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Abstract

Cultivar mixtures have been suggested to increase the yielding
ability and control .crop diseases, but little information is available on
how to choose component varieties for cultivar mixtures. A two year-
study was directed to test the ability of two and four component wheat
mixtures to increase yield and yield components. All of the 19 possible
two and four variety mixtures of six Egyptian wheat varieties (Triticum
aesetivum L.) and their counterparts were evaluated in the two seasons,
1992-1993 and 1993-1994. The performance of a blend can be evalu-
ated by its yield per unit area and by its compensatory response for
yield. Four of the two variety mixtures were superior in seed yield than
the highest component of the mixture. The increase in yield above the
high component varied from 0.11 ton/acre for the blend Sakha 61 with
Giza 157 to 0.90 ton/acre for Sakha 61 with Sakha 69 in the two grow-
ing seasons. For each of the yield components, some blends were superi-
or relative to either its higher counterpart or the mean of parents in pure
stand. The mixtures with yield advantage comprised genotypes that
were more diverse in height and relative maturity .

Some of the most important aspects to the wheat breeder are
the number of spikelets per spike, weight of kernel and kernels weight
per spike, which contribute significantly to grain yield. In most cases,
genotypic correlations were higher than phenotypic correlations.

INTRODUCTION

Numerous studies discussed the theoretical advantages of diversity and the
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rational blending of individual lines has been recommended since the nineteenth cen-
tury. Even So, there are surprisingly few comparisons between the productivity of
genetically uniform and genetically diverse populations in self-pollinated crops. Re-
cent studies of several different crops have suggested blending or mixing of crop
cultivars within or among species to stabilize and perhaps to maximize production.

Allard (1961) found a relationship between the genetic diversity and consis-
tency of performance in different environments and that pure-line populations were
less stable than mixtures in producivity. Mixtures appear to be insured against low
yields, but the genetic and ecological forces that produce stability in production do
not endow mixtures with high average productive capacity.

Gustafsson (1953) found that mixtures of three barley cultivars were some-
what superior in number of spikes, number of kernels, total kernel weight and 1000
kernel weight than the three component cultivars .

Frey and Uriel Maldonado (1967) reported that a mixture of oat cultivars,
when grown under a stress environment, actually yielded more than the mean of
component cultivars. This occurred because, in a mixture plants that were not dam-
aged by heat increased their productivity by utilizing nutrients and moisture, which
the damaged plants could no longer use. Gbpaut (1970) found that a mixture of four
wheat varieties produced more grain than their pure stand.

Perkoister et al. (1989) observed through the study of spring barley multi-
lines that the advantage of mixtures increased with increasing mean level of resis-
tance in the components isolines. Grain yield in both multilines and isolines increased
with mean level of resitance, with most resistance multilines producing higher grain
yield than yield predicted by the mean level of the components in pure stands. The
results indicated that components with higher level of resistance gained the most
benefit from being utilized in a multiline mixture.

Jensen (1954) pointed out that diversification is particularly suited to risk
situations in oat production, which have been created primarily by plant pathogens,
principally those causing crown and stem rust, which move freely between oat
fields. He stated that, it may be 'possible to produce a satisfactory multiline variety
through a blend of multiple pure lines, each of which is of a different genotype. Such
a variety would be composed of pure lines chosen from the oat breeding programme
for uniformity of appearance particularly height and matrity, resistance to disease
and other characteristics essential for a basic desirable agronomic type. Each line
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used should contribute additional desirable genetic factors without affecting the
phenotypic uniformity of the composite.

Correlations of agronomic and morphological characters with yield in different
crops have been reported by several workers (Singh, 1989; Gibrel; 1990; Talukdar
& Bans, 1982; Lebsock and Amaya, 1969; Fiuzat & atkins, 1953). These estimates
are very helpful in determining the component of a complex trait such as yield,
which is greatly affected by environmental variations. Consequently, selection
based on seed yield itself is not always effective because of the confounding effects
of the environment. Another approach towards improvement of yield may be to em-
phasize selection for its components. The three components of wheat grain yield are
number of plants/mz, number of spikes per plant and seed yield per spike.

MATERIALS AND METHODS

Six Egyptian bread wheat (Triticum aestivum L.) varieties with wide varia-
tions in their morphological and physiological growth rhythms and included types
adapted to the different environmental regions in Egypt, were selected for the
present study. The varieties were Sakha 61 (C1) Sakha 69 (C2), Sakha 92 (C3),
Giza 157 (C4), Giza 160 (C5), and Giza 164 (C6). The pedigree and year of release
for these varieties are presented in the following Table:

Variety Pedigree * Year of release
Sakha 61 (C1) Inia/RL 4220//7C Yr "S" 1980
Sakha 69 (C2) Inia/RL 4220//7C Yr "S" 1980
Sakha 92 (C3) Napo 63 / Inia 66//Wern "S" 1987
Giza 157 (C4) Giza 155// Pit 62/LR 64/3/Tzpp/Knot 1977
Giza 160 (C5) Chenab 70/G. 155 1982
Giza 164 (C6) Kvz / Buho "'S" //Kal / Bb = veery "S" 1987

* Source : Wheat Research Dept., Field Crops Research Institute, ARC.
Two-component blends :

Fifteen mixtures were formed from the pervious six varieties on the basis of
kernel weight seeds of each variety were mixed to produce approximately equal
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number of seeds for each blend in all possible two component mixtures .

Four component blends :

Four varieties from the above mentioned genotypes were mixed to achieve
four different blends, each having a ratio of 3:1:1:1.

Twenty five wheat enteries (6 varieties in pure stand and 19 mixtures) were
evaluated in the two growing seasons 1992/93 and 1993/1994. Each experiment
was layed out as a partially balanced lattice design (Steel and Torrie, 1990) with
six replications and three-row plots. Rows were 3.5 m long and 20 cm apart. The
experiments were conducted at the Agricultural Experiment Station, Faculty of
Agriculure, Cairo University, Giza. The sowing dates were on November 15 and 21
in the first and second seasons, respectively. However, the experiments were har-
vested in mid May in each season. The seeding rate was 60 kg / acre for each entry
in pure stand or mixture. At heading, a representative sample of 50 flag leaves
were used to estimated leaf area. At harvest, 30 plants each of one tiller were tak-
en randomly from the inner row to estimate the plant and spike characters. Grain
yield per unit area was determined by harvesting the inner row. The studied varia-
bles were :

1- Plant height (from soil surface to the ear base)
2- Spike length

3- Leaf area

4- Number of spikelets per spike

5- Number of kernels per spike

6- Number of spikes in one meter

7- Kernels weight per spike

8- 100 kernel weight

9- Grain yield/acre

Statistical procedures :
Analysis of variance :
A regular analysis of variance of partially balanced lattic designs with six

replications for each year was carried out on plot means to compute variance and
least significance difference among entries for each variable .

Phynotypic and genotypic correlation

The covariance components from analysis of covariance were used to compute
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genotypic and phenotypic correlations between character pairs on a line means basis
as follows :

Genotypic r = o (g 1.2) / {(a2 91)! (@2 92)}1/2

Where og 1.2 is the genetic covariance between trait 1 and 2 ,0.2 g1 is the
genetic variance of the first trait and a2 g2 is the genetic variance of the second
trait.

Phenotypic r = o (ph 1.2) / {(«2 ph1). (@2 ph2}1/2

Where ,, ph 1.2 is the phenotypic covariance of line means between the two
traits and ;2 phland o2 ph2 are the phenotypic variances of line means for each
trait, Miller et al. (1958).

RESULTS AND DISCUSSION
1- Mean performance :
a) Morphological characters

The mean performance and mean squares of the varieties and their blends for
morphological characters are presented in Table 1. In the first season, the varieties
in pure stands did not differ signiﬁéantly in plant height and number of spikelets per
spike while the differences were significant in leaf area in the first season, and in
plant height and number of spikelets per spike in the second season. Since the mix-
tures were made up of varieties that could not be easily separated morphologically,
it was important to investigate the relationship between genetic diversity and pro-
ductivity. Therefore, comparison between mixtures and their components in pure
stand was undertaken . )

1- Plant height :

. As shown in Table 1, the pure stand varieties varied significantly in both sea-
sons and ranged from 83.3 and 59.9 cm for Sakha 61 (C1) to 98.6 and 79.0 cm for
Giza 164 (C6) in first and second seasons, respectively. Because of the heigh esti-
mate for Giza 164, the highest mixture was Giza 164 with Sakha 92 (98.6 cm) and
Giza 164 with Giza 157 (78.3 cm) in first and second seasons, respectively. Signifi-
cant differences among mixtures in both seasons were indicated. In the first season,
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Table 1. Mean performance and mean square for morphological characters of six
wheat cultivars and its 1:1 two and 3:1:1:1 four component blends in 1992/
1993 (S1) and 1993/1994 (S2)

Genotypes Plant height Spike length Leaf area Number of sip-
(Cm) (Cm) Cm2 kelets per spike
S1 S2 S1 | s2 S1 Sz S1 S2

Sakha'61 (C1)| 38.38 | 59.9 | 9.90 | 9.81 | 26.8 | 50.7 19.26 | 18.81
Sakha 69 (C2)| 87.5 | 72.0| 10.05[11.06| 26.8 | 47.3 19.60 | 21.31
Sakha 92 (C3)| 85.9 | 67.0 | 10.01 | 9.61 31.8 | 41.9 20.43 | 20.41
Giza 157 (C4)| 85.3 | 74.3] 10.25| 9.98 | 34.1 52.1 19.41 | 18.71
Giza 160 (CS)| 88.4 | 73.8 10.25| 8.56 | 28.6 | 45.7 19.50 | 18.26
Giza 164 (C6)| 98.6 | 79.0 | 10.56 | 10.41| 34.3 | 48.0 20.28 | 19.16

Mean 88.16 | 71.0 [ 10.17 | 9.90 | 30.40 | 47.61 19.74 | 19.44

1 : 1 Two Component blends

c1:C2 90.1 | 65.3 [10.28 [10.51 | 27.0 | 47.7 |19.25 |20.63
Cc1:C3 85.1| 62.1 [9.73 |10.16 | 30.5 | 45.9 |18.61 |19.36
C1:Cc4 95.3 | 72.5 |10.06 | 10.73 | 34.7 | 51.2 [20.26 {20.51
C1:C5 91.4 ] 658 |9.90 | 9.91 | 27.6 | 48.5 |20.03 |19.46
C1:C6 774 | 70.8 | 9.66 | 9.93 | 31.5 | 47.3 |17.88 |18.48
c2:C3 91.5 | 72.7 [10.23 | 10.66 | 32.9 | 48.2 |21.08 |20.63
Cc2:C4 84.4 | 742 10.61 |10.23 | 28.2 | 50.1 |19.76 [20.28
c2:C5 92.6 | 75.7 110.08 | 10.46 | 27.5 | 49.2 [20.16 |21.40
Cc2:C6 91.0 | 757 110.11 | 10.71 | 32.9 | 46.0 |19.00 |20.56
C3:C4 89.6 | 71.0 |11.15 | 10.88 | 33.8 | 46.5 |[21.16 [20.08
C3:C5 91.2 | 72.1 |10.18 | 9.65 | 26.5 | 44.5 |19.11 |20.53
C3:C6 98.6 | 73.0 |110.81 | 10.41 | 34.1 | 48.9 [21.10 [19.98
C4:C5 92.0 | 75.7 [11.03 | 10.26 | 30.5 | 46.5 [20.90 |20.20
C4:C6 90.4 | 783 110.30 | 9.80 | 35.9 | 48.8 |20.15 |[18.75

C5:C6 93.0 | 77.5 | 9.86 [10.35 | 33.2 | 51.0 |20.28 [20.66
Mean 90.2 | 72.1 |10.26 [ 10.31 [31.12 |48.02 [19.91 [20.10

3:1:1:1 Four component blends

C1:(C3:C5:C6) | 854 | 67.8 10.08 90 33.6 463 19.10 19.04
C3:(C1:C5:C6) | 85.6 | 71.0 10.12 960 28.6 43.9 20.50 19.56
C5:(C1:C3:C6) | 94.2 | 70.7 10.15 925 27.0 459 19.50 18.85
C6:(C1:C3:C5) | 89.5| 747 1030 986 31.3 453 19.65 19.13

Mean 88.6 | 71.0 10.16 957 30.12 45.35 19.65 19.14
Mean square |139.39(130.12 0.940 1,500 24.401 37.780 3.988 4.422
L.S.D. 7.8 | 125 0.131 1270 3.40 2.10
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the mixture C1: C4 had the longest plants while C4 : C6 was the longest blend in the
second season.

The plants in the second season were shorter than in the first season. This
could be due to the number of insufficient irrigations in the second season .

2- Spike length : .

Data in Table 1 show that Giza 164 had the longest spike (10.6 cm) which dif-
fered significantly from all other varieties in both seasons except of Sakha 69 in the
second season. The varietal mixtures differed significantly only in the first season
and ranged from 9.7 cm for Sakha 92 or Giza 164 with Sakha 61 to 11.2 cm for
Sakha 92 with Giza 157. In the second season spike length of pure stands ranged
form 8.9 cm for Giza 160 (C5) to 11.1 cm for Sakha 69 (C2). For mixtures, it
ranged from 9.3 cm for the four-component mixture (CS) : (C1:C3:C6) to 10.9
cm for the two-components blend (C3 : C4).

3- Leaf area

For both seasons the differences in leaf area among all mixtures and their
counterparts where not significant. Leaf area in the second season was larger than
in the first season due to longer time between irrigations in the second season .

4- Number of spikelets per spike :

At the first season, the cultivar with the greatest number of spikelets per
spike was Giza 164 (C6), producing 20.3 spikelets per spike. The three mixtures ,
Sakha 69 - Sakha 92 - Giza 157 and Sakha 92 - Giza 164 were singificantly higher
than Giza 164. The maximum in number of spiklets advantage (6%) was for the mix-
ture Sakha 92 - Giza 157. In contrast, in the second sowing season only one mixture
(C2 : C5) gave more spikelets per spike with slight advantage, but there were elev-
en and ten blends having higher spikelets per spike than the mean of their counter-
parts in the first and second seasons, respectively .

b~ Grain yield and yield components :

The components of grain yield in cereal crops are determined at different
stages in the t;ntogeny of plants. Cannell (1969) showed that barely tillers, appear-
ing after the main axis having five leaves failed to survive to head emergence. The
number of spikelets in wheat is determined at the time of floral initiation, but varia-
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tion in number of florets per spikelet can occur later. Since yield components are
determined at different times, they are differentially affected t.)y variation in envi-
ronment. Thorne (1966) reported that low temperature between spikelet initaion and
anthesis reduced tiller number, and that short days during the same period reduced
kernel weight.

1- Number of kernels per spike :

The number of kernels per spike was estimated only in one season (S2) and is
presented in Table 2. There was slight increase in this character when the cultivars
were mixed. However the differences among all studied genotypes were significant.
The number of kernels per spike of pure stands ranged from 37.05 in Giza 160 to
48.31 (Sakha 92), and from 29.45 for the blends Sakha 61 and Giza 160 to 53.65
for Sakha 61 and Giza 157 probably because of the large number of kernels of Giza
157

2- Number of spikes in one meter :

Table 2 presents the number of spikes in one meter which significantly varied
among genotypes. This may be due to variation in the tillering “ability. However, Giza
160 (CS) and Giza 157 (C4) showed the highest density in the first and second sea-
sons, respectively. The blend (C2 : C5) had the highest number of spikes in both sea-

sons .
3- Kernels weight per spike :

There was a slight difference in kernels weight per spike in both seasons. For
pure stand varieties, Giza 160, and Giza 164 and Sakha 92 had the heaviest kernels
in first and second seasons, respecively .

Two blends gave higher kernel weight than their counterparts, but they did not
differ significantly from the other blends. However, kernels weight per spike ranged
from 1.11 for C3 : C5 to 2.03 gm for C1 : C2 and from 1.08 for C2: C4 to 2.00 gm
for C2 : C6 in the first and second seasons, respectively. 4

4- 100 kernel weigh.t s

The differences among the pure stand varieties in the first season were sig-
nificant only in the second season. Howgver, in the first season, the pure stand va-
rieties ranged from 2.90 for Giza 160 (C5) to 3.72 gm For Giza 157 (C4). In the
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Table 2. Mean performance and mean square for grain yield and yield characters of six wheat culti-
vars and their 1:1 and 3:1:1:1 component blends in 1992/1993 (S1) and 1993/1994 (S2)

Genotypes | Numberofkenels  No of Spikes in  Kernels weight 100 kemel Grain yield
per spike one meter  per spike (gm)  weight (gm) Ton/Acre
s1 s2 | st s2 s1 s2 s1 s2 s1
Sakha 61 (C1)| 38.38 71 64 1.16 | 111 | 3.02 | 258 | 1905/ 1.865
Sakha 69 (C2)| 42.36 80 68 143 | 1.28 | 3.56 | 3.28 | 2.175| 1.905.
Sakha 92 (C3)| 48.31 74 70 126 | 1.48 | 298| 298 | 2055 1.997
Giza 157 (C4)| 45.58 68 89 | 1.06 | 1.29 | 3.72 3.70 | 1.695| 1.602
Giza 160 (Cs)| 37.05 85 | 87 1.81 | 1.07 | 2.90 2.53 | 2.986| 2.053
Giza 164 (Cg)| 41.73 72 | 66 | 150 | 148 | 342 | 3.48 | 2.430| 2.034
Mean 42.23 75 74 | 137 | 1.28 | 326 | 3.09 | 2.208] 1.909
1 : 1 Two Component blends
C1:Cz 4111 75 | 70 | 203 [125) 3.61 |3.30 3.071 | 2.244
Cq:C3 37.75| 59 | s9 |1.81 |106]| 3.13 |280 1.515 | 1.373
C1:Cq 53.65( 81 | 82 | 133 173 3.53 |36 2610 | 1.919
Cy:Cs 2945 86 | 59 | 161 170 3.27 |2.86 2.265 | 1.500"
Cq:Cg 4061 62 | 64 | 1.20 |[133| 332 |3.20 1.710 | 1.496
Cp:C3 40.85| 64 | 88 | 1.40 | 131 | 3.001 |3.00 1.845 | 1.779
Cp:Cq 41.76| 64 | 77 | 181 |1.08| 266 |3.46 1.635 | 1.497
Cy:Cs 46.95| 82 | 86 | 1.53 [130| 3.89 (293 2.016 | 1.703
Cy:Cq 49.93| 62 | 68 | 115 |200| 3.27 |3.50 1.785 | 1.940
C3:Cq4 48.06| 65 | 75 | 1.43 |1.73| 225 [298 2.190 | 2.220
C3:Cs 4471} 73 | 85 [ 1.11 | 145 2.83 |[3.28 1.890 | 2.030
C3:Cq 5091 86 | 60 | 1.63 | 1.80| 298 |3.96 2.145 | 1.785
Cs:Cs 5050 75 | 75 |[1.48 | 151 | 284 ]3.06 12520 | 2.16
C4:Cq 4466 76 | 73 | 161 [1.33| 3.29 |3.30 2.490 | 1.979
C5:Cq 39.21( 79 [ 67 |[1.65 [1.29| 3.16 [3.06 (2190 | 1.756
Mean 44.00( 73 73 | 147 [ 14 313 3.2 2.125 | 1.829
3:1:1:1 Four component blends ‘
c1:(c3:c5:c6) [ 40.37| 70 | 83 | 1.28 | 1.22 | 330 2.82 1.965 | 1.649
c3:(C1:c5:c6) | 4368 77 | 73 | 1.33 | 1.35 | 3.18 3.03 1.965 ‘| 1.806
€5:(C1:c3:C6) [ 39.92| 75 | 84 [.1.55 | 1.21 | 3.44 2.81 1.995 | 1.684
C6:(C1:C3:C5) | 41.48| 84 | 80 | 1.44 | 1.35 | 3.92 3.2 2.265 | 1.972
Mean 41.36( 77 80 | 1.40 | 1.28 | 3.46 2.94 2.045 | 1.777
Mean square |207.18] 48 |522.60] 0.340 | 0.444 | 0-890 | 0.419 46.94 {42431
L.S.D. 10.72 28.0| 23.0| 1.33 [ 0.097 |0.138 | 0.133 1.030 | 0.590
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second season they ranged from 2-53 for CS to 3.70 gm for C4. The mixtures dif-
fered significantly in the two seasons and the four and two counterparts blends C6:
(C1 : C3 :€C5) and (C3 : CS) had the highest weight of 100 kernels in the first and
second seasons, respectively. This may indicate that the variety Giza 160 stimulat-
ed the increase of kernel weight in the blend in which it was involved .

5- Grain yield per acre :

The performance of six component varieties in pure stand is compared with
the respective two and four components mixtures for seed yield and the results are
given in Table 2. The differences in grain yield per acre among genotypes were sig-
nificant in both seasons . The mean grain yield for each of the three genotypes in the
first season was higher than its respective in second season. There were few signif-
icant differences between genotypes in each group. When growing in pure stand, Giza
160 was significantly higher in yield than the other varieties in both seasons.

Three mixtures, vis. Sakha 61- Sakha 69, Sakha 61-Giza 157 and Giza 157-
Giza 164 in the first season and Sakha 61-Sakha 69 and Sakha 92-Giza 157 or Giza
160 in the second season outyielded both their components grown in pure-stand.
Also Jokinen (1991) found that some mixtures produced hig>her relative yield than
monocultures but the differences were not significant.

Sage (1971) suggested that yields of wheat mixtures tend toward the yield of
the higher yielding component and that in sepecific cases mixtures can have a signif-
icant yield advantage over pure stands. Dziomba and Styk (1992) found that the
highest barley grain yield were from some of pure stands and their blends. Hartleb
and Skadow (1992) reported that the percentage of the area under spring barley
where variety mixtures were grown has increased from 10% in 1984 to 92% in
1990. Manthey and Fehrmann (1993) found that cultivar mixtures in wheat de-
creased disease development and gave higher yields than pure stands in field trials
over seasons and also the varietal mixtures gave a higher profit than the respective
pure stands .

Il - Phenotypic and genotypic correlation :

All possible phenotypic and genotypic correlations between 8 characters were
computed from the combined analyses of three genotype populations for two sea-
sons. A number of interesting relationships can be observed from Table 3. Some of
the most important relations to the wheat breeder are grain yield, and number of
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spikelets per spike, weight of kernel per plot and kernels weight per spike, and those
had highly positive significant phenotypic correlation coeficients, which agrees with
Salem et al. (1976) and Herbert et al. (1955). Significant positive phenotypic corre-
lation with 100 kernel weight (Salem et al. 1976, Singh 1986, Talukdar & Bans
1982 and Mikheev, 1993). These correlation coefficients were high enough to en-
courage selection for these traits as criteria for yield improvement .

Other highly significant positive correlations worthy of attention are those
between grain yield and plant height (0.42) and spike length (0.32). Chaudhary and
Singh (1993) found similar results. In most instances the genotypic correlations
were higher than the phenotypic correlations (Table 3). This pattern of genotypic
association is in harmony with the findgins of other investigators (Herbert et al,
(1955); Sidwell et al. (1976; Salem et al. 1976 and Weber and Moorthy 1952).
Also, Nachit and Jarrah (1986) and Johnson et al. (1966) found that some genotypic
correlation values exceeded unity. These anomalous values obviously resulted from
the differences in magnitude and sign of the environmental, genotypic, phenotypic
covariances which introduced a bias into the estimation of genotypic covariance.
Similar interpretation for the genotypic correlations which exceeded unity was giv-
en by Abo El-Zahab et al, (1992).

The correlations presented in Table 3 indicate that grain yield was positively
correlated genetically with plant height, spike length and number of spikelets per
spike. The genotypic correlations of other traits with grain yield were negligible. In
general, these estimates suggest that early selection for morphological characters
such as plant height, spike length and number of spikelets per spike could improve
grain yield. Hovever, Singh (1989) reported that in most instances, grain yield had
slight negative correlation with plant height. Gibrel (1990) observed that grain yield
/ spike and plant height were significantly positively correlated with grain yield.

The phenotypic correlations between 100 kernel weight and plant height and
kernels weight per spike were highly significant and positive (0.40 and 0.25, re-
spectively). The correlation coefficient between 100 kernel weight and spike length
was however significant and negative (-0.22). Talukdar and Bans (1982) found posi-
tive correlation between these traits. The other studied characters had moderate
and low phenotypic correlation with 100 kernel weight. Exception of positive geno-
typic correlation coefficients for 100 kernel weight with plant height and spike le-
ngth, the other genotypic correlation coefficient of 100 kernel weight with other
studied characters were negligible. However, Lebsock and Amaya (1969) reported
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that 100 kernel weight was correlated significantly and positively with plant height
in durum wheat crosses. They also found that genotypic correlation coefficients
were generally similar in sign to the corresponding phenotypic coefficients and were
often larger than phenotypic values .

Kernels weight per spike was highly significant and positively related to plant
height, spike length, number of spikelets per spike and weight of kernels plant. It is
worth to mention that from the breeders point of view, selection for imprvoing plant
height, spike length, number of spikelets per spike and weight of kernels per plant
will improve in kernels weight per spike. Similar interrelationships between wheat
characters reported herein were found by several authors (Fiuzat and Atkins, 1953
and Fischer 1976). Another correlation worthy of attention is that between weight
of kernel per plot and plant height, spike length and number of spikelets per spike,
which had high positive significant correlation coefficients of 0.43, 0.33 and 0.47,
respectively. Similar results were found by Sidwell (1976), Salem et al. (1976) and
Nachit and Jarrah (1986).

All possible associations among the three studied morphological characters
i.e, spikelets per spike, spike length and leaf.area had high significant positive phen-
otypic correlation coefficients. The corresponding genotypic correlation coefficients
were generally positive and were often larger than the phenotypic values .

The simple correlation for leaf area was highly significant only with plant
height. The insignificant correlation between leaf area and other studied traits may
be due to the fact that the studied materials were mixtures from different cultivars
having characters related with total leave area, such as plant height and number of
leaves per plant.
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