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ALISTRACT

Developing kigh oil maize (H IM} populations Is a preregulisite for extracting
suitable inbreds to developing HOM hybrids. In the present study, six new HOM
populations were developed; three fron. Pop-59 and three from Loc-Pop populations via
one cycle of 8; recurrent selection for .igh oil content (OC%), high grain yield (GYPP}
and high oil yield (OYPP) per plant. 1he resulted 6 populations along with the source
populations Pop-59 and Loc-Pop were evaluated under 4 locations, representing lower,
middle and higher Egypt. Actual progiess in grain 0C%, GYPP and OYPP was 1,2%,
37.3% g and 1.9 g for Pap-59-HOC, Poy -59-HGY and Pop-59-HOY and 1.9%, $5.9 g and
3.0 g for Loc-Pop-HOC, Loc-Pop-HGY and Loc-Pop-HOY, respectively, Estimates of
actual progress were much lower than } redicted, suggesting overestimation of heritability
because the total genetic variance insizad of additive variance was used. Selection for
OYPP was associated with a significar t increase of GYPP, grain carbohydrate content
(CC%), OC% and 100-kernel weight, 1 ut with a significant decrease in protein content
(PC%). Selection for OC% wds asswiated with a significant decrease in GYPP,
kernels/plant, and CC% but with a signi ficant increase in PC%.

Key words: Maize, High oil corn, 5, 1ecurrent selection, Population improvement, Oil
content, Grain yield, Oil yie'd.

INTF.ODUCTION

Egypt is suffering from a great shortage in edible oils. Maize crop is
qualified to help in narrowing this gap of edible oil as a secondary product
besides its primary purpose as a (:ereal crop. In corn grain, a typical hybrid
cultivar contains approximately ¢ % oil, 9% protein, 73% starch, and 14%
other constituents (mostly fiber) However, oil content of high oil maize
{(HOM) grain exceeds 6%. The vilue of high-oil maize (HOM) is reflected
in higher oil, amino acid and protein contents than normal maize (Han et al

- 1987 and Song. 2001). Given tte high levels. of unsaturated fatty acids, .

especially oleic (18:1) in HOM or including it in the diet would have
positive health effects. Using HOIV grain not only improves the food-energy
utilization rate but also reduces t1e amount of supplemental fats needed in
livestock feeds (Goldman ef al 1934).

Grain quality is an importa 1t cbjective in corn breeding (Mazur ef al
1999 and Wang and Larkins 2001). Using traditiona] breeding methods
during the past 100 or more years, many HOM populations and hybrid
cultivars have been developed (Alexander er al 1967, Miller e al 1981,



Dudley and Lambert 1992 and 2004, So1g e: al 1999, Lambert et af 2004,
Moose et al 2004 and Song and Ch:n 2004). The Hlinois long-term
selection experiment is a classic illustr:tion of efficiency of selection for
chemical composition in the corn kernel (Dudiey and Lambert 2004). After
104 generations mean oil concentration in “Illinois High Qi (IHO) strain
was 21.82%, with no apparent reducton in selection response. Before
selection, the initial population contaired 4.69% oil which is similar to
current comumercial hybrids. Getschman and Hallauer (1991), El-Agamy ef
al (1992) and Mahmoud ef af (1999) 1eported that selection based on 5,
progeny performance is effective for utilizing additive genetic effects and
presents an opportunity for selection :gainst major deleterious recessive
genes that become homozygous with inbreeding.

In the present study, one cycle of £, recurrent selection for oil content,
grain yield and oil yield, was practicec. in two HOM populations and six
new improved maize populations were leveloped. The objectives were: (1)
to evaluate the six new-developed HOM populations in comparison with the
original ones, (2) to estimate the actual vs predicted progress in oil content,
grain yield and oil yield trait$ from one :ycle of S, recurrent seiection, (3) to
determine the associated changes in the non-selected traits and (4) to
calculate trait interrelationships betwe:n pairs of grain quality and yield
traits.

MATERIALS AMD METHODS

Breeding material

Two yellow comn (Zea mays L.) populations, i.e. Pop-59 and Pop Loc-
Pop were used in this study as source ppulations for practicing one cycie of
S1 recurrent selection for high oil coent, high grain yield and high oil
yield. These populations were kindly p-ovided by the Agricultural Research
Center (ARC). One of these populaticns was imported from Thailand and
the other was a local population of 1igh oil content and collected from
farmers of Aga District, Dakahlia, Egy ot. Both populations were considered
high oil maize (HOM} germplasm sin:e oil content in their grains is more
than 6%. The name and history of d:velopment of these populations are
presented in Table (1). ' "

Table 1. Name and history of development f the populations used in this study.

Population name Hi tory of development
Pop-59 Exotic high oil maize (F OM) population introduced from Thailand,
by ARC, as HOM germp asm.

Loc-Pop A local HOM open-pollii ated population collected from Aga District,
Daksahliya Governorate, Igypt and had undergone only one cycle of
recurrent selection for oi] content and grain yield by ARC.

125



Developing the S, progenies

1In the late 2006 summer season, seeds of the populations, Pop-59 and
Loc-Pop, were sown at the 15 oi" July under normal cultural conditions in
two isolated blocks at Egaseed Agric. Res. Station, Bani Hedair, Bani Sweif
Governorate. More than one thousands vigorous and disease-free plants in
each population were self-pollinatzd. The best 144 selfed ears based on the
desirable ear characteristics repiesenting each population were chosen.
Thus, two groups of S; progenies were made; each group consisted of 144
Si’s as follows: (1) Group 1: consisted of 144 S,’s from Pop-59 and (2)
Group 2: consisted of 144 8,’s from Loc-Pop. Ears of the two selected
groups were separately shelled and their respective seeds were preserved for
progeny evaluation in the next seaon.
Progeny evaluation of S;’s

In the 2007 summer season. seeds of 144 S; progenies of each group
were separately sown for evaluation at Egaseed Agric. Res. Sta., on the 15
of May in two-row plots. Rows were 5 m long and 0.7m wide. i.e. plot size
= 7.0 m®. Sowing was made in hi Is spaced 25 cm along the row and plants
were thinned to one per hili befre the first irrigation. A separate lattice
design (12 x 12) with three replic itions was used for evaluating each group
of S, progenies for grain yield chiracters. The S, progenies were also sown
in two additional replications, for seed production by artificial sib-
pollination to prevent possible pollen effects (Xenia) of other entries on
grain oil content, to allow an acc irate evaluation of oil content in these S,
progenies according to Misevic a1d Alexander (1989), Lambert et af (1998)
and Soliman et af (2007). Recominended cultural practices were applied for
the six replications of each exp:riment. Selection was practiced in each
group of S;’s either for high giain oil content (HOC), high grain yield
(HGY), and high plant oil yield (F0Y}). The highest 14 $¢’s (about 10% of
the 144 S,’s), for each of the abave three traits were selected to form three
sub-groups from each populaticn selected for HOC, HGY, and HOY,
making a total of six sub-groups r:presenting the best S,*s for Pop-59-HOC,
Pop-59-HGY Pop-59-HOY, Loc-Pop- HOC, Loc-Pop-HGY, and Loc-Pop-
HOY.

Intercrossing among the selectel S,’s

In the early summer season of 2008, the selected six sub-groups were
sown separately in 14 isolated blocks for making all possible cross
combinations among the S;’s of vach sub-group at Fine Seeds Res. Station,
Beba, Bani-Sweif Governorate. Fr each sub-group a blend of equal number
of seeds of each 14 S;’s was sown in a separate intercrossing block for
artificial sib-pollination among al plants in each block. Ears harvested from
each intercrossing block were shelled and their seeds were blended to form
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one sub-population. Therefore, six sub-populations were obtained as
follows: (1) Sub-population I (Pop-5'-HOC) represents an experimental
population selected for high oil contert developed from Pop-59. (2} Sub-
population II (Pop-59-HGY) represents an experimental population selected
for high grain yield/plant developed f-om Pop-59. (3) Sub-population I
(Pop-59-HOY) represents an experime ital population selected for high oil
yield/plant developed from Pop-59. (4) Sub-population IV (Loc-Pop-HOC)
represents an experimental population selected for high oil conteni (%)
developed from the Loc-Pop. (5) !iub-population V (Loc-Pop-HGY)
represents an experimental population selected for high grain yield/plant
developed from the Loc-Pop. (6) Sub-population VI (Loc-Pop-HOY)
representing an experimental population selected for high oil yield/plant
developed from the Loc-Pop:
Random-mating of selected sub-popul ations

In the late summer season of 2008, seeds of each of the six sub-
populations were scparately sown at |‘ine Seeds Res. Sta., Beba, in six
isolated blocks (each block consisted of 20 rows). Pollen grains from
several plants in the 10 rows of each sut -population were collected and used
for pollinating silks of all plants of tt e same sub-population, to achieve
random-mating among plants for one generation in order to reach genetic
equilibrium. Each block was harvestec separately, ears were shelled and
seeds from each block were blended {horoughly. Therefore, seeds of six
- improved sub populations were obtaine1 and referred to thereafter as Pop-
59-HOC, Pop-59-HGY, Pop-59-HOY, _oc-Pop-HOC, Loc-Pop-HGY, and
Loc-Pop-HOY.
Evaluation of selected populations

In the summer season of 2009, szeds of the above six selected sub
populations and the two original populitions (Pop-59 and Loc-Pop), were
evaluated at four locations, ie. Kom Hamada (Beheira Governorate),
Ashmoon (Menofia Governorate), Beta (Bani Sweif Govemorate), and
Bani Ebaid (Minia Governorate). Two ¢ tperiments were carried out in each
location; the 1** experiment was condicted for evaluation of grain yield
traits and the 2™ experiment for evaluation of grain quality traits. in each
experiment a randomized complete biovks design (RCBD) was used with
three replications with plot consisting of 4 rows 5m long and 0.7m wide, /.e.
the plot area was 14 m”. Sowing was made in hills spaced 25cm along the
row and plants were thinned to one per hill before the first irrigation.
Recommended cultural practices were ibllowed for each location. For the
2™ experiment, aiming at determining rain quality traits, plants of each
sub- population were - self-pollinated to ;»revent Xenia effect of pollen from
other entries on the grain quality traits. ,
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Data recorded

Data were recorded on: (1) 1umber of kernels/plant (KPP), (2) 100-
kernel weight (100KW) in g, (3) grain yield/plant {GYPP), in g. Thres
samples of whole kemels were iaken to represent each entry for the
determination of the following gra n quality traits: (4) oil content {OC%)
and (5) protein content {PC%) measured on whole kemels using Zeltex ZX-
800 Near-Infrared (NIR) non-destructive whole grain analyzer
(manufactured by Zeltex Inc., Mar /land, USA), (6) carbohydrate content
(CC%) in whole kernel by Phentl Suphoric acid according to AOAC
(2000); (7) oil yield/plant (OYPI) in g calculated by multiplying oil
percentage by grain yield/plant a1 a dry matter basis and (8) protein
yield/plant (PYPP) in g calculated by multiplying protein percentage by
grain yield/plant on a dry matter bas s.

Statistical analyses

Separate analysis of variance of RCBD design was performed at each
location. Combined analysis of varii nce was also performed across the four
focations, if the homogeneity test rasults (Bartlett test) were insignificant,
and LSD values were calculated to compare between means according to
Snedecor and Cochran (1989).

RESULTS AND DISCUSSION
Analysis of variance

Analysis of variance (Table 2) showed significant mean squares due to
locations for all studied traits, except for carbohydrate content (CC%),
indicating that location had a significant effect on the performance of most
studied traits due to differences in «limatic factors and soil properties and
interactions with genotypes'in diff:rent locations. Combined analysis of
variance across locations (Table 2) also showed highly significant
differences among the studied eight populations for all studied traits. Mean
squares due to the populations x lo:ations interaction were significant for
most studied characters, indicating tt at populations performed differently in
different locations, supporting previous results (Genter ef @/ 1956, Berke
and Rocheford 1995, Pixley and Biamason 2002, Mittelman ef al 2003,
Munamava et el 2004 and Ai-Nagzar et al 2010). Separate analyses of
variance (Table 2) revealed significa 1t differences among populations at all
locations for all studied traits, except for 100KW and PYPP at Minia.

The degrees of freedom for nopulations were partitioned into its
components, ie. set 1, (Pop-59-HOC, Pop-59-HGY, and Pop-59-HOY), set
2 (Loc-Pop-HOC, Loc-Pop-HGY an< Loc-Pop-HOY) and set 1 vs set 2 and
their interactions with locations as piesented in Table {3). Data showed that
mean squares due to each of set ! and set 2 were significant or highly
significant for all studied traits, exceptinset I for 100KW, and PYPP at
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Table2. Separate and combined analyses of variance for the studied traits of

eight populations in 2009 season.
Meal squares

SOV Df KPP 100KW OC% PC% CC% GYPP OYPP PYPP
B heira
Populations (P) 7 37470.6%* S585** 57°* 2.0 70%*  T3823% 21.1** 344*
Error 14 35404 7.1 0.1 003 0.03 819 1.0 0.7
CV.% 9.19 9.0 3.7 193 03 4.6 6.75 5.08
M enofia
Populations (F) 7 41079.6** 17.0* Ta'*  50%  69** 2089.6%F T H4%
- Error i4 51403 5.0 0.2 012 004 98 1.03 1.17
C.V.% 118 85 48 353 0.3 63 822 7123
Ba1i Swelf
Populations (F) 7 56136.4%*  34.73%%* 5.634* 1.76%* 55*F 10254.1%* 15.9** T4.6**
Error 4 11173 12 0.1 009 0.1 105.4 103 1.52
C.V.% 6.03 37 27 25 0.6 6.1 811 7.02
“finin
Populations (P) 7 35155.7* 6.7 ik L7 5.2%* 588 27 2.5
Error 14 132889 6.8 0.1 013 01 1156 0.87 158
CV.% 172 10 2 3.61 0.37 3.19 899 9.82
Cu nibined

Locations (L) 3 623758%* 109.7** L.+ 75* 02 11569.54+ 78.5% 107.1**
Populations (P} 7 146106.8*% 71.9%+  200%* 92%* 234%* 15891.0** 21.3** 72.0%*

PxL 21 79118 15.0%* 0% 04** 04** 1564.6** B7** 173
Error 56 57717 5.0 0. 0.1 0.1 100.2 10 1.2
CY.% 12.25 8.0 3. 3.1 0.4 6.3 79 12

* and** indicate significance at 0.05 and 0.01 levels of probability, respectively.

Table 3. Partitioning population dejrees of freedom among entries into set 1
{(Pop-59, Pop-59-HOC, Pp-59-HGY and Pop-59-HOY) and set 2
(Loc-Pop, Loc-Pop-HOC, Loc-Pop-HGY and Loc-Pop-HOY), set 1
vs set 2 and interactions o "sets with locations.

Viean squares
S0V df _KFP 10KW 0C% PC% COC*% GYPP OYPPF PYPP
Bebeira
Set § 3 175137+ TOT5**  SE% 12 TR 17101+ 10.5%*% 4.4+
Set 2 3 5743B4%%  656°F 330t 5% 49% B426.9+*  29.4%+ 4].8*
Set 1 vs Set2 1 374379+ 0.04 129%* 29%  10B*  212653%* 28.1** (02.1**
Menolia
Set1 3 44129.6%* 50 G1** BO** Q4% 2j764* 31* 27
Sctl 3 I7R25.5+* 34.7%  65**  13% 29% 20422+ 132% (128>
Set1mSer2 1 41691 9+ a1 15.4%% 44%% J14% 19715% 51* 3
1 ani Sweifl
Set1 3 27177.4% 263** GR"  1gs* 48*  4500.3%*  4.6* 29 4*%%
Setl 3 3281848 526%* 37 10%  45% 10610.3%*  12.0%* 781%*
Set 1w Set2 1 2129674%* 64* 79%  38**  108** 26447.1% 6l.4** 1995%*
Minia
Setl 3 209098~ 09 2.1 1a* 40+ 856.1+* 34 374
Set2 3 464597+ t4.5 34% 136 4.1 T46.4%* 278 1.28
Set 1 Set2 1 4398).4°+ 0.7 62%* 26%  108** 12042** 039 214
Com bined analysis
Set 1 3 92737.5%* 39.1*  IBT*T 120% 243**  7R36.1** 13.0%  20.0%*
Setl 3 149024.4%%  1282%% 142% 49*%  157** 16726.8** 280** BS54
Set 1w Set2 1 2574619%* 14 41.3% 137% 438%F 375483%* 26.1** 187.8**
et 1x L g 56643 213**  06%* O0B** O0.7** 4689+ 29t 67
Set2zl 9 50860 13.1* 0g** 01 0.2%* 1699.6%*  98%* [57%
SettwSet2zl, 3 69395 )+ 5.4 1.2**  0.3* D3** 13340.1** 68.4** 161.7**

* apd** indicated significance at 0.05 and 0,01 Ie rels of probability, respectively.
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“ Menofia and Minia and in set 2 for I00KW, OYPP, and PY'PP at Minia.
Mean squares due to set 1 x locations and set 2 x locations interactions were
significant or highly significant for ¢ 1l studied traits, except for KPP in set 1
or set 2 X locations and PC% in set 2 x locations interaction. Mean squares
due to the orthogonal comparison, i e set 1 vs set 2 were significant for all
studied traits, except 100KW at Beheira, Menofia, Minia and combined -
across locations, OYPP at Miniz and PYPP at Menofia and Minia,
indicating that set 1 entries diff:r significantly from those of set 2
populations for most studied traits. Mean squares due to set I vs set 2 x
locations interaction were significant for all studied traits, except 100KW,
indicating that differences between set 1 and set 2 may fluctuate among
locations. :

Performance of newly-developed populations

Means of the six improved experimental populations (Pop-59-HOC,
Pop-59-HGY, Pop-59-HOY, Loc-Pop-HOC, Loc-Pop-HGY, and LOC-Pop-
HOY) along with the two original populations (Pop-59 and Loc-Pop) in
2009 season at each location and acioss locations are presented in Table (4).

The general mean of traits ac oss populations was different from one
location to another. The highest general mean was shown by Beheira
location for 4 out of 8 studied traits, namely OC%, CC%, GYPP, and OYPP
(Table 4). The Beheira location is :haracterized by the lowest temperature
(maximum temperature was 27.88'C), the highest relative humidity (RH)
reaching 83.9% compared with oth¢r studied locations. On the contrary, the
lowest general means across all sudied populations were shown by the
Minia location for GYPP, 100KW :nd OYPP and by Bani Sweif for OC%,
CC%, KPP traits. The Minia and Bani Sweif locations are characterized by
a relatively higher temperature ard lower relative humidity than at the
Beheira location. Moreover, soil fe tilely at Beheira was better than Minia,
since the preceding crop was whea: (Triticum aestivum 1..) in Minia and a
leguminous crop, namely peas (Pisum sativim 1.) in Beheira, It is
interesting to mention that the most important environmental factors that
influence grain quality traits in maize (0il and protein contents) are
temperature and availability of watcr and nitrogen in the soil (East and Jones
1920 and Letchworth and Lambert 1998). The highest grain yield per plant
was shown by the improved popilation Loc-Pop-HGY at all locations,
followed by the improved populat on Loc-Pop-HOY (Table 4). The two
populations, Loc-Pop-HGY and L c-Pop-HOY were developed from the
local population Loc-Pop, via onz cycle of S; recurrent selection, for
increasing grain yield/plant and oil rield/plant, respectively.

On the other hand, the lowest grain yield per plant was exhibited by
Pop-59-HOC that was developed :tom the exotic population (Pop-59) by
selection for oil content (Table 4). “'he highest oil content in maize grains
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Table 4. Summary of means for studied traits of maize populations
developed via one cycle of S recurrent selection compared to
the original population evaluated in 2009 season at four

locations.
Pop- Pop- Pop- Loe- Loc-  Loc-
Location Pop-59 59- 59- 59. Lex-Fop Pop- Pop- Pop- General LSD
HOC HGY HOY HOC HGY HOY wmean 0.05
KPP
Beheira 6064 S010 6586 6673 B(BS 5112 7862 6432 6478 104
Menofin 562.8 3958 6595 6462 TI20 5448 7755 5653 6077 126
Bani Sweif 399.1 3683 57717 4949 65329 5419 7877 6042 5542 38.5
Miwin 5355 5789 7057 6904 65t4 6337 8M6 6304 6705 202
Combined 5259 4610 6504 6247 TIB7 5579 8110 6108 6201 124
100KW (1}
Beheira 24.0 322 49 275 2.9 265 343 332 20.7 4.67
Menolia 266 279 259 249 2.6 25.10 274 306 264 394
Bani Sweif 28.7 26.9 339 223 26 259 36.0 313 302 1.94
Minia 264 259 270 258 2.4 235 286 267 26.1 s
Combined 26.4 282 304 269 2.5 252 315 305 281 3.65
OC (%)
Belreira o1 10.5 73 97 72 B8 6.4 82 84 055
Menefin 94 10.6 73 8.3 6.3 84 56 87 8.1 0.68
Bani Sweifl 8.7 99 6.3 86 73 8.7 60 7. 7.8 0.39
Minis 85 9.5 7.5 89 65 90 72 77 8.1 0.3%
Combiwed 89 10.1 7.1 89 63 87 6.3 79 8.1 0.49
PC (%)
Beheirs 10,0 106 8.7 92 85 9.9 84 87 93 0:31
Menofin 10.6 12.4 86 .0 8.3 102 990 93 9.7 0.61
Bani Swell 112 19 10.0 109 H.i 114 927 10.0 10.6 0.54
Minis 99 113 95 99 9.1 104 88 94 98 0.63
Combined 10.4 1.5 82 923 9.1 104 90 94 29 0.49
CC (%)
Beheira 68.0 668 706 684 703 680 710 698 691 0.32
Menofia 67.7 661 7T00- 695 703 684 706 695 690 0.36
Bani Sweil 67.8 668 698 585 694 678 705 702 689 0.66
Minia 68.5 669 699 681 0.1 680 707 698 690 045
Combined 68.0 66.6 70.1 586 70.1 68.1 70.7 698 690 043
GYPP () ’
Beheira 1452 1226 1725 1715 1182 1510 2693 24:4 1827 15.89
Menofia 150.0 1092 1708 1600 1!92 1342 1967 1725 566 17.38
Bani Sweif 1146 99.0 1873 1422 1356 1403 2833 1896 1690 18.02
Minin 1125 106.7 1408 1358 1¢08 1208 1583 1325 1310 18.87
Combined 1306 1094 1679 524 1°09 1366 2269 1840 1598 16.35
OYPF()
Behcira 13.2 128 26 166 117 132 17.3 19.8 149 1.76
Menofia 14.0 116 124 133 i3 11.3 11.1 15.0 124 1.78
Bant Swelf 29 9.8 11.8 12.2 127123 17.0 136 125 1.78
Minia 9.6 101 106 121 9. 10.8 113 16.2 10.5 1.64
Combined 11.7 11.1 11.9 135 11.7 119 14.2 14.7 126 1.63
PYPP ()
Bebeira 14.5 t3.0 15.1 £5.8 1e.1 15.0 226 2k 16.7 id48
Menofis 158 13.5 147 144 28 137 17.7 6.1 15.0 1.90
Bani Sweif 12.3 1.8 18.8 15.4 157 156 256 19.0 173 216
Minin 1.1 120 133 135 123 12.6 139 125 128 ns
Combrined 13.6 12.6 15.5 14.8 157 14.2 20.0 17.2 154 [.79
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was shown by the selected populition Pop-59-HOC (10.5% at Beheira,
10.6% at Menofia, 9.9% at Bani Sweif, 9.5% at Minia and 10.1% across
locations). This population was developed via one cycle of S; recurrent
selection for high oil content from the introduced, high oil maize (HOM])
Pop-59. In the second and third ranl: for oil content came Pop-59-HOY and
Loc-Pop-HOC (8.9 and 8.7%, respectively for combined data) with no
significant difference among the "wo populations. On the contrary, the
lowest average oil content across lacations (6.3%) was exhibited by Loc-
Pop-HGY developed via selection for high grain yield per plant from the:
local population (Loc-Pop). .

The highest oil yield per plait was shown by Loc-Pop-HOY across
locations. On the other hand, the 1>west oil yield per plant and per fedan
was exhibited by Pop-59-HOC. Res 1lts combined across locations indicated
that the highest oil content (10.1°%) was shown by population {Pop-39-
HOC) which was also highest in o1 yield per plant (11.1g) and in protein
content (11.5%), but was lowes in protein yield per plant (12.6g),
carbohydrate content (66.6%), grair yield per plant (109.4g) (Table 4). Data
combined across locations showed 1hat the highest population in grain yield
(Loc-Pop-HGY) (GYPP =226.9g) vsas also the highest in protein yield per
plant (20.0g), carbohydrate conten: (70.7%), KPP (38.1), 100kW (31.5g),
and the second highest in oil yield per plant (14.2g), but was the lowest in
oil content (6.3%) and protein contznt (9.0%) (Table 4). It is interesting to
report that the highest population combined across locations in oil yield
(Loc-Pop-HOY) (OYPP = 14.7g) wis the second highest in GYPP (184.0g).
Comparing the two sets of popuations, ie. set 1 vs set 2 (Table 5),
indicated on average across locations, that set 1 (Pop-59 and its derived
populations) is significantly highe- in oil content (by 1.3%) and protein
content (by 0.7%) than set 2 (Loc-Pop and its derived populations). This
could be attributed to the fact that 2op-59 is introduced from Thailand and
had a long history of itnprovement : or oil content. '

On the contrary, set 2 was significantly higher in grain yield per
plant (by 39.6g), KPP (by 109.1 kernel}, and CC {by 1.4%) than set 1. The
higher il yield and protein yield of set 1 over set 2 is due to the higher grain
yield, which could be attributed t« the greater adaptedness of this set of
populations to local condifions than entriesin set 2.

Changes in selected traits
1. Oil content

Combined data across Jocaticns (Table 6) indicated that one cycle of
Sy recurrent selection for high oil content resulted in a significant
improvement in oil content of the ]'op-SQiHOC over its original population
(Pop-59) by 1.2% {(a relative impro 'ement of 13.7%) and for the Loc-Pop-
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Table 5.Comparison among set 1 (P)p-59) and set 2 (Loc-Pop) for
studied traits at separate and i cross locations.

Sets Beheira Menofia Bani Sweil Miinia Combined
i KPP
Set1 608.3 566.1 460.0 627.6 565.5
Set2 687.3 649.4 648.4 7133 674.6
Diff . -79.0 -83.3 -188.4 -85.7 -109.1
100KW ()
Setl 296 263 ‘ 29.7 26.3 280
Sei 2 297 26.4 307 26.0 282
Dift 0.1 0.1 -1.0 03 0.2
OC (%)
Setl 9.1 89 8.4 8.6 87
Set2 7.7 13 7.2 16 74
Diff 1.5 1.6 1.2 1.2 13
PC (%)
Set k 9.6 ) 10.1 11.0 101 10.2
Set2 89 913 10.2 95 95
Diff 0.7 0.9 0.7 0.7 0.8
CC (%)
Set 1 68.4 68.3 682 68.3 683
Set2 69.8 69.7 69.6 69.7 69.7
Diff -1.3 -13 -L3 -1.3 -1.4
GYPP(g
Set 1 1529 - 1475 i35.8 124.0 140.0
Set2 : 2125 165.6 202.2 138.1 179.6
Dift -59.5 -18.1 -66.4 -14.2 -39.6
OYPP (g
Set1 138 12.8 10.9 106 121
Set2 160 119 14.1 ie4 131
Diff =22 0.9 -3.2 0.3 -1t
PYPP (g)
Set1 14.6 14.6 14.7 125 141
Set2 S 187 153 200 13.1 16.8
Diff ~4.1 -0.7 -5.3 -6 2.7

Diff = Difference = Set 1 - Set 2

HOC over its original population (l.oc-Pop) by 1.9% (a relative
improvement of 27.9%). It is interesting ‘o mention that the magnitude of
improvement for oil content was higher ii: Loc-Pop-HOC than that in Pop-
59-HOC, indicating that the original population Loc-Pop was more

" responsive to selection for high oil content than Pop-59. This might be
attributed to the fact that Pop-59 had a lon s history of improvement for high
oil content; its average oil content across locations was 8.9%, while the Loc-
Pop was subjected to only one cycle of § recurrent selection for high oil
content resulting in average otl content across locations of 6.8% (Table 6).
Genetic variance amenable to selection for o¢il content might be more
reduced in Pop-59 due to practicing severii cycles of selection for this trait
compared to Loc-Pop.
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Table 6. Change in selected traits due to one cycle of §; recurrent selection in absolute (AC) and relative (RC %) values in developec
populations compared to the original ones.

Pop-59 Pop-59 Pop-59 Loc-Pop Loc-Pop Loc-Pop
Trait Location -HOC -HGY -HOY -HOC -HGY -HOY
AC RC% AC RC% AC RC% AC RC% AC RC% AC RC%
0C% Beheira 14* 159 -1.8* -199 06* 6.6 1.5 212 08 -11.5  10* 138
Menofia 13* 136 -21* 222 -L1* 113 1.9* 286 0.9* -134  22¢ 338
Bani Swelf 12% 143 24* 273 <01  -1.2 1.7 243 -1.0* -143 0.1 1.9
Minia 0.9* 109 -1.0%* -121 04" 4.3 25 387 0.7 108 1.3*  19.7
Combined 12 137  -18 204 00 05 19* 279 05 74 12* 169
GYPP(g) Beheira 22.6%  -ISA T4 120 azak dnd 32T L5s siut 430 53.0% 282
Menofia -40.8* 272 208% 139 100 67 -250* -157 37.5* 236 133 8.4
BaniSwell  rsev 136 727* 635 276* 241 553% 283 87.7* 448 60 3.0
Minia -553* 283 877 448 6.0 30 200 -142 175 124 -83 59
Combined 212*% .62 373% 286 218* 167 -344* 201  559* 327 131 76
OYPP(z)  Bebelra 03 20 06 48 34% 258 05 34 36* 266  61* 449
Menofla 24% 169  -16 -112 07 53 0.9 9.0 0.7 7.1 47% 452
BaniSwell  51e 13 19* 188 . 23* 29 14 -102  33* 242 00 02
Minia 0.5 52 10 104 25% 256 17 190 22¢ 245 1.1 121
Coutbined 06 49 02 14 19%* 158 02 17 25% 212 30* 254

* indicates significance at 0.05 level of probability.
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2. Grain yield/plant

Results combined across locations (' Table 6) indicated that selection
for high grain yicld/plant (GYPP) resuite| in a significant improvement in
GYPP by 28.6% for Pop-59-HGY over i's original Pop-59 and 32.7% for
Loc-Pop overits original Loc-Pop. Tle magnitude of the absolute
improvement for GYPP is higher for Lo:-Pop-HGY (55.9g) than that for
Pop-59-HGY (37.3g). The higher response to selection for GYPP in the
local population than in the exotic one (Pcp-59) could be interpreted by the
fact that Loc-Pop was not subjected previously to selection (this population
is synthesized from selected farmer seeds in Egypt) and hence more adapted
to local conditions compared to Pop-59, that was subjected to several cycles
of improvement for high oil content and high grain yield.

3. Oil yield/plant

Results combined across the four lcations (Table 6) indicated that
one cycle of S; recurrent selection for tigh oil yield/plant resulted in a
significant improvement in oil yield/plait of the Pop-59-HOY over its
original population (Pop-59) by 1.9g (15 8%) and in Loc-Pop-HOY over
Loc-Pop by 3.0g (25.4%). Since oil yield »er plant is the product of its two
components, ie. oil content and grain vield/plant, the Loc-Pop showed
higher responsiveness to improvement n oil yield/plant than Pop-59,
because Loc-Pop showed higher respons veness to selection for both oil
content and grain yield/plant compared to |*op-59.

Changes in unselected tra:i-

Selection for oil coniv:ii was associated with a significant decrease in
GYPP (-16.2 and-20.1%), kemels/plent (-12.3 and -22.4%) and
carbohydrate content (an absolute value of -1.4 and -2.1% and a relative
change of -2.0 and -3.0%). However, s¢lection resulted in a significant
increase in protein content {(an absolute vilue of 1.1 respectively (Tables 5
and 7).

Improvement in grain yield/plant via one cycle of S; recurrent
selection was accompanied with a significant increase in number of
.. kerngls/plant (23.7and12.8%), protein yic¢ ld/plant (14.1 and 27.0%). and
carbohydrates content (absolute values of 2.1 and 0.6% and relative values
of 3.0 and 0.8%) for Pop-539-HGY and Loc-Pop-HGY, respectively, a
significant increase in OYPP (21.2%), and 100kW (23.5%) for Loc-Pop-
HGY only, and a significant decrease in il.content (an absolute value of
1.8% or relative value of 20.4%) and protein content ( an absolute value of
1.2% or relative value of 11.6%) for Pop-5)-HGY only (Tables 6 and 7).

Selection improvement in oil yield/plant was associated with a
significant increase in grain yield per plent of 16.7% and in carbohydrate
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Table 7. Values of absolute (AC) and relative changes (RC%) In unselected traits due to one cycle of §; recurrent selection in developed populations compared

to the original ones.

Pop-59 Pop-59 Pop-59 Loc-Pap Loc-Fop Loc-Pop

Trait Location -HOC HGY -HOC -HGY -HOC HGY
AC RC AC RC AC RC AC RC AC RC AC RC
KPP Beheira 1054%  -174 522 86 609 100  -2993% 368 203 28 -1653% 204
Menafia 16700 207 967 172 834 148 -1672* 235 63.5 89 -1467% 206
Bani Sweif 308 77 1786% 448 958% 240  -1180%  -179  1278* 194 55,7 34
Minia 434 81 1702 318 1549 289 607 87 2002 288 54 9.2
Combined 649 -123  1245* 237 988 188  -160.8* . .224 923 128 1079  -150
100KW(g)  Beheira 82% 342 109* 454 35 144 16 64 93% 374 g2* 330
Menofia i3 49 07 <26 18 46 25 109 47 09 80* 354
Bani Sweif 18 63 s1t 179 06 20 38% 127 63* 214 17 5.7
Minia ns o o: s w2 3 -ou 36 144 1.7 6.8
Combined 18 6.8 40 151 0.4 16 £3 -2 60% 235 4.9% 19.2
PC% Beheirs 0.6* 60 .13 127 -08* 80 14* 164 81 -1§ 02 23
Menofia 1.8+ 174 20 .86 RS .145 1.6* 182 04 43 97 8.t
Bani Sweif 0.7¢ 60 -12* 107 04 33 10+ 99 03 33 0.1 .06
Minis 14 137 04 40 0.0 0.3 10* 103 07 11 0.0 0.3
Combined LI* 107 -12*  -116  -07% 64 12 135 02 21 0.2 22
CC% Behelra 12¢ 18 2.7% 39 04* 0.6 23 43 0.7¢ 1.0 .0.6% 08
Menofia -1.6% 2.4 2.2¢ 33 1.8 26 .1.9* 2.6 0.4* 0.5 -0.8* -1t
Bani Sweif A0% -1S 2.0 29 07* 1.0 20% 29 0.7* 1.0 0.4 0.5
Minla 160 23 14* 20 04 05 2 39 0.6% 0.8 03 05
Combined Q40 20 2.1 30 06 0.9 20 a0 0.6* 0.8 03 05
PYPP(g)  Beheira 5% -106 06 41 1.3% 9.0 A1 68 65¢ 406 50t 312
Menofis 23%  .145 A1 Tl 44 B8 00 -02 39¢ 286 23 17.0
Bani Sweif 41 83 60° 465 26* 203 41% 210 59¢ 301 0.7 3.6
Minia 09 78 22¢ 198 23* 209 Q7% 53 0.6* 45 08¢ 60
Combined 40 74 19* . 141 12 8.9 A5 95 43¢ 270 L5 9.3
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content (an absolute value of 0.6 and relati /e value of 0.9%), for Pop-59-
HOY and increase in o0il content (an absolu e value of 1.2% and a relative
value of 16.9%) and 100KW (19.2%) for I oc-Pop-HOY and a significant
decrease in protein content (an absolute vatue of -0.7 or a relative value of -
6.4%) for Pop-59-HOY.

Trait interrelationships

Genetic correlation coefficients (ry) be tween chosen traits of each set
of populations and across sets across locatioas are presented in Table (8). A
strong (highly significant) positive genetic association was recorded
between GYPP and PYPP (r, = 0.94, 0.97 and 0.94 for set 1, set 2, and
across sets, respectively).Thus selection fcr high grain yield/plant would
simultancously increase grain yield and protein yield/plant. Moreover, the
genetic correlation between GYPP and OYPP was highly significant and
positive (r; = 0.78) across all studied pcpulations, indicating aiso that
selection for high grain yield/plant will sinaultaneously increase oil yield.
Grain yield/plant was correlated positively with CC% (0.68**), KPP
(0.58**) and 100KW (0.52**) across popu ations, indicating that selection
for high GYPP would improve the grain c: rbohydrate content and that the
improvement of GYPP would come from the improvement of the yield
components, number of kemels/plant and kernel weight. Oil yield/plant
showed a significant and positive genetic carrelation with protein yield/plant
(0.77**), suggesting that selection for high oil yield would also improve
protein yield. It is worthy to note that a strong negative genetic correlation
was also obtained between protein content and carbohydrate content (r, = -
0.91*%,-0.84** and -0.83** for set 1, set 2 und across sets, respectively).

The genetic correlation between grain yield/plant and oil content was
-negative and significant (r; = -0.61, -0.76 and -0.63 for Set 1, Set 2 and
across sets, respectively). Negative correlations between oil content and
yvield in maize are frequently reported, suggesting that simultaneous
setection for both traits is difficult (Misevic and Alexander 1989, Tatis 1990
and Dudley and Lambert 1992),

Associations between protein and oii content varied in the literature
from insignificant (Dorsey-Redding et al 1991 and Sene er al 2001) to
highly positive (Song ef ol 1999). Howevei, associations found in this work
were of favorable direction, indicating potzntial for simultaneous selection
of protein and oil contents. This conclusion agrees with other reports
(Pollmer er ol 1978a and b, Mittelmann e af 2003, Dudley er al 2007 and
Medici et al 2009).

A strong positive correlation was ound between OC% and PC%
(0.76**, 0.67** and 0.63**), and a very strong negative correlation was
recorded between OC% and CC% (-0.90%%, -0.91**, and -0.89**) for set 1,
set 2 and across sets, respectively. This indicated that selection for high
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Table 8. Genetic correlation :oefficients (r;} between pairs of chosen traits
of each set of popula ions and across the fwo sets,

Trait pairs Zop-59 Loc-Pop  Combined
(n=48) (=48) - (2=96)

OC % vs GYPP -0.61%* -0.76** -0.63%*
0OC % vs OYPP ns - 0.4]1** ns
0OC % vs PC D.76%* 0.67** 0.63**
0OC %vs CC -).90** 0.91** - .0.89** '
OC % vs PYPP -).41%* -0.65%* -0.50**
OC % vs 100KW ns -0.58%* -0.24*
OC % vs KPP -).67** -0.52%* .58
GYPP % vs OYPP ).68%* 0.89%* 0.78%*
GYPP % vs PC ns - -0.38%%  _0.57**
GYPP % vs CC ).74%* 0.66%* 0.68**
GYPP % vs PYPP ,94%% (97*¢ 0.94++
GYPP % vs 100KW 1).36** 0.74*+ 0.52%*
GYPP % vs KPP 11.71%* 0.49%* 0.58**
OYPP % vs PC 0.27* ns -0.33%+
OYPP % vs CC ns 0.36%+ 0.23*
OYPP % vs PYPP (1L76** 0.91*  0.77**
OYPP % vs 100KW (1.38*+ 0.61** 0.43*+
OYPP % vs KPP {1.30*+ 0.39*+* 0.33*+
PC % vs CC -(.9]** -0.84*+ -0.83**
PC % vs PYPP .43+ ns -0.27*
PC % vs 100KW ns ns ns
PC % vs KPP {.74** -0.76%* 0.71**
CC % vs PYPP' (.51%+ 0.49** . 0.48*+
CC % vs 100KW ns 0.45%* 0.28*
CC % vs KPP §.75%* 0.63%* 0.68%*
PYPP % vs 100KW 0.38%* 0.77** 0.57+*
PYPP % vs KPP 0.57** 0.33%* 0.41*+
100KW % vs KPP ns ns ns

* and** indicated significance at 0.05 and 0.01 levels of probability, respectively.
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OC% was accompanied by an increase in protein content, but with a
decrease in carbohydrate content. It is wortay to

mention that OC% showed a significant ne zative correlation with GYPP (r,
= - (L63** and - 0.50** for combined data), indicating that selection for
higher oil content would decrease grain yie d and protein yield/plant.

Comparing actual with predicted progreis

In general, estimates of actual progr:ss in this study for oil content,
grain yield and oil yield/plant as a resut of one cycle of S, recurrent
selection were much lower than predicted irogress (Table 9). This could be
ascribed to the overestimation of the herit:ibility based on the total genetic
variance (in broad sense). It is believed thit a considerable amount of non-
heritable (dominance and epistasis) components is included in genetic
variance estimates.

Table 9. Actual vs predicted gain from one cycle of S, rerurrent selection for
oil content (OC), grain yield (GYP P) and oil yield (OYPF) per plant
in Pop-59 and Loc-Pop maize pepu ations.

Pop-59 Loc-Pop
Trait Predicted* Actual Predicted* Actual
gain % gain % gain % gain %
OC% 37.35 13.70 71.41 27.90
GYPP 61.30 28.60 43 84 32.70
OYPP 73.50 15.80 66.15 25.40

* AFNaggar er al (2011).

Both predicted and actual progresse:. (Table 9) in oil content (OC%)
indicated that Loc-Pop is about two-fold i ore responsive to OC% selection
than Pop-59. Moreover, predicted and actual progresses indicated higher
response to selection for GYPP improveme nt in Loc-Pop than Pop-59.

On the contrary, predicted improveinent in oil yield/plant (66.15%)
was higher for Pop-59; their actual imgrovement (15.8%) compared to

- 25.4% for L.oc-Pop which may be partially attributed 1o the lower respons
to selection for GYPP in Pop-59 (28.6%) than in Loc-Pop (32.7%) (Al-
Naggar et al 2011).

Actual progress in oil content achic''ed via one cycle of selection by
other investigators ranged from 0.14% “Dudley and Lambert 1992) to
1.01% (Wang et of 2009) and 1.18% (Song and Chen 2004).The higher
actual gains from selection per cycle ach eved in the present study in the
newly developed populations (from 1.2 10 1.9) as compared to previous
reports may be attributed to the presence of more variation in the original
populations (especially the Loc-Pop) that i : amenable to selection and to the
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application of the S, progeny selection method, which utilizes the additive
genetic variance in a better viay than other methods and presents an
opportunity for selection against major deieterious recessive genes that
become homozygous with inbre:ding (Genter 1971 and 1973, Tanner and
Smith 1987 and Hallauar and Miranda 1988). Our results are more or less
.comparable to those obtained by Gamea (2005) via one cycle of S, recurrent
selection for higher oil content ind higher oil yield/plant. The new HOM
populations developed in this study are available to maize breeding
programs as suitable germplasm to extracting inbred lines for developing
HOM single and 3-way cross hylbrids that could contribute in narrowing the
gaps of edible oils and cereal croos in Egypt.

RE FERENCES

A. O. A. C. (2000). Official Metho.Is of Association of Analytical Chemists, 13"
ed. Washington D.C., USA. _

Alexander, D. E., A. S. Silvel, L., F. L Collins, and R. C. Rodgers (1967).
Analysis of oil content of mzize by wide-line NMR. J. Am. Oil Chem. Soc.
44:555-558.

Al-Naggar, AM.M., M.M.M. Atta. and H.T.O. Hassan (2011). Variability and
predicted genetic gain from :election for grain oil content and yield in two
maize populations. . Egypt J. Plant Breed. 1: 1-12.

AlNaggar, A M. M., M. A, El~L|kany, H. Y. El-Sherbieny, and W. M. EI-
Sayed (2010). lnhentance o’ grain oil content and yield characteristics.in
maize. Egypt J. Plant Breed., 14(2):239-264.

Berke, T. G. and T. R. Rocheford, (1995). Quantitative trait loci for flowering,
plant and ear height, and kerrel traits in maize. Crop Sci. 35:1542-1549,

Dorsey-Redding, C., C. H., Hurburgh L. A. Johnson, and S. R. Fox (1991).
Relationships among maize g 1ality factors. Cereal Chemistry 68:602-605.

Dudley, J. W. and R. J.Lambert, ( 992). Ninety generations of selection for oil
and piotein in maize. Maydic 37:81-87.

Dudley, J. W. and R. J. Lambert, 2004). Hundred generations of selection for
oil and protein in corn. Plant Hireed. 24:79-110.

Dudley, J. W., D,, Clark, T. R. Roclieford, and J. R. Le Deaux (2007). Genetic
analysis of cormn kernel chemnical composition in the random mated 7
generation of the cross of gen: rations 70 of JHP x ILP. Crop Sci. 47:45-57.

ElAgamy, A. 1., S. B. Mourad, anl S. E. Sadek (1992). Selection based on S,
evaluation traits is being used by many maize breeders as it helps for
developing inbred lines and hnproving maize popuiations. Egypt J. Appl.
Sci. 7: 76-89,

East, E. M. and D. F. Jones (1920). Genetic studies on the protein content of
maize. Genetics 5:543-610.

Gamea, H. A. A. (2005). Estimation .f genetic variance components of yield and
oil percentage in some new maize genotypes. M. Sc. Thesis, Fac. of Agric.,
Menofia Univ., Egypt.

141



‘Genter, C. F. (1971, Yield of §; lines from original and advanced synthetic
varieties of maize. Crop Sci. 11: 821-124.

Genter, C. F. (1973). Comparison of S, and test-cross evaluation after two cycles
of recurrent selection in maize. Crop {ici. 13: 524 - 527,

Genter, C. F., J. F.Eheart, and W.N.Linko1s (1956). Effects of location, hybrid,
fertilizer and rate of planting on the vil and protein contents of corn grain.
Agron. . 48:63-67.

Getschman, R. J. and A. R. Hallauer (1991). Genetic variation among and within
8§, progenies of maize. J. of the lowa Academy of Sci. 3:127-135.

Goldman, L, T. R. Rocheford, and J. W Dudley (1994). Molecular markers
associated with maize kernel oil conventration in an Iinois high protein x
Illinois low protein cross. Crop Sci. 34:908-915.

Hallauer, A. R. and J. B. Miranda (1988). Quantitative genetics in maize
breeding. 2™ edition. lowa State Uni'~. Press, Ames, Ia, U.S.A, 469 p.

Han, Y., C. M. Parsons and D. E. Alexand :r (1987). The nutritive value of high-
oil corn for poultry. Poult. Sci, 66:103-111.

Lambert, R. J., D. E. Alexander and I J.Mejaya (2004). Single kernel selection
for increased grain oil in maize synthetics and high oil hybrid
development. Plant Breed. Rev. 24:153-176.

Lambert R. J., D. E. Alexander, and 7. L. Han (1998). High oil pollinator
enhancement of kernel oil and effects on grain yields of maize hybrids.
Agron. J.90: 211-215.

Letchworth, M. B. and R. L. Lambert (1998), Pollen parent effects on oil,
protein and starch concentration in miaize kernels. Crop Sci. 38: 363-367.

Mahmoud, A. A., F. H. 8. Soliman and A. M. Shehata (1999). Evaluation of S,
progenies of maize composite Giza-2 (C-8). Egypt J. Plant Breed. 3: 115-
125.

Mazur, B., E. Krebbers and S. Tingey (1999). Gene discovery and product
development for grain quality traits. Science, 285:372-375.

Medici, L. 0., S. A. Gaziola, V. A. Varisis, J. A. C. Paula, R. R. Ferriera and
R. A. Azevedo (2009). Diallelic znalysis for lysine and oil contents in
maize grains. Sci. Agric. 66(2): 204 209.

Miller, R. L, J. W. Dudley and D. E. Aleander (1981). High intensity selection
for percent oil in comn. Crop Sci. 21 433-437.

Misevic, D. and D. E. Alexander (198'"). Twenty-four cycles of phenotypic
recurrent selection for percent ol in maize. 1. per se and testcross
petformance. Crop Sci. 29 : 320-32..

Mittelmann, A., J. B. Miranda, G. J. M. L.ima, C. Haraklein and R. T. Tanaka
(2003). Potential of the ESA23B maize population for protein and oil
content improvement. Sci. Agric. 61(2):319-327.

Moose, 8. P., J. W. Dudley, and T. R. Rocheford (2004). Maize sclection passes
the century mark: A unique resource for 21% century genomics. Trends
Plant Sci. 9:358-364.

Munamava, M. R., A. S. Goggi and L. Pallak (2004). Seed quality of corn inbred
iines with different composition and genetic backgrounds. Crop Sci.
44:542-548.

Pixley, K. V. and M. S. Bjarnason (2002). Stability of grain yield, endosperm

142



modification and protein quulity of hybrid and open-pollinated quality
protein maize (QPM) cultivar:.. Crop Sci. 42:1882-1890.

Polimer, W. G., D. Eberhart, and 1). Klein (1978a). Inheritance of protein and
yield of grain and stover in me ize. Crop Sci. 18:757-759. '
Pollmer, W. G., D. Eberbart, D. Kiein and B, S. Dhillon (1978b). Studies on
maize hybnds involving inbre lines with varying protein content in maize.

Crop Sci. 80:142-148.

Séne, M., C. Thévenot, D. Hoffman 1, F. Bénétrix, M. Causse and J. L. Prioul
(2001). QTLs for grain ry milling properties, composition -and
vitreousness in maize recombinant inbred lines. Theor. Appl. Genet
102:591-599.

Snedecor, G. W. and W, G. Cochran (1989). Statistical Methods. 8" ed.’lowa
State Univ. Press, Ames, USA.

Soliman, F. H. S., SH. A. Shafay, A. L. El-Agamy and M. A. I. Mostafa (2007).
Inherltancc of grain yield ani oil content in new maize high oil sinple-
crosses. Egypt. I. Plant Breed. 11:507-530.

Song, T. M. (2001). High-oil corn byeeding and development prospect in China.
Rev. China Agric. Sci. Tech. ?:40-43.

Song, T. M, F. Kong, C. J. Li and G. H., Song (1999). Eleven cycles of single
kernel phenotypic recurrent s:lection for percent oil in Zhongzong No. 2
maize syn. J. of Genetics and 13reed. 53: 31-35,

Song, T. M. and S. J. Chen (2004). Long-term selection for oil concentration in
five maize populations. Maydica 49;: 9-14,

Tanner, A. H. and D. S, Smith (19¢7). Comparison of half-sib and S, recurrent
selection in the Krug Yellow Dent maize populations. Crop Sci. 27: 509-
513.

Tatis, H. A. (1990). Seleco para alto teor de éleo na semente de milho ¢ seus
efeitos sobre caracteres agronomic. Piracicaba: USP/ESALQ, (Tese -
Doutorado), 118 p. Cited by V ittelmann et a. (2003).

Wang, X. L. and B. A. Larkins (2001). Genetic analysis of amino acid
accumulation in opague-2 maize endosperm. Plant Physiol. 125:1766-
1777.

Cra Baad g 3 ga atadiudy Gyt At Laalll) 5,300 e Sagaa ilde Jalyiiul
JoH TN GLadtl o Sl (g sl ol -
Tomaa Glale (B g3 plda MBS dana dana dana ¢! jlaill daaa Giade deal

KLY _SJsL‘iJI i-.l.a\;— u‘—‘_)_)“ 145—(_1_1..4[&4“ f"‘_‘
e 0 S O Rgal 6 Ay gy s Y

B3 Omieh Mol Apudia dg8010 Dy 5 VDL ( ) gt e gh Sy Alle 650 Rl Bliad o
‘_;_A:.}Mamf_p@h.qﬂwa%pﬁmwywuﬂui.uuﬁw
S LGN G Banl g 599 ok 08 (LOC~POP) dgladl 5 pdall e 22U, (Pop—59) adiis

143



Pl 03 . M8 ) Jpanay B g Jparay (M Sy s siaad G A had) G Cd
Gt o (B Lolilond) Bilan 35 o g Anyy (B Q] (i ity LaTl Gl el
A Jeaaiad Afal opentl] S (iak Adlas) S8 (o (pgen g ABMas) by (i giath Ailas)
ipally (21,9 o 37:39 %12 g0 A Cu) dpmnay Sl g Jganay Al Gy s gl A
Loc— il 23,0 pp 55,9 <%1,9 5 Pop-59-HUY § Pop-59-HGY 3 Pop—59-HOC jilal
B3 dfal peeadh Ch s SS . A g8 e ot -Pop-HOY 4 Loc-Pop-HGY s Pop-HOC
(d Liltpn oS Aasblunad S gl U8 o ) (8 el o5 30l y coppuaaill ol il b il (0 3
Thad e AT S (Y s ) oI BPUS o pladiudl) S 00 bl e sl
Taag DA 00 45 SN s glaa By Cllfcipnll Jpara B Dgine 8305 Lpaan Chdlifcy i Jpuaas
Gt B 5 giane sl C BNy Oyenai (g3l g Apud Gign dpnai (B (5 ginn ekl o3 Laias Aoy 0
kel Grgan 36 gk g0 S (9 gia By bl Gy dpadane B Bgade o gine SoliRD ) Jadly

Ayl gt gl s i B 4 gina B0 N s Ly

(Y- 1)1EE 172 (€)Y chill dyy 1 4y ol dLpall

14



