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Abstract  Combining ability for grain yield, yield com- 
ponents, and several agronomic and qualitative traits, was 
studied in a seven-parent diallel cross. The 21 F 1 hybrids 
and the seven parental cultivars were grown in replicated 
plot trials sown at normal seed density in three locations 
in the years 1992 and 1993. The effects of general com- 
bining ability (gca) were highly significant for all the traits 
measured with the exception of seeds per spikelet, while 
the specific combining ability (sca) effects were statisti- 
cally significant for grain yield, plant height, heading time, 
for all the yield components, and for the Chopin alveo- 
graphic parameters P and P/L ratio. For the majority of the 
traits measured gca was greater than sca. Standard hetero- 
sis (sh) for grain yield, i.e., the superiority of the hybrids 
over the best pure line cultivar (cv Eridano), was only 3.3 %, 
confirming previous finding which indicate sh effects in 
the range of 10%. The most interesting hybrid derived from 
the cross MaestraxGolia revealed a yield level approach- 
ing that of the highest yielding cv Eridano but appeared 
more interesting because of its reduced plant height and 
superior bread-making quality, signifying a selling price 
30% higher. It was concluded, therefore, that the first gen- 
eration of hybrids, likely to appear on the market in the 
next few years, will be characterized by a yield potential 
only slightly superior to that of the best standard cvs but 
associated with other desirable traits, such as bread-mak- 
ing quality. 
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Introduction 

The prospect of introducing F 1 seed into practical agricul- 
ture, and thereby acquiring control of the seed market for 
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a widely grown crop such as wheat, is very attractive and 
has led the commercial seed and agrochemical companies, 
in particular, to investigate this possibility. However, the 
current status of this research in the private sector is de- 
scribed only partially in the literature (Lucken 1986). The 
commercial exploitation of F 1 hybrid seeds in an autoga- 
mous, polyploid species characterized by a low seed-mul- 
tiplication ratio and requiring a high seeding rate presents 
several problems but, apart from the practical aspect of pro- 
duction of F 1 seed on a large scale, the crucial question re- 
gards the yield advantage of the hybrids over the best con- 
ventional pure line cultivars (cvs). 

Studies on heterosis and on combining ability for agro- 
nomic, productive and qualitative traits have been ham- 
pered in the past by the difficulty of producing substantial 
amounts o f f  1 seed to be used for replicated plot trials sown 
at normal seed density. The majority of the investigations 
reported in the literature refer to experiments carried out 
with a limited number of hybrids, grown in small plots at 
very low density and evaluated for a limited number of 
years or in few locations (reviewed by Johnson and 
Schmidt 1968; Virmani and Edwards 1983; Lucken !986; 
Pickett 1993). Because of these limitations the results were 
poorly correlated with performance in ordinary field con- 
ditions and were considered of limited practical or theo- 
retical interest (Lucken 1986). It is a matter of fact that pa- 
pers dealing with combining-ability effects on autogamous 
plants have been systematically refused in recent years by 
the leading scientific journals concerned with plant breed- 
ing. 

The above mentioned limitations were partially over- 
come by the discovery of cytoplasmic male sterility and 
restorer genes; however, the manipulation of the genetic 
system, and the time required for the conversion of the de- 
sirable lines into male steriles, led to the production of hy- 
brids which could not compete with the new cvs produced 
by conventional breeding methods owing to the low level 
of standard heterosis (sh) (reviewed by Pickett 1993). 

The possibility of producing and testing hybrid wheats 
has been greatly enhanced by the discovery of effective 
chemical hybridising agents (CHAs). These chemicals, 
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when applied to wheat plants at the appropriate growing 
stage, selectively induce male sterility. Although several 
technical and economic problems concerning the use of 
CHAs for the large-scale production of F 1 seed remain to 
be solved, it is now feasible to produce, on an experimen- 
tal scale, hybrid combinations from a large number of pa- 
rental cvs (Carver and Nash 1984; Edwards 1987; Borghi 
et al. 1989). 

In the most important wheat growing area of  the world, 
CHAs are being primarily used for the massive production 
o fF  1 hybrid combinations to be tested against conventional 
cvs, in the hope of finding sh effects sufficient to cover the 
extra cost of hybrid-seed technology while leaving a suf- 
ficient margin for the farmers. Moreover, CHAs offer a 
unique opportunity to investigate the genetical basis ofhet-  
erosis by producing F~ hybrids according to special mat- 
ing designs such as top-crosses or diallels. 

In this paper we present the results of combining abil- 
ity for grain yield, yield components, and several agro- 
nomic and qualitative traits in a seven-parent diallel cross. 
Although numerous papers on diallel analysis in wheat 
have been published, this is, to our knowledge, the first 
case of a diallel sown at normal seed rate and grown in sev- 
eral locations in large replicated plot trials. 

Materials and methods 

The seven bread-wheat cultivars listed in Table 1, selected on the ba- 
sis of their yield potential and high general combining ability (gca) 
previously evaluated by mean of top-crossing experiments (Borghi 
et al. 1989), were used to produce a 7x7 diallel cross without recip- 
rocals. The cvs 1, 4, 5, 6 and 7 were bred in Italy; at present cv 1 is 
the most productive, cv 4 has superior bread-making quality 
(class 1) while cv 7 has a very short-straw high protein content, a 
high harvest index and medium high quality. The cvs 2 and 3, bred 
in East Europe, are both characterized by very poor bread-making 
quality and were included in the diallel because in previous experi- 
ments they revealed interesting combining effects for yield with the 
Italian germplasm. 

F I hybrids were produced in 1991 using CHA technology as pre- 
viously described (Borghi et al. 1988). The chemical compound 
MON-8164 was kindly provided by Hybritech. 

The 21 F 1 hybrids plus the seven parental cvs were grown in rep- 
licated-plot trials in the Po Valley (North Italy) at two locations in 
1992 and at one location in 1993. 

The experimental design was a randomized complete block with 
three replications; the elementary plot of 6 m 2 was composed of eight 
rows, 17 cm apart. The contiguous plots were separated by an emp- 
ty path of 34 cm and were bordered at both edges by the short-straw 
cv Golia sown perpendicularly to the direction of the plots in order 
to minimize intergenotypic competition and edge effects (Romani et 
al. 1993). 

The agronomic practices were those recommended for high 
yields, including sowing with 400 germinating kernels m -~, seed 
dressing, chemical control of weeds, 150 kg ha -1 of Nitrogen applied 
in three top-dressings, and without application of growth regulators 
or fungicides and pesticides. 

Agronomical characteristics, grain yield, yield components, pro- 
tein content (Nx5.7) and SDS sedimentation tests were determined 
on each plot. Rheological analyses with the Chopin alveograph and 
the Brabender farinograph were carried out at two locations on seed 
samples from the blend of the replications, according to the standard 
procedures as previously described (Perenzin et al. 1992). 

Standard analysis of variance was applied to all data; combining- 
ability analysis was carried out according to Design 2 of Comstock 
and Robinson (1950). The diallel cross was analysed according 
to Griffing (1956) method 2 model 1 (fixed effects) using the 
MSTAT-C package. 

Results 

The main characteristics and the performance of the pa- 
rental cvs are reported in Table 1. In this experiment, cv 
Eridano was the highest yielding of the Italian cultivars but 
was surpassed by SK 7, which was very tall and produced 
grain of poor bread-making quality, in spite of the fact that 
all the other cvs revealed qualitative values higher than 
usual. 

The results of the diallel analysis for grain yield, plant 
height, heading time, hectolitre weight, protein content, 
and SDS sedimentation value, concerning three locations, 
are reported in Table 2. The effects of gca were highly sig- 
nificant for all the traits measured with the sole exception 
of seeds per spikelet; specific combining ability (sca) ef- 
fects were statistically significant for grain yield, plant 
height, heading time, for all the yield components and for 
the alveographic parameters P and P/L ratio. For several 
traits, gca and sca effects varied between locations as in- 
dicated by the significant interactions with locations. 

The largest gca effects for grain yield were contributed 
by the two highest-yielding cvs 1 (Eridano) and 2 (SK-7); 
the relatively small variance of sca effects found in both 
these cvs suggests that yield potential was uniformly trans- 
mitted to all their hybrids. Moreover, the cvs carry addi- 
tive genes for increasing plant height, but in the case of  
cv 1 the large variance of sca effects indicates that this neg- 
ative trait will be transmitted only to some of the hybrids. 
The very short-straw cv 7 (Golia), on average, decreased 
the plant height of the hybrids by 7.7 cm with positive ef- 
fects on the majority of their hybrids; in fact sca variance, 
statistically significant, was the second lowest after that of 
cv 2. 

Significant sca effects for earliness were evident in the 
two hybrids 6x7 and 2x6 derived from cv 6, which was 5 
days later than the earliest cv 3, and in the hybrid 3x4; but 
the largest sca and gca effects where of 1 day only. 

Hectolitre weight appeared to be controlled by additive 
genes, cv 4 contributed genes with positive effects (+1.3 

�9 kg hl -~) and cv 5 genes with negative effects (-2.2 kg hl-1). 
The analysis of yield components presented in Table 3 

shows, in the case of seeds per spike and seeds per spike- 
let, sca effects of  the same magnitude as, or greater than, 
the gca effects. The positive gca effects found for grain 
yield in cv 1 (see Table 2) appear to be the consequence of 
positive gca effects for spikes m-  a (+37.5); in the case of 
cv 2, yield increase was associated with positive gca ef- 
fects on kernel weight (+4.1 mg). The high sca effects for 
grain yield found in the hybrid 3x4 (+0.63 t ha -z) depend 
on the positive sca effects for kernel weight (+2.9 mg) and 
spikes m -2 (+21.8). It is likely that cvs 3 and 4 carry genes 
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Table 1 List of the parental cultivars, main agronomic and qualitative characters (mean values of three and two locations respectively), 
composition in high-molecular-weight (HMW) glutenin subunits, quality score according to Pogna et al. (1989), and marketing class 

Character 1 2 a 3 4 a 5 6 7 lsd 
Eridano SK 7 1418-2 Maestra Pegaso Etruria Gotia (P= 0.05) 

Grain yield (t ha -1) 7.75 8.13 6.82 6.46 6.66 6.49 6.98 0.45 
Plant height (cm) 88.1 93.6 87.7 88.6 77.7 81.0 69.9 2.7 
Harvest index (%) 45.7 48.8 44.7 44.9 46.3 49.9 51.2 3.8 
Heading (days from 4-1) 42.2 43.4 40.9 42.1 42.9 45.4 42.0 0.5 
Hectolitre weight (kg h1-1) 74.4 73.6 71.3 74.3 68.9 72.2 72.9 3.5 
Protein content (%) 10.8 12.1 10.1 12.4 12.1 10.7 13.0 0.6 
SDS Sedimentation volume (cc) 61.6 56.2 47.1 54.1 72.6 56.4 61.1 3.9 
Chopin alveograph - W (joule 10 -4) 298 126 113 350 312 186 338 71 

- P/L (ratio) 0.68 0.95 0.41 0.57 0.50 0.53 0.85 0.15 
Brabender farinograph - Stab. (s) 390 180 210 810 1110 210 945 403 

- Soft. (FU) 60 150 80 30 20 65 25 36 
HMW Subunit composition - A1 1 N N 2* N 2* 1 

- B1 7+8 7+9 7+9 7+9 7+9 7+9 17+18 
- D1 2+12 2+12 2+12 5+10 5+10 2+12 2+12 

Quality score 9 9 9 16 13 12 11 
Marketing class b 2 3 3 1 1-2 2 1-2 

a Cultivars with a 1B/1R translocation 
b 1 Improver wheat; 2 direct for bread-making; 3 for animal feeding or biscuit 

Table 2 Analysis of variance and estimates of gca and sca effects for agronomic and qualitative characteristics in a seven-parent diallel 
c r o s s  

Source of df Grain Plant height Heading Hectolitre Protein SDS sedim. 
variation yield (cm) (days from weight content volume 

(t h a  - 1 )  4 - 1 )  (kg h1-1) (%) ( c c )  

gca 6 
sca 21 
gca/sca 

Locations 2 

Lxgca 12 
L• 42 

Error 162 
CV% 

Cultivars 

1 Eridano 
2 S K 7  
3 1418/2 
4 Maestra 
5 Pegaso 
6 Etruria 
7 Golia 

SE 

+ sca effects 

- sca effects 

SE 

General mean 

g c a  

eft. 

0.42** 
0.33** 

-0.10 
-0.11 
-0.42** 
-0.02 
-0.09 

0.06 

3x4 
4• 
lx6  
4x6 
lx3 

5x7 
3x5 
lx2  
2x4 
2x3 

6.66** 
1.30"* 
5.1 

213.86"* 

0.74** 
0.46** 

0.23 
6.7 

s c a  

var. 

0.07 
0.05* 
0.10"* 
0.21"* 
0.09** 
0.19"* 
0.06* 

0.63** 
0.42* 
0.38* 
0.35 
0.24 

-0.58** 
-0.40** 
-0.39* 
-0.34 
-0.24 

0.16 

7.22 

1454"* 26.76** 105.68"* 22.86** 926.2** 
102"* 2.57** 23.23 0.84* 38.3** 
14.3 10.4 4.6 27.2 24.3 

11741"* 675.04** 25.34 8.82 28.6 

40** 2.32"* 33.11 ** 0.85* 27.1 
i1 0.62** 20.18 0.64 16.6 

8 0.28 14.39 0.46 17.7 
3.3 1.2 5.2 5.9 7.4 

gca sca gca sca gca gca sca gca sca 
eft. var. eft. var. eft. eft. var. eft. var. 

2.7** 15"* -0.2* 0.10" 0.5 -0 .4"*  0.01 0.8 2.8* 
3.6** 2* 0.3** 0.21 0.5 0.3** 0.02 0.2 0.3 
2.5** 14"* -0.8"* 0.07* 0.1 -0.6** 0.00 -4.9** 0.6 
3.0** 12"* -0.3** 0.19"* 1.3"* 0.3** 0.02 -1 .1"  0.0 

-3 .6"* 8** 0.2** 0.11 * -2 .2"* 0.2** 0.05 6.2** 5.4** 
-0.5 15"* 1.0"* 0.80** -0.8 -0.6** 0.10" -1 .9"* 3.9* 
-7.7** 5** -0.3** 0.16"* 0.6 0.8** 0.07 0.8 3.4* 

0.33 0.07 0.42 0.07 0.44 

lx5 4.6** 5x7 0.3 3• 0.4 3x4 2.7 
3• 4.0** 3x5 0.3 lx2  0.3 2x5 2.0 
lx6 3.4** 5x6 0.3 6• 0.3 3x7 1.5 
lx4 2.3* 2x4 0.2 2x7 0.3 6x7 1.1 
2x5 2.2 lx4 0.2 lx3 0.2 lx2 1.1 

5x7 -3.2* 6x7 -0.9** 5x7 -0 .5"  5x7 -4.0* 
1• -2.0 2x6 -0.7"* lx7 -0.4  lx6 -3.2* 
3• -0.3 3• -0 .7"* 4x6 -0.4 5x6 -2.0 

lx6 -0.6 lx6  -0.3 lx7 -1.6 
lx5 -0.5 2x6 -0.3 3x5 -1.6 

0.97 0.20 0.21 1.2 

87.8 42.2 73.4 11.4 57.3 
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Table 4 Analysis of variance and estimates of gca and sca effects for Chopin alveograph and Brabender farinograph parameters in a se- 
ven-parent diallel cross 

Source of df Chopin alveograph 
variation 

Brabender farinograph 

G W P L P/L Develop. Stability Degree of Water 
(%) (joule 10 -4) (mm) (mm) time (s) softening absorpt. 

(s) (FU) a (%) 

gca 6 21.5"* 409** 1167"* 1867"* 96** 4964** 7390** 6797** 47.1"* 
sca 21 2.9 15 38** 249 17"* 512 519 547 1.9 
gca/sca 7.4 27.3 30.7 7.5 5.6 9.7 14.2 12.4 24.8 

Locations 1 13.9"* 11"* 25 1312" 18 789 196 457 30.8** 

Error 27 1.8 11 8 195 5 620 382 297 1.2 
CV % 5.5 15.1 4.5 11.3 12.8 20.3 30.8 17 1.9 

Cultivars gca gca gca sca gca gca sca gca gca gca gca 
eft. eft. eft. var. eft. eft. var. eft. eft. eft. eft. 

1 Eridano 0.4 15 5.2** 24.9* 3.7 0.01 3 1 -69 4.8 1.0"* 
2 SK 7 -1.7"* -48** -2.4** 8.1 -15.2"* 0.08** 25** 31"* -134"* 29.2** 1.7"* 
3 1418/2 -0.3 -65** -11.4"* 6.3 -2.8 -0.09** 0 -17"* -253** 17.5"* -1.4"* 
4 Maestra 1.2"* 47** 2.6** 27.6* 11.5"* -0.04* 3 -2 77 -14.1"* 0.7* 
5 Pegaso 1.4"* 27** 0.7 18.1" 12.7"* -0.05** 2 4 307** -21.3"* -0.7** 
6 Etruria -0.9** -31"* -7.4** 12.2 -8.5* -0.03 4 -19"* -133"* 4.2 -2.6** 
7 Golia -0.1 54** 12.8"* 5.5 -1.4 0.11"* 7 3 204** -20.2** 1.4"* 

SE 0.29 7.51 0.65 3.05 0.01 5.44 42.66 3.77 0.24 

+sca effects 6x7 5.7 6x7 0.12 
1><4 4.2 5x6 0.05 
5x6 2.6 5x7 0.03 
3x5 1.5 lx4 0.03 
3• 1.3 3x4 0.02 

4x5 -8.9 2x7 -0.13 
lx3 -6.2 2x5 -0.12 
lx2 -4.9 2x6 -0.11 
lx6 -4.8 lx6 -0.09 
4x6 -4.7 2x4 -0.08 

1.89 

-sca effects 

SE 0.04 

General mean 24.5 227 65.9 122.9 0.55 123 635 49.6 56.3 

a FU Farinograph unit  

contr ibut ing  pos i t ive  sca effects for yield ,  as is sugges ted  
by  the s ignif icant  var iance  of  sca for grain y ie ld  and ker-  
nel  weight .  In the hybr ids  5x7, and 3x5 the negat ive  sca 
effects for grain y ie ld  could  be re la ted to a specif ic  y ie ld  
component ,  namely  spikes  m -2. In the case of  the hybr id  
2x4, the negat ive  sca effects on grain yield,  der ived  f rom 
the negat ive  effects on kernel  weight  ( -1 .4  rag), were  tem- 
pered  by  a greater  number  o f  seeds per  spike  (+2.9). Com-  
pensa t ion  be tween  y ie ld  componen t s  was a very c o m m o n  
phenomenon  as exempl i f i ed  by  the hybr id  3z5 which  was 
charac te r i sed  by  pos i t ive  sca effects on kernel  weight ,  cu lm 
weight ,  y ie ld  per  spike,  spikele ts  per  spike,  seeds per  spike  
and seeds per  spikelet ,  and the larges t  negat ive  effect  on 
spikes  m -2 ( -115.5) .  

The mean values  of  the qual i ta t ive  character is t ics  re- 
corded at two locat ions  are repor ted  in the last  two col-  
umns o f  Table 2 and in Table 4. Qual i ty  traits appeared  to 
be main ly  under  the control  of  addi t ive  gene action. In fact 
the h ighes t  gca effect  for pro te in  content  (0.8% in cv 7) 
was twice  that  of  the largest  sca effect  found in the c o r n -  

binat ion  3x7. S imi la r  results  were  obta ined  f rom the SDS 
sedimenta t ion  test: cv 5 increased  the value  by  6.2 cc whi le  
the largest  sca effect  in the combina t ion  3x4 was only 
2.7 cc. 

The s torage-prote in  compos i t ion  of  the parents  should 
be taken into account  in order  to expla in  the effects on 
b read-mak ing  qual i ty  of  the hybr id  progeny.  For  example ,  
the pecul ia r  behav iour  of  SK 7, which,  as in prev ious  ex- 
per iments ,  presented  posi t ive  gca effects for prote in  con- 
tent coupled  with negat ive  effects for dough v iscoelas t ic  
proper t ies ,  is l ike ly  to be due to the presence  of  rye  seca-  
l ins coded  by  the 1BL/1RS t rans locat ion  (Perenzin  et al. 
1992). In fact this t rans loca ted  ch romosome  was found by  
Zel le r  et al. (1982) to cause a decrease  in b read -mak ing  
qual i ty  (s t icky dough).  On the other  hand, cv 3, character-  
ized  by  the same low qual i ty  score (9) but  wi thout  the 
1B/1R t ranslocat ion,  revea led  gca  negat ive  effects  for all  
the qual i ta t ive  traits ( including pro te in  content)  as great,  
in the case of  a lveographic  W and far inograph stabil i ty,  as 
those observed  for the l ine with the 1B/1R t ranslocat ion.  
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Positive gca effects on bread-making quality (alveo- 
graph W, farinograph stability and degree of softening) 
were contributed by cv 4 (Maestra), another cv carrying 
the 1B/1R translocation but characterized by an optimal 
HMW-subunit composition as indicated by the highest 
quality score. The largest gca effects for bread-making 
quality were, however, contributed by cv 7 (Golia), which 
had a relatively low quality score (11 as against 16 of the 
best cv Maestra). It is likely that the positive gca effects 
on alveograph W (+54 joule 10-4), farinograph stability 
(+204 s), and degree of softening (-10.2 FU), derived from 
the increase in protein content induced by cv 7 in its hy- 
brids (gca effect +0.8%). 

Discussion and conclusions 

In a recent review on hybrid wheat Pickett (1993) found at 
least 36 published studies on combining ability in wheat. 
For the majority of the traits measured, gca was of greater 
importance than sca, the latter being more important in 
spaced planting (Virmani and Edwards 1983; Lucken 
1986). The few papers based on large-scale trials (Borghi 
et al. 1989; Brears and Bingham 1989; Morgan et al. 1989; 
Perenzin et al. 1992), including the present study, con- 
firmed the greater importance of gca. Large sca effects 
were observed in our experiment only in some yield com- 
ponents; however, these effects can hardly be exploited, in 
terms of grain-yield increase, because of the reciprocal 
compensation between traits. On the other hand, the larg- 
est positive sca effects for grain yield were found in the 
combinations 3x4 (0.63 t ha -1) and 4x7 (0.42 t ha-l), both 
derived from parents characterized by negative gca values, 
and, therefore, the two hybrids did not out-yield Eridano, 
the best cv. 

Most interesting from a practical point of view are the 
hybrids revealing high levels of sh and, therefore, able to 
perform better than the best pure line cvs. Even though sh 
effects higher than 88% are reported in the earlier litera- 
ture (Walton 1971), in the most recent publications sh ef- 
fects rarely exceed 10%, values which, according to Pick- 
ett (1993), are at best economically marginal. Our results 
confirm this finding: while the largest gca effect in cv 1 
was 5.8%, and the largest sca effect in the combination 3x4 
reached 8.7%, the best hybrid (lx6) surpassed Eridano, the 
best cv, by only 3.3%. Although, as previously mentioned, 
the current state of results concerning the performance of 
the thousands of F 1 wheat hybrids produced and tested in 
the main wheat-growing areas of the world is described 
only partially in the literature, it appears likely that no hy- 
brids showing sh values significantly greater than those 
previously mentioned have been found. 

The hybrids so far produced mainly derive from paren- 
tal cvs produced by conventional breeding programmes 
(Lucken 1986). Basically, the putative parental cvs are first 
screened for their suitability for cross-fertilization (either 
as female or male parent), then evaluated for gca in top- 

crosses and, finally, the few cvs showing the largest gca 
values are included in diallel crosses in order to find the 
best hybrid combinations. Following this approach, we ob- 
served a positive trend in the yield potential of the hybrids 
produced in the last 10 years. In fact in the first set of 141 
hybrids produced by crossing the available cvs at random, 
none produced 10% more than the controls and only 15% 
produced over 5% more than the controls. In the follow- 
ing set of top crosses, 50% of the hybrids surpassed the 
controls by 5% and 19% by more than 10%. Of the 21 hy- 
brids originated from this diallel, 71% surpassed the con- 
trols by 5% and 5% by more than 10%. It appears evident 
that, with this approach, we increased the frequency of hy- 
brids able to compete with the best cvs continuously pro- 
duced by conventional breeding but did not increase the 
level of sh. These results indicate that, unless specific 
breeding programmes based on reciprocal recurrent selec- 
tion and aimed at exploiting and accumulating sca effects 
are developed, we cannot expect to significantly enhance 
the advantage of the hybrids over the pure line cvs. 

Therefore, it appears likely that the first generation of 
hybrids, which will be put on the market in the next few 
years, will not be characterized by a yield potential remark- 
ably higher than that of the best standard cvs. In this case 
hybrid wheats will only appeal to farmers if they have inter- 
esting characteristics other than yield alone. For instance, 
stability of performance in different environments and sea- 
sons was observed by Wienhues (1968) and Stroike (1987), 
while Boland and Walcott (1985) and Borghi and Peren- 
zin (1990) found that the yield stability of the hybrids was 
intermediate to that of the parents. Where resistance to dis- 
ease is dominant and is expressed in the heterozygote, it 
could be quickly incorporated in the hybrids (Johnson and 
Schmidt 1968). Resistance genes could be accumulated in 
the hybrids (Stroike 1987). The hybrid-seed production 
system could be more flexible to match with the evolution 
of the parasite population (Driscoll 1981). According to 
Edwards (1987) the manipulation of quality traits best ex- 
emplifies the possibility offered by hybrids for trait com- 
plementation. For instance, in previous experiments (Per- 
enzin et al. 1992) we observed that some hybrids derived 
from crosses between low quality-high yielding cvs and 
high quality-low yielding cvs, revealed a yield level (>7 t 
ha -I) approaching that of the highest-yielding cvs coupled 
with a bread-making quality corresponding to the first class 
of the Italian market (W>250, P/L< 1). In our diallel only 
the three cvs Maestra, Pegaso and Golia produced grains 
with first class technological properties but their yield level 
was below that of the best cv, Eridano. By contrast, the 
three hybrids lx5, 4• and lx4, with similar positive qual- 
itative characteristics, produced 7.3, 7.4 and 7.7 t ha -1 re- 
spectively, values not statistically different from that of Er- 
idano, the best cv (7.7 t ha -1) and corresponding to a yield 
advantage over the cvs of the first class of 9, 11 and 14% 
respectively. Moreover, the hybrid 4x7 was agronomically 
superior to Eridano because of its reduced plant height (cv 
Eridano is considered too tall and therefore susceptible to 
lodging) and superior grain quality, which represents a 30% 
higher selling price. 
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In conclus ion,  the CHAs  great ly  faci l i ta te  the produc-  
tion on an exper imenta l  scale of  a large number  of  hybr id  
combina t ions  and represent  a power fu l  tool  for recurrent  
se lect ion by  e l imina t ing  the need for manual  emascula t ion  
and pol l inat ion,  thus opening  new poss ib i l i t ies  for the 
study of  the bas ic  and appl ied  aspects  of  wheat  hybr id  vig-  
our. More  informat ion  is needed  before  an answer  can be 
given to the crucial  quest ion concerning  the economic  con- 
ven ience  of  the in t roduct ion  of  the hybr ids  into prac t ica l  
agr icul ture  and it appears  l ike ly  that, at first, p roduc t iv i ty  
p e r  se will  not  be the main  or the only reason for hybr id  
cul t ivat ion.  
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