






important. This supports what several authors have already
reported (Cutler and Brinson 1935, Berg 1947, Beard and
Poehlman 1954, Symes 1965, Baker and Dyck 1975). The
environmental effect was also important, and this agrees with
certain literature reports (Stenvert 1974, Beard and Poehlman
1954), but disagrees with others (Miller et al 1981a and b).
However, as shown in Table III, high interstation correlations
were obtained as shown before by Taylor et al (1939). This
indicates, once again, that differences in hardness come mainly
from the varietal criterion. The differences in the sample
correlation coefficients show the effect of environment on genetic
hardness potential.

In order to suggest a demarcation line between soft and hard
Moroccan common wheats, certain standard American hard and
soft wheat cultivars were analyzed and their PSDs determined
(Table IV). An important gap (6.3% PSD units) occurred between
American hard and soft wheats. For Moroccan wheats the major
break occurred between Teggey 32 and Sais (1615) varieties. The
mean size of that gap was 6.9% units at the Marchouch station
(Table II). It was largest (18.2% units) from those varieties at
the Menara station. We suggest that Moroccan common wheats
may be subdivided into soft and hard wheats. The soft wheats
would be Sais (1615), Pinyte (2306), and Potam. The other
varieties would all be hard wheats. The environmental conditions
under which the wheats are grown do not appear to affect this
division.

The division of Moroccan wheat into hard and soft was
confirmed by analyzing SDS-PAGE patterns for proteins
associated with starch granules. The results are reported in Figure
1 and agree with the findings of Greenwell and Schofield (1986).
These data showed that the wheats labeled as soft by the PSD
test (Potam, lane 17; 1615, lane 11; and Pinylo 2306, lane 4) have
a 15-kDa band that is significantly more intense than those found

TABLE VI
Correlation Results Among the Parameters Determined

for Hardness Studies

Simple
Correlation Level of

Correlated Coefficient Significance
Parameters (r) (%)

Moroccan Common Wheats
PSD' with:

Proteins 0.07 NSd
Vitreousness -0.49 95
AWRCb -0.96 99
Damaged starch' -0.77 99

Proteins with:
Vitreousness 0.24 NS
AWRC 0.11 NS
Damaged starch 0.33 NS

Vitreousness with:
AWRC 0.56 95
Damaged starch 0.54 95

AWRC with:
Damaged starch 0.85 99

Moroccan Durum Wheats
PSD with:

Vitreousness -0.12 NS
Proteins 0.49 NS

Vitreousness with:
Proteins 0.25 NS

American Wheats
PSD with:

Proteins -0.70 95
AWRC -0.91 99

Proteins with:
AWRC 0.64 95

in hard wheats. In Figure 1, the hard cultivars 5/70-32 (lanes
18 and 19) and SD8036 (lane 20) have a relatively intense band
near the 15-kDa band, but this is not the softness band because
it did not have the same mobility as the 15-kDa band. The "soft"
15-kDa band appears as a broad band or as the faster band
of a resolved doublet. Also, the variety 1618 (Fig. 1, lane 23)
has an intense 15-kDa band, but this variety was not analyzed
for hardness because it had been canceled from the breeding
program.

The relationship of wheat hardness to vitreousness, protein
content, AWRC, and damaged starch are summarized in Tables
V and VI. No significant correlation was found between PSD
(hardness) and protein content. Baker and Dyck (1975) suggested
that a genetic linkage exists between the genes that control
hardness and protein content. Moss (1973) observed that as
protein content increased, wheat hardness decreased, and several
other authors suggest that the relationship between protein content
and hardness is subject to question (Symes 1969; Hoseney and
Seib 1973; Simmonds 1974; Obuchowski and Bushuk 1980b;
Miller et al 1981b, 1982; Yamazaki and Donelson 1983). On the
other hand, correlation studies confirmed the existence of a joint
relationship between hardness and vitreousness (significant at the
95% level). The subdivision made earlier on common wheats is
somewhat supported by the vitreousness results. In fact, all the
presumed soft wheats have no vitreous kernels, and their flours
(lOXX sieve extracts) were brighter than those of hard wheats.
Although some people in grain inspection services rely on grain
vitreousness to assess wheat hardness, others do not and stress
the fact that this relationship is questionable (Milner and
Shellenberger 1953, Simmonds 1974).

A correlation coefficient between AWRC and hardness of -0.96
was found and is highly significant. Because protein content is
unrelated to hardness, the strong negative relationship found
between PSD and AWRC might be explained by the level of
damaged starch. The harder the wheat the higher the level of
damaged starch, and the more important the amount of absorbed
water will be. It is also interesting to note that presumed soft
wheats have the lowest values of AWRC, indicating that they
are best-suited for cookie-making compared with the other
common cultivars. Damaged starch was correlated with wheat
hardness (-0.77, significant at the 99% level). Several authors
have found this relationship to exist (Williams 1967, Stenvert
1974, Pomeranz et al 1984, Wade 1987).
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a Particle size distribution.
bAlkaline water retention capacity.
c All the correlation results involving damaged starch (for Moroccan com-
mon wheats) were calculated using 13 samples as reported in Table V.

dNot significant at the 95 or 99% levels.




