to occur with particular frequency. At 

meiosis, tetra- or multivalents arise in uuclei heterozy

gous for one or more translocations, giving origin to game

tes with unbalanced genetic constitution and partial or to

tal inviability. Bozzini and Martini (1966) investigated 

the possible negative effect of heterozygous translocations 

on the amount of seed setting. According to their data, the 

reduction of fertility is generally rather low, which in 

their opinion is to be attributed to the large genetic re

duplication characterizing the two homeologous genomes. 

4.3 Continuous variability induced in metric characters 

Characters exhibiting a continuous variability a-

re usually called quantitative. With reference to them, 

single individuals a.re difficult to allot to discrete phe-

notypic classes, as easily accomplished for qualitative 

characters. 

It is now believed that both quantitative and qua

litative characters share a similar genetic basis. Moreo

ver, it is often sufficient to adopt more refined techni

ques of analysis, to find that the variability of a charac

ter is not continuous but discrete. Results from mutagenic 

experiments support the idea that the above distinction 

has only implications in selection and evaluation procedu

res, without any genetic ground. In fact, the continuous 

variability exhibited by a character, after a mutagenic 
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treatment is frequently widened and made discontinuous by 

the induction of some mutation determining drastic pheno

typic changes. In durum wheat, this was observed for seve

ral characters: length of culm (Scarascia-lfugnozza and Bo£ 

zini, 1968); kernel weight (Bagnara et al., 1972); length 

of internodes (Bagnara, 1967)» heading time (Bagnara, 1968; 

Rossi, 1972), etc. Mutated lines, however, still exhibit 

a continuous variability, equal to or wider than that of 

the mother variety. Therefore, it can be concluded that 

the variability of a character is not consistently conti

nuous or discontinuous, but depends upon the magnitude of 

phenotypic expression of the genetic factors determining 

the character. 

Gaul (1964) and Gregory (1965) stated that the ma 

gnitude of phenotypic change determined by a mutation is 

correlated both with the probability of occurrence of the 

muta'.ion itself and with the probability of being progres

sive. Larger phenotypic changes are less frequent and less 

likely progressive. Conversely, the smaller the changes, 

the larger their probability of occurring and being pro-

A^ecoive. At the limit, the smallest and most likely chan

ges occur according to a ratio of 1 progressive:1 delete

ri, OUJ;. 

On a practical ground, however, it is necessary to 

keep in mind that: 

i ) the screening of a r̂ reat number of individuals dur

ing the mutagenic experiments ensures the possibili

ty of isolating frequent "macromutations", in spite 

of their minor chance of occurrence; 
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ii) methods of evaluation and isolation to be applied in 

order to identify a "macromutation" are usually relati 

vely easy, quick and cheap; this compensates to a cer

tain extent for the disadvantagec of a less frequent 

occurrence and the consequent need of rearing a larger 

nujiber of segregating individuals; 

ij.i) fitness and adaptation of a mutation are to be evalu

ated not in standard environments, but in new, diffe

rent ones, apt to give the mutants the best chances of ex

pressing the selective advantage connected to the 

mutation itself. 

According to Swaminathan (1969), the role of muta 

genesis in plant improvement is actually the obtainment of 

more or less drastic phenotypic variants, in which plant 

habit, or physiology, or both, are modified and better a-

ble to exploit new environmental conditions. Induction of 

mutations affecting photosensitivity, photosynthetin ef

ficiency, internode and leaf number, culm length, etc. , 

are examples of such structural and physiological changes. 

Effects of ionizing radiations and chemicals u-

pon quantitative traits in durum wheat were studied by 

Svoss4 'Oli (1966), Scossiroli et al. (1966), Scossiroli 

and Pellegrini-Scossiroli (1962 and 1963) and Bagnara 

(1965). The distribution of the progeny means in genera

tions following a mutagenic treatment has shown: 

i) a mean value lower than in the control; the differen

ce is particularly marked in NL, but becomes less pro

nounced as generations go; thic sort of recovery it. 

probably to be attributed, according also to Gaul ( 1967>t 
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to the natural selection within each progeny, acting 

in the same direction as that carried out by breeders; 

ii) very often, a mors or less notable asymmetry of di

stribution; according to Gregory (I.e.), this is due 

to a high px-oportion of large phenotypic variations, 

which are also more likely deleterious; 

iii) a wider phenotypic variability; by means of suitable 

biometrical analysis, it has b-?en shown that such in

crease is mainly genetically based, being due to mutations 

involving the genetic factors contributing to the ex

pression of the character. The genetic nature of this 

increase of variability was proved also by the resul

ts of several selection experiments carried out both 

upon treated and non-treated materials. 

Studies by Scossiroli (1968) give some suggestions 

about methods of selection for metric traits to be appli

ed in the generations following a mutagenic treatment. As 

far as T. durum is concerned, they can be summarized as 

follows: 

1) beginning of selection: results evaluated in R_ after 
5 

3 and 2 cycles of selection starting, respectively, from 

generations R and R , are almost similar: the slower pro 

,̂ ress from selection di'.e to a lower number of selective 

cycles is fully made up for by a further generation of s£ 

gregation and recombination, determining a release of ad

ditional variability; 

2) family vs. mass selection: the former method consists 

in the reproduction of all families, i.e. groups of proge 

nios deriving each from a single parental plant. Selection 
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is applied in favour of the group of progenies with the best 

average value. According to the latter method, evaluation 

and selection are applied to progenies, without any consi

deration of their pedigree. Results achieved by Scossiroli 

(I.e.) have clearly proved the superiority of mass selection. 

Scossiroli (1966) has also pointed out differences be

tween wheats of different ploidy with respect to the genera

tion in which induced genetic variation begins to be phenoty-

pically expressed. In tetraploid wheats, such as durum, this 

expression begins at the M generation, whereas in hexaplo-

ids it is advisable not to apply any selection prior to the 

M generation, at least. These results are in agreement with 

those obtained in other experiments for non-quantitative tra

its;, in this case, also, they can be related to the occurren

ce, in polyploids, of more or less extensively duplicated lo

ci. 

Scossiroli (1966) considered also the possible asso

ciations between the traits examined, their relevance ';i re

spect to the fitness of the population and the possible cor

related response to selection. Both irradiated and control 

population showed correlations between any pair of conside

red characters. Most of tnese correlations proved to be si

gnificant; according to the author, this proves the existen

ce of an association between these characters and individu

al fitness, estimated as yield of kernels per plant or spike 

(see also Gaul, I.e.). Action of mutagens upon these associa

tions gives three kinds of results: i) most often, intensity 

of associations remains unaffected, as expressed by unchan

ged coefficients of correlation; ii)in some cases, it is pos-



sible to record a decrease in tne coefficient of correlation, 

due possibly to breakage of some linkage; iii) in few other 

cases, there is a higher correlation; which supports the hy

pothesis of an effect of induced mutation(s) upon the asso

ciated charactersfsimilar to that observed in control jopu- * 

lation. Selection later applied showed that the observed cor

relations had a genetic basis. 

According to the author, the general occurrence of 

these observations indicates that quantitative traits share 

a largely common genetic ground. This is in agreement with 

the conclusion reached in T. aestivum by Gaul and Aastveit 

(1966). 

4.4 Induction, isolation, identification, selection and 

study of potentially useful mutations 

4.4.1) Awns 

While the occurrence of awnless or awned mutations 

ic rather frequent in hexaploid wheats ^Natarajan et al., 

19'r'<» Jagathesan et al., 1961; Pal and Swaminathan, 1960; 

Bhatia, 1960), the same does not hold true for the general

ly awned durum wheats. 

Awnless mutants were isolated only from the cv. 

Capeiti, after mutagenic treatment with fast neutrons (Ba-

gnara and [{ossi, unpublished). They have not yet been eva- ] 

luatcd a3 for mode of inheritance and agronomic suitability. j 

A mutation for smooth awns has also been induced (Bozzini, f 

unpublished). f 

Both the absence of awns or, at least, their smo- I 
I 

othness, are likely to greatly speed up harvesting and thre-

! ; 
! 
4 
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shing toy means of modern combines. The transfer by hybridi

zation of both the?3 induced characters to some of the best 

durum genotypes is now underway in the Laboratorio Agricol

tura of the CNEN at Casaccia (Rome). However, because in ma

ny studies awns appear to have a physiological role leading 

to yield advantage for awned types, the awnless mutants may 

be of more interest for research on role of awns. 

4.4.2) Heading time 

In durum wheat, as in other crops, plants heading 

later may be early in ripening. There is, however, a good 

general correlation between the relative time of occurrence 

of the two phases. Consequently, because of the technical 

difficulties in determining quickly and correctly the ripe

ness of the kernels, heading time is currently assumed to 

be a good index of ripeness in breeding procedures. 

Mutations for early heading time were obtained af

ter mutagenic treatment of the cv. Cappelli, Garigliano, 

Russello and Grifoni. The amount of the advance obtained 

was, however, small: 2-3 days in respect to the mother va

riety (Scarascia-Mugnozza et al., 1968). 

More recently, further mutations were isolated du

ring experiments of mutagenesis carried out at Casaccia Cen

tre with the varieties Capeiti and Ld 357 (Bagnara, 1968 a 

and b; Rossi, 1972). At variance with observations by Mac 

Key (1954) in hexaploid wheats, the frequency of early mu

tants was much higher in the early Capeiti than in the me

dium-late Ld 357. Some Capèiti mutants are as earlier as 

8 days; in this case, the induced mutation i3, however, 
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associated with a shorter culm length and a certain amount 

of seed setting reduction. From M and M segregation data, 

all mutations for earliness so far induced seem to be mono

genic recessives. Slight reductions in culm length, seed 

set and grain size appear to be common features of all mu

tations for earliness. As Rossi (I.e.) has pointed out, the 

earlier the mutant, the higher the probability of being af

fected by other kinds of phenotypic changes, either morpho

logical or pigmental, or by a reduction of fertility. How

ever, several mutants do occur, whose fertility is unchan

ged. In both varieties, Capeiti and Ld 357* mutations for 

earliness induced by radiations were 3 to 5 times as fre

quent as those induced by chemicals. In any case, the fre

quency was higher in M progenies from M spikes with good 

fertility. Finally, the early mutants were by far less fre

quent than the late ones in all experiments of mutagenesis 

so far carried out in durum at Casaccia (see also Scarascia-

Mugnozza, 1966). 

Some early lines are at present under evaluation in 

ooveral locations within the range of cultivation of durum 

wheat. Their ability to ripen in advance makes them more 

likely to escape any drastic shortage of soil and atmosphe

ric water, very often occurring in the critical phase of 

maturation, especially in the traditional area of cultiva

tion. A few of these lines, all deriving from Capeiti, out-

yielded the mother variety also when the water supply is 

not a limiting factor. 

Finally, it is worth noting that earliness induced 

by mutagenic treatment in Capeiti has reduced the lower li-
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mit of flowering time in T. durum below any known level in 

the natural variability of this species. 

4.4.3) Characters affecting lodging resistance 

Lodging in wheat and generally in cereals depends 

upon environmental factors and the features of the culm 

and root system of the species. Plants can be partially or 

fully lodged due to: i) uprooting; ii) culm breakage in the 

crown area; iii) bending of the culm. The latter event is 

by far the most frequent. Factors determining resistance to 

lodging are, of course, equally variable; they are, mainly: 

reduced culm length; high culm stiffness, particularly im

portant in genotypes whose culm length is extremely reduced; 

high- culm flexibility, playing a role mainly in varieties 

not extremely short; a low number of internodes, with the 

topmost ones relatively longer than the bottom ones; a wide

spread root system, with a proper geotropic angle (Scarascia-

Mugnozza, 1963). 

On treated materials, one can therefore look at 

the isolation of progressive mutations for as many charac

ters. Actually, a root system analysis is time consuming 

and expensive. An appreciation of culm resistance and ela

sticity is also, on the basis of a single plant, uncertain 

and subjective, much more so than the quick and correct me

asure of the culm length. Therefore, mutants for lodging 

resistance, at least ax this early stage, have been identi

fied with short straw mutants. Only in the following genera

tions, when mutant lines have been bred in plots sufficien

tly large to approach farming conditions, they have been mo-
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re properly and carefully evaluated for their real lodging 

resistance. In any case, it is at present clear that there 

is no absolute identity between short straw and lodging re

sistance; lodging resistant tall varieties, with flexible 

culm and a good culm architecture, are frequently observed. 

Marked differences are also observed among short straw mu

tants with the same culm length: a typical case is represen- . 

ted by two mutant lines from Cappelli: Cp B 132 and Cp CB 2, j 

both 90 cm. high: the former has appreciable resistance, 

while the latter is as susceptible to lodging as Cappelli, 

whose culm length is about 130 cm. (Bagnara, unpublished). 

Short cut methods for early evaluation of lodging 

resistance were also recently proposed to integrate the me

asurement of culm lenth (Hess and Shands, 1966). One of them 

is the subjective evaluation of culm elasticity by means 

of the "snap". 

Several short straw durum mutants were isolated, 

after mutagenic treatments, from the cv. Cappelli, Aziziah, 

Garigliano, Grifoni (Scarascia-Mugnozza and Bozzini, 1968) 

and Capeiti and Ld 357 (Bagnara, 1968 a and b; Rossi and 

Bagnara, 1972). All of these cultivars are more or less lod_ 

ging susceptible. Table 7 reports M -IKL data, concerning a 

number of mutations for short straw without deleterious si- "\ 
i 

de-effects, obtained from the first four cultivars out of | 
I 

those above mentioned (after Scarascia-Mugnozza and Bozzini, i, 
•I 

I.e.). Table 8 summarizes the range of variability of culm 1 

length. Culm length reductions are largest in mutants from ! 

the tallest cultivar, Cappelli. Their number of internodes i 

shows little variation in relation to mother variety. V/hen j 

i 

I 
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Table f.- CK*i atter i s t i e s of stort str«« *. i r j «r.«*t 5jtn . i t ' isol*"»'! 
tha variet ies Cappelli, CarlclLaao, grifoni «ad Azixlac. 

Mother varietiea Mutacene 
and agent 

autant l ines 

C l » length Mean M>. Lsaeiaj heading i\*.\ 
{% of con» of int»£ indei data '> ;: 
tro l ) nodes cor.tiji) 

Cappe l l i 

Cp C 47 
Cp P 136 
Cp C 42 
Cp CB 2 
Cp C 30 
Cp 8 132 
Cp B 137 
Cp C 24 
Cp B 144 
Cp A 214 
Cp A 66 
Cp C 48 
Cp C 33 
Cp A 4? 
Cp A 41 
Cp A 49 
Cp A 63 
Co B 121 
Cp A 215 
Cp A 107 

Car ic i iar.o 

Ca 47 
Ca A 209 
Sa A 206 
Sa B 124 
Ca A 170 
3a A 200 
Ca A 3 
Ca A 171 

Grifoni 

Cr A 154 
Cr A 11 
Cr A '6e 
Cr A 62 
C r i 11$ 

A t l t i a h 

At B 155 

-
« t o 
I f 
Pth 
Rf 
X 
Rth 
Bth 
Bth 
X 
Bth 
Rtb 
Bth 
X 
Btb 
X 
X 
Bth 
— • > • • 
Bth 
X 

-
Rf 
X 
X 
X 
X 
X 
Hf 
X 

-
Kf 

«r 
per 
."f 
X 

-
«If 

122 ca 

5 3 . 2 6 
66 .27 
6 8 . 6 5 
66 .65 
6 9 . 6 7 
7 2 . 9 5 
7 8 . 6 9 
7 8 . 6 9 
79.5C 
81 .97 
8 2 . 7 9 
8 2 . 7 9 
8 7 . 7 0 
8 6 . 5 2 
89 .34 
69 .34 
9 0 . 1 6 
90 .16 
90 .9» 
91 .80 

108 ca 

8 9 . 6 
9 1 . 4 
9 1 . 7 
5 1 . 8 
9 2 . 5 
9 2 . 5 
9 2 . * 
9 3 . 0 

98 ca 

7R.2 

e?.-
6 7 . 2 
e?.3 
9 1 . 4 

100 «.a 

* - \ 5 

7.9*» 

6 . 0 0 
9 . 1 0 
e.cc 
7 . 2 6 
7 .60 
7 . 6 0 
7 .25 
7 . 8 0 
8.OC 
7 . 8 0 
e.co 
7 .65 
7 .20 
7.6C 
8.OC 
7 . 4 0 
6 .00 
6 .20 
7 . 6 0 
7 .60 

6 . 5 9 

5 .90 
-
-
-
-
-
-

6 .00 

6 .66 

5 .55 
-
-
-
-

6 .57 

. 

2 . 5 

0 . 0 0 

eoe 
o.oc 
0 . 0 0 
0 . 0 0 
0 . 0 0 
C 3 7 
o.co 
0 . 0 0 
0 . 0 ' 
0 . 4 6 
C . ' 2 
C ' 2 
0 . 6 9 
0 . 6 6 
0 . 7 9 
0 .01 
0 . 1 7 
CO* 
0 .17 

3 .6 

1.4 
-

2 . 0 
0 . 8 

-
-

1.6 
2 .0 

2 .6 

C.C 
-

' . 3 
0 . 0 

2.4 
^ r 

- f • 

7.5K»* 

• 1.C 
• 4 . 0 
- 1.C 

O.C 
• 3.C 
• 2.C 
• 2.C 
• Z.C 
• 0 . 5 
- 2 .0 
• 2 . 7 
* 0 . 6 
• 1.5 
• 1.7 
• 0 , 7 
- Ù.C 
* 3 . 3 

O.C 
• 0 . 7 
• 1.C 

3.É**y 

- 1.7 
-

- 0 . 5 
• 0 . 4 

-
. 

- 1.2 
- 0 . 5 

».3**> 
• 3 . 2 

_ 
• 3 .0 
• 3 .4 
• 1.4 

3.Okay 

• ?,« 

3 5 ' 5 * i •' * 

7 7 . 50 
'06.5' . 
55 .07 

-
9C. '5 

117.95 
71 .96 
5 Ì . * 2 

• C . C 7 
6 2 . 57 
«t n 

7 7 . 7 = 
• 7 5 . 5 3 

y .il. 
e* .''•, 

W.ii 
5 7 . 0 ' 
72.1S 
£4 .51 

>55fc<3/:.. 

•0 3 .4 
75 .5 
5 7 . ' 

• : e . 7 
7 6 . 6 
e*.5 
5 7 . 4 

•03 .0 

3? 5 0 * Ò ••'.-.<. 

• : 7 . i 

«3.5 
7-.e 
6 9 . 5 

lin'.'ti.':> 

•:-.ì 
C.-iiy o.-.r j«\r -!k',4 no l'-i^-r.?; '» aaxi^rja ic:<?~-.£ 
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Table 8 

Range of vuriability 

cent of the mother 

Mutants from: 

Cappelli 

Sarigliano 

Grifoni 

Aziziah 

of 

line 

culm length in nutant lines, as per-

Hange of variability 

53.3-91.8 

89.6-93.0 

78.2-91.6 

87.5 

fewer internodes are present, the topmost ones are longer 

than in Cappelli, and the lowest ones, shorter. Resistance 

to lodging in all lines is higher than in Cappelli. General 

features of the mutants are also a more pronounced lateness 

in heading time and a lower yielding ability, with some re

markable exceptions, which wili he dealt with later. 

Short straw mutants from Garigliano are less lod-

irTing res intani than mutants from Cappelli; they are, howe

ver, earlier than the mother line. Some of them, also, are 

be;,tor yielding. 

Most of the short straw mutants from Grifoni are 

more lodging resistant than the mother variety, but also, in 

general, later heading. In one case, to which reference will 

be mi.de later, yielding ability in remarkably better. 

studies on the inheritance of short straw mutat

ion r; wore limited to a few of the mutant lines. Both con

ventional and diallelic analyses (Bagnara, 19c'7) pointed to 

i monogenic and partially or completely recessive inheritan

ce of ill the mutations considered, with only one exception: 

the line ;p B 132, which behaves as dominant for short culm 

http://mi.de
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(Bozzir.i and Scarascia-Mugnozza, 1967). 

Among the possible mechanisms of culm shortening: 

i) reduction in number of internodes; ii) proportional shor

tening of all internodes; iii) shortening of some internodes, 

the second one is the most frequently recurrent, at least 

among Cappelli derivatives. In some cases, as in the cv. Ca-

stelporziano (formerly Cp B 132), the top internode is much 

more drastically reduced than the others. 

More recently, many short straw mutants have been i-

solated in Iff generation from two other durum cultivars, ;:a-

peiti and Ld 357 (Bagnara, 1968 a and b; Rossi ana Bagnara, 

1972). On the basis of M results, a comparison was made be

tween the frequencies of short straw mutations in progenies 

from. M spikes with different fertility. '.Vhatever the muta

genic treatment, in both cultivars much higher frequencies 

were recorded in M progenies from M spikes showing drastic-

reductions in seed set. However, when seed set ih M_ mutants-

was checked, it appeared that there was a significant asso

ciation between M mother spike fertility and the same trait 

in M mutant. Very likely, all three facts: reduction of fer

tility in M spike, reduction of culm length and lower seed 

setting in M mutant, are to be associated with one and the 

same event: the induction and transmission to K generation 

of deleterious chromosomal aberrations. 

About 95,' of mutants isolated in ." were confirae:; 

ir. M . In most of them, the amount of culm length reduction 

was between 5 and 15';.!. Sometimes, it reached 60'. Most of 

the mutants showed a series of other modifications involving 
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chlorophyll apparatus, plantlet morphology, shape, size and 

colour of spikes and kernels, and reduction of seed set. Con

sidering these modifications as a whole, there was a signifi

cant correlation between their frequency and the amount of 

culm length reduction (fig. 1, after Rossi and Bagnara, I.e.). 

In about 30$ of the mutants, heading time had also shifted: 

either delayed (22$) or anticipated (8$). On the average, mu

tants also showed lower tillering (3.69 culms per plant, vs. 

3.88 in the mother variety Capeiti), smaller kernel size and 

lower weight of kernels per main spike. 

In HL generation, the more promising mutants under-

wen* agronomic comparison. In Table 9 (after Rossi and Bagna

ra, I.e.), data are reported, concerning the main agronomic 

characters of a group of mutant lines. The shortest of them, 

Ct B 266, is also earlier than Capeiti, but its yielding a-

bility is too poor to allow to be released. All other lines 

yield as much as, or more than, the mother variety; their 

volume weight is also frequently higher. 

Both for Capeiti and Ld 357, the highest frequency 

of short straw mutations was recorded after EM3 treatment, 

as compared with radiations. 

Table 10 (after Scarascia-Mugnozza, 1965, modified) 

lists a series of mutations for lodging resistance induced 

in T. durum by means of various mutagenic agents. 
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Table ;Ì 

Agronomic characters of 10 mutant short straw lines from the cv. Capeiti (average of 
two years, Jasaccia Centre). 

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 

Treatment 

control 
Nth 
Nth 
Nth 
Nth 
Nf 
Nth 
Nf 
Nf 
Nth 
Nth 

Height 
( : of 

104.1 
72.1 
73.7 
84.0 
34.3 
33.9 
39.1 
89.3 
90.0 
94.6 
96.5 

control) 

cm. 

Heading date 
(diff. from 
control) 

6.5 
-2.3 
+ 1.5 
+ 11.0 
-1.5 
-6.0 
-2.5 
-6.6 
-5.5 
+2.0 
-2.0 

May 
days 

ii 

ii 

II 

II 

II 

II 

M 

II 

» 

Test 
(£ of 

80.9 
101.3 
101.0 
99.5 
103.2 
101.7 
102.5 
101.5 
101.7 
103.0 
102.5 

weight 
contr.) 

kg/hi 

Yield 
(# of 

39.9 
91.7 
113.1 
113.8 
100.2 
103.8 
116.6 
112.3 
108.8 
120.6 
121.7 

control) 

q/ha 

Table 10 
Mutations for lodging resistance in T. durum 

Mutagenic agent Investigator and year of communication 

X rays, Nth, Nf and alkilating agents D'Amato, Scarascia et al., 1960 
EMS Swaminathan et al., 1962 
EMS, Nth and Nf Bagnara, 1968 a and b; Rossi and Bagnara, 

121Ì: 
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4.4.4) Nutrìt i pnal_ yiali ty 

Cereals in general are a basic staple food for 

most of the world's population; hence, they represent a ve

ry important source of proteins. In this respect, however, 

they are not a balanced food, because of a low proteins/ 

carbohydrates ratio: 1:8*1:10, according to Favret et al. 

(1969). Furthermore, they have a comparatively low content 

of some epsential aminoacids, as lysine, methionine and 

threonine, particularly in their alcohol soluble protein 

fraction. 

Both in maize and in bread wheat, spontaneous 

mutations affecting lysine or protein content (opaque 2 and 

floury 2 in maize, Mertz et al., 1964) and naturally occur

ring variability (Atlas 66 in bread wheat, Johnson et al., 

1969) supply a valid germplasm source for improvement of 

nutritional value. Furthermore, in T. aestivum, Bhatia et 

al.(1970), Dumanovic et al. (1970) and Swaminathan et al. 

(1969) obtained, after mutagenic treatments, mutant lines 

whose protein content was higher than in the original va

riety. An improvement in lysine content was also reported. 

In durum v.neat, no systematic screening of the na

tural variability oi the species for protein and lysine con

tent has been reported so far. Analyses performed on few 

mutant lines from Cappelli grown in three locations revea

led a lower protein and lysine content than Cappelli itself 

(table 11, courtesy of Giacomelli, unpublished). 

Bagnara et al. (1973) measured the protein con

tent in a number of lines mutated for various morphological 

characters, as height, heading date, etc., obtained from va-



Table 11 

Protein and lysine content in Cappelli and two mutant lines grown at three locations 

Line 

Cappelli 
i» 

n 

Cp C 48 
•I 

» 

Cp B 132 
ii 

ii 

Location 

Casaccia 

Ancona 

Tarquinia 

Casaccia 

Ancona 

Tarquinia 

Casaccia 

Ancona 

Tarquinia 

Total N 
(mg/g 
flour) 

20.6 

26.2 

28.0 

18.8 

24.8 

23-0 

18.8 

24.5 

21 4 

Proteic N 
(mg/g 
flour) 

19.1 

24.4 

26.0 

17.2 

23.1 

21.4 

17.8 

22.8 

19.9 

Proteins 
(mg/g 
flour) 

11.9 

15.2 

16.2 

10.7 

14.4 

13.4 

11.1 

14.2 

12.4 

Lysine 
(gf°g 
flour) 

0.428 

0.540 

0.560 

0.360 

0.460 

-

0.300 

0.450 
— 
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rious mutagenic treatments to the cv. Capeiti. Out of 173 

examined lines, at least 18 were characterized by higher 

protein content, ranging from 144 to 166^ in relation to 

mother variety. Significant negative correlations were fo

und between protein content and the following characters: 

yield, culm length, test weight and yellow berry. The cor

relation was significant but positive between protein con

tent and heading time, while no correlation resulted betwe

en protein content and 1000 kernels weight. In spite of 

the generally unfavourable association between yield and 

protein content, a series of 7 lines was identified, better 

than Capeiti both for protein content (128-152?$ in terms 

of control) and yielding ability. 

Nagl (1973) carried out a screening on M _Mq mu

tant lines from Austrian variety Adur after DES and DEC + 

gamma treatments. Different mutant types with improved se

ed protein were identified. Some drastic morphological mu

tants exhibited an increase both in protein and in limiting 

aminoacids content. 

Variability in protein content was also observed 

by Konzak (unpublished) among a series of short straw mu

tants subjected to quality evaluations. Protein content va

ried from about 10^ to nearly 16"S among a series of mutants 

from the same mother line. 

4.4.5) Technological (jualitŷ  

Thus far, the contribution from mutagenesis to

wards the solution of the problems related to semolina and 

macaroni quality has been incospicuous. Qualitative evalua-
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tion of macaroni is, however, a hard task; very likely, the 

main reason for this is the lack of quick, cheap and relia

ble methods of analysis and screening, suitable for amali 

samples, i.e. kernels, instead of pasta.However, the possi

bility has been ascertained of inducing mutations in charac

ters determining simple qualitative aspects, such as.mill

ing quality (related to volume weight, kernel size and sha

pe and percentage of yellow berry) and pasta colour (rela

ted to kernel colour). 

Mutations affecting volume weight or yellow berry 

were induced in all mutagenic experiments carried out at 

Casaccia Centre. In table 12 (after Scarascia-Mugnozza et 

al.,1971), values of these characters are reported, for mu

tant lines registered as cultivars, as well as for their mo

ther lines; it can be seen that one or the other character 

is almost always improved. 

Table 12 

Qualitative characters of mutant lines Castelporziano, Ca-
ctelfuoano, Catiteldelmonte and Castelnuovo with their mo
ther varieties: Cappelli, Grifoni and Garigliano. 

Line 

Cappelli 
Castelporziano 
Castelfusano 

Grifoni 
Casteldelmonte 

Jarigliano 
Castelnuovo 

Mutagenic 
agent 

Nth 
Nth 

Nf 

X 

Test weight 
(kg/hi) 

83.64 
83-57 
83.05 

77.31 
80.14 

79.68 
80.78 

Yellow berry 

8.2 
16.8 
7.6 

27.8 
18.2 

26.0 
13.1 

Mutations affecting kernel size -and, therefore, 
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kernel weight- were frequently observed; for some of them, 

pattern of inheritance was also studied. In a mutant from 

Cappelli, small kernel size behaves as semidominant, with 

simple inheritance, although a monofactorial basis has not 

been confirmed (Bagnara et al., 1972). 

Similar results with regard to kernel size, kernel 

shape and yellow berry percentage among mutants of durum 

varieties, have been obtained by Konzak et al. (unpublished 

data). In addition, preliminary quality tests of these mu

tants by Shuey et al. (unpublished North Dakota Durum Whe

at Quality Report, 1972) indicate that a number of short 

straw mutant lines have higher colour (dry slick) scores 

than their mother line. 

4.4.6) Resistance to diseases 

Mutagens, particularly ionizing radiations, have 

been used for a long time to induce mutations for resistan

ce to diseases. In Triticum, the aims have been: i) direct 

induction of mutations for resistance to diseases; ii) bre

akage and translocation of chromosomal segments carrying 

factors of resistance from donor to susceptible species, 

and: iii) removal, from chromosome 5B, of the Triticum fac

tor inhibiting pairing between homeologous chromosomes, al

so when belonging to different species; this removal would 

permit a certain amount of synapsis and crossing over bet

ween Triticum chromosomes and those from the donor species. 

In durum wheat, results have so far been achie

ved only by means of the first method, the only one appli

ed in this species. Knott (1961 ) irradiated with X and gam-
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ma rays a bread wheat, Thatcher, and a durum wheat, Stewart. 

The M generation of the latter was screened for any possi

ble induced resistance to Puccinia graminis, race 15B; the 

results were completely negative. Bozzini (1971) reported 

results concerning a three years period of testing for 

bunt (Tilletia triticoides Sav.) resistance on 8 short 

straw mutant lines and three control varieties. Two mutant 

lines: Cp B 144 from Cappelli and RsA1 from Russello, pro

ved to be more resistant to the disease than the controls, 

whereas Gr A 145» a mutant from Grifoni, showed a higher 

susceptibility. Furthermore, application of one cycle of 

selection resulted in a small average gain of 12$ in the 

level of resistance tc bunt. However, the presence of ma

terial with a different degree of resistance in the origi

nal population used for mutagenesis cannot be ruled out 

a priori. 

4.4.7) Pl^l_habi t 

Mutations affecting plant habit have been rather 

frequent in almost all treated durum varieties (Bagnara, 

unpublished). Most common has been a mutation for prostra

te habit, occasionally occurring together with a reduction 

of vigor and size of the plant. The adult plant, however, 

will recover its erect habit, so that no influence is exer

ted during the agronomically most important phase. 

In this respect, mutations affecting leaf habit 

have proved to be much more effective. Bagnara and Rossi 

(1072), after treatment with thermal anf fast neutrons of 

the varieties Capeiti and Castelnuovo, isolated M0 plants 
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where the ligula was strongly reduced and the auriculae 

were absent. The resulting phenotype, known as "liguleless", 

is found also in the natural variability of the species, 

although in very limited areas (part of the island of Cyp

rus). "Liguleless" behaves as almost completely recessive; 

it determines a very erect type of leaf, meeting the re

quirements of a higher utilization of light by plant cano

pies better than the normal phenotype, as shown by Tanner 

et al. (1966). In fact, although horizontal top leaves in 

a canopy would be better lit than erect ones, the amount of 

light intercepted by them is higher than that they need 

for optimal photosynthesis; which would mean a waste of 

light at the expenses of underlying shaded green areas. As 

known, a wheat ideotype with definitely erect leaves was al

ready proposed by Donald (1968). 

At present, liguleless is being transferred to other 

agronomically suitable genotypes, for a more careful check 

of its value in light exploitation. 

Mutations from spring to winter habit were frequen

tly observed by Konzak (unpublished) from durum wheat ex

posed to EMS and MNH. 

4.4.8) M£le._st erili ty 

The opportunity of embarking on breeding programs to 

commercial wheat hybrids is still widely debated, as empha

sized also by recent reviews (Briggle, 1964; Wienhues, 1968; 

Shebeski, 1971). Availability of male sterile lines is, any

way, the basic need for a practical exploitation of hetero

sis in durum wheat. Genie male sterile lines of spontaneous 
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origin were reported by Bozzini and Scarascia-Mugnozza in 

1968. Later, Bozzini (1974) obtained another genie male ste

rile from the variety Russello, after mutagenic treatment 

with neutrons. 

dHH4n«MlJ 
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5. USE OF INDUCED MUTATIONS IN DURUM WHEAT BREEDING 

5.1 General considerations 

Preliminary evaluation of any mutant line can as

certain that the mutation is: 

i) deleterious, or without any potential practical value.-

ii) progressive, improving one or more agronomic charac

ters, but "inserted" in a phenotype whose other cha

racteristics make the mutant line not worthy of direct 

exploitation as cultivar; 

iii) both progressive and inserted in a phenotype already 

suitable for release into cultivation. 

The frequency of occurrence of the second and 

third situation depends largely, although not exclusively, 

upon the characteristics of the mother variety; that is, in 

practice, upon the aims of the mutagenic experiment. Very 

often, the treated variety is a largely adapted one, sho

wing a number of valuable characters. Here, the aim of the 

treatment will be a correction, by means of mutation, of 

one or few unfavourable phenotypic attributes. In all the

se cases, screening can be applied to eliminate quickly 

and easily any phenotype not showing a favourable mutation 

for the character to be improved. Moreover, any progressi

ve mutation will be already inserted in a phenotype which 
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will have retained generally all the favourable characters 

of the treated variety. Therefore, release to farmers will 

be direct, or delayed only by few backcrosses to recover 

in toto the maternal phenotype. 

Occasionally, primitive or agronomically poor ty

pes can be treated. Unlikely is, however, the induction of 

a whole series of progressive mutations overcoming all the 

original defects, so th.it possible mutant lines will be uti

lized in cross breeding programs, to transfer mutated ge

nes to other genotypes. 

5-2 Direct use of mutations 

Mutants which, according to the breeder, are po

tentially apt to be adopted in cultivation will be evalua

ted as early as possible. Because of the small amount of 

available mutant seed, the evaluation cannot be made befo

re the M generation, and only in microplots. In durum 

wheat, positive results have been achieved by the Laborato

rio Agricoltura of the CNEN, at Casaccia, Rome. Here, the 

work was first performed on old italian varieties with 

long culm and high susceptibility to lodging, preventing 

their cultivation in good fertility soils. The aim was the 

induction of mutants with a reduced culm length. In fact, 

their frequency has been high, whatever the treated geno

type; their isolation, too, was easy and fast, by visual 

inspection. Most of the short culm mutants, as expected, 

showed deleterious traits, as reduced vigor, lower seed 

setting, etc. They were included in a collection for stu

dies of theoretical interest. Other mutant lines, adequa-

http://th.it
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tely +est»3d in Italy and in other Mediterranean and Near 

East countries, consistently showed agronomic performances 

better than the original varieties, and not worse, on the 

average, than the best known varieties. In table 13» data 

are shown, concerning the main agronomic characters of fi

ve varieties and some of the best derived mutant lines 

(Scarascia-Mugnozza et al., 1968). Common remarkable fea

ture is a much improved resistance to lodging. The higher 

yielding ability, however, is not to be attributed only 

to such resistance: field trials at increasing nitrogen 

dressing have shown that superiority is expressed by mu

tant lines even in environmental conditions where lodging 

is generally absent (figg. 2 and 3» after Scarascia-Mu

gnozza, 1966). It is therefore suggested that, at least 

in some instances, the plant metabolism itself was posi

tively altered. 

Considering the great economic interest of this 

crop for several countries around the Mediterranean Sea 

and in the Near East Region, the Joint FAO/IAEA Division 

of Atomic Energy in Pood and Agriculture and the Labora

torio Agricoltura of the CNEN started, in 1965-66, a coope

rative programme, according to which a network of field 

trials was set up in the above countries. Eight durum mu

tant lines obtained at Casaccia Centre of the CNEN ente

red the trials, together with two widely representative 

local varieties choosen by each cooperator, and two Ita

lian standard varieties: Cappelli and Capeiti. The,program 

me was carried out for four years at 57 locations in 16 

different countries. Table 14 (Scarascia-Mugnozza et al., 



Taole 13 

Characteristics of some mutant lines and their mother varieties 

Mother v a r i e t i e s 
and 

nu tan t l i n e s 

C a p p e l l i 
Cp P 136 
C a s t e i p o r z i a n o 
Cp B 144 
C a s t e l f u s a n o 

G a r i g l i a n o 
Ga A 7 
Cas te lnuovo 

G r i f o n i 
Cas te lde lmonte 

A z i z i a h 
Az B 155 

R u s s e l l o 
Rs A1 

Mutagenic 
agen t 

— 
Nf 
Nth 
X 
Nth 

— 
Nf 
X 

— 
Nf 

— 
Nf 

— 
Nth 

Culm l e n g t h 
(c'o of mother 
v a r i e t y ) 

122 cm 
66.27 
72 .95 
79 .50 
82 .79 

108 cm 
89 .6 
91 .8 

98 cm 
78 .2 

100 cm 
87 .5 

138 cm 
76 .8 

Mean number 
Of 

i n t e r n o d e s 

7.97 
8 .10 
7 .80 
8 .00 
7 .85 

6.59 
5.90 
6.25 

6.88 
5.95 

6.57 
6.75 

6 .00 
5.75 

Lodging 
index (*) 

2 . 5 
0 . 0 
0 . 0 
0 . 0 
0 . 1 

3 . 6 
1.4 
0 . 8 

0 . 0 
2 . b 

2 . 4 
0 . 0 

5 . 0 
4 . 6 

Heading 
d a t e 

7.5/V 
+4.0 
+2 .0 
+0.5 
+0.8 

3.6/V 
- 1 . 7 
+0.4 

1.3 A 
+3.2 

3 . 0 A 
+2.4 

3.oA 
- 1 2 . 0 

Yield 
(# of mo
t h e r vai 

39.15 q A a 
106.50 
117.95 
101.07 
113.34 

38.90 q/ha 
103.6 
106.7 

39.50 qAa 
107.3 

36.70 qAa 
107.2 

31.13 qAa 
115.9 

(*) 0= no lodging 
5= completely lodged 
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1971) reports data of productivity as an average of the 

trials during the first three years. Best yielders were two 

mutant lines, Ga B 125 and Gr A 145, and the control variety 

Capeiti. All three produced significantly more than the ove

rall mean of the local varieties. Tabli 15 (Scarascia-Mugno^-

za et al., I.e.) reports results of productivity observed in 

the fourth year of trials. They show an essential agreement 

with those obtained in the previous three-year period: best 

yielders were again variety Capeiti and mutants Gr A 145, Ga 

B 125 and Ga A 7. The high average productivity of the local 

controls is accounted for also by the frequent inclusion of 

very productive bread wheats as local checks. 

After a long test period, the Laboratorio Agricol

tura of the CNEN released for cultivation four mutant lines: 

two from Cappelli, named Castelporziano and Castelfusano 

(their previous serial numbers were Cp B 132 and Cp C 48), 

one from variety Grifoni, named Casteldelmonte (previous se

rial number: Gr A 145) and a fourth one from the variety Ga-

rigliano, named Castelnuovo (previous serial number: Ga B125). 

Data about them are reported in table 13. 

5•3 Indirect use of mutations 

Beneficial mutations can be transferred by cros

sing from the original into a new genotype. Such a Transfer 

can be performed whatever the agronomic value of the mother 

variety. Depending upon the aims to be achieved, crosses or 

backcrosses can be performed according to different schemes. 

5.3.1) Crosses_between^mutant3_for different traits 

Mutant lines entering the cross combination ge-
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Table 14 

Grain yield of durum wheat mutants and varieties, 1965-68 

Duncan's multiple 
range test 

Entry 

Ga B 125 (Castelnuovo) 

Capeiti 

Gr A 145 (Casteldelmonte) 

Cp A 26 

Ga A 7 

Cp B 132 (Castelporziano) 

Mean of all local checks 

Rs A 1 

Cp C 48 (Castelf usano) 

Az B' 155 

Cp B 144 

Cappelli 

Yield 
(kg/ha) 

3348 

3326 

3263 

3222 

3213 

3050 

3008 

2996 

2973 

2878 

2817 

2723 

nerally stem from the same mother line. The aim is to com

bine in the same genotype both of the mutated traits. Selec

tion in segregating generations will be in favour of those 

phenotypes in which both mutations appear. They can also be 

the starting point for further hybridizations with other 

mutant lines, in order to obtain larger confluences of muta

ted characters. Mutant lines from durum varieties Cappelli, 

Garigliano, Capeiti, Aziziah, Grifoni and Russello were lar

gely utilized in cross breeding programs, with the purpose 

of obtaining genotypes where mutations for reduced culm 

length «ere combined with mutations for early heading and 
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Table 15 

Grain yield of durum wheat mutants and varieties, 1968-69 

Entry Yield Duncan's multiple 
(kg/ha) range test 

Capeiti 

Gr A 145 (Casteldelmonte) 

Ga B 125 (Castelnuovo) 

Mean of all local checks 

Ga A 7 

Rs A 1 

Az B 155 

Cp B 132 (Castelporziano) 

Cp C 48 (Castelfusano) 

Cp B 144 

Cappelli 

3167 

3122 

2965 

2930 

2920 

2829 

2688 

2656 

2613 

2435 

2343 

maturity time (Bagnara and Rossi, unpublished). 

When crossed mutant lines are from the same mother 

variety, the size of the F population can be smaller, sin

ce the two lines are similar as to the background genotype. 

However, other minor mutations are presumably co-induced in 

the mutant lines. These mutations, less phenotypically evi

dent, although effective in differentiating mutant lines, 

can modify the expression of the main mutation itself and 

increase the variability of other quantitative traits. 

5-3.2) 9*;2s,3gs_frg't'yyeen. -S^jg^js ̂ grthe same_ character 

Generally, the purpose of intercrossing such mu

tants is to obtain a more drastic expression of the charac-
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ter. At Casaccia Centre, this scheme has been largely adop

ted, particularly with mutants for reduced culm length. A-

mong the best results, are those from the cross between the 

lines Cp B 132 and Cp C 48: both of them are short straw mu

tants from Cappelli (Bagnara et al.f 1971). Selection in se

gregating generations led to the isolation of some lines, 

whose culm was shorter than either parent, both parental 

mutations being homozygous. The reduction of culm length 

with reference to Cappelli is as follows: 

Table 16 

Reduction of culm length, with reference to mother variety 
Cappelli, in two mutants and one line from a cross between 
them. 

Line Culm length Culm length Reduction 
(cm) (cm) of culm with 

ref. to Cap-
pelli (£) 

Cappelli 128 100 
Cp C 48 106 83 17 
Cp B 132 94 73 27 
Double homozygote for 
both mutations 72 57 43 

The effect of the presence of both mutations on culm length 

is almost additive. Besides that, this conditio.'1 yields mo

difications at other characters, as a slightly later hea

ding and maturity time, a higher kernel volume weight and 

a better productivity. Double homozygotes are better yiel-

ders not only in respect to Cappelli, but even in respect 

to the two parental mutants, as shown in table 17. 

JL * * 1 
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Table 17 

Productivity of Cappelli, two short straw mutants and one 
line from a cross between mutants. 

Line ___̂  Productivity 
kg/ha # of Cappelli 

Cappelli 3800 100 

Cp B 132 4775 125.6 

Cp C 48 4700 123.7 

Double homozygote for 
both mutations 5560 146.3 

The results support the hypothesis that both mutants are 

carrier of several mutations with negligible phenotypic ex

pression, co-induced at loci different from those determi

ning culm length. They are, however, effective in differen

tiating mutants; so that, when the latter are crossed, re

combinant genotypes may arise, differing from parental li

nes for a whole constellation of characters (Scarascia-Mu-

gnozza, 1969). 

A hybridization program among mutants from the 

same variety has been carried out at Casaccia Centre. It 

has involved a series of different mutants for earliness 

in heading time, obtained from Capeiti. In this case, also, 

the effect of mutations has been largely additive, leading 

to recombinant lines which are as early as, or earlier than, 

the currently cultivated bread wheat varieties (Bagnara and 

Rossi, unpublished). 

5.3-3) Crosses between mutants and varieties 

Very often, mutants show poor fitness, even if 

the mutation per se is potentially valuable. This can be 
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attributed either to deleterious co—induced mutations, or 

to a pleiotropic effect of the main mutation. In the form

er case, a common procedure is to backcross to the mother 

variety, then select for individuals whose mutated phenoty-

pe lacks any deleterious effect. However, when the negative 

influence on fitness is mainly attributable to pleiotropic 

action, its elimination or reduction can be achieved cros

sing with varieties genetically different from the original 

one, as Gaul et al. (1968) have pointed out in barley. 

Advantages from backcrossing mutants to the mo

ther variety are shown by data in table 13 (Bagnara et al., 

1971). 

Table IR 

Best productivities recorded among F lines from backcros-
ses of short straw mutants to the mother variety Cappelli. 

Cross 

Cappelli x Cp B 132 
Cappelli x Cp C 48 
Cappelli x Cp B 144 

kg/ha 

5342 
4795 
4795 

Productivity 
,0 of mutant 

116.1 
10i,. 2 
11G. 4 

;.l of Cappelli 

13',. 1 
121.3 
121.3 

A large program of hybridization, crossing mu

tants to other varieties, is being carried out at Casaccia 

Centre. Results indicate that mutants generally possess a 

good combining ability, giving rise to new lines, whose a-

gronomic features are definitely superior to both parents. 

Fig. 4 (after Bagnara et al., 1971) reports data about agr£ 

nomic characters of Fc lines from the cross between the mu-
5 

tant Cp B 132 and Lakota, a variety from North Dakota. On 

the whole, 96 lines from this cross have been tested, inclu-
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ding those referred to in the figure. Most of them produc

ed significantly more than both Cp B 132 and Lakota. The 

best line outyielded Cp B 132 by 34.8$. 

Other crosses between mutants and varieties ha

ve proved equally fruitful. Consequently, the Laboratorio 

Agricoltura of the CNEN is releasing three new varieties, 

whose parentage is as follows: 

Name of the line Parentage (mutant underlined) 

Tito Cp 3 132 x Lakota 
Creso Cp B 144 x ̂ ~(Yt 54-H10B)Cp -

-63)J7 TcJ 
Mida " " 

In a series of multilocational trials in several Italian 

regions, these varieties significantly outyielded Capeiti 

and other cultivated varieties, as shown in table 19. 

Table 19 

Productivity of new varieties and established controls. 

Line Yield 

Tito 
Creso 
Mida 
Castelporziano 
Capeiti 
Local bread variety 
Cappelli 

5762 
5391 
4933 
4441 
3999 
5659 
2831 

Today, the largest amount of work done in the 

field of durum wheat improvement at Casaccia, is focused on 

the use of induced mutants in cross breeding programs. Thou

sands of lines are under preliminary evaluation and it can 

be expected that further results will soon be announced, 
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concerning lines whose main attributes, alongwith a high 

yield potentiality, will be a good technological quality, 

resistance to diseases and to winter conditions. Of course, 

large use is being made of germplasm other than induced mu

tations. 
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6. SYNTHESIS AMD PERSPECTIVES OP THE USE OF MUTAGENESIS IN 

DURUM WHEAT BREEDING 

Results so far reported, especially with respect 

to some problems, do not permit final conclusion. They are, 

however, sufficient for a first attempt at assessing the 

contribution of mutagenesis in the acquisition of useful 

genetic variability. For that, ic is necessary to establish 

how far results from mutagenesis have been positive, as 

well as: 

i) whether a given result could have otherwise been a-

chieved; 

ii) whether the alternative methods could have proved mo

re speedy and less expensive; 

iii) when the case at point ii) holds true, how deeply al

tered would have been the original genotype, which in 

many cases should be safeguarded. 

Almost always the obtainment of largely positi

ve results can be pointed out. As shown in the previous se£ 

tions, several progressive mutations have been obtained, af

fecting economically relevant characters. It has also been 

demonstrated that, by means of crosses, backcrosses and se

lection, it is possible to "clean" mutations with delete

rious side-effects, or transfer them for the benefit of o-
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ther genotypes, whose reaction to mutagens is less favou

rable. Finally, there are records of a number of instances 

where the whole agronomic picture of a mutant line has sug

gested its immediate increase for cultivation. 

To the question whether alternatives more valid 

than mutagenesis could have been adopted, it is not possi

ble always to give one and the same answer, this depending 

upon: i) the kind of problem to be solved, ii)the existen

ce of ad hoc variability in germplasm collections, and iii) 

the degree of primitiveness of germplasm sources possessing 

the desired character. What can be easily countered, how

ever, is the presumption that the use of mutagenesis usual

ly implies a longer time and a higher cost. Por T. aeati-

vum, SigurbjOrnsson and Micke (1969) reported the case of 

Sharbati Sonora, a mutant from the cv. Sonora, released to 

the farmers three and half years after the mutagenic treat

ments. In this case, an alternative method could have been 

the hybridization with one of the several germplasm sources 

of amber coloured kernel, represented by old, poor yielding 

Indian varieties. However, because of the likely negative 

effect on the excellent productivity peculiar to Sonora, 

such an alternative would have been less valid. But this 

is a frequent case: it occurs whenever well adapted and 

productive varieties are to be "corrected** with regard to 

specific, simply inherited characters. The aim is similar 

to that of a backcross program; however, the maintenance 

of a valuable genotype is easier with mutagenesis than with 

backcross. All mutants so far released as cuitivare are in

stances of this kind. 
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Moreover, mutagenesis is the only valid reco

urse for the solution of some specific problems. This is 

the case whenever no known genotype, whether primitive or 

derived, possesjes the desirable character, or the only 

germplasm source is represented by a different species, 

with a sterility barrier preventing its use by hybridiza

tion. Finally, almost exclusive to the action of mutagens 

are: the possibility of inducing the formation of haploids 

and genotypes carrying translocations and inversions; the 

speeding up of processes of diploidization; the ability to 

break very close linkages, impossible to solve by means of 

recombination. 

It has been shown in the previous sections 

that two factors play a me :or role in determining the kind 

of results, namely: mutagen and genotype. As for the muta

gen, with its specific mode of action, even if subjected 

to the influence of a series of other conditioning factors, 

it is sufficient to recall the large differences already 

pointed out between radiations and chemicals, and those a-

mong radiations themselves. As for the treated genotype, 

it is enough to recall that some kinds of mutations have 

been easily obtained by treating certain cultivars, but 

not at all by treating others. Unfortunately, while it is 

possible, to some extent, to forecast the type of effect in

duced by a mutagen, it is less possible to predict the be

haviour of a given genotype. 

Possibilities of further improvement of durum 

wheat by mutagenesis in the future are largely dependent on 

the type of problems breeder will be asked to solve. In 
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general, according to Swaminathan (1969), accepting the 

fact that mutagenesis is not substitutive for, but a comple

ment to more conventional breeding methods, its role is ma 

inly perceived in the search for new avenues to yield im

provement, connected with new characteristics of the plant 

phenotype. The plant ideotype can be re-shaped, taking ad

vantage from certain types of mutations. In durum wheat, 

induction of the liguleless mutation has offered a clear 

example of this kind of potentiality. But mention could al

so be made of mutations for smooth awns, branched ears, and 

others; all of them will result in considerable repatter-

ning of the plant, able to make it better adapted to new 

agricultural environments and practices. 

Finally, no careful consideration has been so far 

devoted to physiological traits affecting yield potentiali

ty as much as the resistance to some diseases or to lodging. 

It is not difficult, however, to foresee that the role of 

mutagenesis in this respect can be as much significant. 
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6 b i s 

Table 1. 

Areas i f darua wheat i n d i f f e r e n t r e g i o n s nt c u l t i v a t i o n 

Region linnet h i £ o f the t o t a l world m e -

Turkey 3.2K> 14.07 
Syria 1,350 5 .92 
Lebanon 22 0 . 0 9 
Jordan 200 0 . 8 8 
Cyrrus 43 " 0 . 1 9 
I s r a e l 60 0 . 2 6 
Iraq 1,220 5 . 3 5 
Iran 1,600 7 .01 
Afghanistan 630 2 .76 
Sa idi Arabi» 90 0 . 3 9 
Libya 83 0 . 3 6 
Tese--. 10 0 . 0 4 

Wear Fust Coir.tries 8 .518 37 .34 

Marocco 1,250 5 . 4 7 
Alger ia 1,400 6 .14 
Tunis ia 700 3.C7 

Worth A : n c a Coun'.ries 3 .350 14.68 

I t a l y 1,380 6 .05 

Fiance 100 0 . 4 4 

EEC 1,480 6 . 4 9 

Spain 620 2 .72 
Portuj; . l 80 0 . 3 5 
Greet» 290 1.27 
Austr ia 5 0 . 0 2 
Other Eirp-ev . Countries 995 4 . ",6 

Ctnada 750 3 . 2 9 

U.S.A. 1,100 4 . 8 2 

HorUi Aaerica 1,850 8 .11 

Mexico i?5 0 . 5 5 
Argentina 370 1.6? 
Chi le 125 0 . 5 5 

Central and jo ' i th 
American C o m t r i e s 620 2 .7? 

USSR 6 ,000 2 6 . 3 0 

WORLD TOTAL 2 2 , 8 1 3 
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Tab le 1. 

Areas of durum wheat i n d i f f e r e n t r e g i o n s of c u l t i v a t i o n 

Area 
Region / i n n o w ì ?C of t h e t o t a l world «tb=i 

Turkey 3,210 14.07 
S y r i a 1,350 5 .92 
Lebanon 22 0 . 0 9 
Jo rdan 200 0 . 8 8 
Cyprus 43 " 0 . 1 9 
I s r a e l 60 0 . 2 6 
I r aq 1,220 5 .35 
I r an 1,600 7 . 0 1 
Afghan i s t an 630 2 . 7 6 
Saudi Arabia 90 0 . 3 9 
Libya 8 3 0 . 3 6 
Yemen 10 0 . 0 4 

Near Rust C o u n t r i e s 8 ,518 37.34 

Morocco 1,250 5 .47 
A l g e r i a 1,400 6 ,14 
T u n i s i a 700 3 .07 

North Afr ica C o u n t r i e s 3.350 14.68 

I t a l y 1,380 6 .05 
F . a n c e 100 0 . 4 4 

EEC 1,480 6 . 4 9 

Spain 620 2 .72 
Por tu j f . l 80 C.35 
Grece» 290 1.27 
A u 9 t n » 5 0 . 0 2 

Other European C o u n t r i e s 995 4.",6 

Ctnada 750 3 .29 

U.S.A. 1,100 4 . 8 2 

fioriti /..-nerica 1,850 8 .11 

Mexico 125 0 . 5 5 
Argen t ina 370 1.6T 
C h i l e 125 0 . 5 5 

>ntri i ' l Ceritrii'l and .iouth 
American Ccur i t r t»s f>20 2 . 7 2 

USSR 6.00C 26 .30 

WORLD TOTAL 22 ,813 


