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IV. RESULTS AND DISCUSSION

1. First experiment:

The present study was carried out to investigate types of gene
action, the heterosis and their interactions with environments
(irrigation treatments i.e. sprinkler irrigation every 4, 8 and 12 days)
for plant height, peduncle length, number of spikes per plant, number
of kernels per spike, 1000-grain weight, straw yield, grain yield and
biological yield (protein content, wet gluten %, dry gluten % and

semolina %).

Six parental varieties namely; Bani Sweif 1 (p1), Bani Sweif 2
(p2), Bani Sweif 3 (P3), Sohag 1 (P4), Sohag 2 (Ps) and Sohag 3 (Ps),
representing wide range of variability in most of the studied traits,
were utilized. A half diallel set of crosses involving six parents,
evaluated under three sprinkler irrigation every 4.8 and 12 days at
three separate experiments; were used herein as a first approach to

investigate genetic variance.

For better representation and discussion of the results obtained
herein, it was performed to outline these results into two main parts,
i.e. 1) yield, yield components and some agronomic attributes and 2)

quality characters.

1.1. Yield, yield components and some agronomic attributes:

1.1.1. Analysis of variance, mean performances and heterosis:

The analysis of variance for each experiment and the combined
analysis between them for; plant height, height of flag region, number
of spikes per plant, number of grains per spike, 1000-kernel weight,
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straw yield, grain yield and biological yield/plant are presented in
Table (10).

Irrigation mean squares were significant for all the studied traits,

indicating overall differences between the three irrigation treatments.

Table (11) presents mean values for all the studied traits at
different sprinkler irrigations. The effect of sprinkler irrigation every 8
days (I2) increased significantly all the studied traits when compared
with irrigation every 4 or 12 days. In most traits, the high mean values
were obtained by irrigation every 8 days followed by irrigation every
4 days and then by irrigation every 12 days. The appreciable decrease
in mean values for all traits detected herein by sprinkler irrigation
every 12 days could attributed to retardation in cell division and cell
expansion (Kramer, 1963). Also, such increase may be interpreted by
the fact that sufficient soil moisture in the root zone increases the
ability of plants to growth habit and yield (Pandey and Hague, 1965).
In addition, increase in grain, straw and biological yields were
logically due to the achieved increase i its components. These results
are in harmony with those obtained by Abd-Mottaleb (1978) and
Moursi et al. (1979) who reported that increasing soil moisture stress
by decreasing amount of available water of the soil irrigation

depressed grain, straw and biological yields of wheat.

Mean squares for, genotypes, parental variety, and F, hybrids
were highly significant for all the studied traits in separate
experiments and the combined over them except parent mean squares
for number of spikes in the combined. Also, mean squares for parent

vs crosses were significant for all traits except straw yield at the
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combined analysis and biological yield at sprinkler irrigation every 8
days, indicating the wide diversity among the studied wheat

genotypes.

Significant mean squares of genotypes by irrigation treatments,
parent by irrigation, F; hybrids by irrigation and parent vs hybrids by
irrigations  were obtained for all traits, indicating that genotypes

behaved some what differently from sprinkler irrigation to another.

The mean performances of the six parents of durum wheat at
separate sprinkler irrigation as well as the combined analysis are
showed in Table (12). Parental cultivar Sohag 1 (P4) was on the
highest of the parental varieties in straw, biological yields, number of
spikes per plant, peduncle length and plant height, and it gave the
moderate values for other traits. The parental cultivar Bani Sweif 1
(P,) almost expressed moderate values for most traits under study.
Meanwhile, it was on the second rank of the tested genotypes for
number of kernels per spike. The parental variety Bani Sweif 2 (Py)
gave the highest value for 100-seed weight and the second of the
tested varieties for grain, straw and biological yields. While, it gave
intermediate in the other traits. The parental variety Bani Sweif 3 (P3)
expressed the lowest values for plant height, peduncle length and 1t
gave moderate values for other traits. The parental variety Ps gave the
lowest mean values for straw and biological yield and it gave the
lowest value for plant height in the combined analysis. Also, it gave

moderate values for other traits.

The mean performance of F, crosses in each sprinkler irrigation

treatment and the combined over them are presented in Table (12).
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The cross P; x P4 gave the highest value for plant height in the
combined analysis, but without significant superiority over these

crosses P, x Ps and P4xPs. The cross P3xP; gave the shortest plants.

The cross PsxPs and P;xP,; exhibited significant high value of

peduncle length in the combined analysis over the other crosses.

For number of spikes per plant, four crosses between Ps and each
of Py, P,, P; and P¢ gave the highest mean values in the combined
analysis.

The four crosses (PxP;, P3xPs, PsxPs and PsxPe) and one cross
(PyxP3); five crosses (PixP;, PixPa, P>xP3, P3xPs and P3xPg) and two
crosses (P1xPs3 and P;xPs) gave the highest number of kernels per
spike at sprinkler irrigation every 4, 8 and 12 days as well as the

combined analysis.

For 1000-kernel weight, six crosses (PixPs, P2xPs3, PyxPy, PoxPs,
P;xP; and P4xPs) at sprinkler irrigation every 4 days two crosses
(P,xPs and PsxPg) at sprinkler irrigation every 8 days; six hybrids
(PixPa, PyxP4, PaxPg, P3xPs, P3xP, P.xPs) at sprinkler irrigation every
12 days, and three crosses (P2xPs, PxPs and P4xPs) in the combined

analysis gave the highest values for this trait.

Four crosses; (P1xP3, PixPs, P3xP4 and PsxPe), two crosses (P2xP;
and P4xPs), two crosses (P;xP; and P,xP;), and six crosses (P1xPs,
PxPs, P,xP;, PoxPs, P3xPs, PsxPs and P3xPs) showed the highest
values for straw yield/plant at sprinkler irrigation every 4, 8 and 12

days as well as the combined over them, respectively. The high straw
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yield per plant in the previous crosses could be attributed to the high
number of tillers/plant (no. of spikes/plant) and plant height.

The durum wheat crosses i.e., (PsxP,), one cross (P4xPs), three
crosses (PixPs, PsxPs and PsxPg) and three crosses (P,xPs, PsxP, and
P,xPs) gave the highest grain yield/plant at sprinkler irrigation every
4, 8 12 days and the combined analysis, respectively. The cross P4xPs
had the highest grain yield per plant, but without sigmificant
superiority over the two crosses P;xPs and P3;xPy4 in the combined
analysis. The superiority in grain yield/plant in the previous crosses
could be attributed to the superiority in one or more of its components
(Table 12). It can be concluded that these crosses would be efficient
and prospective in durum wheat breeding programs for improving
grain yield per plant.

Two, one and four hybrids gave the highest values for biological
yield at sprinkler irrigation every 4, 8, 12 days and the combined
analysis, respectively. In the combined analysis, the cross P4xPs had
the highest value for biological yield/plant but without significant
superiority over those of crosses PixP;, P3;xPs and PsxPs. The
superiority in biological yield per plant in the previous crosses could
be attributed to the superiority in both grain and straw yields and some

of its components (Table 12).

1.1.2. Heterosis:

Mean squares for parent vs. crosses as an indication to average
heterosis overall crosses was significant for all traits in separate
irrigation experiment as well as the combined over them except straw

yield at the combined analysis and biological yield at sprinkler
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irrigation every 8 days (12) (Table 11). F, means were significantly
higher than parental mean for most traits. Significant interaction
between parents vs. crosses and irrigation treatment was detected for
all the studied traits. This result indicates that the heterotic effects

were affected by the effect of sprinkler irrigation treatments.

Heterosis expressed as the percentage deviation of F, mean
performance from its mid-parent and better parent average values for
all traits studied at three sprinkler irrigation treatments and an average

over the three irrigation treatments, are presented in Table (13).

For plant height, eight, seven, three and eleven hybrids exhibited
significant positive heterotic effects relative to mid-parent at sprinkler
irrigation every 4, 8, 12 days as well as the combined analysis,
respectively. Also, eleven, nine, six and thirteen parental combinations
had significant positive heterotic effects relative to better parent in the
same order. Significant positive heterotic effects for plant height over

mid-parent and/or better parent were recorded by Dechev (1985).

For peduncle length, five, seven, five and seven parental
combinations expressed significant positive heterotic effects relative
to mid-parent value at sprinkler irrigation every 4, 8 and 12 days as
well as the combined analysis, respectively. Also, four, five, three and
four hybrids of the previous crosses had significant positive heterotic
effects relative to better parent value in the same order. The cross
PsxPg gave the highest values of heterosis for this trait at the combined
analysis followed by crosses P xP; and P;xPy. In this respect, positive
heterotic effects for peduncle length were recorded by Dechev (1985),
Pace et al. (1985) and Ronga ez al. (1985).
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For number of spikes per plant, twelve, three, eight, and six
hybrids showed significant positive heterosis over the mid-parent
value at sprinkler irrigation every 4, 8 and 12 days as well as the
combined analysis, respectively. While, eight, two, four and four
parental combination from the previous crosses showed significant
positive heterotic effects relative to better parent in the same order.
The two crosses P;xPsand PsxPs gave the highest values of heterosis
in the combined analysis for this trait. Heterotic effects for number of
spikes per plant were also found by Pace et al. (1985) and Ronga ef
al. (1985).

For number of kernels per spike, eight, four, eight and ten hybrids
significantly exceeded the mid-parent value at sprinkler irrigation
every 4, 8 and 12 days as well as the combined over them,
respectively. Also, four, one, three and seven Crosses from the
previous hybrids showed significant positive heterotic effects relative
to better parent in the same order. The crosses P4xPs, PoxP4 and PxPs
had the most desirable heterotic effects for this trait. Significant
positive heterotic effect for number of kernels/spike was reached

before by Pace et al. (1985) and Ronga et al. (1985).

Thousand kernel weight, twelve, nine, three and eleven crosses
exceeded significant out of respective mid-parent value at sprinkler
irrigation every 4, 8 and 12 days as well as the combined analysis,
respectively. Also, ten, seven, three and ten crosses showed significant
positive heterotic effect relative to better parent in the same order.
Also, the crosses P3xPs, PsxPs, PxP, PsxP, and P3xPs gave the

highest values of heterosis in the combined analysis for this trait.
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Significant positive heterotic effects for kernel weight were recorded

before by Pace ef al. (1985) and Ronga et al. (1985).

Concerning grain yield per plant, fourteen, four teen, thirteen and
fifteen crosses, significantly exceeded out of respective mid-parent
value at sprinkler irrigation every 4, 8 and 12 days as well as the
combined data, respectively. Also, thirteen crosses at separate
irrigation experiment and fourteen hybrids at the combined analysis
from the previous hybrids showed significant positive heterotic effects
relative to better parent. Also, the crosses P,xP,, P1xP,, PoxPs, PoxPs,
P;xP4, PsxPs, P3xPs and PsxPs had the highest grain yield per plant
(Table 11). These hybrids exhibited heterosis for one or more of traits
contributing yield. The heterotic magnitude, however, differed from
case to case. This finding agrees with the general trend where the
expression of heterosis for a complex trait could be explained on the
basis of component interaction, as the numerical value recorded for a
complex trait is always a function of its components. It could be
concluded that these crosses would be efficient and prospective mn
wheat breeding programs for improving grain yield per plant.
Significant positive heterotic effects relative to higher yielding parents
were also reached before by Pace ef al (1985) and Ronga ef al
(1985).

With respect to straw yield per plant, eleven, two, four and five
crosses significantly exceeded the respective mid-parent value at
sprinkler irrigation every 4, 8 and 12 days as well as the combined
over them, respectively. Also, seven, two three and two parental

combinations from the previous crosses exhibited significant positive
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heterotic effects relative to better parent in the same order. The two
crosses P,xP; and PsxPs showed high desirable heterotic effects for

this trait at the combined analysis.

Regarding biological yield/plant, eleven, five, seven and ten
hybrids showed significant positive heterosis over the mid-parent
value at sprinkler irrigation every 4, 8, and 12 days as well as the
combined analysis, respectively. Also, nine, three, five and eight
hybrids from the previous cross had significant positive heterotic
effects relative to better parent value in the same order. The crosses
PxP;, PixPs, PaxPs, PoxPs, PaxPs, P3xPs, PixPs, PsxP¢ and PsxPe
showed significant positive heterotic effect relative to better parent in

the combined analysis.

1.1.3. Combining ability

Analysis of variance for combining ability as outlined by
Griffing‘s (1956) method-2, model-1 in separate sprinkler irrigation
treatments as well as the combined analysis for all the studied traits is
shown in Table (14). The mean squares associated with general
combining ability (GCA) and specific combining ability (SCA) were
significant for all the studied traits in separate irrigation as well as the
combined analysis, except GCA for 1000-kernel weight at sprinkler
irrigation every eight days. It is evident that both additive and non-
additive gene effects were involved in determining the performance of
single cross progeny. Also, when GCA/SCA ratio was used, it was
found that grain yield/plant at the three irrigation treatments as well as
the combined analysis, straw yield at sprinkler irrigation every four

days, biological yield at sprinkler irrigation every 4 days (I1) and 12
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days (I3), plant height at sprinkler irrigation every 12 days (I3),
number of spikes per plant at the sprinkler irrigation every 4 and 8
days (12 and I3), number of kernels per spike at sprinkler irrigation
every 12 days (I13), and 1000-kernel weight at sprinkler irrigation
every 8 and 12 days (I2 and I3) exhibited low GCA/SCA ratio less
than unity indicating the predominance of non-additive gene action in
the inheritance of such cases. While the magnitude of additive and
non-additive types of gene action were similar for plant height at
sprinkler irrigation every 8 days as well as the combined analysis,
number of spikes per plant and straw yield per plant at sprinkler

irrigation every 12 days.

On the other hand, high GCA/SCA ratio which exceeded than the
unity were detected for other cases, such results indicated that additive
and additive x additive of gene action were more important than non
additive gene effects controlling in these cases. For the exceptional
case (1000-kernel weight at sprinkler irrigation every 12 days (13), it
i1s evident that non-additive type of gene action was the more

important part of the total genetic variability for this case.

The genetic variance was previously reported by several
investigators (Verma et al, 1984; Ali-Zad and Aleksanyan, 1986;
Bhatiya et al, 1986, Raghavalah and Joshi, 1986; Singh efal,
1990; Abul-Naas et al, 1991; Bebyakin and Starichkova, 1992c;
Mann and Sharma, 1995a and b; Mariani ef al, 1995 and Ronga et
al, 1995), they reported both additive and non-additive types of gene
action were responsible for controlling the inheritance of yield and

some of its components.
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The mean squares of interaction between both types of combining
ability and irrigation treatment were significant for all studied traits,
indicating that both additive and non-additive types of gene action
varied from irrigation treatment to another. It is fairly evident that
mean squares of SCA x irrigation/SCA was higher than GCA x
irrigation/GCA for all traits except plant height. Such results indicated
that non-additive effects were more influenced by the irrigation
treatments (Environmental conditions) than the additive genetic
effects in these traits. Forthe exceptional traits, however, the higher
magnitude of GCA x irrigation/GCA showed that the additive and
additive x additive effects were more affected by environment than the
non additive effects. These results are in agreement with those
reported by Singh and Gautam (1986), Bebyakin and Starichkova
(1992b, ¢ and d), Mann and Sharma (1995), Mariani ef al. (1995)
and Ronga et al. (1995).

General combining ability effects

Estimates of GCA effects (g) for individual parental variety in
each trait in the three irrigation treatments as well as their combined
analysis are presented in Table (15). General combining ability effects
computed herein were found to differ significantly from zero in all
cases except 1000-kernel weight at sprinkler irrigation every 12 days.
High positive value would be interest under all traits in question
except plant height where high negative effects would be useful from

the breeder point of view.
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The parental variety Bani Sweif 1 (P;) expressed significant
positive GCA effects for number of kemels/spike at sprinkler
irrigation every 4 and 8 days as well as the combined analysis and
straw yield at sprinkler irrigation every 12 days, while it was poor
combiner for yield and most of yield components (Table 15). While, it
gave significant negative GCA effects for plant height at sprinkler

irrigation every 4 days.

The parental variety Bani Sweif 2 (P,) exhibited significant
positive GCA effects for 1000-kernel weight at sprinkler irrigation
every 4 and 8 days as well as the combined analysis. However, it gave

undesirable GCA effects for other characters under study.

The parental variety Bani Sweif 3 (P3) had significant desirable
GCA effects for plant height at sprinkler irrigation every 4 and 12
days as well as the combined analysis, number of spikes/plant at 12
(sprinkler irrigation every 8 days, number of kernels per spike at
sprinkler irrigation every 4 and 8 days as well as the combined
analysis, and straw and biological yields at sprinkler irrigation every 8

days. While, it gave undesirable GCA effects for other cases.

The parental variety Sohag 1 (P4) exhibited significant positive
GCA effects for peduncle length, at three sprinkler irrigation
treatments as well as the combined, number of spikes per plant, straw
yield and biological yield at sprinkler irrigation every 8 and 12 days
and combined analysis, 1000-kernel weight at sprinkler irrigation
every four days as well as the combined and grain yield per plant at
sprinkler irrigation every 4 and 8 days as well the combined analysis.

Also, it gave significant positive GCA effects for plant height at three
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irrigation treatments as well as the combined analysis. While, it had

either significant negative or insignificant GCA effects for other cases.

The parental variety Sohag 2 (Ps) expressed significant positive
GCA effects for grain yield per plant at the sprinkler irrigation
treatments as well as the combined analysis, biological yield at
sprinkler irrigation every 4 and 8 days as well as the combined
analysis, number of spikes per plant at sprinkler irrigation every 4
days as well as the combined analysis, number of kernels per spike at
sprinkler irrigation every 4 and 12 days as well as the combined
analysis and straw yield at sprinkler irrigation every four days. Also, 1t

undesirable GCA effects for other cases.

The parental variety Sohag 3 (Ps) had significant negative GCA
effects for plant height at sprinkler irrigation every 4 and 8 days as
well as the combined analysis. While it was a poor one for other cases
(Tabie 15).

Generally, the parental variety P4 exhibited significant desirable
GCA effects for straw, grain and biological yields, 1000-kernel
weight, number of spikes per plant and peduncle length at the
combined analysis. Also, the parental variety P5 had significant
positive GCA effects for grain and biological yields/plant, number of

spikes per plant and number of kernels per spike.

Significant correlation coefficient between the parental
performance and its GCA effects were obtained for all traits except
number of spikes per plant and 1000-kernel weight at sprinkler
irrigation every 8 days and biological yield/plant at sprinkler irrigation
every 12 days (Table 15). These finding indicate that the parental
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varicties gave a good index of intrinsic performance of their GCA
effect. Therefore, selection among the tested parental population for
initiating any proposed breeding program could be practiced either on

mean performance or GCA effects basis with similar efficiency.

For the exceptional cases, insignificant correlation coefficient
values were detected between the two variables. This disagreement
revealed that hybrids characterized with high values could be expected
by crossing between varieties of low performance for these cases. A
rather good agreement between ranking of parental performance was
reported by Pace et al. (1985), Raghavalah and Joshi (1986),
Bebyakin and Starichkova (1991a, b) and Mann and Sharma
(1995a, b).

Specific combining ability effects (Si)
Specific combining ability effects of the parental combinations

were computed for all traits (Table 16).

Regarding plant height, six, seven, three and four crosses showed
significant positive SCA effects at sprinkler irrigation every 4, 8 and
12 days as well as the combined analysis, respectively. However, one,
four , two and one parental combination gave significant negative
SCA effects in the same order. Both Crosses P;xP; and P,xPs had the
highest positive SCA effects. Also, the cross PxPs gave the highest
negative SCA effects at sprinkler irrigation every 4 and 8 days as well

as the combined analysis.

For peduncle length, five, four, four and three parental

combinations had significantly positive SCA effects at sprinkler
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irrigation every 4, 8 and 12 days as well as combined analysis,
respectively. The highest positive SCA effects was obtained by cross
P,xP, followed by the cross P;xP, at the combined analysis.

Four, three, five and one parental combinations exhibited
significant positive SCA effects for number of spikes per plant at
sprinkler irrigation every 4, 8 and 12 days as well as the combined
analysis, respectively. The cross P4xPs had significant SCA effects at

the combined analysis.

Six, four, seven and six crosses had significant positive SCA
effects for number of kernels per spike at sprinkler irrigation every 4,
8 and 12 days as well as the combined analysis, respectively. The best
cross was P.xP;s at the three irrigation treatments as well as the

combined analysis for this trait.

Considering 1000-kernel weight, nine, seven, six and three crosses
had significant positive SCA effects at sprinkler irrigation every 4, 8,
and 12 days and the combined analysis, respectively. Both crosses
P;xPs and P.xPs had the highest SCA effects at the three irrigation

treatments as well as the combined analysis, respectively.

Six, three, five and four crosses showed significant positive SCA
effects for straw yield at sprinkler irrigation every 4, 8 and 12 days
and the combined analysis, respectively. The four crosses PxP;,
PxP,;, P,xP, and PsxPs expressed significant positive SCA effects for

the combined analysis for this trait.

Regarding grain yield per plant, eight, eleven, ten and eleven

parental combinations showed significant positive SCA effects at
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sprinkler irrigation every 4, 8 and 12 days and the combined analysis,
respectively. In conclusion, the best combinations were PxP,, P)xPs,
PxPs, PsxPs, p3xPs and P,xPs at the three irrigation treatments as well
as the combined analysis. It could be concluded that the previous
crosses seemed to be the best combinations, where it had significant
positive SCA effects for grain yield per plant as well as most of yield

components over the three irrigation treatments.

Concerning biological yield, six, six, seven and six parental
combinations showed significant positive SCA effects at sprinkler
irrigation every 4, 8 and 12 days as well as the combined data,
respectively. The crosses P1xPs, P;xPs and PsxPs had significant SCA
effects for straw, grain and biological yields, respectively in the
combined analysis. The mentioned combinations might be of interest
in breeding programs aimed to produce pure line varieties for high

straw, grain and biological yields.

If crosses showing high specific combining ability involve only
one good combiner such combinations would throw out desirable
transgressive segregates providing that the additive genetic system
present in the good combiner and complementary and epistatic effects
present in the crosses act in the same direction to reduce undesirable
plant characteristics and maximize the character in view. Therefore,
the most previous crosses might be of prime importance in breeding

program for traditional breeding procedures.
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1.2. Quality characters

1.2.1. Analysis of variance, means and heterosis

The analysis of variance for each irrigation experiment as well as
the combined data for quality characters is presented in Table (17).
Sprinkler irrigation mean squares were significant for all traits,
indicating an overall differences between the three sprinkler irrigation

treatments.

Results in Table (18) indicate the effect of irrigation treatments on

the four quality characters.

Semolina mean values reported in Table (18) indicated that the
plants received sprinkler irrigation every 4 or 12 days exhibited
significant increase in this trait compared with those received

sprinkler irrigation every 8 days.

Protein content mean values detected herein indicated that plants
received sprinkler irrigation every 4 days expressed a significant
increase in protein percentage compared with those received by
sprinkler irrigation every 8 or 12 days. It could be concluded that the
decrease in interval irrigation might be due to the increasing protein

content.

For dry and wet gluten mean values detected herein, it indicated
that plant received sprinkler irrigation every 4 or 8 days expressed a
significant increase in both dry and wet gluten compared with those

received sprinkler irrigation every 12 days (Table 13).

Significant genotypes mean squares were detected for the studied

quality traits in separate irrigation experiments as well as the combined
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data, indicating the wide diversity between the parental materials used
in the present study. Also, significant genotypes x irrigation
treatments mean squares were obtained for four quality traits under
study. Such results indicated that the tested genotypes varied from

each other, and ranked differently from irrigation treatment to another.

Table (18): Effect of irrigation treatments on the quality characters.

Irrigation Semolina Protein Dry gluten  Wet gluten
treatment % % % %
n 71.10a 13.27a 3140 a 46,77 a
12 70.39b 12.68b 31.37a 4767 a
13 71.60a 11.34 ¢ 28.04b 41.30b

Results also showed that mean squares due to parents were
significant for all quality characters in separate irrigation treatments as
well as the combined data except semolina percentage in the
combined data. Significant mean squares due to interaction between
parental varieties and irrigation treatments were obtained for all traits.
These findings indicate that parental varieties differed in their
performances in these quality traits. Also, it revealed that parental

varieties varied in their response to irrigation treatments in these traits.

Highly significant F; hybrids mean squares along with highly
significant F; hybrids by irrigation treatments were detected, revealing
an overall differences between these hybrids and its varied in their

response to irrigation treatments.

The mean performances of genotypes in each irngation treatments
as well as the combined data are presented in Table (19). The three
crosses (P1xPs, P1xPs and P4xPs), seven crosses (P:xP3, PoxPs, PyxPe,
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P;xPs, PsxPs, PxPs and PsxPs) and parental variety Sohag 1 (Ps),
parental variety Sohag 2 (Ps) and five crosses (P1xPs, P1xPs, P3xPs,
P,xPs and PsxPg) gave the highest values for semolina % at sprinkler

irrigation every 4, 8 and 12 and the combined data, respectively.

The crosses PsxPs, PixPs, PsxPg and parental variety Sohag 3 (Pe)
had the highest values of protein % at sprinkler irrigation every 4, 8,
12 days as well as the combined data, respectively. The hybrid mean

values were within the range of parental varieties for this trait.

The cross PsxPs at sprinkler irrigation every 4 days, parental
variety Sohag 2 (Ps) and the cross P3xPs at sprinkler irrigation every 8
days, two crosses P,xPs and P4xPs at irrigation every 12 days and two
crosses P,xP; and P;xPginthe combined data gave the highest value
for wet gluten %. The two crosses PoxPs and PsxPg gave the highest
values of dry gluten % in the combined data. It could be concluded
that the previous crosses would be efficient and prospective in durum

wheat breeding programs for improving quality characters.

In all quality traits, the mean values were mostly differed from
irigation treatment to another. This finding coincides with that
reached before for genotypes by immigation treatments mean squares
(Table 17).

1.2.2. Heterosis

Mean squares for parent vs. Crosses asan indication to average
heterosis overall crosses was significant for all quality characters
except semolina % in the combined analysis and dry gluten % at
sprinkler irrigation every 4 and 8 days (Table 17). F, means were
significantly higher than parental mean for all traits except semolina
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percentage at sprinkler irrigation every 12 days, and protein content at
sprinkler irrigation every 4, 5 days as well as the combined analysis
(Table 19).

Significant interaction mean squares between parents vs. Crosses
and irrigation treatments were detected for all quality traits, indicating

that the heterosis effects were affected by irmngation treatments.

Heterosis expressed as the percentage deviation of F, performance
from its mid-parent and better parent average value for all traits
studied at separate irrigation experiments as well as the combined

analysis, are presented in Table (20).

For semolina percentage, five, ten and five crosses manifested
significant positive heterotic effects from the mid-parents at sprinkler
irrigation every 4, 8 days as well as the combined data. Also, five,
eight and three parental combinations from the previous crosses had
significant positive heterotic effects relative to better parent in the
same order. The other crosses exhibited significant negative or
insignificant effects relative to mid- or better parent, for this trait.
Heterotic effects for semolina % was also reached before by Johnston

et al. (1983).

Concerning protein percentage, four, seven, eight and seven
parental combinations significantly exceeded mad-parent value at
sprinkler irrigation every 4, 8, and 12 days as well as the combined
analysis, respectively. Also, two, five, five and three crosses from the

previous hybrids showed significant positive heterotic effects relative
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to better parent value for this trait in the same order. The cross P3xPs4
showed the high desirable heterotic effects. These results are in
agreement with findings of Levy and Feldman (1985) and Autran et
al. (1990).

For wet gluten percentage, five, five, eight and nine parental
combinations significantly exceeded the mid-parent value at sprinkler
irrigation every 4, 8, 12 days as well as the combined data,
respectively. Also, five, four six, and seven crosses from the previous
hybrids surpassed the better parent value in the same order. The cross
(P,xP;) followed by (P4xPs) and then by (P;xPs) showed the highest

desirable heterotic effects in the combined analysis.

For dry gluten percentage, five, four, six and seven
parental combination significantly exceeded mid-parental
value at sprinkler irrigation every 4, 8 and 12 days as well as
the combined analysis, respectively. Also, two, three, five
and three crosses from the previous hybrids exhibited
significant positive heterotic effects relative to better parent
value in the same order. The cross (P,xP3) gave the highest
positive heterotic effects for this trait.

It could be concluded that the previous crosses would be efficient
and prospective in durum wheat breeding programs for improving

quality characters.

1.2.3. Combining ability
Analysis of variance for combining ability as outlined by
Griffing’s (1956) method-2, model-1 in separate irrigation treatment

as well as the combined analysis, is presented in Table (21). The mean
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squares associated with general and specific combining ability (GCA
and SCA) were significant for all the studied traits. It is evident that
both additive and non-additive gene effects were involved in
determining the performance of single cross progeny. Also, when
GCA, SCA ratio was used it was found that semolina and protein
percentages at sprinkler irrigation every 4 days and wet gluten % in
the combined analysis exhibited low GCA/SCA ratio of less than
unity indicating the predominance of non additive gene action in the
inheritance of such cases. While, the magnitude of additive and non
additive types of gene action were similar for semolina %, at sprinkler
irrigation every 8 days as well as the combined analysis and dry gluten

% at sprinkler irrigation every 8 days.

On the other hand, high GCA/SCA ratios which exceeded unity
were detected for other cases. Such results indicated that additive and
additive x additive types of gene action were more important in the

genetics of these character than non additive ones.

The importance of additive effects of gene were previously
reported by Levy and Feldman (1985) for protein and gluten content
and Autran e al (1990) and Abul-Naas er al (1991) for protein

percentage.

The mean squares of interaction between sprinkler irrigation
treatments and both types of combining ability were highly significant
for all studied quality characters, indicating that the magnitude of all
types of gene action varied from irrigation treatment to another. It is
fairly evident that ratios for SCA x irrigation treatment/SCA was
much higher than ratios of GCA x irrigation treatments/GCA for four
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studied quality characters. Such results indicated that non-additive
gene effects were much more influenced by irrigation treatments than
the additive genetic ones. The interaction between both types of

combining ability and environmental changes were reported by
Timariu and Moldoveanu (1982) and Levy and Feidman (198S).

General combining ability effects

General combining ability effects (g;) of each parental variety for
quality traits in separate irrigation treatments as well as the combined data
are presented in Table (22). Such effects are being used to compare the
average performance of each variety with other varieties and is expected for
selection of varieties for further improvement. High positive values would

be of interest for all quality characters under study.

The parental variety Bani Sweif 1 (P)) expressed significantly
positive GCA effects for semolina % at sprinkler irrigation every 4
days and wet gluten % at sprinkler irrigation every 12 days, but it gave
significant negative or insignificant GCA effects for other cases. The
parental variety Bani Sweif 2 (P,) exhibited significant positive GCA
effects for dry gluten % at sprinkler irrigation every 12 days and wet
gluten % at sprinkler irrigation every 12 days as well as the combined
analysis. Also, it gave significant negative or insignificant GCA
effects for other cases. The parental variety Bani Sweif 3 (P;)
expressed significant positive GCA effects for protein % at sprinkler
irrigation every 4 and 8 days as well as the combined analysis, wet
gluten % and dry gluten at sprinkler irrigation every 8 days. While, it
appeared as a poor combiner for other cases. The parental variety

Sohag 1 (P4) appeared to be the best GCA effects for semolina %, dry
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gluten and wet gluten % at sprinkler irrigation every 8, 12 and 4 days,
respectively. While, it gave significant negative or insignificant GCA
effects for other cases. The parental variety Sohag 2 (Ps) appeared to
be the best general combiner for protein % at sprinkler irrigation every
8, 12 days as well as the combined data, semolina % at sprinkler
irrigation every 12 days, and dry gluten % at sprinkler urigation every
4 and 8 days, and wet gluten % at sprinkler irrigation every 8 days.
Also, the parental variety Sohag 3 (Ps) appeared to be good combiner
for protein % at the three irrigation treatments as well as the combined
analysis, Semolina % at sprinkler irrigation every 4 days, dry and wet
gluten % at sprinkler irrigation every 4 and 8 days as well as the
combined analysis. These results suggest that improving opportunity
by selection would be possible for quality. It is worthmentioning that
an excellent agreement between parental performance and its GCA
effects was obtained for all cases except semolina % and protein % at
sprinkler irrigation every 8 days and wet gluten % at sprinkier
irrigation every 8 days as well as the combined analysis. Therefore, it
could be concluded that high performing hybrids could be reached
except when crossing is carried out between parental varieties
characterized by high mean performance. Such agreement might add
another proof for the preponderance of additive genetic variance
governing these cases, and coincides with the finding reached above
(Table 21). Similar trend was previously mentioned by Raghavalah
and Joshi (1986) and Bebyakin and Starichkova (1991a, b).

For the exceptional cases, low and insignificant correlation values

were detected between the two variables. This disagreement revealed
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that hybrids characterized with high mean performance could be

expected by crossing between varieties of low mean performance.

Specific combining ability effects (Sy)
Specific combining ability effects of the parental combinations

were computed for all studied traits (Table 23).

For semolina %, six, six, two and four crosses expressed
significantly positive SCA effects at sprinkler irrigation every 4, 8 and
12 days as well as the combined analysis, respectively. The crosses
(P\xPs), (P1xPg), (P3xPs) and (P4xPs) gave significant positive SCA

effects in the combined analysis.

Regarding protein content, five, eight, seven and seven crosses
showed significantly positive SCA effects at sprinkler irrigation every
4, 8 and 12 days as well as the combined analysis, respectively. Both
crosses (PxP;) and (P;xP;) gave the highest positive SCA effects in

the combined analysis for this trait.

Six, five, six and four crosses exhibited significant positive SCA
effects for dry gluten percentage at sprinkler irrigation every 4, 8 and
12 days as well as the combined analysis, respectively. The two
crosses (PoxP;) and PsxPg) had the highest positive SCA effects for

this content.

Five, five, six and eight parental combinations showed significant
positive SCA effects for wet gluten percentage at sprinkler irrigation
every 4, 8 and 12 days as well as the combined analysis, respectively.
the two crosses (P2xP;) and (P4xPs) gave the highest positive SCA

effects in the combined analysis.
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Crosses showing high specific combining ability involve only one
good combiner such combinations would throw out desirable
transgressive segregates providing that the additive genetic system
present in the good combiner and complementary and epistatic effects
present in the crosses act in the same direction to reduce undesirable
plant characteristics and maximize the character in view. Therefore,
the most previous crosses might be of great importance in breeding

program for traditional breeding procedures.

2. The second experiment

2.1. Yield and yield attributed

2.1.1. Effect of seasons

Results in Table (24) represent averages of the two seasons of the
study. From the results, it is evident that all studied characters except
plant height, peduncle length and number of kernels/spike were
significantly variable from season to another. Higher mean values for
all characters were detected in the first season. It could be concluded
that the grain yield increase in the first season may be due to the
significant increase in number of spikes/m” and weight of 1000-grain
only (Table 24).

2.1.2. Varietal differences _

Data given in Table (25) show the average values of plant height,
peduncle length and flag-leaf area as influenced by the different
varieties during the two growing seasons as well as the combined
analysis. The differences between varieties reached the significant

level for all studied characters during the two seasons.
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Gemmeiza 3 cultivar gave the highest averages of plant height
%being 100.00 ¢m compared with other varieties in the first season.
‘While, in the second season Sohag 2 cultivar had the highest value of
‘plant height (99.16 cm), but with no significant superiority over
Gemmeiza 3 cultivar (97.41 cm). On the contrary, in the first season
the lowest values of plant height were recorded by Bani Sweif 1
' (87.83 cm), Sohag 3 (88.75 cm), Bani Sweif 3 (88.92 cm) and Sohag 1

cultivars (90.50 cm). Also, the differences between these four

previous varieties were not reached the level of significance. In the
second season, the shortest plants were recorded by Sohag 1 cultivar
| being 85.83 cm. Gemmeiza 3 cultivar surpassed the other varieties in

plant height in the combined data, whereas Sohag 1 cultivar gave the
 lowest value (Table 25).

In the first season, Bani Sweif 2 cultivar gave the highest value
with regard to peduncle length being 44.72 cm compared to other
cultivars. The lowest value was obtained by Gemmeiza 3 cultivar
~ being 37.32 cm, while in the second season, the highest values of
i peduncle length; 38.45, 38.28, 3827, 37.46 and 36.63 cm were
obtained by Bani Sweif 2, Bani Sweif 3, Sohag 1, Bani Sweifl and
Sohag 2 cultivars, respectively. However, all differences among them,
did not reach the level of significance. On the contrary, Gemmeiza 3

cultivar had the lowest value of peduncle length being 31.47 cm.

In the combined data, Bani Sweif 2 cultivar gave the highest value
of peduncle length, whereas the lowest value was obtained by

Gemmeiza 3 cultivar (Table 25).
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Concerning flag leaf area (cm?), Sohag 3 cultivar gave the highest
value being 47.28 cm? while Bani Sweif2 cultivar gave the lowest
one (33.84 cm?) in the first season. In the second season, Bani Sweif3

gave the highest flag leaf area being 41.54 cm? followed by Bani

Sweif 1 cultivar which recorded 40.15 cm?, whereas Sohag 3 cultivar

‘had the lowest value being 35.61 cm®.

In the combined data, Sohag 3 cultivar surpassed the other
varieties in flag leaf area which recorded 41.45 cm?, while Bani Sweif

2 cultivar gave the lowest value being 35.09 cm?, Table (25).

The recorded results of yield, yield components and biological

yield as affected by the different varieties during the two seasons as

| well as the combined data are shown in Table (26). The differences

among varieties regarding the number of spikes per one square meter,
number of kernels/spike, 1000-grain weight, straw yield/feddan, grain
yield/feddan and biological yield/feddan reached the significant level
(Table 26).

In the first season, Bani Sweif 2, Bani Sweif 2, Bani Sweif 3,

~ Sohag 2 and Sohag 3 cultivars had the highest number of spikes per

one square meter which were 213.50, 213.33, 206.17, 211.00 and
208.08, respectively, whereas Gemmeiza 3 cultivar gave the lowest

value being 187.25.

In the second season, both cultivars Gemmeiza 3 and Sohag 3
recorded the highest number of spikes per one square meter which
were 207.50 and 203.67, respectively, whereas Sohag 1 cultivar had
the lowest number of spikes/m? being 170.33.
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In the combined data, Sohag 3 gave the highest number of spikes

per one square meter being 205.88, whereas the lowest value was

obtained by Sohag 1 (182.67).

Concerning number of kemels/spike, in the first season Sohag 3
cultivar gave the highest number being 51.25. However, there was no
significant differences between Sohag 2, Bani Sweif 3, Bani Sweif 1, Sohag
1 and Sohag 3. The lowest number of kernels/spike was 36.00 was obtained

by Gemmeiza 3 cultivar.

In the second season, Sohag 1 cultivar produced the highest
number of kernel/spike followed by Sohag 3 and Sohag 2 cultivars
which were 51.77, 50.99 and 49.14, respectively. Whereas Gemmeiza
3 cultivar produced the lowest value of number of kernels/spike being

39.06.

In the combined data, both cultivars Sohag 3 and Sohag 2 had the
highest number of kernels/spike which were 51.12 and 49.40, whereas
Gemmeiza cultivar had the lowest value being 37.53 (Table 26).

In the first season, it is clear that Sohag 1 cultivar had the highest
1000-grain weight followed by Bani Sweif 2, Bani Sweif 1 and Sohag
3 cultivars, which were 56.83, 56.67, 5.67 and 53.92 gm, respectively.
While the lowest value was recorded by Bani Sweif 3 cultivar being

49.67 gm.

In the second season, Sohag 3, Bani Sweif 1 and Sohag 1 cultivars
had the best average for 1000-grain weight, which were 52.97,52.63
and 4991, respectively. In the other side, the lowest value was

recorded by Gemmeiza 3 cultivar being 44.40 gm.
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Bani Sweif 1 cultivar had the highest average of 1000-grain
weight, but without significant superiority over Sohag 3, Sohag 1 and
Bani Sweif 2 cultivars in the combined data, while Gemmeiza 3

cultivar gave the lowest 1000-grain weight.

The highest average of straw yield/feddan were 3.58 and 41.8
ton/fed obtained by Gemmeiza 3 cultivar in 1996/1997 and 1997/1998
seasons, respectively. On the other hand, Bani Sweif cultivar gave the
lowest values for straw yield/feddan in 1996/1997 and 1997/1998

seasons which were 2.45 and 2.28 ton/fed., respectively.

In the combined data (Table 26), it is clear that Gemmeiza 3
cultivar had the highest straw yield/feddan, but without significant
superiority over Bani Sweif 1 cultivar, whereas both Bani Sweif 3 and

Sohag 1 cultivars had the minimum straw yield/feddan.

As to the yield of grain/feddan, Bani Sweif 2 cultivar had the
highest grain yield/feddan in 1996/1997 and 1997/1998 seasons which
were 14.02 and 11.09 ardab/feddan, respectively.

On the other hand, the lowest values for grain yield/fed were
recorded by Gemmeiza 3 cultivar (8.76 ardab/fed) and Sohag 1
cultivar (7.85 ardab/fed) in the first and second seasons, respectively.
Bani Sweif 2 cultivar had the highest grain yield/fed in the combined

data, whereas Gemmeiza 3 cultivar gave the minimum grain yield/fed.

Tt is evident that the increase in the grain yield of Bani Sweif 2
cultivar primarily due to the increase in number of spikes/m*and

weight of 1000-grain.
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Concerning the biological yield/fed, it is clear from Table (26)
that the highest averages of the biological yield/feddan obtained from
Sohag 3 cultivar (5.71 ton/fed) and Gemmeiza 3 cultivar (5.50
ton/fed) in 1996/1997 and 1997/1998 seasons, respectively.

On the contrary, the lowest biological yield/feddan recorded by
Bani Sweif 3 cultivar (4.36 ton/fed) and Sohag 1 cultivar (3.65

ton/fed) in the first and second seasons, respectively.

The highest biological yield/feddan produced by Bani Sweif 1
cultivar being 5.39 ton/fed in the combined data. While, the lowest
biological yield/feddan was obtained by Sohag 1 cultivar being 4.09
ton/fed, Table (26).

Mean squares for cultivars and seasons were significant for all
traits except peduncle length (Table 25). This finding revealed that the
tested varieties in most traits ranked differently from season to

another.

2.1.3. Effect of nitrogen fertilization

Data in Table (27) show the average values of plant height,
peduncle length and flag leaf area as affected by the various levels of
nitrogen in 1996/1997 and 1997/1998 seasons.

Results indicated that all studied characters were not significantly

affected by nitrogen levels during the two seasons.

Data on yield, yield components and biological yield as affected
by the various levels of nitrogen in 1996/ 1997 and 197/1998 seasons
as well as the combined data are presented in Table (28). Results
indicated that yield as well as yield components were significantly
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affected by nitrogen levels in both seasons except 1000-grain weight
in the first season and number of spikes per one square meter and
number of kernels/spike in the second season and biological yield/fed,

in both seasons and the combined data.

Number of spikes per square meter and number of kernels/spike
gave their highest values being 212.64/m* and 47.14 kernels/spike,
respectively, when N rates were splitted into four doses up to 100 kg
N/fed. The lowest number of spikes/m? (193.93) as well as number of
kernels/spike (41.07) were obtained by adding N rates in four equal
doses up to 75 kg N/fed in 1996/1997 season.

In the combined data, the highest values of number of spikes per
one square meter (201.18) and number of kernels/spike (47.07) were
obtained by applying N rates in four equal doses up to 100 kg N/fed
and N rates up to 75 kg N/fed when were splitted into three doses,

respectively.

The highest average of 1000-grain weight was 52.84 g obtained
when applying N rates in four equal doses up to 75/kg N/fed, but the
differences between this treatment and applying N level of 75 kg
N/fed in three doses were not significant and the lowest seed index
(46.53 g) was accompanied to N application of 100 kg N/fed in four

doses during the second season.

In the combined data, the highest value of 1000-grain weight was
obtained by N application level of 75 kg N/fed in four doses being
5322 g.
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The highest average of straw yield/feddan were 3.50 and 3.44
ton/fed obtained when applying N rate in four equal doses up to 75 kg
N/fed in the first season and up to 100 kg N/fed in the second season,

respectively.

In the other side, the lowest straw yield/fed were 2.78 and 2.97
ton/fed when N rate was splitted into four doses up to 100 kg/fed in

the first season and up to 75 kg N/fed in the second season.

Concerning grain yield/feddan, results showed that the highest
grain yield/fed was accompanied by N application level of 75 kg
N/fed when N rate was splitted into three doses being 13.59 ardab/fed
in the first season and four doses being 10.34 ardab/fed in the second
season. The lowest averages of the grain yield were recorded by
adding N rate in four doses up to 100 kg N/fed being 11.61 ardab/fed
in the first season and by adding N rate in three doses up to 75 kg
N/fed being 9.09 ardab/fed in the second season.

Generally, the highest values of straw yield (3.24 ton), grain yield
(11.58 ardab) and biological yield (5.06 ton) per feddan were obtained
by applying N rate in four equal doses up to 75 kg N/fed in the
combined data. Similar results were reported by Kamel ef al (1978),
Salem (1984), Mosaad and Abdel-Shafi (1990) and Shams El-Din
and Abdrabou (1995), who found that wheat grain yield and most
grain yield components increased with N level up to 60 kg N/fed.
Also, El-Badry (1989) found that the highest grain yield of wheat
could be achieved by applying 92 kg N/fed. On the other hand, Tanji
and Regeher (1988) found that mtrogen application had no

significant effect on bread and durum wheat.
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It is evident that the increase in the grain yield was primarily due
to the increase in number of spikes/m?, number of kernels/spike and
1000 grain weight. In other words, this increase may be due to the

ability of studied varieties to respond better to low levels of nitrogen.

The interaction between N treatment and season mean squares
were significant for grain yield, biological yield and yield components
(Table 28). This finding revealed that these traits differently
responded to N levels treatments from year to another. In other word,
the effect of nitrogen levels was changeable from season to season.
These results might be due to the more heterogeneity in soil fertility as
well as the different amount of rainfall, temperature and disease

pathogens in both seasons.

2.1.4. Effect of the interaction between varieties and nitrogen
Sertilizer levels

With the exception of plant height and peduncle length, all studied
characters showed significant differences due to the interaction effect

between varieties and nitrogen levels (Table 29).

The highest mean values for number of spikes/m* were obtained
by N3 with Sohag 3, but without significant differed from those of N2
with Sohag 2 and Sohag 3 and N3 with Bani Sweif 1 and Bami Sweif 2.

Concerning 1000-grain weight, the highest mean values were
obtained by Bani Sweif 1, Sohag 1 and Sohag 3 under N2, Sohag 1,
Bani Sweif 2 and Sohag 3 under N1 and Gemmeiza 3 under N3.
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For grain yield/fed, the highest mean value was recorded by Bani
Sweif 1 when received N3, but without significant differences over
Bani Sweif 1 and Bani Sweif 2 and Sohag 3 with N1, Bani Sweif 1
and Bani Sweif 2 and Sohag 2 with N2, Bani Sweif 2 and Sohag 3
with N3. However, the lowest mean values of grain yield were
obtained by Gemmeiza 3 with N1, N2 and N3, Sohag 1 with N2 and
N3 and Sohag 2 with N3,

The highest mean values of straw yield/fed were obtained by
Gemmeiza 3, Bani Sweif 1 and Sohag 2 and Sohag 3 with N1, Bani
Sweif 1 and Bani Sweif 2, Sohag 3 and Gemmeiza 3 with N2 and
Bani Sweif 1 and Bani Sweif 2 and Gemmeiza 3 with N3. However,

the lowest value of straw yield was detected by Bani Sweif 1 with N2,

2.2. Quality characters

2.2.1. Variatal differences

The varietal differences in chemical components are shown in
Table (30). Data indicated that the varieties exhibited significant
differences concerning the semolina, dry and wet gluten as well as
protein percentages. Sohag 2 cultivar had the highest semolina,
protein and wet gluten percentages. Whereas the highest dry giuten
percentage was recorded by Bani Sweif 3. On the contrary, Sohag 3
cultivar had the lowest semolina protein percentage and dry gluten
percentage. Whereas the lowest wet gluten percentage was recorded

by Bani Sweif 1 cultivar.

Concerning protein percentage, Sohag 1 and Sohag 2cultivar gave

the highest value, while Sohag 3 cultivar gave the lowest one.
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Table (30): The average values of quality characters of wheat grains
as affected by varieties in 1997/98 season.

Varietics Semolina  Dry gluten  Wet gluten Protein
% % % %
Bani Sweif 1 81.150ab  19.900¢ 30.783 d | 1287717 ¢
Bani Sweif 2 78.267¢ 22967 34600bc  14.215b
Bani Sweif 3 79.467bc  22.683D 34.867b 14.233 a
Sohag 1 77.850cd 24.933a 35.767 ab 13.543 d
Sohag 2 82.283a 25800a 37.367a 13.903 ¢
Sohag 3 76.200d 18.150d 31.683d 12.880¢
Gemnicza 3 79.150¢ 21,983 b 32.167 cde 9450 f

2.2.2. Effect of nitrogen fertilization

Data given in Table (31) indicated that only dry gluten and protein
percentages significantly affected by nitrogen levels. The application
of N levels in four equal doses up to 75 kg N/fed and 100 kg N/fed
raised values of protein percentage and dry gluten percentage,
respectively. These results explain the role of N in increasing the
quality of wheat grain, and agree with those obtained by Degidio ef al.
(1983a, b), Giorgio et al (1989) and Rizzo et al. (1990), who found
that protein content increased with increasing N. Also, Barnard ef al.
(1981) found that N application of successive growth stages increased

grain protein as well as wet and dry gluten content.

Table (31): The average values of quality characters of wheat grains
as affected by nitrogen fertilizer in 1997/98 season.

Varieties Semolina  Dry gluten  Wet gluten Protein
Y% % Yo %
N1 77.6362a 21.10b 31.636 12.88¢c
N2 78.764a 2424 a 35.957 1295b

N3 81.186a 21.24b 34.079 1327a




100

90°0 Y79 18°¢ Sty %1
. v00 - LA A 0L I L %S RAST
LT6 AN L6'6 eI'st 01°8¢ STEL COL1 §9°¢T c9'TT cr'ig S6'6L S0'9L £ EZRIWIL)
L¥TI 8THI 0611 S ) 0T'€€ 0L'6T 08¢l 0L'1T €6°61 cTSL SLEL 09'6L £ Seyog
+9°€1 60°¢€t 86+1 SO'LE 0g'LE CLLE 0E ¥ C0'8C S0'ST 09°¢€8 $9'78 09°08 z Seyog
96'¢C1 8°El €Tl ehct cL6t 0s'te 06'9T €L'sT S1'e €08 CTLL CR'SL 1 8eyog
90°S1 69°TI 6yl 09°LE $8°0¢ 19t SI¢T 0007 06'£T LSS 0508 ST'TL £ Jamas nreg
98'¢1 LLYL [Ail A STLE 6E'LE 0£'6T 01°¢T SL¥T 061 €6'9L SOPL 68'88 T Jomas ey
69°F1 98zl 60°11 00't¢ ey 08'7T £6°0C 08°¢T S6'¥1 ¢8R 0T'¢8 oF'SL 1 Jomag ueg
EN N IN €N N IN tEN N IN ¢N N IN
SINBUEA
% Unoig %, U3 M o unni3 L1g %, MIowag

TIOSESS 8661/L66] U USS0IN X AJDLIEA USGMISq UOTOEIAUT O Aq PoIodjje St SUTeI JEOUM JO SpUnoduwod [edfuiayo jo SonyeA odeJaAe Sl ], (g€) qe]




