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ABSTRACT: Six inbred lines of maize differ in leaf area, dry
weight and physiological characters were employed to obtain half
diallel of 15 Fy, excluding reciprocal during summer season of 1998,
aiming to study gene action and general (GCA) and specific
combining ability (SCA) that control some physiological characters
in maize. Fifteen F; + 6 inbred lines during summer of 1999 were
evaluated in Randomized Complete Block Design in three
replications in two differesit environmental conditions, Sakha
(Middie Delta) and Sids (Upper Egypt). During summer season of
2000 Fys + F; s (selfed F, plant during 1999) + 6 inbred lines were
evaluated in RCBD in three replications for leaf area/plant (LA/P),
Total dry weight/plant (TDW), crop growth rate (CGR), relative
growth rate (RGR), net assimilation rate (NAR), specific leave area
(SLA) and grain yield (ard/fed) for the genetics of these characters.
and detected the program breeding for improving these characters
in maize. The collected data were statistically and genetically
analyzed according to Griffing (1956) Model-1, Method-2.

The obtained results indicated that the ratio between variance
of general to specific combining ability (c’GCA/(6’SCA) was more
than unity for specific leaf area and relative growth rate in both
locations. Meanwhile, values of (Gz(;CAfGZSCA) were less than unity
for leaf area/plant, total dry weight, crop growth rate, net
assimilation rate and grain yield (ard/fed) in both locations.

The inbred lines of maize 2 and 3 showed posnﬁve and
significant GCA effects for leaf area/plant, total dry weight/plant,
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crop growth rate, relative growth rate and net assimilation ratein
both locations. Inbred lines No-1 and No-5 for specific leaf area and
No-2 and No-4 for grain yield ard/fed, showing that these lines are
good general combining for these characters and can be use in
breeding program to improving these traits.

. Single crosses (2x3, 1x5 and 1x6), (2x3, 2x4 and 4x5), (4x5,
1x5, 2x4 and 4x6), (5x6), (1x2, 2x3, 2x4, 2x5, 3x6, 4x5 and 4x6) gave
positive and significant specific combining ability effects in both
locations, giving evidence for (LA/plant), (TDW/plant), (CGR),
{NAR) and (grain yield ard/fed) to improve these crosses in breeding
program, in the same followed order.

These combinations are given valuable information for maize
breeder to improve grain yield through physiolegical characters and
this trend one of the greatest interest, nowadays, all over the world to
incorporate physiological characters to obtain higher grain yield in
maize. '

INTRODUCTION
Development of
improved  inbred lines for
commercial use in  hybrid
combinations is of the most
important objectives of maize

breeding programs’ Harvestable
grain . yield is wvsvally the main
target for improvement. Many
plant traits are associated with
grain yield and various approaches
have been used to explain yield as
a function of different traits.

Breeders often wish to
improve several traits simultaneously.
This can be accomplished by various

 breeding mcthods, depending up the
prevailed type of gene action.
Another way to take into account
several plant traits at ones is to

measure a complex trait such as
physiological characters that is a
function of several simple traits.
For example, RGR of a plant has
been defined as “the increase of
plant material per unity of material
present per unit of time” Radford,
(1967). As a complex trait, it
include the simple traits ie, leaf
area/plant (LA/plant), total dry
weight (TDW), crop growth rate
(CGR), relative growth rate (RGR),
net assimilation rate (NAR) and
specific leaf area (SLA).

Two assessinents are involved
in growth analysis:

(1) a measured of the
plant material present (Total dry
weight of the individual plant) and
(i) a measure of the assimilatory
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system of the plant material (Total
leaf area/plant). The purpose of
calculating growth functions in
maize is generally to describe how
plants respond to environmental
conditions. Many different growth
analysis  studied have been
conducted, but most involve time-
consuming, complicated analysis,
and entail costs that are impractical
for a breeding program (Radfored,
(1967), Hardwick, (1984) and
Russel ef al. (1084).

Cross (1986) proposed a
method that utilizes leaf number,
leaf length and leaf width “ the
pervious traits that contents of a
formula of leaf area/plant” as
variables to calculate RGR. This
method is easy to apply and can be
used as a selection criterion ina
practical breeding program, but
there -is little or non information
concerning the use of RGR in
maize breeding programs and its
relationship with yield.

The general and specific
combining ability (GCA and SCA)
effects are important indicators of
the potential value of inbred in
hybrid combinations. Differences
in GCA  effects. ‘have been
attributed to additive, additive x
additive, and higher  order
interactions of additive genetic
effects in the base population,

while, differences in SCA has been
attributed to non-additive genetic
variance Falconer (1960)

Griffing (1956) outlined
procedures for calculating
correlations among GCA and SCA
components  to  estimate  joint
responses as they occur in the
parent random- mating population.
He stated that these correlations
are genetics correlations associated
with additive ({for GCA
correlations) and non-additive (for
SCA  correlations) pleiotropic
effects of gene and not with
linkage effects. He revealed to
GCA  correlations as additive
genetic correlations.

Many investigators
repeated that additive gene action
played a major role in the gene
expression of  physiological
characters i.e. leaf area/plant; El-
Hosary et al (1990), total dry
weight Reiter ef. al. (1990), crop
growth rate, Ragheb (1985).
relative growth rate, Nevado and
Cross (1990); net assimilation rate,
Ragheb (1985} for 30-45 days
from sowing and grain yield
ard/fed , Gado (2000).

Meanwhile, specific
combining ability (non-additive)
gene action governed
physiological characters such as;
leaf area/plant and total dry
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weight, Ragheb (1985); relative
growth rate, Dehghanpour et al
(1996); net assimilation rate,
Ragheb (1985) for 45-60 days
from sowing and grain yield
ard/fed, Dawood et al (1994),
Mousa (1997); El-Zeir (1998); Aly
(1999) and - Amer (2002). So, the
main targets of this research work
are to estimate:

1- The prevaiied type of gene
action for some physiological
characters using  diallel
analysis under two various
environmental locations i.e.,
Sakha (Middle Egypt) and Sids
(Upper Egypt) during two
summer seasons in 1999 (F))
and 2000 (F; and F,).

2- General combining ability GCA
(additive gene action) effects
tor the studied inbred lines.

Specific vombining ability SCA
(non-additive  gene  action)
effects for the studied crosscs
in F; and Fz and proposing the
best breeding program for
improving these characters in
maize through increasing grain
yield.

MATERIALS AND METHODS

Plant materials and experimental
design: :

Six inbred lines of maize
were crossed in diallel fashion,

excluding reciprocal to study
general and specific combining
ability as well as gene action trait
control physiological characters in

- Sakha * Research Station during

summer season 1998. Pedigree and
origin of the studied inbred lines
are given in Table (1). The aims of
this research work are to study
general and specific combining
ability and type of gene action for
some physiological characters and
grain yield (ard./fed.).

During summer season of
1999, 6 inbred lines+15 Fy's were
sown in Randomized Complete
Block Design (RCBD) in three
replications. Sowing date was at
25" May. These materials were
sown in two different locations i.e.,
Sakha (Middie deltaj and Sids
(Upper Egypt)  experimental
Stations, Agricultural Research
Center (ARC). Each experimental
plot consisted of five rows from
row was 6 meters length and 80
cm. apart with 25 cm between
hills,. The normal agricultural
practices for maize production
were applied in each location.

F: plants were selfed to
obtain F; seeds during the summer
season in each studied location.
Additional seeds were obtained for
Fyrs at both locations to be



Zagazig J.Agric. Res., Vol .31 No.(1) 2004 5

emploved in the next growing
scason o investigale combining
ability of F, and F, at both
locations.

Dunng summer season of
2000 inbred lines. Fis and Fss
were sown in  Randomized

Complete Block Design at 27"
May in both locations F: plants
were sown in 10 rows.

Collected data:

Three successive samples
at 45, 55 and 65 days from sowing,
were randomly taken. Five plants
were taken from parents and Fy’s
and from F; ten plants were taken
in each replication randomly. The
plants were pulled and transported
to the laboratory, the plants were
separated into leaves, stem plus
sheaths. The fresh sample was
dried to a constant weight at 70 °C.
To calculate physiological
characters the following formulae
were applied according to Radford
(1967):

| — Leaf area per plant (LA/plant)

Leaf length x maximum leaf
widthx 0.75 cm 2

2-Total dry weight per plant
(TDW)g.

3 — Crop growth rate (CGR) =

(Wz - W])/ (Tz -1) g/lO days

4 — Relative growth rate (RGR) =

(log. Wr-loge W1t} g/g/10
days
S—Net assimilation rate (NAR) =

(W2 - Wijiloge Az loge AV(A,
— ANtz - 1y) g/cm /10 days

6 Speciﬁc leaf area (SLA) =
LA/LW cm.?/g /10 days

7- Grain yield (ard/fed): was
estimated from the total yield per
row where the, grains were
shelled, and adjusted to 15.5%
moisture according to Roberts ef
al. (1957)

Biometrical analysis:

Before subjecting  to
biometrical analysis collected data
were  subjected to two-way
analysis of variance according to
Steel and Torrie (1980), general
and specific combining ability
were estimated according 1o
Griffing (1956), method-2, model-
1 for both of F; and F; generations
in both locations.

RESULTS AND DISCUSSION

The obtained results herein
could be presented and discussed
under the following main topics:

1 — Analysis of variance

2-General  combining  ability
efiects
3-Specific  combining  ability
effects
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1 - Analysis of variance:

Data in Table (2) show
mean Squares of genotypes,
general and specific combining
ability (GCA and SCA) and
’GCA/S*SCA for F generations
and F, segregating. Genotypes for
leaf area/plant and iotal dry
weight/plant during 1999 (Fy's) and
2000 (F, -+ F3} for the two studied
locations.

The obtained  results

that  genotypes item
showed highly significant
variations among the studied
genotypes, suggesting the presence
of a far genetic amount of
variability for leaf area/plant and
total dry weight/plant. So, the data
are valid for calculating general
and specific combining ability.
These results are according with
those reported by are in according

Ei-Hosary (1990) and llarslan e/
al, 2002

N e e

showed

Mean squares due to
general combining ability at 1%
sample (45 days) were highly
significant for leaf area/plant in the
two locations in both seasons,
except at Sids 1999, suggesting
that additive gene action played a
great role in the genetics of this
character. As for dry weight/plant
no significant differences were
observed during 1999 and 2000

seasons showing that
environmental variance governed
this character at 45 days after
sowing.

At 55 days after sowing,
variance of GCA for leaf
area/plant was significant in 1999
for F; in both locations, meanwhile
significant mean squares were
detected for F; and F; during 2000
season in all characters, except in
Sakha, revealing the importance of
additive gene action in the gene
expression of leaf area/plant.
Concerning  total dry weight,
insignificant mean squares were
detected for F; and F, either in
1999 or in 2000 seasons, indicating
that additive genetic variance
played a great role in the genetics
of total dry weight/plant.

It is of great interest to note
that mean squares due to (GCA)
were highly significant in both F;
and F; in the two growing seasons,
giving evidence that additive gene
played a great role in the gene
expression of the leaf area/plant
and total dry weight/plant in the
third growth stage (65 days) afier
sowing, Ragheb (1985).

It could be noted that mean
squares due to specific combining
ability of leaf area/plant and total
dry weight/plant are highly
significant through the three



Zagazig J.Agric. Res., Vol .31 No.(1) 2004 7

studied growth stages, showing
that non-additive gene action
played a great role in the genetics
of these character.

It is of great attention to
observe that the ratio of
o"GCA/o’SCA was less than unity
for all growth stages and
concerning to leaf area/plant and
total dry weight/plant, indicating
that non-additive gene action is the
prevailed type of gene action in the
genetics of these characters and
could be effectely improved
through hybrid breeding methods
in maize programs Ragheb (1985),
El-Hosary et al (1990) and
Suneetha er al (2000) for leaf
area/plat and Ragheb (1985) for
total dry weight at 60 days after
SOWing).

Table (3) show analysis of
variance of phystological
characters 1ie., crop growth rate
(CGR), relative growth rate (RGR)
and net assimilation rate (NAR)
for genotypes, general and specific
combining ability and the ratio
between G GCA/G’SCA during
1999 (F,) and 2000 (F, and F3)
SUMMEr $easons.

Mean squares due to
genotypes were highly significant
for CGR during (45-55 days) and
(55-65 days) for the locations,
except for F; at Sakha 1999 which

was insignificant.  Meanwhile,
RGR showed significant different
for (45-55 days), except F; in
Sakha 1999 and significant
vaniation in 1999 for ¥y in the two
locations. However, F; at Sids and
F2 at Sakha were insignificant
during summer season 2000. These
results according to Nevado and
Cross (1990).

As for (NAR), the first
growth stage was significant in F,
1999,  meanwhile insignificant
variation was observed at I¥
during 1999 and 2000 growing
seasons and 2™ growth stage at the
2™ growth stage. These results
showed that this character is more
affected by environment and these
genotypes should be further tested
for this character in more locations
and vyears to less G x E interaction
as indicated by Ragheb (1985).

These results showed that
these genotypes possessed a fair
great and of wvariability for the
physiological characters and could
be further employed for testing
GCA and SCA effects. Variance
due to GCA for physiological
characters were variable tor years,
growth stages and locations,
showing that non-additive variance
played a great role in the genetics
of these characters. The ratio of
o’GCA/6"SCA  confirmed  the
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results, since the value of
0’GCA/G’SCA was less than unity
Ragheb (1985), in 45-60 days after
SOWing).

Mean squares dueto SCA
for CGR were highly significant in
1* growth stage (45-55 and 55-65
days), vears and locations,
indicating the predominance of
non-additive gene action in the
genetic of this character Ragheb
(1985), in 45-60 days after sowing
under  Gemmeiza  location).
Variance of SCA for RGR and
NAR varied from growth stage to
another and from year to year,
generation to generation and
location to location, indicating the
predominance of non-additive
gene action the genetic of these
characters. These results are ina
good agreement with those
reported by Dehghanpour et al

(1996) for RGR and Ragheb
(1985) for NAR in 45-60 days
after sowing.

. Analysis of variance for
genotypes, GCA, SCA and the
ratio of 6°GCA/0*SCA for specific
leaf area (SLA) and grain yield
(ard/fed) at both of Sakha (Middie
deita) and Sids (Upper Egypt)
locations are shown in Table (4).

The results of mean squares
of genotypes for SLA and grain
yield were significant in F; (Sids

and Sakha) 1999 and F, and F;
also in the two locations. These
results indicated that the obtained
date of SLA and grain yield are
valid for estimating general and
specific- combining ability in both
locations and genetic analysis. As
for SLA significant variation for F;
and F; in both years and locations
are detected at by days after
sowing. Analysis of variance at 55
days varied from vyear to year,
genotype to genotype and location
to location. Variance due to GCA
varied from genotype to genotype,
genetic to genetic and location to
location. The results showed that
GCA was significant in Upper
Egypt for the 3 growth stage,
indicating . that additive genetic
effect played a great role in the
genetics of SLA and could be
effectively  improved through
phenotypic selection. The results
of GCA variance in locations and

ycars showed that significant mean
square were found in Sakha

location in both sowing dates,
indicating that additive gene action
are played for this character.

The obtained results of
SCA mean squares revealed that
significant Sakha location
possessed most significant SCA
variance for three growth stages
ie, 45 55 and 65 days after
sowing, showing that non-additive
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gene action is the great role in the
genetics of this character.

The ratio between
6’GCA/6°SCA  was more than
unity for the three growth stages
45, 55 and 65 days in Sids for F1
and F2, explaining the importance
of additive gene action in the gene
expression in this character and
could be effectively improved
through phenotypic selection.

Mean squares concerning
grain ‘yield {(ard/fed) for SCA were
significant under two locations and
both vyears, showing that non-
additive gene action played a great
role in the genetics of grain
showing grain vyield could be
improved through hybnds
breeding program in maize. these
results are in a good connection
with those reported by Mousa
(1997), Aly (1999}, Vekatesh et al.
(2001); Habtamu (2002) and
Sarma and Mukhariee (2002). On
the other hand the ratio of
6*GCA/G*SCA  which was less
than unity under two locations and
two years. These results confirmed
by Dawood et af. (1994), El-Zeir
(1998) and Amer (2002).

*Genera! combining ability effects
(GCA):

Daté of general combining
ability effects (GCA) of leaf

area/plant (LA/plant cm2) and total
dry weight per plant 7g”
(TDW/plant) through three growth
stages i.e., 45, 55 and 65 days after
sowing and two different locations
ie., Sakha and Sids for F,and F,
during two growing seasons ie.,
1999 and 2000 are given in Table
(5).

The results of GCA effects
for the 6 inbred lines showed that
inbred lines No-2 and No-3 gave
positive and significant GCA
effect for leaf area and TDW/plant
under the two different locations
and years except inbred lines No-2
for Sids 1999(F,), F; 2000 after 45
days after sowing, indicating that
these inbred lines could be
involved in breeding program for
improving leaf area/plant and
TDW/plant in maize. While,
inbred line No-6 possessed
negative and significant GCA
effects over years, generations and
locations through three growih
stages.

General combining ability
effects of crop growth rate (CGR),
Relatively growth rate (RGR) and
Net assimilation rate (NAR) for
two period of growth; 45-55 period
and 55-65 days after sowing for
the studied inbred lines over years,
locations and generations are
shown in Table (6).
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In general, results indicated .

that inbred lines No-2 and No-3

gave positive and significant GCA

effects for CGR, RGR and NAR in
the growth period, locations and
years, giving evidence that these
inbred lines could be used in
breeding program for improving
physiological  characters  and
consequently grain yield.

The results of inbred line
No-6 showed that this inbred line
possessed negative and significant
GCA effects for CGR, RGR and
NAR under the two growth
primed, locations and years. These
results revealed that this line is the
poorest general combining for
CGR, RGR and NAR
physiological characters.

Table (7) present general
combining  ability effects for
specific leaf area (SLA) during
growth stages 45, 55 and 65 days
after sowing for 6 inbred lines
under locations and years and
general combining ability effects
for grain yield for 6 inbred lines of
maize

The results indicated that the
inbred line No-4 gave positive and
sigmficant GCA effects for SLA in
50% of the studied cases in both
locations and years at 55 and 65
days after sowing. Meanwhile,
inbred line No-1 gave positive and

significant GCA etfects for SLA at
45 days after sowing in 4 cases out
of 6. These results indicated that
inbred lines No-1 and No-5 could
be employed to improving SLA in
maize and consequently grain
yield.

General combining ability
effects of grain yield indicated that
inbred lines No-2 had positive and
significant GCA effects for Fy and
F, in the two growing season, so,
this inbred line could be employed
in maize breeding program to
improve grain yield in' maize. At
the same time, this line possessed
positive and significant GCA
effects for most  studied
physiological characters. So, this
inbred line is of great inbred to be
breed to increase grain yield
through physiological characters.
This result is confirmed by Nevado
and Cross (1990). The inbred line
No-4 gave positive and significant
GCA effect for grain yield ard/fed
in most cases of F, and F; dunng
summer seasons of 1999 and 2000,
giving evidence that the breeder
could be employed this inbred line
for improving grain yield in maize.
These results are of great attention
for the maize breeder to improving
grain yield through breeding and
improving physiological characters
that involves, leaf area, TDW,
CGR, RGR, NAR and SLA. These



Zagazig J.Agric. Res., Vol .31 No.(1) 2004 11

results are in accordance with
those of Dawood et al. (1994), El-
Zeir (1998), Mousa (1997), Aly
(1999) and Amer (2002) for grain
yield ard/fed.

* Specific combining ability effects
(SCA):

Results of speciﬁc
combining  ability effects for
various single crosses of maize
resulted for half diallel 6 x 6 under
two various locations, years and Fy
and F, for leaf area/plant and
TDW/plant are given in Table (5).

The resuits of SCA effects
for various crosses under different
locations during three growth
stages 45, 55 and 65 days after
sowing for leaf area/plant showed
that maize single crosses 2 x 3, 1x5
and 1x6 gave positive and
significant SCA effects over years,
locations (Sids and Sakha) and
generations (F;) through the three
erowth stages. indicating that these
crosses could be further breed to
improve leaf area/plant in maize
crosses. Meanwhile, in general
maize cross 2x5 possessed positive
and significant SCA for Fy and F,
in the two locations through three
growth stages.

Maize single crosses ie,
2x3, 2x4 and 4x5 showed positive
and significant SCA effects for
total dry weight/plant during two

summer growing seasons over two
locations and generations Fy and F;
through three growth stages ie,
45,55 and 65 days after sowing.
These results indicated that these
crosses are of great attention for
the breeder to improve total dry
weight/plant in maize crosses and
consequently grain yield in maize.

The results of SCA effects
for physiological characters (CGR,
RGR and NAR) showed that SCA
effects of various maize crosses
varied from location to location
and year to year as well as from
generation to generation, showing
that environmental variance played
a great role in the gene expression
of these characters and could be
tested in various locations and
years to isolate the high o’L and
o’y and the interaction between
them o’Lxy and detected the
higher genotypic variability that is
important for plant breeder to
begin effecting breeding program
for improving  physiological
characters, that sure with a great
part in growing grain yield of
maize.

As for crop growth rate, the
results of SCA effects showed that
single crosses 4 x 5, 1x5, 2x4 and
4x6  possessed positive and
significani SCA effects through
locations, years and generations
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and giving evidence trend these
crosses could be fruitful in
breeding program for improving
CGR in maize.

It is of great interest to note
that no common cross was found
for RGR and NAR in both of the
two growth stages, either locations
or years, showing that these
crosses should be further tested in
many locations and years.

~ Also, in Table (7) resuits of
specific combining ability SCA
effects of various crosses for SLA
through growth stages 45, 55 and
65 days after sowing and grain
yield ard/fed over two locations

and various genotypes of maize, F,
and Fz.

SCA effects . of SLA show
no common crosses that have
positive effects over locations and
years and  growth  stages,
emphasizing that this character still
affected by environmental and
should be further tested in many
locations and years. These results
are e¢mphasizing by Dehghanpour er
al. (1996).

As for grain yield ard/fed
as a resultant of the studied
characters; 7 single crosses gave
positive and significant SCA
effects over years and locations as
well as under generations. These
crosses are, Ix2, 2x3, 2x4, 2x5,

3x6, 4x5. 4x6 and Sx6. Most of
these crosses combinations contain
inbred fine No-2, which have
positive and significant GCA
effects for most of the studied
physiological characters. These
crosses must be tested in many
locations and years to explain and
evaluate their superiority for grain
yield and then further used in
Egyptian  agricultural breeding
programs to increase grain vield of
maize.
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Table (1): Pedigree and origin of the studied maize inbred lines.
No " Name Pedigree Origin
Isolation in Gemmeiza Research
Station from different white
1 Gemmiza-4 populations imported from the Nigeria
International Institute of Tropical
Agricultural {1ITA)
2 Sids-7 Derived from America Early Dent | U.S.A.
3 Sids-34 Derived from America Early Dent | U.S.A.
A Sids-63 Derived from Tepalcingo No.5 U.S.A.
. (Tep-5) '
-.—————n———--———_-‘l.___
5 Giza-76 Derived from 33gs(P] 221866x Egypt
307AXS.C.14) W.D.93
] Giza-81 Derived from 38gs(P! 221866x | Egypt
307AXS.C.14) W D386

L

i




Table (2): Mean squares of genotypes: general combining ability (G.C.A.) and specific combining abiity (S.C.A.} for physiological characters; leal
ared/plant (LA/plant Cm’), total dry weight (TDW g/10 days) in half diallel crosses 6 x 6 inbred lines of maize through three

growth stages in F; and F; during two Summer Scasons; 1999 and 2000 in Sakha (Middie Eggjpt) and Sids {Lipper Egypt) locations.

16

;
LA/plant (45 days after sowing} TDW (45 days after sowing)
. L-ocatinm - Sakha Sids Sakha Sids
Yeurs = 1999 2000 1999 2000 1999 2000 1999 2000
SALY. Ey [V F L} F L3} Fy L L} L 3] ¥y
Cenony pes 20 *n An e e Y an an e . - ™ wn
£844070.5 6019232 4242013 13216 318736 1659798.3 At4.9 717.8 219.0 8831 173.5 127.1
GO < L] L1 L e e - o Py
5 A
15407613 | 1173849.3 | 1078507.2 | 1291389 3477888 346156.8 13L93 | om0y 9151 5 1818 47,67
[ _ e " o 'Y Py o P 'Y ax '™ s an
~ = 72785025 | 76343616 | s297s00.8 | 29212350 | apa23sos | 2076669 | 102589 | 89845 | 26059 | us2e | suse 153.6%
Q_ Ervor n 208262.4 77920 40459.1 2534832 283784 47228.8 76.48 3126 15.81 147 834 578
-
Q: 0¥ gew i 2sea ®2il IS 0.203 0,044 0,086 0.165 0.18 o.19 0.35 0.06 0.13 .31
- -
2 2] 2ogea !
A meed ) 0.39 0.23 0.29 0.7 w7 0.28 0262 | o281 | wanz [ ons | es 0.383
= \2ogea+2ovent
S C
ont.
~
g LA/plant (55 days after sowing) TDW (55) days after sowing
v Lacations Sakha Sids Sakha Sids
— Yenrs 1999 2000 1999 2000 1999 2000 1999 2000
< Y 3 F, ¥ ¥, ¥ F; Fy Fy F; L F, K
Ceenotypes P ™ P ™ P - - " o ™ v Py
= 77909515 3967923.2 | 174i459.2 6340525 3296352 1149856 21117 wess | 22413 | 13218 | 12886 559.4
P . . . . e - - - .
s s18.7 1y
1672089.3 964377.3 577536 921676.5 374898.9 9410304 957.7 511.6 202.39 112.88
SOA o ™ " - - - - - - - . .
5
1 98304765 49691136 | 20293929 | 88134918 | 2701376 | 12194493 2641.1 s502.0 | 27845 | 17045 | 1610.80 708.31
Error ) BB | 2smnea 3076224 304960 943116 68501.5 284.9 1726 107.8 148.2 30.81 40,70
o igeniasen 0170 0.194 0.7 0.104 0.087 0.771 0.19 0,17 022 .10 0.13 .16
Jagce/ 031 031 0.44 0.47 0.3 0.59 0.284 0.258 6.308 0.169 0.201 0.242
logca+iosca)




Table (2): Cont,

LA/plant (65 days after sowing) TDW (65) day s afier soming
Locations Sakha Sids Sakha it
Years D.F. 1999 2000 1999 2006 1999 2000 1999 2000
500 F1 Fi F2 F1 F1 F2 K1 F1 F1 Ft i 12
Genotypes ax .- - . . . e x P . e P
20
6696669,2 §75)1267.2 | 1780%6.4 | 79413457 | 37883005 | 23158362 | 3343 TM47.2 | 28068 | 43386 | 505995 | 15969
G (- A LF] £l *r LL] LE] ek L] "x (33 * L3
5
17253877 31707849 | 25717533 | 27162827 | 27846064 | 33569385 | 23361 1654.9 137%.6 0.1 108716 | 21842
S.(‘ ". " W h L1 L1 L] -n * LE} LS EL) "
15
3353696,4 6611427.9 | 28501708 | 96830434 | 41228652 | 19684011 36721 9777.9 | 32825 | S5A08 1 038425 1 27046
Error 49 4377248 255491.4 2178738 5380712 774883 812219 736.4 911 93.24) 78,3 26,80 1954
o *gea o Psca 0.21 0.48 0.90 0.24 0.68 LT .64 0.17 0.42 913 0.17 0.9
2ogea /
0.29 0.48 0.64 0,40 0.58 0.74 0.862 0.253 0.457 0.201 0,254 0.61%
ilgcnﬂmn!
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Table (3} : Mean squares of genotypes: general combining ability (G.C.A.) and specific combining ability (S.C.A.) for physmloglcal
characters; crop growth rate (CGR g/10days), relative growth rate (RGR g/g/10 days) and net assimilation rate (NAR Cm?Ho
days) in half diallel crosses 6 x 6 inbred lines of maize through three growth stages in F, and F; during two Summer Seasons:
1999 and 2000 in Sakha (Middle Egypt) and Sids (Upper Egypt) locations.

CGR ( 45-55 days after sowing ) CGR ( 55-65 days after sowing )
Locations o Sakha Sids Sakha Sids
Years - 1999 2000 1999 2000 1999 2000 1999 - 2000
5.0.v. Fl Fi F2 Ft Fi F2 Fl FL F2 Fi Fi F2
Genotypes 20 446.3* 16849 | 1230.0%* | 7404%% b 5347 | 198910+ | 1000.2%% | 527.7+% | 250.3** | 980.0%* | 1358.28°% | 356.06**
G.C.A, 5 130.2 431,2 371.9* 238.3 144.8* 57.81 1866.8°* | 2045 | 2749%* | 308.0% 442.314% | 22879
5.C.A. 15 | ssivex | 21028+ [ 18i6.2%* | 907.8** | sed.674* [ 24595%x [ 7riar | 7em8es | o24.0%% | 1204.00% | 166360% | 26515+
Error 40 078 2171 115.0 172.2 42.90 44.92 228.2 214.0 49.4 1031 $1.57 70.58
olgcalo? sca 0.24 0. 0.25 9.26 0,22 0.24 .62 0.27 1.14 0.25 0.27 0.86
Zogea / 0.32 o219 0.33 0.34 030 0.32 0.839 0.347 0.694 0.338 047 0.633
é&caﬂmca]
Cont.
RGR { 45-55 days after sowing }) RGR (§5-65 days after sowing))
Locations Sakha Sids Sakha Sids

Years 1999 2000 1999 2000 1999 2000 1999 2000

5.0V, F1 F1 F2 Fl Fl F2 Fl Fl F2 F1 Fi F1
Genetypes 20 0.057 0.254** 0.136%* 0, 1784 0.118** 0.163** 0071+ D.013%% 0.024 0.018+* 0012 0.049**
G.C.A. b 0.006 0,031 0.09)* 0.261** 0.114* 0,080~ 0.048 0.018%* 0.014 0.015~ | 0.028* 0.091**
S.C.A. 15 0.075% | 0328+ | 0.052** ¢ 0147 | 01204 | 0.090*= 1 0.079* | 0.012* | 0.028 | 06.018%* 007 0.035*
Error 40 0,036 0.043 0.018 0.064 0.045 0.020 0.027 0.004 0,015 0.006 0.008 0.017
olgea/alsea - 0,08 0.09 0.59 1.78 098 0.42 0.61 1.50 0.50 0.83 4.00 2.60
Zogen/ 0.438 | 0.1 0.545 0.780 0.655 0.457 0.548 0750 | 0500 | o625 | 0853 | 0338
izcr_g!cﬁhscn]




Table (3): Cont.

NAR ( 45-55 days after sowing ) NAR (55-65 davs after sowing)
1.ccations Sakha Sids Sakha Sids

Years or.| 199 2000 1999 2000 1999 2000 1999 2000

5.0.v. F1 Fl F1 Fl F1 F2 Fi F1 F2 F1 FlI k2
Genatypes 20 29.43* 7.65 111+ 25,79% 7.84 7,234 13485 5.68 2.6% A 182 Ja2e>
G.CAL 5 2312 2.89 2.96 T.98%* 2.09 1.5 16.41 3.26 L.58 7.29%* 2.43 F e
S.CA, 15 31.80+ 9.23 13.83%+ 31, 73%* 9.7 8.794x 15,79%+ 6.48 3.00 3583 254 2.90*
Error 44 13.81 712 s 1.73 6.80 2.63 8.70 4,46 2.68 1.89 1,57 1.36
o lgeajalsca 0,727 0.31 2.21 0.25 0.21 0.29 0.64 050 0.53 2.07 0.96 1.7t
2ogea/

ﬂ. +loscal 0.592 (.385 0.299 0.335 0.299 0,368 0.559 0.502 L5813 0,805 0.687 0.774

P00T (1)°ON I€ 104 “52Y 218y [ 31208z
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Table (4): Mean squares of genotypes; general combining ability (G.C.A.) and specific combining ability (S.C.A) for physiological
character; specific leaf area (SLA Cm®/g) and grain vield (ard/fed) in half diallel crosses 6 x 6 inbred lines of maize
through threé growth stages in F, and F; during two Summer Seasons: 1999 and 2000 in Sakha (Middle Egypr) and Sids

Lipper Eagt) locations.
SLA (45 days after sowing )) SLA (55 days after sowing )}
Locations bF ) Sakha Sids Sakha Sids
Years o 1999 2000 1999 2000 1999 2000 1999 2000
S.OV. F1 Fl F2 Fl F1 F2 Fl Fl F2 Fl F1 2
Genotypes 20 ) 61285 | 44259 | 38500.84+ | 24360,5% | 16872.2+* | 10536.3%* | 2965 | 3042.8** | 271L6*% | 47854 | 4946 | 1918.2%
G.C.A. 5 2598.8 9817 14269.6 | 29047.3+ 5063.3 11956.7% | 2476.6 1129.2 8249 7051.2* | 646.3 5112
S.C.A, 15 | 73010 | 55739.6*% | a6697.8%* | 22810.2* | 20808.4** | 10062.8* | 31278 | 3647.7** | 3340.4** | 40302 | 4441 | 2383.8+*
Error 40 | e3364 1 132214 11844.1 11334.9 5064.3 4103.4 2892.6 80,9 $31.4 21747 | 434.9 367.3
o peafo’sca .| 036 0.18 0.31 1.27 0.24 119 0.79 0.34 0.25 1.75 1.46 0.22
Zogea / :
0.416 0.260 0.379 0.8 0.327 0,704 0.613 0,403 0.331 0.78 0744 | 0304
{Zogcat+loscal
Cont
Locations SLA ( 65 days after sowing) Grain yield (ard/fed)
. Sakha Sids Sakha Sids
Years 1999 2000 1999 2000 1999 2000 1999 2000
5.0V, Fi Fl F2 F1 Fl F2 Fi Fl F2 Fl Fl F2
Genotypes 1 20 2483.5* | 2363.7** ! (305.8* [ 7952.3*+ | 251834 | ‘228654 2801+ | as3av+ | 1izerr | 20620 | 26244 | 24600
G.C.A, 5 3MB6* | 622,3% 1492.7%* | 9152.6** 3102 1159.8%* 100, 7% 49.4* 14.5* 13.90 1.4%¢ 6,27
S.C.A. 15 2278 | 29441 1243.5% | 7582.1%% | 3250.4*+ 16224* IRLg* | 45484 | 1453 | 2702e% | 346,1%% | 192.6%*
Error 40 669.3 203.6 397.4 897.9 1322 273.7 11.66 17.60 524 9.60 2.15 3.29
o lgcats?sca 137 0.21 1.20 1.21 0.00 0.44 0.29 012 0,10 0.05 2.03 0.03
2ageat
o 733 0297 0.706 0.708 2.160 0.469 0.36 0.18 0.17 0.09 0.06 0,06




Tavle (5): Geitétal t:oml:fmmgmab iy (GUA), and gpecife eﬂ}nbuﬁﬁg ability (SCAy effecrs for physiological vharavters: leaf aret/plant
; )

(LA/pl it, Cn‘lz) 10 Wti!hl [TDW g 10 days) if halt diallel crosses 6 % 6 inbred lines of mﬂve through theee growth stages
, AN [is 1999 § } it Sakhg { Mlddle gygu ang Sids (1 Egyoy docations,
€ famcters Alﬁllt ' rmwlliﬁ “rbw:piam (4! days) aftet 'mmhl!
il ottty a LB bl i " i
Lotatom Sakta S}s . Sakha Nids
Tears 1999 (F,) iiﬁh@ 2008 (F;) | 1999(F,) | 000(F) | __:miilir,) 199(F} | 000(F) | 2060Ey | 19e%Ey | 2000k | 2000(F)
1 ogde [ afbor | iR 1802 [ st b H 3003 | ddadr | 24390 | 0031 Lz b pgvenn
1 5%,‘“ 2921+ | 3d9.4es gz 1 g Lol [ 263 0,868 2887 | o4 %509 1,12764%
3 190,94+ 170.0*" 268,94+ 1&96,* b i 134,04 3.847% £0140% 14 0288 1adser [ 1208
4 £G4 13265 | 101,14 b3 a3 1 s 0907 | dsoees | ozbd e 0,038 1.022*
|5 a8 | sk L -1.33 93,544 4.7 178 | JLados | .0le 18964+ 0.3 AL13%
Lg.f, BT -u[.ﬁ" e, | 00.4% [ 20574 b1 GGk ‘ | g9 2089 HE% ot lalite L37e
ix2 4648 184.2 M, 47,1 6001 1, EiEE S 4,03+ 0.8 7,43%* 6.20%
143 760.4 517.8 1951 129.8 anss |- gkl .06 111 4337 3.18* 047 4.5+
1xd 1480 187.0 329.7 §34.3 004 § & _2.69 4,97 005 | dAe 1.9% .77
1x$ l063.6 i091.3 8886 707.4 11k Cth87 1 1138t | BHee 4,28 .37+ ok -1.87
1x6 §37.4 848.0 1847 319.3 “aod [ 17.62% | 1327 0.76 | 4860 [ 4sges 0.56
2x3 481.3 _ig49.0 994,9 .8 6438 |, 400 98574 11.91%% 1,30+ 288 L Mgl 2.23*
24 1649.9 1399.8 1336.1 6.1 12178 | 9 18,23 A6 11.31%% | 8.96% 3,767+ 4,24
215 11438 | U9 | 7833 | 340 ik | e 5,94+ 9.164* 639% | 14l 5.95%4 1,437
1x6 1414.9 1038.3 9633 8318 sds 1 oy 8,95 439 | rare | way | m 2.0
Ixd 9141 927.1 5645 310.1 Tdd, . 8§88 6.37* IL04%n | 3.89%n 119 P50 §.024%
Ix8 3934 3385 470,3 83,1 M3z ) I 1506 | 1994 5.20% 147 3,724 3,884+
3x6 419 802.3 761 148 Wi | i 1280~ | 6340 | g3pes 4,59 9,344+ 448
434 s, | 930.8 bg3 M'v ek Lo S D i0.68% a8l 3,98+ 6328+ 6,154 7,797
426 17008 | 13613 okklk 10549 a6l ) 15,044 [ 9 pfes 569 | 04 1,52+ 5.29%+
£a6 L saphies 1 A e dint e oo Y ade L dpe 1o o ats | 2300 T oe
LE. 5.4 0 3. & 19, . 4l: 1.629 1411 b, 741 0.21p 0.423 0,448
SES . 2&1 xR AL 3 ] by | el L S i 4 i Ldd L 1 )

'z,
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Table (5): Cont.

Claraters LA/piat (55) days after sowing ‘TDW /plant (55) days after sowing

Location Sakha Sids Sakh Sids

Fears 1999(F,) | 2000(F) | 2000(F) | 1999(F) | 2000(F) | 2000(F;) [ 1999(F) | 2000(F,) | 2000(F;) | 1999(F,) | 2000, | 2000(Fy
1 1258 | 8% 107.3 2.33 44.8 30,4 -6,085%* 0.126 -4.499 2.6404* 0,436 -0.985
2 391.1%* 133.7* 119.7+ 135.91* 177.3%* 212.5%% 2.919 5.410+ 7.285%* 1.099 3,199%% 1 241]%*
3 208.634% | 2041w 167.0%* 144.87* 5,88 185.7%% | 6.949%+ 9,585+ 8.51%* -L418 2.490%* | 2.319*+
4 298.2%+ | .200.5%% | -212.5%% | -383.79%4 -49.4 -114,9% -1.643 -5.107* 23119 3.136%+ 0814 1.526*
5 133.4 154, 1%% -41.4 40.87 2.3 58 -3.339* -3.965 -3.499 -1.931% -0.33% 1.365%
& S09.04¢ | CPSRTeA | -140.2% 59,79 -204.0% | -319.6*+ 1.199 -6.049* -4,682* | -3.826%* | -4.976%* | -3,588*+
1x2 1208:6 6764 £99.7 90.9 648.0 461.5 23.34% | 35694+ 531 12,724 20,12+ 13.86%%
1x3 3344 . 13.6 -186.1 4526 £49.2 -81.2 -3.82 722 18.74** 730 4.52 7A1%*
1x4 4244 370.7 1624 919.9 1159 -164.,6 10.36* 22,884+ 6.98 17884+ 9.26%* 1.49
1x$ 11940 1125.0 7009 8516 524.7 196 0.03 13.74" 13.72%% | 21285 14.35%% 6.00%
116 1105.2 743.3 47.8 1072.3 273.4 135.8 37.06"* 25.69%* 22.11%* 6.64 8.564* 0.68
2x3 1504.7 #90.9 150.7 790,0 §58.4 404.6 17.40%* | 37.54** | 31234+ 1241+ 13.06** -LO8
2x4 959.0 99,0 3739 1708.3 889.0 987.9 11.96" 22894 % | 34.46%* 10.15* 15.53+% [ 1537%*
x5 833.7 975.3 670.6 683.0 3472 -275.1 7.49 18.19** 2.21 17.75%* 8,554+ 3.54
2x6 748.5 552.8 250.7 9.4 248.5 -129.2 10.19* 11.84 8.59% 8.78 4.40 4.85
3x4 653.5 1193.9 2180 1103,7 $68.2 234.4 26.06** 26.72%* 5.43 19.94* 17.34** 7824
Ixs 444.5 704.3 9159 481.1 3424 -16.5 27.06** 20.21°+ 11.78%* 2.94 .21 6.19%
3x6 864.0 £76.0 479.1 868.8 759.5 1449 2.92 28.694* 13.06** 12.93* 16.94%* 7.384%
£x5 1985.4 664,0 6483 1600.1 1220.4 1251.7 18.69%* 25.70°% | 23.74** 18.92%+ 20.17** 15.31%*
4x6 1551.7 1246.7 1031.0 1126.8 1102.4 ,380.8 1638%% | 29.02°* | 2B.69%* 4.65 13.91%= 18, 40%=
£x6 51.9 2294,0 -602.3 437.8 3103 16,08 16.41** 7,68 0.07 9.71 10.43%* 9.50%*
S.E. 70.8 58.7 59.7 59.4 572 48.8 1.701 2.445. 1935 0.756 0.587 0,686
S.E. S 277.8 230.% 234.3 233.3 129.8 110.6 4.98 6.72 438 514 2.34 2.69




Table (5): Cont.
Characters LA/plant (65} days after sowing TDW /plant (65} days after sowing
Location Sakhs Sids Sakha Sids
ears 1999 (Fy) 2000 (Fy) 2000 (Fy) 1999 (£} I 2006 {F) 2000(F,) 1999 (Fy} 2000 (F;) 2000 {Fy) 1999 (F,) 2000 (F,) 2000(F;)
1 -48.5 91.8 1924~ 637.4%* 207.2%* 122.4+ -3.59% 1.41 -4.23* 6.671* «0.093 272
2 353,34 333,70 243,0* -48.5 2138.6% 479.7%* 16793+ 7.68%* B.4g*w 1.700 6,744 8.853++
3 250.8* 454, T*# 414.8%* -35.2 3721+ 263 5% 5331* 10,81#* 10,447 -5.458 6. 764 11, 715%*
4 © 844 -78.2 -161.7 -323.2%* 2730 -133,2* 113444 S.41% -1.87 6042+ 1,16 2,211
H -107.7 415,15 ~375.8%* -3.5 -200,8% ~143, 745 -1.040 -3.21 -5,28% -1.700 -3, 58%% -9,85] 4+
6 =393, 4%+ -392,9+* -314,8%* -226.8 544, 1% -588, 5%+ -6, 140> [ -11.27** -7.84%% -6, 354* -15.00%% | -11.656**
1x2 518.3 TEL A+ 314 17454 1027, 7%+ -599.8%#» 6.88 4422+ 5.52 16.86* 40,304+ 28,95**
I1x3 562.5 -263.5 -208.2 -18.7 206.9** 268.7 22,284+ 8.53 15,17 18.83+ 3.67 11.58*
Ixd 830,2% 8458« 690.7 925.5* 2081 -36.5 9.59 28,12 1.05 2249 14,51 3.18
18 1220.3+* 963.0%% 497.2 1695.6** 779,24 -149.6 8.62 28,03 8.93* 32,33+ 32,72 7.08
1x6 17197+ 606.1* 413.3 1195.6%* 3758+ 527,14+ 40.92** 33.66%* 14.15%» 10.15 9,97%* -0.21
1x3 1154.2%* B17.9++ k5.2 182.5 667.1%* 649,44 21.65%* 29.36%* 26,284 1743 32,97+ 30.96**
2x4 445,1 527.0* 376.4 1471.6** 643.3*+ 941,2%* 17.56* 36.34%* 36.074% 21.86%* 27,274+ 22, 30%*
21 5 758.8* 1248.8+ 668,6* -612.9 153.1 568.4#% 19.59%* 37.68** 6.14 4037 12.49%* 3.29
2x6 1111.4%* 4816 436.5 7134 3i2.4* 563,1** -4.30 20.08** 29,374 21.62%* B.21%* 8.33
Ix4 839.5 1656.9** 199.1 313.8 T18.8%» -288.3* -3.23 37.39%+ 14,717+ 40,224+ 31,71 25.0%+
3x8 415.6 645.1* 987,34 216084 290.2* -580.1 %+ 37,05 29.76*+ 11,08%+ 7.59 L16 «193
Ix6 -92.3 T46.9%* 928.8+* 627.6 584.9%% 3377+ -2.94 44,39** 13.24** 16.51* 30.84** 9.66
4x5 1814.4** 908.§## L1657+ 697.4 1557.1%= 1763.0%+~ 37.90% 34,28 3251 33.26%+ 43.76%* 32.03**
4x6 1013.2%* 1112.6%% 863,5%* 1711 1%* 992.1%* -149.9 20.90%* 23.68** 22.10%* 1191 35684+ 28.74%*
5x6 15.5 201.4 -79}2:* 71.0 163.5 Izi 7.89 20.(&*_" 10.37+ 20,95+ 14.83** 4.43
S.E. (g} 103.2 94.1 88.9 78.6 51.8 53.1 2350 1.836 1.799 3109 0,982 2.603
S.E. 8§ 3388 258.6 244.2 374.3 142.4 145.8 8.01 5.04 4.08 7,08 2.18 5.90
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Table (6). General combining ability (GCA) and specific combining ability (SCA) effects for physiological characters; crop growth
rate {CGR g/10days), relative growth rate (RGR g/g/10 days) and net assimilation rate (NAR g/Cm*/10 days) in half
diallel crosses 6 x 6 inbred lines of maize through three growth stages in F, and ¥, during two Summer Seasons; 1999
and 2000 in Sakha (Middle Egypt) and Sids (Upper Egypt) locations.

Characrers CGR (45-55) days after sowing RGR (45-55) days after sowing
Location Sakha Sids Sakha Sids
Feary 1999 (F,} 2000 {F)) 2000 (Fy) 1999 (F,} 2000 (F) 2008(F;) 1999(F)) 2000 () 2000(Fy) 199%¢F)) 2800 (F,) 2000(F,)
\ -3,140 1.626 L.06S 4. 128%# La14* 0.961 0.0 0050 0.098** 0.063 -0.096>* 0.092*
Z 0.197 4.556%* 0,322 2,188 2 818+ 12852~ -0.026 0.0160 0. 090 * 0.031 0.039 -0.032*
3 3.739* 4.626% 7.387+* -4 571** 1.370% 0.031 -0.010 0,045 0.009 -0.00%9 -0.018 00455
4 -0.624 -3.318* «2.343% 1.392 -0.653 -1.582%% 0.001 -0,01% 0,031~ 0.148*+ 0.034 -0.063%%
s —l.;TS -2.011 -2.697* -1.812 -0.786 1513+ 0.015 0.026 -0.022 -0.108* -0.083** 0.017
6 1106 -5,469%~ «3.060** -1.321 -4.161** -2.204%* 0.009 -0,023 0,035 A, 128+ -0.0684~ 0.031~
1x2 10.67* 24,52+ -6.51 10,93 12,954+ 7.65* 0.031 0.144 -0. 175 0,062 0.033 0,195*
1x3 -3.00 5.09 15,274~ 7.18 527 247 -0.050 -0.081 -0.081 0.2158%+ -0.083 <0,199%*
Lxd 5.36 17.87% 8.07 15.764% T.56* 229 -0.043 -0.039 0.046 0,153 0,124 0.036
1x5% 10.55* 16.26* 992 14,43 8.99*+ 7.89% 0,260 -0.220 0,133+ 0,273~ 0.151* 0.143*%
1x6 20,76%* 13.38 22.2%% 6,63 4.23 014 0.008 -0.2%7T* 0.116* -0.063 -0.082 -0.061
2x3 7.82 19.76+* 27.6%+ 12.49%* 9,534+ -3.29 0.004 ~0.247%* 0.037 0.024 4079 -0,168*
2x4d -3.07 19.65+* 239+ 6,63 11.65%* 10.10*+* 0,181 -0.015 -0,149%% 0.177* -0.012 0,104
2x8 1.44 8,36 -2.85 15,83+ 192 058 -0.085 0.255*% 0. 2874 0.326** 0.218*" 0216
2x6 4.92 158 2.20 7.51 1.96 1,08 -0,080 -0.141 -0,269** £.030 0187 -0.130
L Ix4 19.61*~ 9.64 111 ~5.17 7.73* 1.80 0.109 0310 -0.108 0.247%* -0,221n O 24T
IxS 11,764 12.86 71.53 a1y -1.22 1.36 -0,060 -0.1"6 -0.124* A.074 T 0.189 -0.156+
i 3xb -9. 71" 12.32 3.13 11,60%* 7.51* 1.94 0,219 -0.32** -0,305** -0.187* 0.318** 0,191 m=
435 9,93 25,34~ 19.83%* 15,83 14.29%* 7.52% -0.068 -0,0::8 «0.004 0.075 0.990 -0.202**
4x6 1.54 19.24* 22,804+ 6.83 11.30*~ +10.09% A, 1454 -0.146 -0.031 £,331** 0.199%* -0.126
5x 6 14.23%» 6.32 11 137 8.30* 8,79 0.074 -0.0:40 0.043 02024~ -0.281* 0.054
i S.E. 1.726 1.585 1.153 1.41% 0.704 0.594 0.036 0.0:2 0.012 0.047 0.023 0.015
_§_E.‘ S 4.74 7.5 548 3.87 3.3% 3.43 0,056 0,106 0.049 0.75 0.062 0.072




Table (6): Cont..

Characters CGR (55-65) days after sowing RGR (55-65) days after sowing

Location Sakha Sids Sakha Sids

Yaars 1999 (Fy} 2008 (F)) 2000 (F3) 1999 (F) 1000 {Fy) 1000(F;) 1999 (F,} 2000 {F,) 2000 (Fy) 1999 (Fy) 2000 (F) | 2000(Fy)
1 4.065 1.226 -4.236%% 0.430* -0.404 -1.022 0.04!1 0.4020 -0.003 0038+~ 0.061%+ 0.003
P 14.249%* 2.056 50434+ 0,385~ 3.292%* 0,665 0.057%* 0.312* 0.023* -0.015 0,002 0.034*
3 -0.089 4,172%* 1776~ -0 465+ 5184 3.324%* -0.043* -0.323 .018 0,021 0.013 0,080%*
4 -12.014** -3.690* 1.076 3.338 1729 3.586** -0.042 0.028* 0.016 0.024* £9.017 0.024
5 -L418 1.8%6 -0.628 -0.344 -3.496% -3.910%* 0.018 0.006 0.01% -0.025% -0.026+» -0.691 .-
6 -4,801 S619%% | 3032+ | 0345 | -6.275% [ L2643%w -0.032 0.043% | 0,037 -0.601 D.033%% | _goseee
1x2 14,764+ 8.36* 0.69 D.912%% | 20.02%* 8.28 0177 | 0.050% -0.042 -0.029 0.093++ 0.050
1x3 16.87** 364 3.1 LOE§H* 6.86 -1.04 0.097* 0.045+ 0,078 0.033 00854 0.001
1x4 0.13 5.24 S84 LO028%4 | T 408 159 0,104+ -0.033 | -0.008%% | 0067« | -0.048 0.017
115 5.86% 9,79+ -5.63 0.967%% [ 1821%+ .19 0.016 0.042 [FELES -0.005 .06 0,014
156 14.58% 7.97 -7.50% 0.215 1.25 1.09 -0.084 0.001 0,119+ -0.020 -0.083+ -0.00%
2x3 278 -B.35% -4.72 0.486 18,99+ -8.42* -0.063 0,073+ 0,080+ 0,606 -0.019 0.236**
14 4.71 13.61%= 1.74 10374+ | 1195 8.54% -0.047 019 -0.087 0.037 0.088 0,009
2x5 25874 19.50%* 168 21994+ 14.14%* 523 0.070 2.101 -0.010 B131+ 0.014 0.001 |
ix6 -16.89*%* 8.40* 1.09 1.253#* 4.02 717 £,177%* 0,033 0.143** 0,080%+ 0.002 0,020
Ix4d -28.11%* 10,69« 941 1.980** 13.46%+ 10.08* 0. 250%* -0.036 0.010 0,135+ 0,040 0.090*
3IxS i2.61"* B.65* -1.98 0,522 -0.98 -1.68 -0.070 0,061 %* -0.056 0,073%* -0.087 -0.088*
3Ix6 59%4 15.69%* 0.82* 1.410 12.99*« 7.24 0.064 0.024 -0.001 -0.028 -0.044 0.001
4x5 -5.85 7.41 1.58*% 13924+ 23.81%* 8.58* 0.212%* 0.005 -£0.023 -0.056* -0.030 0.081*
4x6 4.83 -5.01 -6,44* 0.680* 11.98%* 10.42% -0.108* -0.060+ 0.0944* 0.033 .046 01274+
5x6 -6.90 11,17+ 9,12+ 1,182+ 4.61 4,35 B LT L 0.088** 6,060 -0.013 0.035 -0‘085*
SE. (g) 2818 1.573 0,756 0.189 0.816 1.903 0.022 0.013 0.012 2011 0.010 0.014
SES§ 446 4.26 3.89 0.301 3.33 429 0.048 0022 0.036 0.023 0.027 0.038
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Table {6): Cont.

Characters NAR (45-55) days after sowing NAR (55-65) days after sowing

Location Sakha Sids Sakha Sids

Years 1999(F) | z2000¢F) | 2000(F) | 1995(F) | 2000(F) | 2000(F;) 1999 (F) | 2000(F) | 2000(F:) | 1999(Fy | 2000(F) ] 2000(F.)
1 -1.300*= -0.031 -0,158 -0,621* 0.342% 0.362%% 0,654 -0.008 0.264* -0,993%* -(.181 0.731**
2 -E. 17844 0.403 0,271 -0,282 -0.083 -0.250* 1,229+ 0.479% 0.026 0.07% 0.178 0,157+
3 0.428 0.257 10.196 -0.290 -0.004 -0.330%= -0.465 0.20d) 0.214* 0.651** 0. 465%* 0.603**
4 0.629 0.068 0.421 0.904** -0.158 0.401** -1.069* -0.204 -0.1% 0317 0.128 -0.164*
5 0.426 -0.093 -0.225 -0,213 0,478 0.072 -0.004 0.242 9.097 -0.067 -0,160 -0,131
& 6.993* -0.601* -0.504* 0.502+ 0.383* -0.255% -0.345 1}, 708+ 0.4 %= 0.013 -0.431%* 0.265**
1x2 2.356* - 1.983* -0.179 G284 1965+ 1.414* 23307 0.262 -0.260 0528 0.301 0.167
ix3 1,738 1.696* -1.104 1.282 0.320 -0.106 460454 0.278 0319 0,866 -0,353 0.021
Ix4 =2.996%* 2,787+ 3.6384* 0.198 -£.360 -0.838 -1.61% 0.379 0,243 -0.160 -0.682 9.721*
I1x% 3,342~ .21 -1.117 2,339+ 2.09%% 2.658%» -0.807 0.433 0,136 0.984* 0.20% 0.385
1x6 1.32% 0.487 0.137 1.446% -0.101 -0.86% -0.423 0.750 [R5 Ll 0,663 0,276 1.159%*
2x3 -1.238 -0.237 0.267 2.447%* 0.245 0.6%3 -i.398 0.121 -0.143 0.611 1,522%* 0.501
2x4 -3.686%* 1.354 8.178 1.333* -2.435%* -1.959%% -60.551 1.392* 0.561 -0.231 0.960*~ -LG99**
x5 -0.120 -L.754* -3.446** 2.803+* 0,420 0.270 1.560 1.57%% 0.540 -0.561 0,080 -0.19%
Ix6 -3.220+* -0.046 -0.667 1.697= 0.424 1.097 -3.458%+ 0.563 (0.482 0.419 0,149 0.805++
Ixd 54201 0.567 -0.317 1.638% 13583 1.054 -4.886%* 0.371 -0.560 0.503 -0,228 -0.679*
Ixs -2,160* 0.592 -0.538 2.712% 3.240%% 1.383* 0.432 0.291 0.11% 0.701 0.026 0.488
3x6 =3.676% -2.500%~ <2058+ 2259+ 0.578 -0.023 - 0.456 L7424 % 1.394%* 0,240 1,097« 0.892*
4% 5 -2.855%% 1.517 0.571 1.048 0.59% 0.152 1.3494~ 1.529* 0.523 0799 0.730* 0.238
4x6 -1.408 -.542 -1.783 0.629 -0.43% BN L -1.333 -1.021 -1.102+ 0.331 0.001 ~D.8T4**
Sx6 32824+ 0.650 -1y~ 2,409 -1.047 0.775 1.795 20674+ 1.277%+ 1585 1.122%* (.759%#
S.E. 0.423 0.0287 0.242 0.24% 0.086 0.101 0.540 0.227 0.104 0.157 0.134 84072
S.E. S, 1.098 0.788 0.667 0.67 0.770 0.685 0871 0.624 0.484 0.406 0.370 0.284




Table (7). (.cneral Lombmmg ability (GCA) and specific combining ability (SCA) effects for physiological character; specific leaf area (SLA
Crt® /g) and grain yield (ard/fed) in half diallel crosses 6 x 6 inbred lines of maize through three growth stages in ¥, and F; durmg
two Summer Seasons; 1999 and 20410 in Sakha (Middle Egypt) and Sids (Upper Egypt) locations.

Charncters | SLA (45) days af:er sowing SLA {55) days after sowing

Location | Sakha Sids Sakha Sids

ears 1999(F ) 2000(F,) | 2000(F;) | I199%F,) | 1000(F,) | 2000(F;) 1999 (F,) 2000 (F\} | 2000(F;) 1999 (F,) 2000 (F,) | 2000(F,)
1 0.181 33,64+ 25,0+ 64200 | 24.14%* 1.88 3,694 5,574* -2.29 -2.181 -4.61% 0,069
2 -0.069 -0.66 -34,74% -1.79 -18.58* -12.48 -0.681 -6.382" -5.08 -7,306 -2.97 -3.681
3 -3.069 2.4 318 -0.33 -(.40 6.09 -12.139** -5,128* -7.29% 2.903 -3.72 -7.9730
4 -0.569 209 -11.86 -2.45 951 | -2908 -6.806* 9.881%% | 7.58+ 2237230 | 9,33%+ 4,278~
5 17.9724% 9,39 -1098 | -1225 577 -4.44 17.486** 0549 [ 198 28.944** 0.103 411+
6 14,444+ -18.0 29,43+ -41,37* -1,41 36.93% -1.556 7.751%* 512 1.361 1.86 3.194
132 1Lt 47,3 -105.5%* 557 668+ | -733%% 17.7 2214 5.04 56 -16 -5.45
1x3 76.0** -1.8 98 523 41,2+ -90.8** 47.5% -12.4 15414 -12.5 8.5 -10.83*
Lxd 63,0%% 5T 7.1 116 19.7 43.8 -40,7% 25.9%% -19.29% 93 4.2 T
1x5 -20.9 .79.4% 148,3%% | -140.4%* 221 44,6 26.6 L8 1.66 440+ | 31 -4.9%
1x6 -49.5# 11L5%* 67.5* 99.0%% | _683%* 35.6 -67.3%% -16.7* -13.16 43¢+ | 165+ |- 032
2x3 -28.6 -114.84% 1.2 -37.0 -11.6 31 1.7 19644 | -28.29%% 3.8 0.4 392
x4 13,5 -10.0 t08.9* | -12.9 37.1 -¥71.0% 49 20T | 3783 41.4%* 10.9 232
2x5% 3103 -3.6 105,44% 55.1 594 | 167 1.6 53 1548 -15.5 9.0 22,834+
126 £9.3%* 29.3 1280 | 3+ | 274 13 5.6 81 137 237 37 -30.858%*
Ixd 64,1+ -129.7%* 49 b 483|010 13.0 99 148 | 829 196 ST RECE I T
IxS -17.6 -108.5%* 285 1 -46 02 | 68 9.5 . -134 -0.66 33,0 9.2 26544
3xé 5.9 -135.6** | 714* 70 | 162k | -a82e 214 24.9% | L1983 | . &5 4.4 -12,29%
4x5 -33.8 -48.6 - 69.5% 10.1 219 105.1** 88 | 3reve | ansaes {0 34 | s8] e
4x6 234 -39.3 84,74 136.9%* 39.4 215 -18.8 270 | 30704 35,84 6.1 -38,54%*
5x6 519 -S1.6% 145 56.4 g6 | 56.64 -29.4 _237Ae | 2875e 32,1 -23,7++ 9,36
S.E. 4473 12.73 11.70 19.83 1,65 6,89 122 2.59 3.10 $.68 2.29 2.06
S.E. 5, 235 33.9 3.1 314 21.0 18.9 15.8 1.1 8.5 13,7 5.3 5.6
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able (7); Copt,

(feractery SLA (65) dl)"s uﬂel' mwmg gﬁ;"‘ yicld (ﬁFd[ffd)
Lo Sakha Sids Sakbw Sids
ﬁ““" 1999k, | 2000(F.) | 2000(F) | 1999 (F) | 3000(F) | 2000¢F) | 1999 (F) | 20005 | 2000¢6) | 1990 k) | 200060 | 2000y
1 -10.56* -1.036 -0.86 7.13 3.94%* 3833 | 0011 0,238 -0.392 0.14¢ 0074 | -0.087
2 14,31 3,193 12.93#% 13.34* -3,99%% -ATgers b o2.718x | 2043 | 08710k | 0.486%% 0’.%@- 0.414*
3 3,72 -3,249 381 14,59%* 2538 | . o 0,381 1,113 0288 0:158 4967 -0.189
4 1397 | 0888 286 | -2561** | tod D.ga8%e | | mere 0.137 0.646°% | 0603+t N 0488 § 0481
5 L 10.89% | o |10+ [ 14.80% -3.04* 3 -3,669** - £.154 o812+ | 0303 0.197
6 -3.40 7, 347%* 4,43* 24,37+ 68+ 1.958%% -1,976%~ SL807% 1 -L288e= -19%2 | -L3i9* | 0918+
1x2 4 17.8%+ 227,84 2684 | 68.6% -19,9%* D8.4v¢ 1.79%* 10884 Tﬁ_}" | T3] TI0%% | 5064k
LY 1 28 177 -19.44% -11.4 3.9 43 ‘ 1,20 .37 - 1,97+ 4,388 6.60** 5.3+
[1x4 | .74 BEY 11.6% -38. 209+ | 126 478+ 1.84 1m 25 {ra 146
(s 1 27 T g 4l Se6 | ase TTgv ) gz |G I P TYT MY LI XTI
[ 136 <2674 -13.6% -3.6 61,844 -9, 14n 14,704 4.3g%w 6,83¢ 1.98 4+ .68+ 3.33%*
[2:3 -18.7* T Y 53 -22,8%¢ '_‘”TEEE' 36 091 | 371 LI | 5.89e» 5,994+
Ird 8.6 26,4 8.1 6.2 b e ATY 8,684 g,in 548" 5,03* | 1Iper 637+
2,8 REEN 80 | Tigew | asash | pne [ pg 3800 1 eprer | aager 1 oawyer 1 sgows | aaper
326 5,64 1604 2.1 6.4 3.0 H0pe 7374 591** 4,68+ 280 363+ 3970
Ixd 18,94+ 5.4 18T -53,0* -15.8%% b XML I ST0 (IFTIN 3fper 1 amp | same S.32%
3xs 46.3** $.6* 18 12.2 38 g Aee XTI Lpgh* 396 £ EXT i
ixk %6 3924 | -30.0% 4.6 -31.5%* L S L e 641 LY, il AT8
418 332 -18.4* -] 544 -10.2 21,04 1404 " ] goov " RITEI Y 2 2 Y72
436 “24.6%* -§4.50% -32.6%* L L TR O % S YL T4y | 3680 - S4Fs | 420%
536 -38.8%% -19.1%* 0.6 -25.8 -15.0%* 12 .48 1,08 : L3 4.630% 288+ |
SE (g | a8 | 2356 | 2148 684 | 1237 L8 | 063 .72 0.04 0,18} 0373 0.210
SELS) 6.7 Al $8 10.6 33 i 1.74 24 117 18 _a.wj‘ 19
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