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The durum wheat varietieé cultivated in Italy, as a
whole, mre not very high as protein producers. However, among
them Trinakria, a variety bred in Sicily, has shown, in trials
conducted for three years in different localities (40), to have
a constantly high protein content when‘compared to other va-
rieties grown in this country.

A diallel crossing system (8x8) including Trinakria was
made. Protein content expressed as pefcentage and mg per seed,

and {OOO seed weight were examined.

The Griffing combining ability shows that Trinakria transmits
to F1 nybrids its high protein content. This is a result of the
pfimarilv additive genetic effects as indicated by a greater va-
lue of general comblrlng ability mean squares.

' Very high broad heritability for all three mentloned cha-

racters was found. ,
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The durum wheat varieties cultivated in Italy, as a
whole, are not very high protein producers. Although -
differences exist among them, they are rather close to the
average value (about 12% of dry matter) of the varieties
cultivated in the world (VOGEL et al., 1973). Consequently,
it is of special interest finding genetic sources for high
protein content, in or&er to change by breeding the present

status.

In the case of durum wheat, the importance of increas- !
ing the protein content is not only related to the interest
of.improving the nutritional value, but also connected with
the possibility of producing better "spaghetiit: fM;reover,

the protein is highly variable for a given genotype; therefore
it is needed to study the different varieties comparatively
aﬁd repeatedly in several environments and in different years
(VALLEGA, 1977), unless it is dealt with very differentiated
material under such respect. -

~

Field data, obtained from many localities and for se-

()

——

veral years, have shown that the variety Trinakria is su-

- 1
perior to all other Italian varieties in protein content. This

confirms what the Trinakria breeders (BALLATORE, 1970) had in- |

dicated since the beginning, —

(¢) Trinakria, a cross between B14 (selection from North-
Africa) and Capeiti, bred in Sicily by the Institute of
Agronomy - University of Palermo.
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MATERIAL AND METHODS

. o ~—
Twenty durum wheat Italian varieties were grown in

1975, 197b and 1977 in 40 localities of Central, South and s
main Islands (Sicily and Sardlnla)of Italy,. In fig.1, the (

distribution of experimental fields is presented: 8 locations |

—

in 1975, 14 in 1976 and. 18 in 1977.
A randomized block design with four replications was
used. Each p‘ot consisted of 8 rows 17 cm apart and 7.5 m

long (about 10 m ), the seeding rate was about 450 seeds per
2

m . ) —
e

Among all the varieties included in the trials, only
16 were common during the three years and eight of them have
been selected to evaluate the Prinakria performance. Trinakria
was compared with Cappelli and Capeiti, which are fairly old
varieties still largerly cultivated, and five other varieties -
Creso, Polesine, Tito, Valfiora, Valgerardo - rather new,
| The traits studied are the following: -
- % of protein in the grain (13% of moisture), measured by
Technicon Infraalyzer system;
-~ protein per seed, mg;

- weight of 1000 seeds (13% of moisture);
yield of protein, q/ha.

In order to characterize the 8 selected.varieties, agro-

nomic traits as grain yield g/ha, plant height, and test weight

have been considered.
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For the 1976 and 1977 data, two different correlation

coefficients have been calculated among protein content (% angd

“mg per seed), 1000 seed weight and grain yield q/ha. One (na-
med general) has been obtained from the location means (of 20
varietles), the other has been calculated for the single se-

lected varletles on the basis of the average values presented

by each varieties 1n the different localities.
- — ) T --—“~——»—\\/-~

— G it
e Flnally, a d1a11e1 eross g;stem w1thout reciprocal com- \

o

y,
binations among the varieties Cappelli, Jucci, Trinakria, Tagan-

|
rock, Valgerardo, - Valtarquinio, Giorgio 679, Duro Lucano has ’

been studied. . e T

o Parental varieties and F1 were grown in 1976 at Rome;

the experimental design was a randomized block with two repli-
cations. The plots were represented by the rows 1.5 m long and
spéced 30 cm apart; space between plants in each row was 5 cm,

Protein percentages expressed on a 13% moisture basis,
protein per seed (mg) and 1000 seed total weight were enalysed.

Estimateé of general and specific combining ability
were obtg}ped by the diallel cross analysis according to GRIFFING
(1956), method 4 (only FA), model 1 (information derived from
this study applies only the cultivars studied).

Broad sense hereditability was calculated using'the

variance component method.
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RESULTS AND DISCUSSION

In table 1, for each year, are reported the average
values of protein content (% of protein, amount of protein .
‘per seed, protein yield gq/ha) and other traits of agronomic
importance, useful for characterization of the eight varieties
selected for this study. Trinakria shows the highest values
for proteln expressed in %; the amount of proteln per seed (ﬁﬁaﬂ
is also hlgh, but cannot be considered the optimum in absolute
sense; the yield of protein in g/ha is intermediate because of
the relatively low grain yield. -
Table 2 reproduced the protein % values of the va-
rieties in different years., Trinakria appears as the wheat
that systematically gives the highest protein content. In eve-
Ty year not only offers the best average values, but also the
minimum and maximum highest limits, as well as a relative low
variability coefficient. In 1977 Tito and Polesine shéw a ma~-
| ximum value superior to those of Trinakria as consequence of

e

their high percent of shrinked seeds.

Fig.2 shows the protein content (%) = for varléty

in relatlon with the protein means of the different localltles.
The places with average values differentiating not more t:ha.n“Z
O.5Zhave been pooled. The Capeiti and Polesine varieties have

not been included: the former because of the poor interest for

the protein trait, the latter because of the fact that the high

A) Field trials - | | ~

!
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protein values are mainly due to the small size of the

seed and the shrinking. o

From fig.2 the systematic superiority of Trina- \

kria is evidentxin the years and localities. Valfiora and
Cappelli have a pattern similar to that of Trinakria but

lower values. Valgerardo shows higher protein confent (%)

in locations with higheér 9% values, indicating that it can ;

profit of a better nitrogen availability (VALLEGA, 1977) .

=

Table 3 reports the correlation” coefflclentq among ™

protein %, graln yield q/ha, 1000 seed welght and protein

per seed, both in general and for each of 8 selected varletles.

b §

In general (considering the 20 varieties) a negatl-‘
ve correlation between protein 4 and grain yield was found '
only in 1976; however this is not syotematlc, if the 31nglei
varieties are considered. In fact in 1976 the eight varlgrw‘
tieg, except Tito, show a positive trend (although not si-
‘gnificant): namely increasing of yield is accompanied by in-
creéase of protein %. For Creso and Capeiti actually such a
positive correlation is significant at the 5% level.

~—

In 1977 data, 2 negative and significant correla-

iy
\

“tion is found between protein ¢ and 1000 seed weight accor- E
ding to the results reported by BATHIA (1975), FAVRET (1970)
and JAIN (1976). 1In 1976, on the contrary, the correlation
is not significant and in general there is a positive trend:l

However, it must be considered that in 1977 there has been |
|
i
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a long period of dry season during the vegetative cycle of
the plant, especially in Southern Italy. This has been the
cause of the low yield in grain and of the low value of
1000 seed weight.

The 1976 data give a positive correlation, highly

significant between proteln o and amount of protein per seed,

et

both in general ‘and for each variety, except Creso.. On the
contrary in 1977 the trend is negatlve in general, whereas

for single varieties such a trend is apparent only in Creso

and Polesine. This result suggest that, at least for the va-
rieties tested and in favorable seasons, the increase of seed
wpight is not always associated with a lower protein product"on.

A significant positive correlation has been found

between amount of protein per seed and 1000 seed weignht, both<
;

in general and in each varieties, except Tito for both years.,;

A s1mllar positive correlation, statistically significant, ﬁg;

ﬁween such traits has been observed also in bread wheat, bar-

ley, and rice by several authors: FAVRET et al. (1969), HARN

et al. (1973), BATHIA (1975), JAIN et al. (1976). o
Such findings suggest that it is necessary to se-

| 1éct, in early generations, plants or progeny with high seed

weight and high percentage of protein, to obtain lines with

P

high protein content without yield decrease. In fact, the
cited authors suggest that the great amount of protein per

seed is the best criterion for making selection in breeding

programmes.,
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i Y In order to obtain a better knowledge of the per- )

formance of the parental lines, 1n terms of their abllltv to/

/

for alI'the characters were 51gn1f1cant among genotypes, a |
ol —~—le

comblnlng ability analy51s wéé‘berformed.

Such analysis involved the protein content, expresse a‘
as percentage and mg per seed, and 1000 seed weight.
| The observed mean squares of the general and specific
combining ability and their significance are given in table 4.
The variances of general combining ability (GCA) are highly si-

gnificant for all the considered traits (BRIGGS, 1974), the /,/l

same occurs for the specific comblnlng ability (SCA) variance .
with the exception of that for the protein percentage, that is

significant at P=0.05 level, only.

-

In comparing the relative magnitude of general versus

specific combining ability, the largest part of the total genetic'
[

variability is associated with GCA for all traits. This would

indicate that the 3 measured characters depend mainly on additi—f
i : n
ve gene actions, at least on the basis of the genetic background |

—~— b

used in this experiment. N

This result is interesting because the additive gene

|
action only can be retained by segregating generations in self-}

pollinating crops as durum wheat, g

T
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To better evaluate the genetic pétential for grain pro:
tein content of the individual varieties included in this
diallel system, estimates of GCA and SCA variances associated
with each parent have been calculated (Table 5). Trinakria is
| the only variety that presents high variances for GCA, consistent-
1y superior to that of SCA, for all the three characters im-
portant for the protein-content. Therefore the trait "high pro-
tein content" of Trinakria is mainly a result of additive gene
actions, and the same applies to 1000. seed weight.fwAs a conse-
é;;;;;:m;uéﬂ traits should be easily transmitted to the proge-
nies following h&bridization of Trinakria with other.genotypes.
Then, it should be possible to select segregants with elevatéd
expression of the protein content and great seed weight.

Cappelli, on the contrary, presents a reverse situatioh:
protein % shows a SQA'variance about twice as great as GCA va-
"riance, This meansggzh additive gene action plays the most im-
portant role in determining protein content in Cappelli andg,
~conéequently,'the F1 performance is difficult to be preserved

in successive generations. For protein per seed and for 1000

seed weight the édditige gene actions appear slightly more impor-

tant (GCA/SCA variance ratio = 1.5). The new varieties Valgerardo

and Valtarquinio show variance values guite low and, anyway, the
‘superior estimates are for SCA for the three traits. . - =

The estimates of GCA effects are presented in table 6.

The largest positive effect for all the 3 characters is con-







[

to hybrids, as 1n61Cated also by the higher values of variance

(s

|_tributed by Prinakria. This wheat easily transmits its high

protein content (% and mg per seed) and high 1000 seed weight

A -

obtained for GCA as compared to that of SCA. The F1 means are

largely greater than the value of Trinakria that results, thef

refore, the most outstanding parent.

On the contrary, Cappelli shows high negative est1mates

of the effects of GCA for the three characters studied. This 3

fact, together with the findings obtained for the GCA and SCA |
/

variances, could explain why the majority of Italian varieties |
derived from Cappel]i have not the quality level of Cappellltgml
One of the new promising varieties, Valgerardo, shows

low values of GCA effects for the three characters, anqéiﬁe
ybrlds are very close to Valgerardo. With respect to the other

parents, except the remarkable effect of GCA of the line Giorgio
679 for the character 1000 seed weight, nothing of special in-

terest has been observed.

In order to put in evidence and to compare the hybrlds
derived from the three most interesting parents (Trinakria,
1
Cappelli and Valgerardo), the values of the hybrids and the most

significant estimates of the SCA effects, both positive and ne-

e

- gative, are represented in fig.3. Considering the protein %,mu“

\

\

it is evident that all F1 hybrids, derived from crosses with

Trinakria, have a constantly higher protein content than Tri-

nakria. The hybrid with the highest value (16,42) is Trinakria }
.

x Valgerardo that, however, shows a great SCA effect.i There— ,J
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fore the possibility to fix lines with protein % so elevated
in successive generations will be more difficulte. Other
two hybrids with high protein content are Trinakria i Giorgio
679 and Trinaﬁria x Jucci. On the other hand, Cappelli x

Valtarquinio, shows a large SCA estimate. Trinakria x Val—i
tarquinio and Cappelli x Valgerardo present great but nega-%
|

tive estimates of SCA effects; in other words, they produceé
lower protein contents that could be expected on the basis ;
of the parental performance. | o

| A similar response is given by the mentioned hy-
brids (fig.3) @ith respect to the amount of protein per seed

(mg).
The hybrids with seed weight highest values are

those of Trinakria when crossed with Valgerardo, Giorgio 679,
Duro Lucano and Jucci (that also have the best protein con-
tents), and Cappelli x Giorgio 679 that, in addition, pre-
sents a great SCA effect.

s The broad sense hergffitability estimates, obtained
from the variance components of the F1 data, for the protein
%, the amount of protein per seed, and the 1000 seed weight,
were respectively 83, 95, and 90%. These hiéh her¢@itability
values, together with the fact that the characters involved
are mainly due to additive gene actions, suggest that it should
be relatively easy to select for a higher protein content, as

has also been indicated by KONZAK (1977).
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fP4B.1 — Protein content and some agroneomic traits for eight varieties in 1975,1976,1977

GRAIN PROTEIN  PROTEIN  GRAIN 1000-grain TEST PLANT
PROTEIN per SEED  YIELD YIELD WELGHT WEIGHT  HEIGHT

% mg q/ha q/ha g kg/hl cm

TRINAKRIA 1975 1307 - 5¢6 417 - 79 116
: 6 13.3 5¢9 4.0 29.7 45 76 13
7 13.9 6.3 4.2 30.3 46 79 104

CAPPELLI 1975 13.2 - 4.9 3745 = 81 139
6 12.0 569 365 28.5 49 76 135

7 13.0 5.8 3o 2441 45 79 o125

CAPEITL 1975 119 - 5¢6 47.3 - 80 112
6 1.4 4.8 38 33.0 42 1 112

7 124 ' 5.0 2.9 23.6 40 80 96

CRESO 1975 12.0 - 7.0 58,0 - 82 87
-6 1.6 5.6 4.7 40,5 49 78 80

7 12.9 6.2 4e5 +34.9 48 82 76

TITO 1975 11.0 - 507 52,9 - 79 101
6 10.7 . 4.0 4.0 37.7 38 13 95

T _ 131 44 3.8 29.6 34 76 81

VALFIORA 1975 12.5 - 6.4 51.9 - 79 94
. 6 12.6 6.4 4e2 32.5 51 75 85

7 " 13.6 742 4.4 32.5 53 80 81

VALGERPRDO 1976 11.9 - 6.7 57.4 - 80 Y
6 117 5.5 4e5 37.9 47 76 90

7 12:7 6.0 562 4047 48 81 81

POLESINE 1975 - - - - - - -
6 12.9 4.8 4e2 319 37 74 98

7 14.1 4.9 4.0 28.6 35 78 84

% 1975: means for 8 localities;
I?é: means for 14 localities;
977: means for 18 localities.
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