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ABSTRACT

The present experiment was conducted at Sakha Agric. Res. Stn. during
Y+o¥/YeeAand Y-+A/Y+ 02 wheat growing seasons to estimate the combining ability,
type of gene action, heterosis and simple correlation coefficient for some agronomic
characters and reaction to wheat stripe and leaf rusts using a diallel cross mating
design of eight wheat parental genotypes. These genotypes are P,- Attila-¥, P«-
Gemmiza 4, Pr- Line Y, P:- Sids V, P.- Sakha ¢, P+- Sakha 14, Pv- Sids 'Y and P-
Sakha 4Y. Days to heading, days to physiological maturity, plant height, number of
spikes / plant, number of kernels / spike, weight of kernels / spike, kernel weight, grain
yield / plant and reaction to rust were estimated. Significant mean squares were
obtained for genotypes, parents, crosses and parents vs. crosses in all studied
characters except for days to heading and number of spikes / plant for parents vs.
crosses. The mean squares associated with general combining ability (GCA) and
specific combining ability (SCA) were significant for all studied characters, indicating
the presence of both additive and dominance types of gene effects. The ratio of GCA/
SCA was more than unity in all studied characters except for kernel weight, indicating
the importance role of additive genetic effects. The crosses Pr x P« and Pr x P+
gave the most positive significant heterosis values for grain yield / plant relative to
mid and better parents, respectively. Moreover, the cross P, x Pv gave the most
negative significant heterosis values for leaf rust resistance relative to mid and better
parents. The correlation coefficient between grain yield / plant with each of number of
kernels / spike, kernel weight / spike and kernel weight were significantly positive.
Meanwhile, the correlation coefficients between leaf rust with each of number of
kernels / spike and kernel weight / spike were significantly negative.

INTRODUCTION

Wheat (Triticum aestivum L.) is the most strategic cereal crop in Egypt.
It is the most important source of stable food grain for urban and rural
societies used in human nutrition and as a major source of straw fodder for
animal feeding. National wheat production in Egypt, is insufficient to meet
local consumption. The domestic wheat production was about eight million
tons produced from three million Faddans. However, increased production
per area unit appears to be the only possible mean of reducing the wheat
gap. The required yield increase may be achieved by developing high-
yielding cultivars and simultaneously  implementing improved -cultural
practices. Such improved cultivars must be resistant to serious diseases
such as wheat rusts, tolerant to the unfavorable environments and stable in
a broad spectrum of environments.
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Combining ability studies are usually used by wheat breeders to
evaluate newly developed genotypes to be used as parents and to assess
the gene action involved in various characters. However, the combining
ability studies in a specific environment may not lead to precise information
because environmental effects play an important role and greatly affect the
combining ability values. As a matter of fact, information on combining ability
analysis of wheat under varying environmental conditions is scanty. So, it is
necessary to assess combining ability components of variance and
combining ability x environment interaction for grain yield and its components
as well as rust resistance to ensure better production and gain under
selection. However, the present study deals with such endeavors to help
wheat breeders in their identification of parents and selection strategies.

Stripe and leaf rusts caused by Puccinia striiformis and Puccinia
recondita, respectively, are globally important wheat fungal diseases that
cause significant grain yield losses. The use of resistance wheat cultivars is
the most economic and environmentally safe way to reduce crop losses from
rust diseases. However, understanding the genetic behavior of wheat
resistance to these diseases are essential for deciding the breeding method
that maximizes the genetic improvement of these characters (Shehab EI-Din
et al.,, Y49Y). Wheat resistance to rusts has been documented to be a simple
inherited character governed by one, two or a few number of major gene
pairs (Dyck Y44Yand Bai et al., Y44V). Also, several investigators indicated
that resistance is a quantitative character controlled by many genes as well
as the prevailing environmental conditions, (Shehab EI-Din et al.,, Y44);
Yadav et al., Y4%A and Nawar et al.,Y+)+). Furthermore, the resistance was
dominant over susceptibility in most cases, (Shehab EI-Din and Abd El-Latif.,
Y4471 ; Bai et al., Y43V and Patil et al., Y-++), and vice versa was true in
others, (Singh et al., Y4%A and Ganeva et al., Y+ +1).0On the other hand, some
cases best fit a simple additive genetic model with no dominance or epistatic
interactions, while dominance and / or epistasis were more pronounced and
had important roles, (Shehab EI-Din et al., 1337; Singh et al., Y44A; Zhang et
al, Y++); Awaadetal., Y:+Y and Nawar et al.,Y+)+).

The objectives of this research were to study the inheritance of wheat
grain yield and some agronomic traits as well as the genetic behavior of
stripe and leaf rusts resistance in two different sowing dates.

MATERIALS AND METHODS

This investigation was carried out at Sakha Agricultural Research
Station during the two seasons, Y+:V/Y:+A and Y+ +A/Y++4 using eight bread
wheat (Triticum aestivum L.) genotypes, representing a wide range of
diversity for several agronomic characters. The name and pedigree of these
parental genotypes are presented in Table ).

All possible parental combinations without reciprocals were made
among the eight genotypes, giving twenty eight crosses. The parental
genotypes and F, hybrids were planted in the two sowing dates. In each
experiment, the genotypes were grown in a random complete block design
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with three replicates. Each genotype was grown in a single row , Ym long
and Y.cm apart. The experiment was surrounded by mixed wheat cultivars
highly susceptible to strip and leaf rust as a spreader to help in spores
decimation of the artificial and/or natural inoculations .

Measurements comprised: days to heading (DH), days to maturity
(DM), plant height(PLH), number of spikes/plant(NS/P), number of
kernels/spike (NK/S), weight of kernels / spike (WK/S), :-:-kernel weight
() *KW) and grain yield/plant(GY/P). For stripe and leaf rusts (LR) reactions,
the formula of Stubbes et al. (Y 9A1) And adjusted by Shehab EI-Din and Abd
El-latif (Y447) was used.

Table (Y): Name, pedigree and leaf rust reaction for the parental

genotypes.
Stripe Leaf
Name Pedigree rust rust
reaction [reaction
P (Attila-¥) ND/VGA) € ¢//KAL/BB/Y/YACO/¢/VEE#® R MS
“gr Y. AY- R _
PY (Gemmiza q)/._\(l‘,(‘jMS /Huac // Cmh Y£A, 1Y+ [ SX CGM ¢eAY-eGM-\GM R R
PY (Line V) DVERD Y / AE - SQUARROSA (Y £)// Y* BCN MS MR
. HDYYYY / PAVON"S" /[ YYoA,o¥ | MAYAY¢"'S" SD £1-¢SD-
¢ )
P¢ (Sids V) YSD-)SD--SD R S
OPATA / RAYON // KAUZ CMBW?4:YY)A -+ TOPM-YY-
q
Pe (Sakha 3%) | .0y oMo ) oY) M oY-r Y- AP-+S R R
P (Sakha %) [Inia/RLEYY//YC/Yr'S" CM)o£Y.-YS-1S-.S-+S S S
BUC//YC/ALD/°/MAYAY ¢/ON//YV1+,) €V/Y/BB/IGLL/¢/
PV (Sids 'Y) CHAT"S"/T/MAYA/NVUL//ICMHY £A.Y+/£*SX SDY » 41-£SD- R R
YSD-VSD-:SD
PA (Sakha 4Y) [Sakha Y/ TR A):YYA S, AAVVVS-YS-VS-+S R S

R, resistance. MR, moderatly resistance. MS, moderatly and susceptable. S, susceptiple.

The data obtained for each character were analyzed on plot mean
basis. An ordinary analysis of variance for each sowing date and combined
analysis across the two sowing dates were performed according to Snedecor
and Cochran (Y4A+). The data were also analyzed using Griffing (Y4¢1)
method Y models Y to estimate general combining ability (GCA) and specific
combining ability (SCA) effect. The simple correlation coefficient (r) among
all characters in each F, population were estimated according to Snedecor
and Cochran (Y4A+).

RESULTS AND DISCUSSION

Although Sakha Agricultural Research Station is a hot spot for stripe
and leaf rusts, stripe rust disease was not observed in neither this
experiment nor the whole wheat research program due to the non favorable
environmental conditions during Y« +A/Y++% wheat growing season. Thus, no
reliable data of YR reaction were available and hence, this trait was canceled
Analysis of variance

The main square analysis for genotypes, parents, crosses and
parents vs crosses indicated that difference among genotypes, parents,
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crosses and parents vs crosses were significant in all the studied characters
except for days to heading and number of spikes / plant for parents vs.
crosses. These results indicated that there were significant differences
among parents, F, and the presence heterotic effects (Table Y). The
differences among the two sowing dates were significant in all the studied
characters except for grain yield / plant. The interaction G x SD, P x SD and
C x SD was significant in all the studied characters except for plant height
and kernel weight at P x SD. Moreover, the interaction P vs. .C x SD was
significant for days to physiological maturity, kernel weight, grain yield / plant
and leaf rust indicating that the tested genotypes varied from sowing dates to
another. These results are in agreement with those obtained by Salama
(Y+++), El-Beially and El-Sayed (Y- +Y), Menshawy et al. (Y++¢), EI-Borhamy
(Y++9°), Chowdhary et al. (Y++V) and Sharshar (Y+)+).

Table (Y): Mean squares of the genotypes for all studied characters.

S.0.V |D.F| DH DM PLH NS/P NK/S |KW/S |\ KW| GY/P LR
Sowing VY, oVEREAYT, Y YRRY Y VYT ERR ) A VYRRV AY VY RH) 0, oF Rk FA AARK Y ove | ova,v.w
dates(SD)

Rep. ¢ | y,0v At v, V. VoA | ey | ome | oY AL oy, ane

ithin SD

EBGe)notypes Fo [T, ARk| VY 00k [ YYa, Lk | VA TRRE YV E YR o Gokk | )Y ARE [YAY,VARRYY L)) v
(Ppa;rents VoY vvre | vy aree [ eAY, cymr | vy sokk [y Y e 1 akk g yer | L evRr [Yvo, AV RRYVEY, TR
E:Cr;)sses YV vy, vy Yore [ oy, yme | Ve, TRk [FY Y, comk ) YRE | ) FARK [YAG,  oxKY Yo, Ty R
Pvs. .C V| £, [ VTR [VAY,08Rk | 1,00 | VA, . €% | < XTRE [V, YERE XYY, VORI Y AY, AGEE
G X SD | ¥0 | R,A0%F | 0,000 | YA,VYR* [ VY, %% 110,00 « ¥ ymx | ), 0wk | V), FRx | 1),V Erk
P x SD V[ R, | V,00m | T,EV 0N, EaR VAL YRR o EYRR | 1T [V TR, VAR TRV, EY
Cx SD YV [ V1, ATRE| 0, k% | FO, AR [ V), €0 m% )<Y, a0%K] o ¥ kx| ), YVHR | 00, Yaxk| Vou, . ¥
EDVS' CXoy | oo | v | gy I N O VS R 23 R R CR R TR
Error YREERE Y AY Ve | Yoy | oY | oy | Far | vy,

*and ** significant at +,+¢ and +.+\ levels of probability, respectively.

Means performance

Mean performance of the parents and their hybrids of all characters
are presented in Table Y. Among wheat genotypes, Saka 4¥ and the cross
Sakha 1% x S akha 4¥ were the earliest in days to heading. Sakha 4¢ and
cross Attila-¥ x Sakha 4Y were the earliest in days to maturity. For plant
height, Sids ' and the cross Gemmiza ix Sakha 9¢ were the tallest
genotypes. Sakha ¢ and cross Line ' x Sakha 1% had the highest number
of spikes / plant. Among the parental genotypes, Sakha 4¢ and its cross with
Sids had the highest mean values for number of kernels / spike. For kernel
weight / spike, Gemmiza % and its cross with Sids 'Y had the highest value.
For kernel weight, Gemmiza % and cross Sakha 14x Sids 'Y had the heaviest
kernels. The highest grain yield was recorded for Sakha 4¢. Meanwhile, the
cross Sids Y x Sakha ¢ exhibited the highest mean value. Among parents,
Line Y was the most resistant to leaf rust and among crosses Gemmiza % x
Sids 'Y was the most resistant for leaf rust.
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Table (¥): Mean performance of the parents and their F, diallel for all
studied characters.

Genotype DH DM PLH NS/P NK/S KWIS |V« +KW| GY/P LR
p) (ATTILA-Y) a4,y ey, [ vie,A [ Y,y 5.4 Y,v¥ €,V YV, e,
pY (Gemmiza %) AV, [ Yoo,Y| VYo, Vo, 0¢,4 Y, °,Y Yq,1 A
pY¥ (Line V) 90,7 [Yov,o| YuAY Vo,¢ 00,0 Y,A o, Y¢,0 NE)
pt (Sids \) 49, [VYoo,Y| YY),V \VY,Y T, Y,v £,0 YA Yo,
p® (Sakha 4¢) AAY [Vey,Y| Ve, Y.,v v, Y,4 €1 YAA Y
pt (Sakha 14) AT, [Yo£, Y[ VYA VA0 £4,Y Y,¥ £,0 1,1 Yo,
PV(Sids H’) A, [YoeY,Y| Yy&Y AP 00,¢ Y,4 £,V YA Y \,0
PA (Sakha M') ¢,7 [Yo),A v,y YA ov,1 A o, Yy,o Yo,
Mean of parents AV,« [YoY,\ | VIY,. \VY,Y oo,Y Y,v &,V ¥y,4 V4,4
PYxPY Yoo, [Yor,¥[ Y,V YA €Y,V Y,Y o,V ) oA, Y
PYxPY AAA [YoY,Y| YYY,e YA £¢,4 Y,y °,) ¥y, AR YA
PY\xP¢ qo,Y [YoY,A|l VIY,Y 'Vv,4 oA, Y Y,A £,4 ¥a,¢ £AY
PYxPe Yo E,Y [Veo, | VIAY YA, 04,1 Y,V £,1 YY,A Y1,V
PYxP1 90,y [Yo¥, | V),V YALA ov,4 Y,Y o0 £Y,V oY,V
PYxPV q0,Y [YoY,o| YYo,. Y LY 04,94 Y,A [ YyY,1 Y,o
PYxPA 9E,A [Vo), ] VIV,0 \V,0 1,0 Y,o 5,0 Yy ARY
PYXPY YoTLA YY) VYo, Y, oA, Y,A £,4 AR o),V
PYxP¢ AAA [Yog,0f YIAY Vo,¢ oA, Y, Y,o YA o1,vY
PYxPe VeE,Y | YeY,Y| YYe,. VE,Y 1,Y Y,4 &A A £, Y
PYxP* 0,V [160,.] VY.,. Yo,V ov,V Y, ¢ Y4,Y AT
PYXPV 90, [Yo¥,Y| VV.,A Vo, 17, A Y, o,V £Y,) BRY
PYXPA LA [Yor,Y| Ve, Vo,Y oL,y Y, ¢ ¢,0 Y,y LA
P¥xpPt 90,7 [Yot,0] VY,V W 0, Y,o o,V YV, ¢ a,v
PYxpe 49,Y [YoY, Al VY. ,A YA, 0 o,V Y,y °,) AR I LA
PYxP1 40,A [Yox,Al MY,V | Y),4 €4,V Y,0 o, £Y,Y v\,
P¥xPV YooY Vo, ] Yeo,. Vo,V 1Y, [ R v, [RRY
PYxPA AT, [YoY,¥| Y.g,Y VA, € A, Y,¥ o, Yo,¢ £,V
pPexpe 90,0 [VoY, [ VY.,. Vo,¢ Vi, Y,o o, RS FRY
PtxP1 40,Y [Yeo,Y[ V1,V V¢,0 1¢,0 Y, £,4 Y, ¢ [
P{xPV a0,Y [YoY,Al YYY,0 YA, Y ov,Y Y,o [% YY,o Yi,v
PtxPA 1,y [Yet,v| wv,y VY, o 1 Y, ¢ €A TV, Y 50, .
PexPt A, [Yog,V| VYY,Y AR A o0¢,Y A &A YvV,v a,A
PoxpV q0,A [Yov,Y| ViV,e YA Y 1Y,y Y,X o, Vv,V VA
PeoxPA 40,Y [Yoo,0 YAY YA,0 00,1 Y,o £,1 ¥4,1 ¢y
PIixpPV A€,V [ YO, Al YYVY,Y \v,4 ov,v v,¥ o,Y ¢o,Y Y,o
PixPA Ay, [YoY,¥| Yo, YV, . iv,o Y,¥ £, Yot o),V
PYxPA q0,v [Yov,of YY.,A V¢,0 v,y Y, o, ¥y,¥ Yo, Y
Mean of F\ av,e [Yoy,v| VoY AN 00,4 Y,A £,4 Y, ¢ Yo,o
Over all mean v,y [YoY,o| V&,V W, Y oo,V Y,V £,9 YY,A Yi,¥
L.S.D 0 VL,V )Y A V, eV Y, 4 AN YA Y, 4 Vo,.4
LS.D B R Y,VA oYY 00 YAy [ Yo,

Combining Ability Analysis

Data in Table ¢ show the mean squares of general combining ability
(GCA) and specific combining ability (SCA) and their interactions with sowing
dates were highly significant for all studied characters with some exception
except for GCAxSD at ) - +-kernel weight . These findings indicate that GCA
and SCA effects of parents and their F's were in consistent across sowing
dates. Also, the results reveal that both additive and non-additive gene effect
were detected and responsible for expression of these characters. The ratios
of GCA/SCA effects were more than unity for all the studied characters
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except for Y+ + — kernel weight . This means that additive effects played the
major role in the inheritance of these characters. Consequently, additive type
of gene action appeared to be the largest component of genetic variability for
these characters. These results are in line with those obtained by Awaad et
al. (Y++Y), Darwish et al. (Y++1), Chowdhary et al. (Y:+V), Shehab Eldeen
(Y++A) and Sharshar (Y+)+).

Table (¢): Mean squares for general combining ability (GCA) and
specific combining ability (SCA) for all studied characters.

S.0.V_|D.F| DH DM PLH | NS/P | NK/S |KW/S|\:KW| GY/P LR

%—:;notypes TO [T, ARE[)),00%k| YV, 0kl YA TARE YV EY chk| L Gokk| ) Y ARK [YAY VARE[YY L)) vRe
G.CA Ve, Admr] g AR [V, Y we [y YR VAL oqwk| L g okk| L Y gRx | VA TARR [ YYPYE, Y
S.C.A YA [VE,AARK| ¥, kx| €, Qowk | o, Yorx | 14,1 \xk |, Yakk| L £YFK | OAOARE | 0%), 4%k
G x SD Yo | 4,A0%% | 0,0 %% | YA,VY®* [\Y,) %% ) ) 0,07k | FYxk[ ), oxx [ V) L yxk | 1),V iRk

G.CAXSD| Vv [ 1,0 [y, aAee [ a evex [ g qver [ Y Yorr [ yy*x[ L UA [ Yo,eY#x | YYY,Yrx
S.C.AX SD| YA | Y,ovrx [y Avrx [y oyrx [ ¥ Avkx [ ¥V oA® [y okx] L gwk [ XY Yerk [ YV, Txx
ERROR Yeo| o,EY LYY Y,VY .,00 Y, Y e IBE ov,0
G.C.AISCA|.... YAy | ,re £,V Y,4¢ Y, y,Yo | +,o% \,Ye £,
*and ** significant at +,+¢ and +.+\ levels of probability, respectively.

General combining ability effects

Based on GCA estimates(Table °), it could be concluded that the best
combiners were Sakha 1% and Sakha 4Y for days to heading; Sakha 4Y and
Attila-¥  for days to maturity; Sids ' and Sakha 4¢ for plant height; and Attila-
Y and Sakha 4¢ for number of spike / plant ; Sids Y, and Sakha 4¢ for
number of kernels / spike; Sakha ¢ and Sids Y for kernel weight/ spike;
Attila-¥ and Line Y for )+« kernels weight as well as Sakha 1% and Sids Y for
grain yield / plant. In addition, for leaf rust, the best combiners were Sids 'Y
and Sakha ¢ .

Table (¢): Estimates of general combining ability effects of the parental
genotype for all studied characters.

Parents DH DM PLH NS/P | NK/S | KW/S | Y+ KW | GY/P LR
P V¥R | 0 TR | ek | 4,00k | Y VYRR | o Vgwk | \YRE | ) Yok | \o,YYRx
Py Y, omk | 0@k | Y YVRx [ ), ggxk [ L ¥Ax | 4. oY oY, ARy vvE
Py VYRR OOy DV, 0ER [ gk [y Qo [ o YRk | LY Exk | Y, VYRR | o q. %k
Pt N R R I B A A N A A R
pe Vo 0k | U VY | Y, kR | oARR | Y EARK | ) ok | 0 Yy Rk | ) Vyex | Yo, TgRx
=X DV,UARE | FYRR | Y £k | 4 0VRE | L) ARR | L ok | WY | X, 00k | VA
pv Y Rt R N R R R A B R
PA AR BN A B I N A N BRI R
L.S.D.° (gi) o € Yo Y Y S Y T %
L.S.D.- " (gi) Y. K] Y XY LYY Sy o LY Y,ro
L.S.D.-°(gi-gj) | +.¥° LYV LAy LYY i Y 4 €4 ¥, v
L.S.D.-'(gi-gj) | *.vA o A4 ey Y ) Y o €,61

*and ** significant at +,+¢ and +.+\ levels of probability, respectively.
Specific combining ability effects

Based on the estimates of SCA (Table 1), the best crosses were Sids
Y x Sakha 4¢ and Gemmiza 2 x Sids Y for days to heading, Gemmiza 2 x

Y
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Sakha 1Y and Sids ' x Sakha ¢ were the best crosses for days to maturity.
For plant height Attila-¥ x Sakha Y and Gemmiza % x Sakha %¢ showed
positive and significant SCA. For number of spike / plant crosses Attila-¥ x
Gemmiza % and Line ' x Sakha 1% showed positive and significant SCA. For
number of kernels / spike the best crosses were Sids x Sakha 14 and Sids
x Sakha 4¢. For kernel weight / spike the best crosses were Attila-¥ x Sakha
14, Gemmiza 4 x Sids 'Y and Line Y x Sids ).For kernels weight the best
cross was Attila-Yx Gemmiza % and Line Y x Sids ) . For grain yield / plant
the best crosses were Line Y x Sakha 1% and Sids ' x Sakha 2¢. For leaf
rust the hybrids Gemmiza %x Sakha 4Y and Attila-¥ x Sids Y were
considered to be the best among the studied crosses.

Table (1): Estimates of specific combining ability effects for FY crosses
for all studied characters.

Crosses DH DM PLH NS/P | NK/S | KW/S |V« :KW| GY/P LR
P\xPY g orx [ ve | o, vare |y YAk [y pes | Lo Yorx [ L vrRe | Ly o [V, ok
P\xPY St [ ooy [ EAAee | e oo vem [ Ly Yorx [ L)y oV [y, an
P\xP¢ R R R R ) LY [ oyt [ e [ R, YER [ 4 oA
P\xpe E,EYR% | Y Y e oY -, YT | Y,ovx DR S I o B YL | Y,va
P\xP* S Yorx [ oYy [Lo Avex [ ot [ v, oARk [ ek | jovex [y qoxk [ o 50
P\xPV YL, YRR L qvE ),40% SY, eV E g VR - BN Skl IS T 2L I L
PYxPA SY,ANVER LY 8RR [N ook S, YV | SY, ek [ VY V0V kX oY £,09
PYxPY TNV Y ok e EO 200 I SRR i IECU R L BT B S B ST T L
PYxP¢ AR LYY S YY S Y | SN YAR | AR L LY Y ER | Lo YR | YY, YR
PYxpPe avRr [ o Aex [ o AARE [V VYRR [y e [y v Y VAYE Y
PYxP1 SY, ) R v,08 \,00 I AR AL BT B L ST 3 L IR W S RN
PYxPV R R R o N R e R A R A AT R
PYxPA P S T I SRS 25 BT R i ITIN-2 AP T-E I BRI LN RTINS L B PO I A ]
PYxPt SY, VR LYY O ANER | Y TRk | Y Q k| YRk | AYRE | o VAR | Y Qo
PY¥xpe VEY §,00%k R ISR T N T I R T Y
PYxP1 FENY-RU I PR sl IR P YoV ERE | Y Yok |y VYRR | WY | q 0%k | 0V
PYxpVY YLEYRR [ AYE | VYRR | ) gk [ Rk Y AR AR
PYxPA RN I I A R IS A - 2 N IV IR R WS
P¢xpe SYLEYRE LY N VRR |y g0 | LYY ERR [V QYRR | T R | PR ) ) YRR VY YR
PtxP1 oYe DR I I P I S I SPITL B0 SOL . IS A R DR I R L I A
PtxPV N RN B A R R I Y T S
PtxPA VLAERR LY AR Y, v 08 S6,99%% | Ly )Rk v,00 O,k | 19 ¢ kx
PoxPt FOR SAYE LYV Ly Yok | LYY ukk |y Yokk [ w0 | Lq,90%% | _o 0¥
PoxPVY SV, g0Rk [ LYy Y, A 9% Vo o o IR 1,01
PeoxPA AR Rl N ST-RE N I 0 R L TR PR o P L I S [ o P I -0
PIixpPV .Yy SOTA ST YYERR LYY ey I e S IO A L A T W . E L P -
P1xPA ST [ ey [ veRe [olo v | ST,avE [ Lo rysee [y [, [y e
PYxPA +,AY Ve EAAS L I S B L I -V S I WS P IR I U .5 B y-V
L.S.D.: °(sij) VLAY WYY 1,49 Y ), 7Y o)) LY Y, 6 9,1y
L.S.D. V(sij) Y,V V0¥ Y,0¢ ),Yo A% AR oYY V,AT YY,va
L.S.D.: °(sij-sik)[ ).7Y V)¢ Y,AY ), ),4v R LA Y,V V¢,Yo
L.S.D. \(sij-sik)| .Y \,0¥ Y,V y,A0 Y, ) EA Y,ve YA, AY
L.S.D.:°(sij-skl)| &) YA .44 e RS .0 oYY +,14 ¢,vo
L.S.D.« V(sij-skl)| +.,e¢ ,0) ),Yo Y LAY ey o Ay 1,7

*and ** significant at +,+¢ and +.+\ levels of probability, respectively.
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Heterosis percentages

For mid parent (Table V), the result showed that ‘¥ crosses had
negative and significant heterosis estimates for heading date. However, the
best crosses was Attila-¥ x Sids ). For maturity date, the cross Gemmiza 4 x
Sakha 3Y was negative and significant. For plant height, there were 1)
positive significant crosses and the best cross was Attila-v x Sakha Y . For
number of spike /plant, there were )Y positive significant crosses and the best
cross was Line Y x Sakha 14. For number of kernels / spike, there were Yo
positive significant crosses and the best crosses was Sids ' x Sakha 14. For
kernel weight/ spike, there were ° positive significant crosses and the best
crosses was Attila-¥x Sakha 1% . For kernel weight, there were YV positive
significant crosses and the best crosses was Sakha 14 x Sids 'Y . For grain
yield / plant, there were )¢ positive significant crosses and the best crosses
was Line Yx Sids V. For leaf rust, there were ) negative significant crosses
and the best crosses was Attila-Y x Py Sids VY. These results are in harmony
with those obtained by El-Borhamy (Y- :©) and Shehab Eldeen (Y« +A).

Table (V): Estimation of heterosis over mid parent (MP) for F\ crosses
For all studied characters.

crosses| DH DM PLH NS/P NK/S | KW/S |V KW | GY/P LR

P, xP, VAR | O [ OF, Yo [ Ve, vvee [IY) YR [y Yyee [ )T, gq%x | q,verx | Ve, qokx
P, xP, VLYVE |V | £ AT [ VY, AARE [ Yo, 0%k [ A YRR | YRR | Y. TVEx | g0 Yk
P XP.: | -T,09% | 83 | £,00% | Y,EVRE | £,90% | \¥,. 885 | V,FARK | ¥. ATR v, )

P, xP. O YYRE | Y ua%k [ Y oF | g, ¥AR* | £ VTR | o vIwx | L TVex | Y, gY N,y

PLXPx | <Y, VAR | 0,00 | -0,qYRx | 0,0 6%F | 10,1V %% | YA NURF | Yo ATRE | TE,\%% | Y) 0VF
P xP, | -V,A%% [ vy e | g, Veee Y, veRe [ oye | 0 Q% | Y Aok | 4, AvE
P xP,y | SY,YYR [ o VY, Yok | VXY [y veR| g YvRe | e ave | v VvE Y,ve

Py xPyr | V), % | VAEX | Y,A8 | 0,«VRE | o, FYRr | ), VYRk | g 1A%k | YV, Q98K [ 114, AVX
P xP, GAS | aeY e | e AN T URY [ R YA Y YRR | Y e E | YYe, Y
P xP. VAVES | OV | A YRR [ V,99%K [ £ TRk | ) gk | ) 00%k | 0, qUkk | Y. AY¥
P xP- 0,7 LYY R IR A R A T IR R A T IR PR
P xP, VYAR | D8 | SYLYY | g, VR | Vo, TVRR | Y L vER | Vg VERR | YY) Rk | VY AR
P xP, VXY [ 0% [V gee [ A Eaxe [ AN [ VY, XY V) EYR [ o, vRk | To, 1Ak
PexP. | VAR | EY | o, ARk | VA, AARK | o RYRE | YT AR [ 14, £YFE | £ TARK | YV, 0\ %
P.xP. Y,EVR | YN0 | A YVRE | Y90k | XY, Q0%k | \Y,YARK| o, £q%% | _\,Y. | Yoo,.o%
P, xP-. T R L VLAY | YA,TARE | o YoRr | Y TYRx | o yEx | £, York | Vg5, )ARK
P.xPy £,0T% | LAY | Lo,NYRR | V,VY [ Vo VEr [ VTR | Y,agRk [ ) )1 | YATR, QTR
P.xP, VXY Y O R R R A s I A R T RN
P.xP. | -V, Y& [ oAy V,E) | VA YRR Vg ok | YE AVeR [ q ANk | £ TRr |y TARK
PoxPs | -Y,¥a% | oYY | JY,YAY [ OVARYR VY, QVER [ Yo, gkk | A AR | Y, TY £0, g0k
P xP, | -V,00% | _.,¥. | _£,08% | V,FAR | g, y#x [\Y Yorx| v, vorx | _YTo | 14,)Y**
P.xP, e | YRR [ o evRR | 00T SV e, VARK| AFARK | ), Rk | VY, qgRk | 14, YvRE
P.xP, LYVE [0 £,09% | V), UPRR [ Y YYR | FARR | TR [ YT A KR YV YR
P.xP, Neix | o Y,00 VEA | LATRE | AQVRE | Y VR | YY) VA

P.xP, LYY [ Y,ever | cox [ OY, VYRR | Y VAR | Y YeRr | Y,V Rx [ Yo Vakk| vy ovHx
P.XPy | V,YTR | COFA [ S6, TR [ )80 | Ve, ) ok [ YY VTR [ YY 00k | Y AYRR [ LAY, ) TR
PoXP, | -Y,£0%% | XY | V,FARK | LV, YExk | Vg, Rk V), EVRK| ) ARk | ). 00%k | VY, YY®*
Py xP, ~.Yo GAY [ AT [ YR o [ VT ATR [ VYRR [ g AR ) Y VRk | ey ey

*and ** significant at +,+¢ and +.+\ levels of probability, respectively.

For better parent (Table A), the result showed that ¥ crosses had
negative and significant heterosis estimates for heading date. However, the
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best crosses was Attila-¥ x Sakha Y . For maturity date, there were two
crosses were negative and significant. However, the best cross was
Gemmiza % x Sakha Y. For plant height, the cross Gemmiza 9x P. Sakha
4¢ and Line Y x Sakha 4¢ were positive and significant. For number of spike
Iplant, there were seven positive significant crosses and the best cross was
Line ' x Sakha 14. For number of kernels / spike, there were )+ positive
significant crosses and the best crosses was Gemmiza % x Sids Y. For
kernel weight/ spike, there were )+ positive significant crosses and the best
cross was Attila-¥ x Sakha 1%. For kernel weight, there were ‘¢ positive
significant crosses and the best cross was Sakha 1% x Sids ‘Y. For grain
yield / plant, there were ) ¢ positive significant crosses and the best cross was
Line Y x Sakha 4. For leaf rust, there were YA negative significant crosses
and the best cross was Attila-¥ x Sids ‘Y. These results are in line with those
obtained by Shehab Eldeen (Y +A) and Sharshar (Y:)+).

Table (A): Estimation of heterosis over better parent (BP) for F crosses
for all studied characters.

crosses DH DM PLH NS/P NK/S KW/S | Y-KW | GY/P LR

P, xP, X RN A R B I B I B R YLVA

P, xPy WY Y V68 | V,00%k [ VA, ¥Rk [ NN,V Ewx | Y £Vex | Y. )R | VY, Y YR
P, xP, CE,a Ve | )00 [T A0R | YLYVER |V URE | Y AR | o YRR | YL AYRR | V4,68

P, xP. oY% |\ AVE | Y,V | VY, g% | o, ¥VRk | _o,oukk | [y, 09%k | Y, Y | _oo,onk
P, xP-+ CE, VR | VT [ SV,00mk | ), 90 | VT, AYRR | YR, 0¥HR | VA EXRR | YE, . %% | VY, AQ

P, xP, CE,0%kx | 00 | oo ,VY | S1,00%k | AVekx | o yokx | Y o¥wx | Y A0 | _d40,ATH*
P, xP, CELAOR | T | V,E8 | S, EA%k | ), EARR| Y, VEx | V) FARR | Y \Vx | VY, YY*
P xP Yo vexe [ Ly e | g R [ g VYRR | g geRx | o oHx | YY,q9%% | qTA,QVHx
PxP T N A R R R B IR Y
P xP. TLEERE | ),YA | AVeRE | Y. YT Y,V SOV | VLYY [ o, | YL,V

P xP- LYY | oy [ ST [vevoR| o, ARk [ VY York | v, \yrk [ V) VAR [ QY Yy
P xP, DLVY | SN,YA [ YT | AR mr [ Vo, . ke | XY, Rk | q,UFRR | YV, ) eRx | A0, £ )%k
P xP, SO [ X[ o [ e R [ Y Yo [ VY, VER | VY Y xR [ o VR | AL EARE
P xP. DYV aE | 8T | eee | VYLYYER | V,AF | Yo,eXwx | VY, Q0%% | £, TARR | 1Y, VAR
P.xP. A0 AV | e avE [OAVT R [YvovE [ ya YRR [ L Sex [ J), Y. | YYL o
P, xP-. C00X | AT | YLgo [ VA YRR [y oowk [ Y. Yerk| o VoRr | ), Yokx | Y Ty
P, xP, YLAARE | AV | A, YRR | 0,0.%k | Vo, Y®k | £,98%k | T,40%% | ) )% | YYAA, V) **
P, xP, oY oY | YAl VAT [NV, EVRR [V E AVRR [ Y YR | g YRk [ AR TR
P.xP. CY,08wk | Y, 0 8% | ),FV | YE,VERR| V) AQRR | V) NTER | AGARE | £, 0%k | AE YV
P xP, YV R [ [ g N [V YRRV YoRr [ )T, YoRx | AV Y,YY TV, Yy
P xP, CYLAVEE [V, 00 [ V,ovRk [ o gk | VY Y iRk | Yo, XyRe[ L Yo Y10 RERE

P xP, CY,PTE | 4,8V [ ST, AewR | X, 48%k | D)0, VARK | ). 00k | Y Ao%% | YT, 9%k | oOV,) gxx
P.xP-. LYVE [OOYY Yoo¥ [ Vo, A [ )Y, VeRk | Jq,Yorx | ook | YT, AVRR| . TyRx
P.xPy Y08k | L FY | YOV Ve, eXwx| . g0 | Aonmk | o,00% | _Y,Y) YN

P.xP, CYLOYXHR [Y Vx| o Avwr | A A gk | D)), VTR VY VYR [ TV | )0, VARR | AR, ) kE
P.xP, DVVY | S AT [SV,08m [ Y VYRR | g, )Rk | Q,49%% | Ya YERE | Ya AYER | Q.. %k
P.xP, CYLETR | J,08 | €, ATE | DA vk [ VY,V ok [ Vo AR | T 0ARx | )4 00%k | gy, TY*x
Py xP, LYA o0 | SY,AY [ VA, vvRR [ VY AeRR [ g aYEe | Y VTR | )4 )V VRe |V EARE

*and ** significant at +,+¢ and +.+\ levels of probability, respectively.

Correlation coefficient
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The correlation coefficient between the studied characters are shown in
Table Y4. The results show that the correlation coefficient between grain yield
/ plant and number of kernels / spike, kernel weight / spike and kernel weight
were positive and significant. Meanwhile, it was negative and significant
between number of spike / plant and number of kernels / spike. In addition,
the correlation coefficient between number of kernels / spike and kernel
weight / spike were positive and significant, while it was negative and
significant between number of kernels / spike and leaf rust. It was also
positive and significant between kernel weight / spike and kernel weight,
while it was negative and significant between kernel weight / spike and leaf
rust. The obtained results are in general agreement with Awaad et al. (Y++Y)
and Sharshar (Y+)+).

Table (4): Simple correlation coefficients among all studied characters.

characters | GY/P HD MD PLH | NS/P | NK/S KW/S [V++-KW| LR
GY/P ) oY [ oo [y [ oA [ eeree [ ceqee [ rVYE [ LV EA
HD ) YAy [y [ o Ay o eye [ ooy | aar [y
MD ) GYEA [ vy [oeara | o0y o yva LYY
PLH ) L v0) A oY ooy oo e
NS/P ) S ENYE [ oY LY Vo
NK/S ) GYAYVER T OOAY | oy
KW/S ) ONYE | L EYARK
Voo KW | -+, VA
LR )
*and ** significant at +,+¢ and +,+) levels of probability, respectively.
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