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ABSTRACT

The main objective of the present study was to estimate
heterosis and combining ability components and their inter-
action with plant densities (24,000 and 48,000 plant/feddan)
for grain yield/plant, 100-kernel weight, no. of kernels/
row, no. of rows/ear, ear height, late wilt.disease
resistance Z and silking date. Significant.density mean
squares were detected for most studied traits with overall
mean values at the normal plant density (24,000 plant/
faddan) being higher than the correspondingipnes at the
high plant density (48,000 plant/faddan). lotypes, general
(GCA) and specific (SCA) combining ability mean squares
reached the significance level for all traits except no. of
rows/ear and silking date in both plant densities as well
as in the combined analysis. Appreciable interaction values
of genotypes, GCA and SCA by plant density were detected
for most traits. Only for grain yield/plant and no. of
kernels/row, the variances of GCA and SCA were higher in
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the normal plant density than in the high plant density,
The variance estimates of GCA and GCA X plant density
interactions were higher than those corresponding of SCA
and SCA X plant density interactions for most traits
studied. Normal plant density was considered as an optimum
or non-stress environment for evaluating and selection of
superior genotypes, where it gave-high values of heterosis
and genetic parameters.

Three parental single crosses and new ten double
crosses were defined as superior, efficient and prospective
genotypes in breeding programs for improving yielding
ability since these crosses gave the highest values of
mean performances, specific combining ability and heterotic
effects (from 6% to 16Z) relative to the check parent
(double cross-Pioneer 514).

INTRODUCTION

Comstock and Moll (1963) defined the genotype by environment
interaction as the differential response of phenotypes to the change
in environments, They classified the environment in two categories:
macro-and micro-environmental variations. Macro-environmental
variation is caused by the fluctuation in variables which have large
and easily recognized variations i.e., years, locations, fertility
levels, planting dates, and plant density. Whereas, micro-
environmental variation arises from plant to plant variations within
macro-environments. The contribution of hacro—and micro-environmental
effects to the magnitude of various genetic types was previously
recorded by many investigators (Saki, 1955; Matzinger, 1963; Mather
and Jinks, 1971 and others). :

Since plant densities used by the maize breeder in development
and evaulation is very important, the optimum stand density which
maximizes the genetic components required for efficient selection
must be determined. Information on the interaction between plant

densities and genetic components is greatly needed.
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The aim of the present work was to estimate heterosis combining
ability components for seven quantitative traits under two plant
densities, i.e., 24,000 (normal plant density) and 48,000 plant/
faddan (high plant density) in 56 double crosses resulting from
eight parental single crosses. Another aim was the edentification
of the most superior double crosses to utilize immediately in
improvement maize breeding programs.

MATERIALS AND METHODS

This investigation was carried out at the Experimental Research
Station at Shebin El1-Kom, Minufiya University. Eight parental
single crosses were used in the study to obtain 56 F;'s by diallel
Acroasing system in 1986 season. The 'parents were S.C.I (G.6 x
Rgl0), S.C.2 (G.6 x G.303 A), S.C.3 (RglO x G.303 A), S.C.4 (Rgl0 x

G.307 A), S.C.5 (RglO x G.4), S.C.6 (G.303 A x G.4), S.C.7 (G.303 A x
M.25), and S.C.8 (G.307 A x G.4).

All parents used in the study were produced .by the Agronomy/
Department, Faculty of Agriculture at Shebin El-Kom. In 1987 season
Pioneer 514 were sown in two adjacent experiments with two plant
stand densities (normal and high densities, i.e., 24,000 and 48,000
plant/faddan). In the two experiments a randomized block design
was used with three replications. Each plot included two rows of
20 single hill plants. Distance between rows was 70 cm and different
plant densities were attained by varying distances between hills.
Normal agricultural practices were applied during the growing season.

Data were collected from competitive plants within each plot
and were avellaged over the number of harvested plants. The studied
characters were: yield per plant, 100-kernel weight, number of
kernels/fow, number of rows/ear, ear height, late wilt disease
resistance I, and silking date. A sample of shelled grain from
each plot was taken for estimating moisture Z to adjust the weight
grain yield/plant to 15.5 percént'mist;ure.
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Heterosis of the F1 generation was determined for all characters
by comparing each hybrid with the check variety Pioneer-514(heterosis
relative to the constant parent). Estimates of general and specific
combining ability were calculated by partitioning the differences
among genotypes (crosses) only as given by model-1 method 3 of
Griffing (1956). The combined analysis of two plant desnities were

carried out whenever homogeneity of variance was detected.

RESULTS AND DISCUSSION

The analysis of variance for all the traits studied in each of
the two experiments and their combined analysis are presented in
Table 1. Densities mean squares for all traits except number of
rows/ear were highly significant indicating an overall differences
between the two densities. These results are not in harmony with
those obtained by Cross and Hammond (1982) and Fathy (1984) where
they concluded that plant densities had no influence on most agro-
nomic traits including grain yield.

Genotypes mean squares reached the significant level of probability
for all traits studied except for number of rows/ear and silking
date in both densities as well as in the combined analysis (Table 1).
Appreciable genotypes by plant density interactions were detected
for, all traits except also for number of rows/ear and silking date.
This might indicate that genotypes behaved somewhat differently from
one plant density to another. At the same time, this finding
indicates that the crosses differed in their mean performances in
most traits under study. The mean performances of the tested 56
F,'s as an average over the two plant densities are presented in
Table 2 and 3 for grain yield/plant, the crosses 1x8, 6.x 1,6 x'3;
8 x 5, and 8 x 7 outyielded the other crosses and surpassed the check
double cross variety Pionear 514 by an average increase of 16 327,

meanwhile the crosses1 x2, 1x7,2x1,2x5,3x6, 3x8,5x2,

59



‘RATeaTyoadsea’ *A3T7TTqeqOad JO ST8A8T I0'0 PUE G0°0 v FUUDTITUITS sy PUB 4

‘ATaATg0edsea ‘pouTquWod JIT8Y] pPUs S8TFTSULP YIFTY ¢ Tulaou

o pue p ‘Tp guys

§9380TpUT(®

O - Vo 2 LT g2y G2 2 61 w02 > gy 0z il G6T ©
. X ] i 3 4 N
T el S A 9 82 14 P a3.¢ep
Z°T 91 E5T, = T4T 2E T 2'1 0°6 p SUTHTIS
e m.M Nwm #Q4IT 06T glht 92l ¢MMMH MMN ::Mmmq #1205 ,,508 £1966 No e0ou35TS8
N EX2 Al 81 ,.,.888 98 P 9s3asTp
9°T 2T FISEE 96z hlogh anOTE Mmsm To  arim o321
LT M.M“ MM 9¢ £0I TLI TI6 MMM tmwm **Mwww :*Mom 80T wmme No
971 82 2Th P
99 95 S4 612 vl *¥90¢  ecur To qudtey asw
o' e I I I I Z U 4 (4 & @
gy I 4 i 4 r4 p e
ore I J. T I £ il b4 I /Smox Jo'op
2T Ay wHH 3 S 9 S 19 MM MM ¢¢Mm *¢M¢ Zz  gyoz No \..
§8°0 0 .62 Z P MmoI/sTa
2T 22 11 H“om waE8 e mm Ip  -uxey j0-op
g0r . TR 4 A If ot LA 15 9 AR
2’z 8 W g wnlll Svom 0T 13 orzr M °p judTaL.
i #I 9 , **mm o | *tmm *tmm 2'0 P i-udsi-00I
0'z #'I 60% P08 4LEOT LHEE HEMT - hE9 0812, GE62 | BT €2€ 24ASLT i s
02 . 482 €2g | .2E6 - L68T 28178 8 1P jueTd/pTeTh
g*I . IES LHI6 L5582 1186 U902 896 P Ut a9
Yy av 8308330 ) i 9
Ao /108 zoasm -dgoey vos a00idrseN s von sedifbusn o/cew set@teubd Seqat

SUOTABTIBA JO 80INOK

g4 TUI4 POTPN4E TP J0F GOUSTIVA JO sfeTheus WOy sexanbs’ usew peaxesqQ *(I) eTquT

Qo

)



Nawar et al.: Influence of plant .....

50°0)

9I=tI¢ ©'p a88uoTd A3ataua O8O ‘(£'2) Th=HI6 0 Jesuotd £3e8TIea }Oayd ‘(6) ( soer
- 4% €% €h £I0 43 £X 41 g 6+ 6€ € GE: 9¢ 9¢ &€ '8
#I = £%. €¥» €3 20 €3 4T 99 S . A | 7 9f 4t €€ L€ 4
€T €1 S CFe e ETa €3 41 He  6€ =" 4E HE g€ LE . .9€ 9
41 €1 €1 - i "R % R €1 9€ 9€ LE - 49 92° 9€ 92 s
5 RN % gy 4 (T WPRIC TR % SN % (N . 6 € of  €¢ - z& #E SE il
) SRR o DR 5 S -, €1 €1 gt  .aCt £€ ‘o7 1€ - 2€  #E £
& -&x ~I¥  2r.. €5 E%w - 21 L o€ g€ 9f (o9 A9 = . TEE z
£ €T "Wy . 4. LY. ET . §F 4 £E€ g€ HE  #E 1€ 7€ G€ = I

hum\m?oh JO aaqunN ..}O.H.\.m.ﬂcﬂhmu— Jo JasqunpyN 3

0§ =4IS 0:a aeauotd AjoTaza 30ayd‘(0'9) GZI=IS 0°G aesuotd L3aTaeA J28yd *(9%) Amo.ow -
<, 26 €€ #€ € @ T #€ - 2%I'%IT 09T toI 92 "9IT QeI 8
I - o Gzeef €6 bz et €IT - 6er 460 €TI 90T LoL ZIL 4
€ X - @ w K 60 9C 9IT T0I - 421 911 &IT €0L ¢l 9
6z of I€ - 0€. T€ 62 ' 0 6%L @II €I -~ 46 WIT BII 26 S
I € 4 (ffui-  UGFEE 6 OIT 60I 'QOL: -  #II €6 ¢II Ul
of H€ . g€ '9€ 4L . = L€ €c 9C€T" LTI 9€I 60T oz2I S5 i ol s £
g2 B8z 42 66 € o€ - HE €21 4¢1 2TT GE€I 66 9oL  ~.5 ¥l z
pE 26 1T . 2 B TITE 5 24T GE€T . €T LTI .ger | €. EEY- - I
B 4. 9 ‘® - o grNE. g oy g 4 g wwuE (e).

JYysTem Tauasy-001 p:.ﬂmﬂvﬁmuﬂh TTIT 4 5 squaIad

‘6373 TSUBP OM3} JO oFeaoAv S® POTPNIE BJI9LOBIBYD TT® J0J m.H.m Jo souewaoyaad uzew :(z) aTqBl

€1



Minufiya J. Agric. Res. Vol.13 No.1l, 1988

%9 -HIG O @ hooﬁo.nn_ hu.m.n.n.c,\r N08Yo* (€0 2) (60

0)

asa
(45 X VvV L0oE'D) g *0'¢ - L9 L9 99 L9 L9 89 L9 8
(§2'W X v €0€ D) & '0°F, 89 - L9 L9 L9 B89 L9 99 4
(4'd ¥ vV E0E'D) 9 'O°'8® 99 49 = L9 L9 L9 L9 99 9
(4'0 ¥ 018y) § '0°F L9 L9 89 - 89 89 89 99 S
(V 40€'D ¥ 0T8Y) 4 *0'S L9 L9 L9 Ly - 89 B89 99 4
(v €0€'D ¥ 0T8Y) € *0°¢ L9 L9 99 @9 g9 - Lo 49 . ¢
(v €0€'D ¥ 9'9) 2 o' L9 89 99 99 L9 99 - L9 2
(TI89 ¥ 9'9) T 'n's (%) 99 99 99 L9 49 L9 99 -~ I
e3up BUTHTTS
S9=4IS 0'0 Iesuoyd 3eTaBA Joayo ‘(gz) 06T=4IS D°'q assuotd A3oTasA xuo:.w “(62) ,Amom_@m.
. G4 08 65 69 €9 #H 99 - 8HI 4T LET 06T 26T 9HT E£41 8
cé - 29 I9 65 89 I 49 9hI - 26T GHI OHT €€I €€T 62I L
w8 4L - 89 85 89 99 89 oI  6€I - HEI OHI O4I BET SEI 9
89 49 89 - 69 69 99 g9 2T S4T 9€I ' - 0€I @2I Q€I 22I S
€L 65 89 89 - 25 8h oS 2hT  6€I €#T 92T - 42T 821 H2I Ui
6€ 6£ €z €5 61 - - 28 Sh IHTI Q€I €E€T 62T IE€I - QEI G2I £
09 yh €9 94 € 09 - gy  gyT €ET THT LET TI4#I €€I - 62T 2
gy B€ . 4L 16 O0€ 9 16 - 4€T SEI €EY -IIT +4IT LIT g1 ~ I
2 /A 9 g i € A RN A 9 g ;e 3 « TR
9% ®OUJULETReI 8B JUeSTP 3TTH ©38T FudTey aui

1(2) o1qel '3 uo)

Cv
a2



Nawar et al.: Influence of plant .....

94 = PBUTQUIOD I0F £3TT1Q:@0IC JO TeAST ooy g [Gotd) G FUE
B o i BT R { 47 =°p J03 A3TTTA2Q0I0 JO ToAST §0 G 3¢ (§L°0) O 07
TO'C PUs GG FU FUSDTITUSTE sy PUS Fid nHt J03 A3TTIQ .Q0JC IO ToAST Gn'n g3 (go'n) o o T
T g g & al- 1 &= oA vvl  HII 091 %0 41 9IT oel .90
o= LE-"M6T- g7~ lEs o we- g 16 16, T0I @ 16 mm 16 P
SMER SI0F LR W 4 06 B 08 261 LEI 6IZ 9IT 291 EETI 05T "p 8
cT- - ¢ p o2z Qr-ogP T wi- 0T $1T - -% 621 26. €I Yoy Lo 2Ir ©
gw E- 4z -~ @9~ @E- 63~ . gE- 9§t €6 -5 €6L 9. Ll 68n LL. 95 P
e - *tom € 01 = 6 **:m PET .- €9T 67T @hT €717 9€T 891 P 4
== 61 7 br 0T~ i ST- 4T OTT TI0T - 42T 9II €IT 90T €41 °
L i Vi ¥ BEed 204 R%ry o 9T ST 26 99 i 26 o6F £6r 99T P
W4 - - 2488 0 07, M #€T 9IT - ILT SET §FT O0¥I 641 ‘P 9
oy 9- 2 F o &9 9- ~9&r 64T BIL 2T 5-. 46X LI¥ QIT 26 -
01~ TIE> - W - = GE-"0€- | €6-T61- €IT 98 €4 L8 88 48 I0T mc
L) wnl€ AR e R €8T 64T ILT - LOT 44T IST €8 P S
6z 2T- i €I-F 02~ - +6- 97- 0I- Ehs OIT BO0L 00F° - HIT £65 ZITI o
wa- W06 ¢ 4T-5 96 4 6% 4 EE-S61- 0L 48 40T 28 10T 78 901 P
IT~ 9 OI- . 9% == =2 g8-193 UIT 2€% - £IY §IL .- Bl THO0L BII P4
6 9% o0 GI=> "= ¢ ¢cI- 01- — 9€J 4IT 9€T GCI ozZI R 5 Wl 2
9- gI- § I~ g6~ - | #I- zg- LIT €CT I€T % UL g0I 86 °p
s SF L 0P T g T O - |, 45 0ffe €T I€T I#T S€I 29T - 9II 9eI  p €
gy DI oI~ .8 IZ-16Tr (. € 2= €21 JLEI 2IT Q€I 66 9C1I - 22X 2
61- ©T  6I- g'C¢ 9z- g€~ - 9- 0T PEF 90F 9% €6 BL. -+ gIT  op
R 9= ST §I- % - 80 Sy 9€T BIT #nI 90T #EI - 921 Ip. 2
W78 2~ MH- & 2~ oL p 2HD - ST G2L XTT ZXE 2R LE€T - - 0
21~ -2z- 07 0I- 92 0 - oTT 86 ZIT 62 €IT 26 §2I - ¢
S5 B 9 -Zz- & _E2 41 - 44T 24T CET 261 TET  AHCT 24 - T8
il I S - T e S TS I A R Bt v e . I
" % STSOJ93°H DOUCULIOFISE U8 B queae,
qusTd/pTeTh ut=2a8 a0z m..Hm JO 95 STsoJ239Y puc m.onms.no.whom uszen :(€) sTq=J

£3



|
Minufiya J. Agric. Res. Vol.13 No.l, 1988

Sx8; 5% 8, 625.7xl.and8x33av,eanavei'ageincrmeover
the check variety by 6.33%2, The remaining crosses had low yielding
ability and gave an overall mean less than the check variety. As
for other traits, some cross surpassed the check variety. High
values of mean performance and heterotic effects for grain yield/
plant were obtained under the normal plant density (24,000 plant/
faddan). These results were in compéletly agreement with those
obtained by Cross and Hammond (1982) and Fathy (1984) who reported
high estimates of mean performance, heterosis effects, and combining
ability components with low plant densities than those resulting
with high plant densities. Frey and Maldnado (1967) defined the
stress environment as the one in which mean perfomncé for a certain
attribute is low. Therefore, the high plant density (48,000 plant/
faddan) seemed to be the stress enviromment, while the normal plant
density could be considered as the nt;n-stress environment.”

The analysis of variance for combining ability in each plant
density as well as in the combined for all traits studied are
presented in Table 1. The data revealed highly significant differe-
nces for general and specific combining ability in most cases for
all traits except number of rows/ear and silking date. This indicates
the importance of both additive and non-additive genetic variances
in this respect. An inconsestent trend for GCA and SCA effects was
detected from one density to another in most traits except for yield/
;')lant snd number of kernels/row, where the estimates of GCA and SCA
effects wvere highei in the normal plant density than in the high
plant density for these traits. This result for grain yield/plant
support the finding reported by Kata et al. (1975), Cross and Hammond
(1982) and Fathy (1984) who showed that the amount of additive and
dominance variances of GCA and SCA were in low plant densities more
than in the high plant density. It seemed that the environment
variation would curtain the genetic variance during the high plant
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density. Generally, it could be concluded that the general combin-
ing ability GCA or the additive genetic variance played the major
role in the inheritance for all traits in most cases where it is
evident from the ratios between GCA and SCA effects (Table 1),
These ratios ranged from 1:1 to 16.2:1.

The inheritance of maize yield and its components as well as
plant characters were studied by many investigators, El-Rouby et
al. (1973), Goomber (1973), Shehata and Dhwan (1975), Nawar and
El-Hosary (1982), Cross and Hammond (1982), Nawar and Khamis (1983),
Fathy (1984), Nawar (1985) and many others. They reported that the
GCA was larger than SCA for yield and its components. On the other
side, the GCA exhibited a greater degree of interaction with plant
densities than did SCA for all traits studied except 100-kernel
weight and silking date. These results were in general agreement
with those obtained by Kata et al. (1975), Cross and Hammond (1982)
and Fathy (1984). Meanwhile, Matzinger et al. (1959), Nawar and
Khamis (1983) and Nawar (1985) suggested that the additive effects were
more biased by interaction with environments than the non-additive
effects, while Rojas and Sprague (1952) showed that with a selected
set of lines the variance components for the interaction of environ-

ment with SCA was greater than interaction with GCA.

General combining ability effects of each parent for each trait
are presented in Table 4, The parental single crosses S.C 1 had
significantly positive and negative general combining ability for
grain yield and late wilt disease resistance % respectively, while
S.C,8 had significantly positive general combining ability for grain
yield, number of kernels/row, ear height and late wilt disease

resistance %.

The parental S.C.6 had moderate value of GCA effect for yield
and highly significant value of GCA for ear height and late wilt

disease resistance Z.
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The estimates of spécific combining ability effects for the
Fi1's are presented in Table 5. Significantly positive and desira-
ble SCA effects were obtained from the crosses 1 x 7, 2 x 5, 3 x 6,
4 x7 and 5 x 8 for grain yield/plant; 1 x 7, 1 x8, 1 x 3, and 1 x 5
for 100-kernel weight; 1 x 7 and 5 x 6 for number of kernels/row and
1x5,2x7,5x7, and 6 x 8 for prolificay and tall plants.

From the previous results it could be recommended that the
three parents S.C.(1), S.C.(6), S.C.(8) and the ten double crosses
{3199 of Fy's), 1.t 7,18, 2x5 36,328 5% 8,
6x1, 6x3,8x5and 8 x 7 would be efficient and prospective in
breeding programs for improving grain yield per plant because these
crosses gave the highest values of mean performances, specific
combining ability and relatively heterotic effects relative to the
constant parent. Normal plant density (24,000 plant/faddan) consi-
dered as optimum or non-stress environment for evaluating the genetic
material under investigation especially for grain yield where it

gave moderate genetic parameteres and heterosis values.
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