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ABSTRACT

Eighty one maize genotypes were used in this investigation. They included 31
inbreds, 22 single-crosses, 13 three-way crosses and 15 populations. The objectives of the
study were (1) to compare the studied genotypes for their content of oil, protein and
starch,(2) to estimate mid-and high-parent heterosis for studied hybrids ,(3) to study if
any correlation exists among oil, protein and starch and (4) to determine the
population(s) that can be used as a source for developing inbreds with high oil and /or
protein content. Results showed significant differences among the tested genotypes for
oil, protein and starch content. Inbred Gm-2, SC-155, TWC-352 and population 59 had
the highest oil content where they produced 5.25, 5.53, 5.78 and 7.74 %, respectively.
Regarding protein content, inbred Gm-22 (12.08%), SC-51 (9.35%) TWC-327 (10.28%)
and population Sk-21 (9.43%) had the highest content. Based on these results,
populations 59 and Sk-21 can be used as a good source for developing inbred lines with
high oil and /or protein content. With respect to starch content, inbred Gm-4, SC-120,
TWC-310 and population DTP-1 produced the highest starch content (74.5, 76.0, 75.3
and 75.9%, respectively). Average of oil and protein content was higher in yellow hybrids
as compared to white hybrids while the opposite trend was found for starch content. The
highest mid-parent positive heterosis for oil content was obtained for TWC-352 (52.8%)
and SC-26 (52.7%). Concerning protein content, TWC-327 and SC-24 gave the highest
positive mid-parent heterosis (37.1 and 35.2%, respectively). SC-124 and TWC-310
showed the highest positive mid-parent heterosis for starch content where they had 8.5
and 7.3%, respectively. The results showed that the highest positive heterosis values were
obtained for both oil and protein content, while heterosis for starch content was small.
This finding is important from a breeding and economic point of view. Estimates of
phenotypic correlation coefficients manifested significant negative correlation (-0.55)
between oil and protein content and insignificant positive correlation (0.29) between oil
and starch content in the studied genotypes.
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INTRODUCTION

Development of maize hybrids with high oil content has become one
of the most urgent needs for the Egyptian agriculture. This is because
Egypt's oil production has become insufficient to face the increasing
demand. Egypt's annual oil imports are around 660 thousand tons, which
represent about 90% of the total oil requirements. High oil corn hybrids are
generally considered to have a kernel oil concentration greater than 6%.
Conventional corn hybrids usually have oil percentags rangeing from 3.5 to
5.0% (Watson 1987).Some high-oil corn hybrids contains 150-200 % more
oil than normal corn (Watson 1987 and Lambert 2001). Production of high-
oil maize hybrids requires availability of source germplasm or breeding



stocks that have high oil content. High oil corn is attractive as a livestock
feed because it has greater energy value than norinal corn and can replace
the more expensive feed sources of fats and proteins. Feeding trials with
high-oil corn indicated that it had improved feed efficiency and resulted in
an increased rate of gain as compared with conventional corn (Alexander
1988 and Lambert 2001). Although maize is mainly considered as a
carbohydrate source, it is also an important protein source because of its
considerable tota' protein yield per hectare (Bjarnason and Vasal 1992).
Grain protein content in ordinarv maize is about 8 - 11 % (Alexander 1988).
Some strains that were developed from Illinois high protein populations
(IHP) reached 32% protein (Dudley and Lamdert 1992). The Kernel
development. shortly after pollination, proceeds very rapidly with the
endosperm devcleps at a much more rapid rate than the germ. By 15 days
after pollination (DAP) the endosperm and germ develop to a size that
chemical determinations can be made (Kiesselbach 1949). In development
of normal kernels. oil concentration can be detected 15 DAP and continues
to increase to about 45 DAP and then remains relatively constant up to
physiological maturity or black layer (Ingle e al 1965). A comparison of the
rate of oil accumulation in kernels of a high - oil inbred and a normal inbred
showed a higher rate of oil accumulation for the high - cil inbred occurring
during the 15 to 45 DAP period. Both inbreds had relatively constant rate of
oil accumulation from 45 DAP to the black laver stage. Misevic ef al (1987)
compared the rate of oil accumulation in the whole kernel of 5 groups of
maize hvbrids that have total oil concentrations of 3,7 and 9%. Significant
differences in the rate of oil accumulation among the three groups were
observed with the highest accumulation rate for the 9% oil hybrids and the
lowest for the 5% oil hybrids. They found that kigh oil maize genotypes
contain slightly larger oil bodics and also a2 greater number of oil bodies.
Usually high - o1l hybrids have a larger germ size.

Conventional corn hybrids usually have starch percentage range
from 60 - 75 % with higher values in white dent corn as compared to yellow
flint corn. Many studies had indicated that breeding selection efforts can
modifyv proportion of starch, oil and protein (Dudly et al 1977).

Estimates of genotypic and phenotypic correlations that exist among
important characters as carbohydrates, oil and protein are useful in planning
of breeding programs and evaluating breeding materials more efficiently. It
can facilitate the interpretation of results already obtained. Weiss et al
(19225 aud Miiler ¢ al (1951} reported significant positive cosreilation
among high protein and low oil content in maize.

The objectives of this study were (1) fo compare the commercial
inbred lines. single- and three-way crosses used in the study for their content
of oil, protcin and starch, (2) to csiimate mid-and high-parent heterosis for
the studied hybrids, (3) io study correlation among oil, protein and starci
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content and (4) to determine the population (s) that can be used as a source
for developing inbreds with high oil and / or protein content.

MATERIALS AND METHODS

Materials that were used in this study (Tables 1 and 2) consisted of
81 different maize genotypes including 3 groups of genotypes i.e., 31
inbred lines (18 white and 13 yellow ), 35 single and three way-crosses (29
white and 6 yellow) and 15 populations (5 white and 10 yellow). The
materials ware taken from the harvest of commercial maize hybrids in
isolation from each other or from the maize breeding nursery, under
controlled pollination, at Nubaria Res. Station (for inbreds and populations )
in 2004 and seed analysis was undertaken during 2005 Four representative
kernel samples were taken from each genotype to determine oil, protein and
starch content. Samples were dried until reaching a constant weight in a
vacuum at 60° C for 6 hours. Oil percentage in the whole kernel was
determined using Soxhlet apparatus according to the method described by
A.O.A.C. (1980). The nitrogen content, on a dry weight basis, was
determined using the improved Kjeldahl method. Crude protein content was
then calculated by multiplying nitrogen content by a factor of 6.25
(A.O.A.C. 1980). The starch content in corn kernels was determined using
the procedure described by A.O.A.C. (1980). A completely randomized
design was used.

Analysis of variance was carried out separately for each of the three
groups of genotypes (inbreds, single and three-way crosses and
populations). Statistical analysis and correlation coefficients were carried
out according to Steel and Torrie (1980). Mid-and high-parent heterosis
were calculated for each hybrid according to Falconer (1985).

RESULTS AND DISCUSSION

Highly significant differences were found among inbred lines, single
and three-way crosses and populations for oil, protein, and starch content
(%)(Table 3). This indicated that these groups of genotypes differed
genetically.

Mean performance

Comparing averages of white and yellow inbreds, no significant
differences were found for oil and protein content, while significant
differences were found between average starch content of white and yellow
inbreds (Table. 4). Average oil, protein and starch content of white inbreds
were 3.84%, 8.26% and 70.5%, respectively, while yellow inbreds had 3.59
%, 8.0 % and 64.0 %, respectively. Inbred Gm.18 and Gz-650 had the
lowest oil content (1.32 and 2.08%, respectively) while inbreds Gm-2 and
Gz-631 gave the highest oil content (5.25 % for both inbreds). The highest
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Table 1. Genetic constitution of the hybrids involved in the study.

Parents Parents
$= Female | Male S Female Male
SC-10 (w) |Sd-7 Sd-63- |TWC-310 (w) [SC-10 |Sd-34
SC-11 (w) |Gm-4 |Sd-7  [TWC-311 (w) [SC-21 |[Sd-34
SC-12 (w) [Gm-21 [Sd-7  |[TWC-314 (w) [SC-24 [Sd-34
SC-13 (w) |Gm-4 ~ [Gm-30 |[TWC-320 (w) [SC-120 |Sd-34
SC-14 (w) [Sd-63 Gm-30 |TWC-321 (w) [SC-21 |Sd-7
SC-15 (w) [Sd-7 Gm-30 |[TWC-322 (w) [SC-22 |Sd-7
SC-21 (w) |Gm-2 Sd-63 |TWC-323 (w) |SC-23 |Sd-7
SC-22 (w) |Gm-21 |Sd-63 |[TWC-324 (w) [SC-24 [Sd-7
SC-23 (w) |Gm-4 Sd-63 |TWC-325 (w) [SC-25 [Sd-7
SC-24 (w) |Gm-18 |[Sd-63 |TWC-326 (w) [SC-26 [Sd-7
SC-25 (w) |Gm-14 |Sd-63 [TWC-327 (w) [SC-27 [Sd-7
SC-26 (w) |Gm-22 |Sd-63 |TWC-351 (Y) [SC-51 |Gm-1021
SC-27 (w) |Gm-27 |Sd-63 TWC-352 (Y) |SC-52 |Gm-1021
SC-120 (w) [Sd-63  [Sd-34
SC-122 (w) |Gz-628 |Gz-603
SC-123 (w) |Gz-628 |Gz-602
SC-124 (w) |Gz-629 |Gz-603
SC-129 (w) |Gz-612 |Gz-628
SC-51 (Y) |Gm-1004 Gm-1001
SC-52 (Y) |Gm-1004 Gm-1002
SC-155 (Y) |Gm-1002 |Gm-1021
SC-161 (Y) |Gz-650 |Gz-617
Table 2. Source of the 15 populations involved in the study
POPULATION Source POPULATION Source
Pop-33 (Y) CIMMYT Composite-5 (W) Egyptian
Pop-44 (Y) CIMMYT Composite 45 (YY) Egyptian
Antigua (Y) CIMMYT | Giza-2 (W) Egyptian
DTP-1 (W) | CIMMYT Sakha-21 (Y) | Egyptian
DTP-2 (W) | CIMMYT | AED’ (W) | Egyptian
AE (Y) Turkish | N.Y.P™ (Y) | Egyptian
Arify  (Y) Turkish | Pop-59 (Y) | Egyptian
ADA (Y) Turkish

(*) (American Early Dent)
(**) (Nubaria yellow population)
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Table 3. Mean squares for oil, protein and starch for inbreds, single-
and three-way crosses and populations evaluated in 2005.

Mean squares
S.0.V. d.f.
il Protein Starch

A- Inbreds

Inbreds 30 3.931° 8.656" | 63.034"

Error 93 0.092 0.248 2.523
B- Single and three-

Wwayscrosses

Hybrids 34 6.965** 9.532" 115.88"

Error 105 0.374 0.546 0.588
C- Populations

Populations 14 6.117" 3.764" 29.215"

Error 45 1.153 0.738 3.588

protein content was obtained from inbred Gm-22 (12.08 %) and inbred Gm-
3G (10.6 %) while the lowest protein content was obtained from inbreds Sd-
62 and G-631 (6.25 % and 6.22 %) respectively. Inbreds Gm-4 and Gm-22
had the highest starch content (74.5 and 72.6 %, respectively), while inbreds
- Gz-649 and Gz-650 had the lowest starch values (60.8 and 60.9 %,
respectively). It was noticed in few cases that inbreds with low oil content
had also low protein content. This was clear in inbreds Gm-18, Sd-62 and
Gz-631.Also, some genotypes had high protein and hlgh oil content as in
inbreds Gm-2, Gm-30 and Gm-1001.

Average oil content (Table 5) in yellow hybrids was significantly
higher than that of white hybrids. SC-155 had the highest oil content
(5.53%) while SC-24 had the lowest oil content (2.92 %), which could'be
due to the low oil content (1.32%) of its female parent (Gm-18). The three-
way cross TWC- 352 had the highest oil content (5.78 %). Results for
protein content indicated that average protein content in yellow hybrids
(8.70 %) was significantly higher than that of white hybrids (7.83 %). The
TWC-327 had the highest protein content (10.28 %), while SC.14 had the
lowest protein content (6.80 %).

Results of starch content in the studled hybrids (Table 5) showed
that average starch content in white hybrids (73.1 %) was significantly
higher than that of yellow hybrids (62.9 %). The single-cross SC-52 had the
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Table 4. Mcan content of oil, protein and starch (%) in grains of 31 maize

inbreds evaluated in 2005.
INBRED OIL% PROTEIN% STARCHY%
Cm-2 (W) 5.25 9.60 71.0
Gm-4 (W) 3.55 7.11 74.5
Gm-14 (W) 4.63 8.13 725
Gm-18 (W) 1.32 5.13 70.9
Gm-21 (W) 3.90 9.98 70.8
Gm-22 (W) 3.40 12.08 72.6
Gm-27 (W) ] 8.07 71.6
Gm-30 (W) 4.31 10.60 66.7
Sd-7 (W) 3.38 6.95 70.0
Sd-34 (W) NS : 8.65 70.0
Sd-58 (W) 4.28 6.94 67.4
Sd-62 (W) 2.60 6.25 69.9
Sd-63 (W) 4.01 7.48 70.6
Gz-602 (W) 4.54 9.63 71.0
Gz-603 (W) 3.41 6.85 Ti:1
Gz-612 (W) 3.62 6.91 70.3
Gz-628 (W) 4.17 8.38 69.2
Gz-629 (W) 3.98 9.93 67.6
Average 3.84 8.26 70.5
Gz-614 (Y) 4.06 8.85 67.7
Gz-617 (Y) 4.62 7.20 66.5
Gz-630 (Y) 2.45 8.44 62.4
Gz-631 (Y) Z2S 6.22 63.0
Gz-638 (Y) 313 7.07 64.5
Gz-645 (Y) 443 7.89 61.4
Gz-647 ) 2.57 7.80 68.1
Gz-649 (Y) 2.50 8.64 60.8
Gz-650 ¢Y) 2.08 9.72 60.9
Gm-1001 Y1) 4.29 9.45 63.7
Gm-10602 {Y) 525 7.78 65.2
Gm-1004 (Y) 4.66 7.70 64.0
Gm-1021 (Y) 4.35 7.28 64.1
Average 3.59 8.00 64.0 -
L.S.D. (0.05) 0.36 0.47 1.05




Table 5. Mean content of oil, protein and starch (%) in grains of 22 maize
single-crosses and 13 three-way crosses evaluated in 2005.

HYBRID OIL% PROTEIN% STARCH%
SC-10 (W) 3.63 733 70.0
SC-11 (W) 4.88 7.78 72.83
SC-12 (W) 5.24 7.30 75.0
SC-13 (W) 4.75 8.75 75.0
SC-14 (W) 5.48 6.80 69.5
SC-15 (W) 3.72 7.31 70.8
SC-21 (W) 3.69 7.78 70.8
SC-22 (W) 4.26 6.91 68.5
SC-23 (W) 4.50 7.39 71.4
SC-24 (W) 292 8.53 74.2
SC-25 (W) 4.53 835 75.5
SC-26 (W) 491 9.24 70.3
SC-27 (W) 3n 7.78 74.3
SC-120 (W) 4.15 7.49 76.0
SC-122 (W) 437 8.35 75.3
SC-123 (W) 3.46 7.66 73.9
SC-124 (W) 4.41 7.21 75.3
SC-129 (W) 4.40 6.96 74.8
Average. (W) 4.28 7.72 73.0
SC-51 €Y) 4.17 9.35 63.9
SC-52 tY) 3.72 8.31 60.0
SC-155 (Y) 5.53 7.90 61.9
SC-161 (Y) 4.80 8.62 64.8
Average (Y) 4.56 8.55 62.7
L.S.D. (0.05) 0.56 0.47 0.66
TWC- 310 (W) 3.59 7.47 75.3
TWC- 311 (W) 4.84 6.88 74.7
TWC-314 (W) 3.15 7.62 70.2
TWC- 320 (W) 3.98 9.38 71.1
TWC- 321 (W) 3.90 7.64 72.1
TWC- 322 (W) 4.88 8.77 75.1
TWC- 323 (W) 5.04 7.20 73.9
TWC- 324 (W) 4.29 8.65 70.8
TWC- 325 (W) 3.21 7.28 74.4
TWC- 326 (W) 3.81 8.98 74.1
TWC- 327 (W) 3.00 10.28 71.9
Average (W) 3.97 8.20 73.1
TWC-351 (Y) 5.34 9.07 63.9
TWC-352 (Y) 5.78 8.93 62.3
Average (Y) 556 9.00 63.1
L.S.D.(0.05) BN ) e & 0.35 - 0.62
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lowest starch content (60 %) while SC.25 had the highest content (75.5%).
Comparing white and yellow groups of populations, showed no
significant differences between the average content of the two groups for oil
and protein contents (Table 6). However, significant differences existed
between yellow and white populations for starch content. Population-59 (Y),
Giza-2 (W), and DTP-2 (W) had the highest oil content (7.74, 6.17 and
5.57%, respectively). Populations SK-21 (Y), Pop-59 (Y) and DTP-1 (W)
produced the highest protein content (9.43, 8.77 and 8.50%, respectively).
On the other hand, populations DTP-1 (W), AE (Y) and AED (W) had the
highest starch content (75.9. 74.1 and 73.9%, respectively).

Table 6. Mean content of oil, protein and starch (%) in grain of 15
maize populations evaluated in 2005.

POPULATION OIL% PROTEIN% |STARCH%
Pop-33 (Y) 4.80 6.88 73.8
Pop-44 (Y) 4.14 8.55 73.5

| Antigua (Y) 4.83 6.50 72.9
AE (Y) 4.46 6.87 74.1
Arify (Y) 4.29 7.04 73.7
ADA (¥ 4.77 7.19 72.0

| Composite -45 (Y) 4.91 8.65 67.8
Sakha- 21 (Y) 5.27 9.43 73.9
(N.Y.P) (Y) 5.05 7.19 71.8
Pop-59 (Y) 7.74 8.77 71.0
Average (Y) 5.03 7.71 72.5
DTP-1 (W) 5.20 8.50 75.9
DTP-2 (W)] 557 6.03 68.5
Composite-5 (W) 5.26 7.16 67.2
Giza-2 (W) 6.17 7.50 63.0
(AED)” (W) 4.51 6.71 73.9
Average( W) 5.34 7.18 69.7
Grand Mean 5.13 7.53 715D
L.S.D. (0.05) 0.66 0.89 2.01

{*) Nubaria yellow pepvlation.
(**) American Early Dent population.
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Mid-and high parent heterosis

Mid-and high-parent heterosis of single crosses for oil, protein and
starch are presented in Table (7). For oil content, based on mid-and high-
parent values, !4 out of 22 single-crosses had significant positive specific
heterosis values. The highest mid-parent heterosis for oil % was obtained
for SC-26 (52.69%) while the highest high-parent heterosis was produced
bv SC-11 (37.46%). Regarding heterosis for oil content of three-way crosses
(Table 8). results revealed that 8 out of 13 TWC manifested significant
positive mid-parent heterosis, while only 4 three- way crosses had positive
high parent heterosis. TWC-352 (Y) and TWC-324 (W) revealed the highest
mid-parent heterosis for oil content (52.8 and 47.9%, respectively). The
highest value for high- parent heterosis for oil content was obtained trom
TWC-352 (38.29%). High positive heterosis values indicated that
dominance or overdominance effects in the superior crosses act for
maximizing oil content in the F,- hvbrid.

Table 7. Mid - and high-parent heterosis % for 22 single-crosses
evaluated in 2005 for oil, protein and starch content of maize

grain.
OIL —[ PROTEIN STARCH :
HYBRID
Mid-P. | High -P. | Mid-P. | High-P. | Mid-P. | High -P.
SC-10 2.76° [ SUET TPRRet pael | 4 | =L13
SC-11 40.84° | 3746 | 10.67" 9.42" 0.14 -2.28"
SC-12 4396 | 34.36° | -13.81" | -26.857 | 5937 593"
SC-13 20.87 .| A0S 1 117457 | 455 0.67"
SC-14 42347 | 27.15" | 2255 | 3585 | -0.43" -1.84"
SC-15 10.58" | 21392k =227 1-31.04" 1.58" 0.28"
SC-21 2030 | 2971 5 800 138967 0.00 -0.28
SC-22 7.58" 623 ' 208%- 13076 ;| -341; I Yo Lo
SC-23 19.05° | 12.227 1.23" 120 .1 .-1i65: -4.16
SC-24 936" | 27187 3508 11404 | 488" 4.65"
SC-25 F933" | 482" |TU6 271 545" 4.14"
SC-26 5269 |"2244" PISST Y] 351 | 1 | AT
SC-27 -19,00" | -27.96"" 0.00 -3.59" 4.50" 377
SC-120 8.07" 3.49" -7.19" | a13.41™ | 750" 7:342
SC-122 15.30" 4.80" 9.58™ -0.36" 7.26 591"
SC-123 -20.64 | -23.79" | -15.08" | 2046~ | 5427 4.08"
SC-124 19.19 | 10.80" | -14.06" | -27.39" | 8.50™ 591"
SC-129 12.82" 552" -9.02" | -16.95" | -10.03" | -10.67"
SC-51 692" | -1052" | 897" -1.06™ 0.00 -0.16"
SC-52 2256 2004 T3 6817 | 5577 | -6.44"
SC-155 15.21" 533" 4.91" 1.54" -4,18" | -5.06"
SC-161 g2¢" | 3W° BN | -us”] 135 | 25 |

** indicates significance at | % probability level.
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Regarding mid-and high-parent heterosis for protein content of the 22
single-crosses (Table 7), results showed that 11 and 5 single-crosses had
significant positive mid-and high-parent heterosis, respectively. SC-24 had
the highest positive values for mid-and high-parent heterosis for protein
content (35.18 and 14.04%, respectively) followed by SC-11 (10.67 and
9.42%, respectively). For the 13 three-way crosses (Table 8), results
manifested that 8 and 5 three-way crosses revealed significant positive mid-
and high-parent heterosis, respectively in protein content. TWC-327 and
TWC-324 had the highest positive mid-parent (37.07 and 32.67%) and high-
parent (27.26 and 15.64%) heterosis values for protein content. Similar
results were obtained by Misevic et al (1989) and Soliman er a/ (1999). It is
important to find out single-and three-way crosses that give positive
heterosis for both oil and protein content since normally the two traits are
negatively correlated. However, results of this study revealed that SC-11,
SC-155 and TWC-324 showed significant positive heterosis for both traits,
which is very important from an economic point of view. Results of mid-
and high-parent heterosis for starch content of the 22 and 13 single-and
three-way crosses are presented in Tables (7 and 8) respectively. Single-
crosses, 12 and 10 single-crosses showed significant positive mid-and high-
parent heterosis, respectively for starch %. SC-124 revealed the highest
positive mid-and high-parent heterosis for starch content (8.50 and 5.91%
respectively). In addition, TWC-310 revealed the highest positive mid-and
high-parent heterosis for starch content (7.26 and 6.66%, respectively).
Comparing values of mid-and high-parent heterosis for oil, protein and
starch of single-and three-way crosses, it was noticed that heterosis values,
in general, were much higher for oil and protein content as compared to
heterosis values for starch content, which indicates that dominance effects
play an important role for oil and protein content in the production of the
studied hybrids. Paterniani and lonnquist (1963) and Hallauer and Miranda
(1981) mentioned that the greater values of specific heterosis are exhibited
for varieties that have divergence in genes showing dominance effects.
Phenotypic correlation

Phenotypic correlation coefficients among grain oil, protein and
starch are presented in Table (9). Results exhibited negative significant
correlation(-0.55) between grain oil and protein content. Moreover,
insignificant positive correlation was found between oil and starch content.
Negligible insignificant negative correlation was also found between grain .
protein and starch content. These results would affect breeder's decision if - < -
selection is practiced in populations to improve grain oil and / or protein -
content.
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Table 8. Mid - and high-parent heterosis % for 13 three-way crosses
evaluated in 2005 for oil, protein and starch content.

( OIL PROTEIN STARCH

HYBRID

Mid-p. | High-p. | Mid-p. | High-p. | Mid-p. | High-p.
TWC-310 | 271" | -1047" | 286" | -13.64" | 726" 6.66"
TWC-311 | 1230 | -7.81" | -19.77" | -2833" | 5.96™ 59
TWC-314 | 500" | -21.45" | 7.63" | -11.91" | -0.43 -0.99™
TWC-320 | 529" | -0.78" | 13.56° | 844~ 128" 0.71"
TWC321 | 736" | -2571" | 46" | 204" | 2277 1.55"
TWC.22 29.79" | 21.70" 7.74” 297 | 7egs 7.10"
TWC-323 | 38.08" | 25.69™ 0.28 -3.747 3.07" -0.817
TWC-324 | 47.93" | 6.98° | 32.67" | 1564 0.43 -0.14
TWC-325 | -19.95" | -30.67" | -3.19" | -10.46" | 4.79" 2.62"
TWC-326 | 583" | -499" 1.58" | -2566" | 422" 2.07"
TWC-327 | 28237 | -41.75" | 3707 | 2726 1.70™ 0.42
TWC-351 | -10.84 | -15.24" | 1950 | 16.58™ 0.00 -0.31
TWC-352 | 52.84" | 3829" | 17.65" | 14.78" | -326" | -4.45"

** indicates significance 2t 1 % probability level

Table 9. Phenotypic correlation coefficients for oil, protein and starch
of the 82 genotypes cvaluated in 2005.

Character Protein Starch
oil -0.554" 0.292
Protein -0.088
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