4. RESULTS AND DISCUSSION

Breeding and selecting for better wheat yield in water
limited environments which occurred by drought have been
accomplished more successfully using traditional breeding
methods in environments where water was not limited.

This has been due to mainly the contribution of dwarfing
genes that are yield positive in dry environments as well as in the
irrigated environments for which they were originally developed.

To identify ways to further improve yields in dry
environments, two breeding approaches are discussed; the first is
the traditional or empirical approach where selection is for yield,
and the second, an analytical approach where selection is for a
trait other than yield that may be advantageous under drought.

Griffing (1956) noted that parental and F1 data have
distinct advantage over data from segregation generation in
studying quantitative genetic systems because, being unaffected
by genetic segregation and linkage, the former data require
relatively few individuals for estimating genetic parameters.
Hence, more parents and wider range of germplasm can be
included. Diallel analysis for estimating certain genetic
parameters in terms of gene models have been developed and
extensively used plant breeders.

Data were recorded on all genotypes for growth, yield,
yield components, susceptibility index, and physiological and
chemical measurements for drought.
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For better representation and discussion of the results
obtained herein, results were grouped into three parts. The first
growth, yield and its components, the second physiological and
chemical traits (Drought measurements) and third susceptibility

index.

V.1 Growth, vield and yield components:

V.1.1. Analysis of variance, means and heterosis

The analysis of variance for each of the stress and normal
environments as well as the combined analysis for growth yield
and yield components is presented in Table (8). The error
variance for the two environments were homogeneous for all the
studied traits, consequently the combined analysis was valid

Results indicated that environment mean squares were
significant for all traits, indicating overall differences between
the two environments (stress and normal irrigation treatments.

Results in Table (9) presented the average of the studied
traits at both two irrigation treatments. It is clear that all studied
traits increased significantly with normal irrigation treatments
compared to stress ones, except 1000-kernel weight where the
opposite trend was obtained.

Significant genotypes mean squares were obtained for
all traits except no. of spikes / plant in both environments as
well the combined analysis (Table 8). This indicates that
wide diversity between the parental materials used in the
present study. Significant genotype X environment mean
squares were obtained for no. of grains / spike, maturity date,
harvest index, grain, straw and biological yields, revealing that

%
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Table (8): Observed mean squares from ordinary analysis and combining ability for agronomical traits from F1

generation.

——

D.F Heading (days) Plant height PH (cm) Flag leaf area FLA (cm2)

S C N D Comb. N D Comb N D Comb
Irrig..( D) 1 353.34** 685.53*%* 9944 89**
Repx L 2 4 2.40 6.54 4.47 10.64 441 7.53 56.04 | 207.91%*% | 131.98**

Genotypes(G) 20 20 | 42.89%* | 34.00%* | 75.23** | 106.55** | 69.85** | 158.01** | 137.91** | 99.61** | 203.50**

Parents (P) 5 5 84.86%* | 63.79%* | 147.20%* | 169.55%* | 97.98** | 245.78** | 269.07** | 134.23%* | 372.23%*

Crosses (F1) 14 14 | 22.88%* | 18.41** | 39.45%* | 63.40** | 54.69** | 101.87** | 91.08** | 79.36* 133.20**

P vs. F1 1 1 113.16%* | 103.21%* | 216.26** | 395.56** | 141.43** | 505.02%* | 137.76% | 209.96* | 343.94**

G x Irrig. 20 1.66 18.39 34.02

P x Irrig. 5 1.44 21.75 31.06

F1 x Irrig. 14 1.84 16.22 37.24

Pvs.Fl1x L 1 0.11 31.97 3.79

15.26 37.84 3122

40 80 231 232 232 13.27 17.25 24.59

e

*and** indicates significant at 0.05and 0.01 levels of probability, respectively.

Error

N= Normal irrigation D = Stress C= Combined

T il A

Results and Discussion



paulquion) = O

ssang =(

UOISSHISI(] pum SISy

UONESLUI [BULION =N
“Ajoanoadsar ‘Aiiqeqoad jo sjaas) [0 pue €070 1 JuedyIUBIS sAeIIpUl ., pue,

v6°6 SS°L | TETI 86'8¢ 98°0¢ 60°LYy 9T 0g'e 19°C
Y01 18°L *x 9T TXTASA d
81°6 1S6€ *6C°9 1 BLUT X T4
g9t £9°CE £0'E S BLuapx g
vl'L 12°9¢ #+9V°9 0T "SLIL X D
1L LE'T | £8°9 $6'8 vL91 200 *x[971C 00 | #«ISLV[ 1 |1 4 sAd
LTSI 8L'8 |99°ST| »«CTI'8ET | %TETL | «0T901 | +460°€T | ++E8°ST | wxSCE] v1|¥1| (1) sasso1)
o1°¢1 008 | 186 [ #x6V'61€ | %x19°SPI | 415907 | 44967191 | +x78°68 #+L1SL] S | 6| (d)sruareg
€8 vl CT8 | SL'EL| #+9S'LLY | %%08°L8 | +4L6°STT | w4EL°LS | wsbC € ++S9°0€ [ 0T | 0T | (D)sadAyouan
86°CC *[LCE | vP'TI 8€°08 L9V *80°891 s 00°L Ve | v | T
*+09°6VLT *xEE°08L6 *x96°00T1 I
quo) a N quoy a N ‘quroy) a N J|S
juepd; soyids jo roN aids/ sureas jo oy (sAep) Qrmyepy 1da
Illllf!rL

o) :(g) siqe ],



IC.—...I

pauIquio) =)

UOISSHISI(T PUD SINSay
ﬁ

ssa11§ =(

uOnES LU [RWION= N

“Kjaanoadsas ‘Aipiqeqoid Jo S[aAd] (') PUB §O°0 18 JUBDIJIUSIS SARIIPUI 4, PUE,

0€0r1 61'8%1 S¥'601 6TTL | 6T9¥1 98°¢ 9¢’e 9ty | 08 | OF Joaay
90°L6 LELY 89'1 I TX 1A°5A d
L81ST 75691 LL'S vl Bl X 14
SoTLl 157061 SY'T S Bl X g
__ 81°¥TT 99891 YLV 0z B x 9
850 o€l pE9S | #xI18°ESTI | «68°90b | +6T P8 | x+€0°08 | #x9¥'TS | +STOT | I | 1 14 °sad
_A «TI'9E0 | <E6°C1E | #490PLS | 1T9€T | 60°VEL | €91LT | #+LSTE | #xL6EL | xxL€€T | ¥1 | ¥1 | (1) $38501D
#x61°S60E | +x90°SEIT | xx81°TEIT| 16°LEI 8796 | P1'TET | #x88°99 | «xLOIE | +49T8E| S | S | (d) spuateq
exl1T6IT1 | #x85°S0S | ##1LLE6 | +x1STOT | +8T'BE | +68°T6T | 48Tt | x+L1°0T | xx6€'LT | 0T | 0T | (D)sadKyouany
L9°€9¢ LE6EL ¥96'L8S 96 #11 LVOLL | 8P6S | #+P6°TT | xa81'1¥| OLY |V | T T x doy
*xCT L986 #+SLISLIE #+6T L9V I (D 31
quo) a N quo) a N quio) a N DS
(8) yuerd / ppPIA MEDS (3) yuepd / praih uwern (3) 1PUAN-0001 IYSIIA Ad A0S

mo) :(8) AqeL

C



(SSES

=Ly

60 ¥0¥

paulquio)) =)

UOISSHISI(] PUD STIHSIY

ssang =

E

UONEBSLLI [BULION =N

‘Ajeanoadsal ‘Afiqeqoad sjpaa) 1070 pue go°Q 18 JueoyIuSis soIBDIpUL ., PUR,

J0LI

19°0

£0°08¢

TXTASAd

10°€

*86°99L

S X T

SS°L

£S5 189

Buapx g

wv

*LT1TL

SLLI X 5)

#«xSTEL

*x£9°EY

Al

*97'80€E1

£6'881

95°66¢1

Td 'sa d

# %01 "Gl

668

[v°6

##LP CTIE]

*V7°969

#x [0°E8E]

(1) sassox))

+xx8L°CS

*xEL° 1V

*x09'81

*xSE0601

xS V611

*xEV'LLSE

() syuareg

**V9°LT

#%16°81

*xSLTI

**¥L900T

*%x95°C6L

«x VP TE6T

(9)sadfyouan

+«80°L1

0Ly

*x97°6T

6£°C0S

88°L19

06'98¢

1 x doy

*x87'8L01
quop)

a

**19°610LL

(1) Braay

N

"quo)

a

N

%I'H

X9pul }SIAICH

(8) yued / ppoi4 [ed1Sojoig

A0S

o) :(g) s1qe L



-8t~ HOISSNISI(] pun SInsay

I R M

paulquio) =) SSANS=(  UONESLLI [BULION =N

e

8SEl €601 6¢'8 L1'6 08 L3 or'c %1'A'S"1
806 0€01 818 €e9 £6'9 109 0€C 06T 16T %S a'S”1
69'v< 08'cy LEE9 0cEll U111 €8¢l £6'€6 ST'To 6556 soadAloual ay jo uespy
FL'SS S6'9% 1§19 9L¥11 11Zll SPLIIT 01°€6 Py 16 9L’ ¥6 SISSOI 2 JO U
80°C¢ {44 £T19 €011 08'801 98111 0096 8Tv6 TL'L6 sjuared ay) Jo uUBIN
79'9% oF'Ly £8°€9 LLETT 00°€ll €SPl L1I'v6 00'T6 ££°96 9dxcd
[434Y £6'0F 0L'E9 0S'LIl LOETT £6'1C1 00'¥6 EE'16 L996 9dXd
cevs €8Ty L8'S9 0ELll €911 L811 00°L6 L9°C6 ££°86 SdX¥d
8S°Ly 0§°6€ LY EE eL111 £€'601 eI vl £e'Th L9'06 00'v6 9dXxed
LTTS LETY LT'E9 05°¢01 £E°E01 L9'LOL 00'v6 £E°T6 LY'S6 cdXtd
LT 6¥ LT'EY LESS £9°Cl1 AN elvll 05796 ££'56 LY L6 pdXed
w6'vs ey 0L'09 £9°911 08°STI L¥'L11 L9°88 L9°L8 L9'68 9dXTd
Ly98 £S°LY 0t's9 1111 00011 LTTII L9°06 L9°68 L9116 SIXTd
CTLS L6'8Y LY’ S9 €6°El1 L8011 00°LIIT L9'T6 L9'06 L9V6 PdXtd
34 0Ly 08°LS L6'TI £1'L01 08811 00'68 00°88 0006 £dXTd
SL'8S €T oy LT'89 00°1Z1 L¥'6l11 £67CCI 0096 £E'¥6 L9°L6 9dX1d

LYY 0T'68 £1'69 LO'CI1 LOOTIT L00T1 LT6 00°06 £L56 SdX1d

079 05°8¢ €5°SL L8IC1 0¥'811 €8Tl 06°¢6 00'¥6 00°L6 dX1d
€TSS 0SSt L6'Y9 L9TI1 LOOTIT LTSI £€'76 ££°06 £E¥6 £€dXid
LTT9 08'€s £L°0L ELLTL Ly'Ell 00°ZT1 0016 L9°68 £€°C6 ¢dX1d
£I'¥9 £8°ES Vvl LT8II LYELL L8'TTI 00101 L9'86 ££°e01 od  gueyg

89°¢€S 00°SY LETY 08601 L9901 €6l L9'96 00°S6 ££'86 ¢d g91 BZID
LTS £0'0v 0t's9 ETENL 0¥l LYEll 0€°201 ££°001 L9F01 ¥d eziuuan
0L°6€ 06'€E 0S°Sh 08201 €6'101 L9 €01 L1'T6 00°16 £EE6 ed @ gaur]
€6'TE 09'vv 0€'19 £6'701 £6'C01 £6'T01 L1°06 £€°88 00°C6 d azeury
LT 6V £10¥ 0F'8¢ SOCT1 L1STL £6vll 05°€6 £E'T6 L9Y6 1d I1SPIS
a N quoa a N quon a N
Bale Jed| ey (ud) ysiayg jueld (sAep) surpeay

UOIRIIUIS ' 21} WOJJ §)IEI) [EIIWOUOISE ) JOJ JIUBWI0JI13d UBIW 53

sadAjouan)

10uas ay L :(6) AqeL



-6t~

UOISSNISI(] PUD SPNSIY

pauIquio) =)  ssang= UONESLL] [EWLION =N
SN SN SN €SI 6791 £1°¢€1 69°€ 10F LE'E %1d°S"1
SN SN SN 8S11 9E'C1 431 6L°C F0°€ LT %S d'S1
£8°¢t 91’1t 0€°0¢ 69°LL 88'89 06798 1L0¥1 T9LET 6L'Ep] sadfjouad o jo umap
L6'ST 9T 1T 1L°0¢ TELL SS'89 6798 SHovl SOLET PTERI S955010 211 JO uesly
SY'ST 60T 86'6C 11°8L 0L°69 £6798 9E'1F1 9SLEL LISV sjuared 21y Jo uBay
0L9T EClT L0TE L1°98 0S'LL £8'96 EETHI €corl EEPPI 9dXsd Jl__
E1'FT 0T61 L0°6T S¥'I8 ECIL L9'16 133041 £€'8€1 EETHI 9dXtd
€99t 0L61 E£S°EE 8S°SL £8'89 £EZ8 £8'1¥1 L96E] 00 kI SXvd
LSLT £E°TC 08°C¢ 0L9L LS'E9 £8'68 £876¢€1 £E9¢1 £eerl 9dxgq
08°sT EE'IT LT0E 0S°1L LT°€9 £8°6L 00°0t1 LYLEL EETHI cdxgg
89°LT LL'ET 09°'1€ 8S°CL L1°S9 0098 TPl 00°1v1 LyErl pAaxed
LL'YT £5°61 00'0€ 9'TL LELY LYLL 00°0F1 L99E] ECEV] 9dxzd
ESVT €681 £6°0¢ SLYL 0599 00°€8 061 LYLEL eIVl gdxzd
06'¥2 L91T £1'8C LYLL L91L L9°€8 00°T#I L9'BET ECERI paxzd =
ETYe LTIT 0T'LT SL'EL ££°99 LI'I8 0§°9¢€] LIPE] £EBEL gdxzd
L9'8T LTYC LOEE 05°€8 L9SL £E16 €8T 00°0%1 LSp1 9dx1d
08ve 00°0T 00'62 oris £0°'FL L1'88 L96EIL L9 CEl LYEr] sdx1d
ELYCT L¥'0T 00°6T £0'8L 0r'+9 L9'16 L9EV] L96E1 LO'L¥] yax1d
£9°8¢ £6°1T (1533 £E0L 00'19 L96L 0§°6€T L9PET EEPPI £dx1d
09T 0F' €T 00°6C 80°+8 L9TL 0596 EETLET LIEE] 00°T¥1 zdX1d
LEYT 0v'oT £€'8C 0518 L1'0L €876 LI'9%1 00°Tr1 €E0S1 9d 9 ureqg
£T9C 0T'1T LTIE 00'68 05°6L 05°86 0S°Erl LY0P1 £E9F1 Sd  8918ZID
EL'ST LTt 0T'1€ £€8°18 05°9L LI'L8 00°8%1 £Ehrl LTS ¥d GBZIUIWAN
0L'LT LTET £I'cE 80769 £8°79 £€°CL L99¢E1 EETEI 007 1H1 £d  ggaur]
LO'ET LY'81 LYLT 80°€L LT°S9 00°18 009€1 £eIel LI0F1 td  dgeurg
09°¢T £6'1T LT6T LT'VL 00'+9 £Er8 £8'LEI LIPEL 00°1¢1 Id I SPIS
quoy) a N quiosy a N quon a N
yueld / soids jo o aids / sutead jo ‘op (sAep) Sunjepy sadfyouap

illl

o) :(6) 2qe L

C




08~ HOISSNISI(] pun SHNsay

paulquo) =) SS§=(  UOREILUI [EULION =N

\
89T 88°9C LV’ TT 1881 0L9T oy SOy ) %10'S"1
[ N\ 60°0C 00°L1 LT Y1 96'61 61'€ LOE 943 %SAd’s"1
69°1€1 6E6vl ceey 8+ 69 £2'101 LTTS 0T¥s 08 sadfjoua a1 Jo B3
SI'1El 66°6¥F1 PELS 60° 1L 19°€01 LL'TS LL'FS 8L°0S $3S5012 Ay} JO UBAN
L6'TEL 68'LY1 LEODS 9'So [4: 5 1071 9L'TS LT 6V sjuared oy} Jo UBIA
£L8E1 0€°591 TE'S8 £6'LY 0L°zol 414 0€°1$ EL'SY 9dX<Sd
L80F] L1091 [ 34) LY’ EL LI'111 LO'SS 0s°¢¢ £9'%S 9dX¥d
LO9C1 09°SL1 0006 09°99 0v'Ell 9¢°Te 0L'¥S 09°0& SdX¥d
L6'0EL £0°021 06'1¥1 0768 0E'1L 01°2L01 evis I es ELLY 9dXed
£pecl LO6'FEL 0818 £Cs9 LE'86 SL'IS £6°6¢ L6'LY SdXEd
L6'PE] £8vpl LLY6 LELL LI'TI1 SE'8¢ 009 0£'9¢ rdXed
0E6l11 £6'ZEl 6508 €0°L9 LO'¥6 LO'ES 06'¥S €IS 9dXdd
ELCII £9°Z¢1 8t'18 £6'65 £0°€01 £CT1S £9°CS £v 08 ¢dXWd
LI'9E] 06°€r1 L6'T8 £8'TL 0T°€6 Sy os 0T'zs 0L'8Y PdXTd
LT £9'6C1 SISl 0999 0L°€8 L8ES 09'¥S E1'Es £dXTd
00°6£1 L99Y1 L9'S6 £E18 00011 88'1¢ 0F'es LEOS 9dX1d
€C671 0£9¢1 c8'L8 L9°08 £0°S6 £I'1s or'gs L8'8Y &dX1d
£6'1¢1 £1°091 08°€6 £L18 L8 S01 8EPS 09°¢¢ LI'ES PdX1d
LYLT] LS 091 S6'¥6 LY 69 £F'0T1 08'¢cs £L'96 L8308 £dX1d
€S 1pl 0E191 r'v8 08°%9 01€0°%01 LL'ES 09°¢S £6'1S tdX1d
08°9%1 LY 081 £5°6L £6°89 £6°06 8I'1¢ LEES 00°6¥ 9d queys
£8°0¢€1 08°0¥1 Z0°L8 £8P 0T 66 ELSY LT'LY 0Evy ¢d  891®ZID \A‘_
£8°091 0g£°¢61 £6'¥8 05°65 LEOIT £v0s £eTe £C8y ¥d 6BZIUUAD
L¥'801 LEITI 8 ¥L £5°¥9 L6'LS Y918 €S co'6y €d  dgaury
£e'0tl €St LESTI L¥OL 0£°09 £9'76 TT9s L6'9S L¥'SS d  dzeaur]
P8Pl 09°¢El LOFS1 99°6L LO'S9 9T ¥6 L8 0S Ly'TS LT 6¥ 1d ISPIS
a N quon a N ‘quon a N
(3) jueid; ppik meng (8) yurid; pp1A uieas) (3) (2uaay -0001 4B saddjoua

uo) :(6) A1qe L



Tlgs HOISSNISIC] Pun Synsay

paulquo) = ) ssanS§=(| UONEBLLI [RWION =N

90°¢S £v'C 96t LI'EY Pt 188¢ %1 d'S"1
£8°E (4% 1€ 99°Ct £6'6C 8 9¢ %S 'S
6V'LE 98 +E 1¥°0% 06°€TT LI'T0T 7908t sadfjousd oy jo uwapy
[ L6'LE 80°¢S¢ S8°0¥ 88°LTC 9720t LS ECT 5355010 2y) JO uBapy
8T°9¢ {433 T£6€ 08°0TT £7'861 LI'EVT siared oy jo ueapy
0s°¢E 8L°TE £T°8¢ ELLET ) L9907 00°89C 9dX&d
1¥LE 184> 1.0 £8°THC LEVIT EEILT 9dXtd
CO'LE Lve LE6E £8°0vC T L9T61 00°68T SdXtd
00t 80°LE 00° €y L1°0TT €161 00°6+T 9dX€d
FE8E SSpe ey 00°11¢T L9881 00°€€T SdX€d
. 0T 0t 09°9¢ 08°tr L9VET £eTIT 00°LST pdX td
65 8¢ 0L'SE 8 1y L9°90¢T €€981 00°LZT 9dX7d
LTLE 61'¥E vEOF L9°C1T LYSLL L9°EET SdXTd
YO'LE 8ve 9T°6¢ 00°€TT 00602 00°LET PdXTd
0I°LE 0S¢ 91'6€ £€'10C €681 EEEIT £dXTd
986t 98°9¢ S8'TH 0S°8€T £€0TT L998T 9dX1d
£EL°6F 8€°8C 801 L9°0TT 00012 £ 1€T SdX1d
0€°LE £8°vE LL'6E £8°6¥C LYEET 00992 PdX1d
£0°6¢ 1T°6¢ 8Tk LT'6ET £°L61 00°18¢ £dX1d
SO'SE 6E'1E 1L°8€ E€E°LET £€90Z ££'89¢ CdX1d
¥ovE 98°1€ rLE L1'8TC £E'SIe 00°1¥C 9d 9 ureys
F8°8¢ 8E°9€E 6T 1F £8°CCC L9°S0T 00°0¥T &d 891BZ1D)
£9°1¢ 90°LT 61°9¢ 00°€9¢ ££°0TC L9°S0¢ bd  GEZIWURD
L6'8€ SVLE 8¥'or 05681 00°€LT 00°90T £d e sumy
¥ 8¢E [£¥E 98Ty 08961 09°€L1 00812 ad ag aury
81°¢¢ 6E°TE 96°LE 0S+vTT £900T €8T Id ISPIS
quoy a N qwoy) a N
% I'H Xopul 3soAIe (8) juwd/ppik jeaidojoig sedfjouan

3u0)) :(g) Iqe L



the performance of genotypes differed from environment to

another for these traits.

Also, results showed that mean squares due to parents
were significant for all studied traits except no. of spikes / plant
in both irrigation treatments as well as the combined analysis.
Significant mean squares due to interaction between parental
varieties and irrigation treatments were detected for all traits
except heading date, plant height no. of spikes/plant, maturity
date, flag leaf arca, biological and straw yields. Such result
revealed that the parents varied in their response to
environments in these traits.

The mean performance of the six parental varieties / or
lines of wheat at separate environments —as well as the
combined analysis are presented in (Table9).

The parental variety Sidsl (P1) gave the desirable values
for maturity date and grain yield/plant. It gave, moderate values
for other traits

The parental Line 2D (P2) ranked the first earlier for
heading and maturity date, and lower values for plant height
biological and straw yields. While, it gave the highest values for
1000- kernel weight. However, it gave the moderate value for
other traits.

The parental Line3D (P3) gave the lowest values for
plant height, grain yield / plant, flag leaf area, biological and
straw yields /plant; and heading and maturity dates. Meanwhile,
it almost expressed moderate values for the most of other traits.

ﬁ
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The parental variety Gemmeiza9 (P4) exhibited the
highest mean values for heading and maturity dates (late of
maturity), biological and straw yields, and harvest index.While,
it ranked the third of the tested parent for highest of
plants. However, it gave moderate values for the most of other
traits.

The parental variety Gizal68 (P5) expressed the highest
values for no. of grains /spike, and grain yield/plan. While, it
ranked the second of the tested parents for high flag leaf area.
However, it gave moderate values for the most of other traites.

The parental variety Sham 6 (P6) expressed the highest
values for heading date, plant height, flag leaf area and straw
yield. While, it ranked the second 1000- kernel weight of the
tested parents for ; grain yield, no. of grains/spike, date of
maturity, and biological yield. Meanwhile, it almost expressed
moderate values for the most other traits.

Data presented in table (8) showed that crosses mean
squares were significant for all traits under both environments as
well as the combined analysis except no. of spikes/plant in both
environments as well as the combined data and harvest index in
the normal irrigation, revealing an over all difference between
these hybrids. Significant mean squares due to interaction
between crosses and irrigation treatments were detected for no.
of grains / spike, maturity date, grain, straw and biological
yields. Such results indicate that these hybrids varied in their
response to environmental fluctuations.

%
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The mean performance of FI hybrids in each
irrigation treatment as well as the combined analysis over

them are presented in Table(9).

For heading date, plant height, flag leaf area, maturity
date,1000-kernel weight, no. of grains /spike, no. of spikes
/plant, straw yield and harvest, index, the hybrids were within
the range of the performance of the parents. For grain yield
/plant, the mean values for crosses ranged from 75.15g. for
cross P1xP3 to 95.67g for cross P1xP6 in the combined
analysis .The two crosses Sids1 (P1)x line3D(P3) and Sids1(P1)
x Sham6(P6) in the combined analysis had the highest grain
yield /plant. The high grain yield in both crosses could be
attributed to high no. of grains / spike, 1000-kernel weight and
harvest index It could be concluded that these crosses would
be efficient and promising in wheat breeding programs for
improving grain yield .

V.1.2.Heterosis

Mean squares for parents vs. crosses as an indication to
average heterosis overall crosses was significant for all traits in
both treatments as well as the combined analysis, except no. of
grains/spike, no. of spikes / plant and straw yield / plant in both
irrigation treatments as well as the combined analysis, biological
yield / plant in both irrigation treatments, and maturity date in
stress irrigation treatment (Table 10). F1's mean performance
were significantly higher than parental means for all traits under
study except heading and maturity dates.

Insignificant mean squares due to interaction between
parents vs. crosses and environments were detected for all traits
ﬁ
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except maturity date. These results indicated that heterotic
effects were not affected by environmental changes under
study.The results agree with the results reported by Mani and
Rao (1975),El- Marakby et al. (1993), El-Hennawy (1996),
Saad ef al.(1997), EL —Borhémy (2000), Hamada and
Tawfelis (2001), Awaad (2002), Abd EL-Aty and Katta
(2002), Darwish and Ashoush (2003), Abd EL Aty and EL
Borhamy (2007) and ElI-Marakby et al (2007)

Heteosis expressed as the percentage deviation of FI
mean performance from its mid- and better parent values for all
the studied traits at both environments as well as the combined

analysis are presented in table (10)

For heading date, nine, six and nine hybrids expressed
significant negative heterotic effects relative to mid- parent in
normal, stress irrigation treatments as well as the combined
analysis, respectively. However, two, three and two hybrids
expressed significant negative heterotic effects relative to better
parent in the same order. The single cross P4xP6 (Gemmiza9 x
Sham6) expressed the most desirable heterotic effects for
earliness relative to mid — parent -7.05, -8.21 and — 7.62%) and
better parent (-6.48, - 7.34 and — 6.93 in normal, stress irrigation
treatments as well as the combined analysis, respectively.
Significant negative heterotic effects for earliness was
previously reported by Darwish (1992) and El- Menofy (2007).
However, little or no heterotic effects for earliness were
previously found by Mani and Rao (1975), Mitkees (1981),
Mekhamer (1995) and Zaied (1995).

S A S RS S S PN PSP M 1 S S P B § S S SO
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While, the highest heterotic effects were found by
Tamam and Abdel- Gawad (1999), Ashoush et gl (2001)
Darwish and Ashoush (2003), and Darwishe et al .(2006).

Earliness if found in wheat is a favorable for escaping
destructive injuries by stress conditions. Hence, it could be
concluded that the previous cross is valuable in breeding for

earliness.

Concerning plant height, significant and positive mid-
parent heterotic effects were detected by seven, two and three
hybrids in normal stress irrigation treatments and the combined
analysis, respectively. The cross P2xP3 in normal irrigation and
the combined analysis and P2xP6 in stress irrigation gave the
highest positive heterotic effects for this trait.

While, three, zero, and two hybrids exhibited significant
positive heterotic effects relative to better parent in the same
order. While, the cross P5xP6 and P2xP3 expressed significant
positive heterotic effects relative to better parent in normal and
the combined analysis, respectively. Also, the cross P1xP2 gave
significant negative to mid- parent in the combined analysis.

Several investigators reported positive and significant
heterotic effects for plant height. Among those are Ghanem
(2001)and Safan (2001) .

Regarding flag leaf area, six, two and four hybrids
expressed significant positive heterotic effects relative to mid-
parent in normal, stress irrigation treatments as well as the
combined analysis, respectively. The two crosses P1xP2and
P1xP4 expressed significant positive heterotic effects relative to

#
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better parent in normal treatment and the combined analysis.On
the other side, two, one, and two, crosses expressed significant
positive heterotic effects relative to better parent in the same
order.

The cross P1xP2 had the highest desirable positive
heterotic effects in both environments and the combined
analysis.

Awaad (2002) and El-Hosary et al (2009a). reported
that heterosis values were positive and significant for FLA in
most studied hybrids .

For maturity date, six, two and two hybrids exhibited
significant negative heterotic effects relative to mid- parent in
normal, stress irrigation treatments as well as the combined
analysis, respectively. While, the cross P4xP6 expressed
significant negative heterotic effects relative to better parent in
both irrigation treatments and the combined analysis . Several
investigators reported significant negative heterotic effects for
maturity date.

For number of grains /spike, the cross P1xP2 in normal
irrigation and the combined analysis and P1xP6 in stress
irrigation expressed significant positive heterotic effects relative
to mid- parent. However, the cross P1xP2 gave significant
positive heterotic effects relative to better parent in normal
irrigation. Significant positive heterotic effects for number of
kemels per spike were reached by Darwish (1992), Ashoush
(1996), Ashoush et al (2001) Safan (2001), Ashoush (2006)
and Darwish et al (2006), El-Hosary et al (2000)and El-
Hosary et al (2009a). However, no heterotic effects for no. of
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grains per spike were found by Hendawy (1990) Abdel-Wahed
(2001),Ghanem(2001), and Darwish and Ashoush (2003) .

Concerning thousand kernel weight , four, six and six
hybrids expressed significant positive heterotic effects relative
to mid parent in the normal , stress irrigation treatments as well
as the combined analysis ,respectively. While, three, two and
three crosses from the previous hybrids exhibited significant
positive heterotic effects relative to better parent in the same
order. The most desirable heterotic effects relative to better
parent were detected for the cross P3xP4 (Line3D xGemmiza9)
followed by cross P4xP6 in the combined analysis. In this
connection El- Hosary et al (2000), Hamada and Tawfelis
(2001), Abd EI -Aty and Katta (2002), Darwish and Ashoush
(2003), Ashoush (2006) and Darwish et al (2006),and El-
Hosary et al (20092)

Regarding grain yield/plant, three, four and three crosses
exhibited significant positive heterotic effects relative to mid —
parent in the normal, stress irrigation treatments as well as the
combined analysis, respectively. Also, the cross P1xP3, P1xP4,
and P1xP6 expressed significant positive heterotic effects
relative to better parent and gave the highest desirable heterotic
effects in the same order. The previous crosses exhibited one or
more of trait contributing yield. Several investigators reported
significant positive heterotic effects for grain yield/plant.
Among those are El-Marakby et al_(1993) El-Hosary ¢t _al
(2000) Hamada and Tawfelis (2001), Abd — El-Aty and Katta
(2002), Awaad (2002) Darwish and Ashoush (2003), El-
Menofy (2007) and El- Hosary ef al (20092).

——’f
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Regarding straw yield / plant, the two cresses P1xP2 and
PIxP3 in normal irrigation treatment and P1 xP2 in the
combined data expressed significant positive heteroic effects
relative to mid — parent. However, none of the studied hybrids
gave significant positive heterotic effects relative to better —
parent in both irriation treatments as well as the combined
analysis in this trait,

Also, for biological yield / plant, the two crosses P1xP?2
in normal irrigation treatment and P1xP3 in the combined
analysis exhibited significant positive heterotic effects relative to
mid-parent. However, none of the studied hybrids showed
significant positive heterotic effects relative to better parent in
both irrigation treatments and the combined analysis in this trait,

Concerning harvest index, five, five and four hybrids
expressed significant positive heterotic effects relative to mid-
parent in the normal stress irrigation treatments and the
combined data, respectively .The cross P1xP6 (Sidsl xSham6)
exhibited significant positive heterotic effects relative to either
mid- parent or better parent in both irrigation treatments as well
as the combined analysis.

From such results it could be concluded that crossP1xP6
exhibited a great potential for commercial hybrid wheat
production

Significant positive heterotic effects to higher yielding
relative to either better or mid- parent values were also reached
before by Darwish (1992) Mekhamer (1995), El -Hosary et al
(2000),Ghanem (2001), Abd —El- Hameed (2002), Darwish
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and Ashoush (2003), Ashoush (2006), El-Menofy (2007) and
El-Hosary et al (2009a).

V.1.3 Combining ability:

Analysis of variance for combining ability as outlined by
Griffing's (1956) method 2 model 1 in each environments and
their combined data for all the studied traits are shown in Table
(11).

Significant general combining ability (GCA) mean
squares were detected for all the studied traits in both irrigation
treatments as well as the combined analysis except for harvest
index in normal irrigation. Whereas significant mean squares for
specific combining ability (SCA) were obtained for all traits in
both irrigation treatments and the combined analysis, except
for plant height ,no. of grains/spike and straw yield /plant in
stress condition and biological yield /plant in stress condition
and the combined analysis.

It is evident that non additive type of gene action was
the more important part of the total genetic variability for plant
height and straw yield /plant in stress condition and biological
yield /plant in stress condition and the combined analysis. On
the other hand, the additive types of gene action was the more
important port of the total genetic variability for harvest index in
normal irrigation. For the other studied traits, both additive and
non-additive gene effects were involving in determining the
performance of single cross progeny.Also when GCA/SCA ratio
was used, it was found that grain yield/plant and harvest index in
the combined data and normal irrigation, respectively exhibited
low GCA/SCA ratios of less than unity, indicating the
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predominance of non-additive gene action in the inheritance of
such traits.

However, high GCA/SCA ratio, which exceeded more
than the unity was obtained for other cases. Such results indicate
that additive and additive by additive gene action were more
important than non additive gene effects controlling these cases.
The genetic variance was previously reported by EI-Marakby et
al (1993), El-Hennawy (1996), Darwish (1998), El-Borhamy
(2000) and El-Gamal (2002).

The interaction between both general and specific
combining ability and irrigation treatments was significant for
number of grains/spike, grain yield /plant and harvest index,
indicating that the magnitude of GCA and SCA varied from
environment to another. It is fairly evident that ratio of SCA x I
/SCA higher than ratio of GCA x I/GCA for number of
grains/spike and harvest index. Such results indicated that non-
additive type of gene action was more influenced by the
irrigation treatments than additive genetic effects. These
conclusions are in well agreement with those reported by
Gilbert (1958).However, the ratio of GCA x I /GCA was higher
than SCA x I/SCA for grain yield/plant, indicating that additive
and additive by additive genetic effect were much more
influenced by different irrigation treatments than non additive
gene effects.

Significant SCA x irrigation and insignificant GCA x
irrigation interaction was detected for maturity date, biological
and straw yields/plant indicating that non additive genetic

effects only were influenced by different irrigation treatments.
“
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Insignificant interactions between irrigation treatments and both
types of combining ability were obtained for other traits
indicating that all types of gene action were stable over the two

irrigation treatments.

General combining ability effects (81):

Estimates of GCA effect (gi) for individual parental
genotypes in each trait in both irrigation treatments as well as
the combined analysis are presented in Table (12).

General combining ability effects computed herein were
found to differ significant from zero in all cases. High positive
values would be interest under all trait in question except
heading and maturity dates where high negative effects would be
useful from the breeder point of view.

The parental variety Sids1(P1) exhibited significantly
positive (gi) effects for; plant height, straw and biological yield
in both irrigation treatments as well as the combined analysis,
grain yield and flag leaf area in normal irrigation and the
combined analysis and number of grains/spike in the combined
data. Also, it gave significant negative gi effects for heading
date in the combined analysis and maturity date in stress
condition as well as the combined analysis, revealing that this
parent was best combiner for these traits. However, it expressed
either significant negative or insignificant gi effects for other
cases.

The parental line 2D (P2) seemed to be good combiner
for heading and maturity dates (earliness) and it ranked the
second best combiner for short plant height in both irrigation

f
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treatments as well as the combined analysis. Also, it expressed
significant positive gi effects for number of grains/spike and
grain yield /plant in stress irrigation treatment, and 1000-kerenl
weight in normal irrigation treatment as well as the combined
data. Moreover, it gave either significant negative or
insignificant §i effects for other cases.

The parental line 3D (P3) éxpressed significant desirable
gi effects for earliness (heading and maturity dates) and short
plant in both irrigation treatments as well as the combined data,
harvest index and 1000- kernel weight in stress condition as well
as the combined analysis. However, it poor combiner for other
cases.

The parental variety Gemmiza9 (P4) seemed to be good
combiner for biological and straw yields in both irrigation
treatments and the combined data, grain yield and 1000-kernel
weight in normal irrigation and the combined analysis. Also, it
gave significant positive gi effect for plant height in both
irrigation treatments and the combined analysis. However, it
gave undesirable gi effect for other traits.

The parental variety Gizal68 (PS) exhibited significant
positive gi effect for no. of grains /spike in normal irrigation
treatment, flag leaf area in the combined analysis and harvest
index in stress irrigation treatment as well as the combined
analysis. However, it gave undesirable gi effects for other traits.

The parental variety Sham6 (P6) expressed significant
positive gi effects for; plant height and no. of grains/spike in
both irrigation treatments as well as the combined analysis,
harvest index and grain yield /plant in stress condition and the

Results and Discussion = A



combined analysis and flag leaf area in normal irrigation and the
combined analysis. Moreover, it gave either significant
undesirable or insignificant gi effect for other cases.

Specific combining ability effects(S;):

Specific combining ability effects of the parental
combinatios computed for all traits in both irrigation treatments

as well as the combined analysis are presented in Table (13).

For heading date, three, four and five crosses exhibited
significant negative (S;) effects in normal, stress irrigation
treatment as well as the combined analysis, respectively. Results
indicated that the three crosses P2xP6, P3xP6and P4xP6 had
desirable (S;;) effects for this trait in both irrigation treatments as

well as the combined analysis.

For maturity date, the two Crosses Gemmiza9 (P4) x
Gizal68 (P5) and Gemmiza9 (P4)x Sham6 (P6) expressed
significantly negative (S;) effects in both irrigation treatments
as well as the combined analysis. The cross P4xP6 had the
highest earliness, for maturity and heading date.

Earliness, if found in wheat is favorable for escaping
destructive injuries by stress conditions and intensive
production. Both crosses P4xP5 and P4xP6 as previously
mentioned, expressed significant negative (S;) effects of
maturity date. In addition, the cross P4xPSgave significant
positive (S;) effects for grain yield /plant. Hence, it could be
concluded that this cross is valuable in breeding for earliness

and yield potentiality.

//
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Regarding plant height, the three crosses Sids] (P)x
Line2D(P2), Sids1(P1) x Gemmiza9 (P4) and Line2D(P2) x
Line3D(P3) expressed significant positive (S;) effect in normal
irrigation and the combined data. None of the hybrids showed
significant negative sij effect for this trait.

For flag leaf area, three, one and four crosses exhibited
significant positive Sjj effects in normal and stress irrigation
treatments and the combined analy51s respectively. The highest
positive S;; effects were obtained by cross P1xP4 in normal
irrigation and PIxP5 in stress irrigation treatment and the
combined analysis. For this trait, it is clear that the previous two
crosses are the promising in practical breeding programs to
produce broader flag leaf area genotypes. However, the cross
P4xP6 in the combined analysis expressed the negative S
effects for this trait.

Regarding no. of grains/spike the cross P1xP3 expressed
significant positive S;j effects in the normal, stress irrigation
treatment and the combined over them, respectively. Results
indicates that the cross P1xP2 in normal irrigation and the
combined analysis had best desirable Sij effects for this trait.

For 1000-kerenl weight, the cross P3xP4 was the best
followed by cross P4xP6 in normal irrigation, cross P3xP4
followed by cross P4xP5 and than by cross P3xP5 in stress
irrigation, and cross P3xP4 followed by crossP4xP6 and than by
cross P3xPS in the combined analysis, expressed significantly
positive S;; effects. The best cross was P3xP4 for this trait in
both irrigation treatments as well as the combined data.
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Seven, four and four Crosses expressed significant
positive Sy effects for grain yield/plant in normal, stress
irrigation treatment  as well as the combined analysis,
respectively. Meanwhile, the most desirable S;; effects were
recorded for the crosses P1xP3 followed by cross P4xP5 in both
irrigation treatments as well as the combined data for this traits

The three crosses P1xP2, P1xP3 and P5xP6 exhibited
significant positive S;; effect for straw yield /plant in normal
irrigation and the combined analysis. Also, the first two crosses
exhibited significant positive S;; effects for biological yield/plant
in normal irrigation treatment. In addition, the two Crosses
P1xP6, P3xP4in normal irrigation, the three crosses
P3xP6,P4xPS5 and P4xP6 in stress irrigation  treatment and the
three crosses P1xP6, P3xP6, and P4xP6 in the combined
analysis expressed significant positive S;; effect for harvest
index

In most traits, the values of S effect were mostly
differed from irrigation treatment to another. This finding
coincided with that reached above where significant SCA by
irrigation treatment mean squares was detected Table (11).

The previous parental combinations might be of interest
in breeding programs aimead at producing pure line varieties for
high, biological, grain and straw yields/plant and some of its
components as most combinations involved at least one good

combiner for most previous trait.

If crosses showing high specific combining ability
effects involving only one good combiner, such combinations
would throw out desirable transgressive _segregates, proving
Results and Discussion -84-



that the additive genetic system present in the good combiner
and complementary and epistatic effects present in the crosses,
act in the some direction to reduce undesirable plant
characteristics and maximize the character in view. Therefore
the most previous crosses might be of prime importance in
breeding program to drought tolerance varieties by using
traditional breeding procedures.

V.2- Drought measurements :

V.2.1- Analysis of variance, means and heterosis:

Mean squares for relative water content (R.W.C),
membrane integrity (M.I),osmotic pressure, potassium content
(k+), total sugars (TS), for each of the two irrigation treatments
(normal and stress irrigation) as well as the combined analysis
are presented in Table (14).

Results indicated that irrigation mean squares were
significant for all the studied traits, indicating over all
differences between normal and stress condition. With the
exception of (R.W.C) mean values of stress condition for all
drought measurements were higher than those of normal
irrigation, indicating that selection for stress tolerance should
give a positive yield response under stress . Also, the results
indicated that selection under irrigation environments would be
less effective for improving grain yield under drought stress
than direct selection in the stress condition. Altin and Fery
(1989) demonstrated that grain yield in stress or low-
productivity environments werc not controlled by the same
genes, making indirect selection unattractive. Also, results
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indicated that mean values of normal environment for yield and
its components were higher than these of stress condition.

Mean squares for genotypes, parents, crosses and parents
vs crosses were significant for all traits in both environments as
well as the combined analysis, except parent mean squares for
OP in both environments and the combined analysis, crosses
mean squears for MI in the combined analysis and parent vs
crosses for MI% in both environments as well as the combined
analysis, k+ in stress irrigation and the combined analysis, TAA
in the combined analysis, and RWC% in normal irrigation,
indicating wide diversity between the parents used in the
present study for these traits.

Genotypes x irrigation, parent x irrigation, F1 x
irrigation and parent vs crosses x irrigation were significant for
all traits except F1 x irrigation for K+, parent vs crosses x
environments for MI% and parent x environment and parent vs
crosses x environment for OP. Such results indicated that the
tested genotypes varied from each other and ranked differently
from normal to stress irrigation treatments.

The mean performance of the six parents and fifteen

hybrids of wheat at stress and normal irrigation are presented in
Table (15).

Relative water content. (RWC)

Data in Table (15) indicate that generally there was a
gradual decrease in relative water content (RWC) with
increasing water stress condition in root media of parents and

e ——————————————————————————
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their crosses. The minimum reduction was in Sidsl (P1), Line
2D (P2), Line 3D(P3), Gizal68 (P5), Sham6 (P6), and crosses
P1xP2, P3xP6, P2xP4 and P4xP5. Meanwhile, the maximum
reduction was in Gemmiza9 (P4), P1xP5, P3xP4, P3xP5.

The reduction in RWC under water stress condition was
explained by Gawish (1992) who reported that, the RWC in
bean leaves decreased as the level‘of soil moisture decreased and
this may be due to relatively low root ability to absorbed water
from the soil or decreased hydraulic conductively of soil under
drought condition, which reflected reduction in plant growth
(Kramer and Boyer 1995, Collinson et al 1997).

Moreover, Sinclair and Ludlow, (1985) reported that,
plant metabolism is dependant on leaf water status, and RWC
has been proposed as a selection criteria for drought tolerance in
many crops as reported by Schonfeld et al (1988) in barley
and (Martin_et al 1989) in wheat.

For OP, the parental sham6 (P6), Gemmiza9 (P4) and
Sham6 (P6) expressed the lowest values for this trait in normal,
stress condition as well as the combined data, respectively.
However, line3D(P3), line 2D (P2) and line 3D (P3) exhibited
the highest OP in the same order. On the other hand, the mean
values ranged from 4.35 (P2xP3) t07.79 (P4xP6) in stress
irrigation treatment, from 3.56 (P1xP6) to 5.98 (P4xP6) in
normal irrigation and from 4.22 (P2xP3) to 6.88(P4xP6) in the
combined analysis. The increase in osmotic pressure under water
stress condition was explained by Hammad (1991) who
reported that, there was a decrease in sugar concentration which
were related to OP increase.

%
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Results in Table (15) show that exposing plants to
drought condition increase gradually in membrane integrity with
increasing water stress .The highest mean values were obtained
by PS5 (Gizal68) (59.4%), P3 line 3D 35.3% and P5(Gizal68)
41.95% in drought condition, normal and the combined analysis,
respectively. On the other hand, the lowest values were obtained
by Sids1 (P1),in stress irrigation as well the combined analysis
and Shamé6 P6 in the normal irrigation treatment.

Also, the mean values for crosses ranged from 25.70
(P2xP4) to 71.67 (P1xP4) from 14.66 (P3xP5) to 40.50 (P2xP4)
and 22.06 (P1xP2) to and 44.53 (P1xP4) in stress, normal
irrigation  treatments as well as the combined analysis
respectively. The effect of water stress on membrane integrity
was explained by Vieira De Silva (1976),who stated that, the
primary stress injury is in membrane systems. The desiccation
tolerance differences have also been assessed based on the
extend of leakage of solutes in dehydration medium, often in
excised tissues subjected to rapid wiiting. The lower injury can
be explained by the protecting effect of minerals accumulated
inside the cells (Tal and Shannon, 1983). Membrane
destabilization caused by high drought stress was greatly
reduced in the presence of proline. These solute provide
protection against destabilization of proteins and membrane
(Jolivet et al 1982 and Gadallah, 1995).

The parental variety Sids1 (P1) gave the highest mean values
for K+ in stress condition, lowest values for TAA and TS in the
combined analysis. While, it gave the moderate values for other

cases
#
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The parental line 2D (P2) (ranked the first of the tested
parents for k+ in both irrigation treatments and the combined
analysis and protein content in stress condition. However, it
gave the lowest value for TAA in drought condition. While, it
almost expressed moderate values for other chemical traits.

The parental line 3D (P3) expressed the lowest values of
protein content in normal and the combined analysis, while, it
gave the highest value of TS in the combined analysis. However,
it gave moderate values for the other traits.

The parental variety Gemmiza9 (P4) expressed the
highest value of TS in stress condition and ranked the second
for this trait in the combined analysis. However, it gave the
lowest value for TS in normal irrigation. Meanwhile, it almost
expressed moderate values for other traits.

The parental variety Gizal68 (P5) gave the highest
protein content in stress irrigation as well as the combined
analysis, TAA in stress condition However, expressed the lowest
value for TAA in normal irrigation. Meanwhile, expressed
moderate values for other traits.

The parental Sham 6 (P6) expressed the highest values
for k+ and TAA in normal irrigation and the combined analysis.
However, it gave the lowest value of protein content in stress
condition. Meanwhile, it gave moderate values for other cases.

The mean performance of F1 hybrids in each treatment
as well as the combined over them are presented in Table (15).
For k+ in both irrigation treatments as well as the combined,
protein content in drought condition, and TAA in normal

sisiananrarara—— ————
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irrigation and the combined analysis, the hybrids were within
the range of the performance for parents.

For protein content, the mean values for crosses ranged
from 134.52 for P1xP6 to 222.30 for P3xP4, in the normal
irrigation and for 119.56 for P1xP6 to 242.66 for cross P1xP3
in the combined analysis.

As for TAA, the crosses P2xP3, P2xP4, line 2D P2xP5
(Gizal68) had the highest mean value in stress condition , while
the crosses P3xP6, P1xP4, PIxP5, P4xP5, P4xP6, and P4xP6
gave the lowest ones for this trait. Regarding TS, the cross
P3xP6 had the highest mean values, while, the cross P4xP6
exhibited the lowest one in normal, stress irrigation treatment as

well as the combined analysis .

It can be noticed from the above results, that there was
significant increase exhibited in water stress. In this respect
Kramer (1983), Abd El-Hady (1988) revealed that,
carbohydrate and protein metabolism are disturbed under water
deficit and this often leads to accumulation of sugars and amino
acids. Moreover, Hammad (1991) and Abo El-Seoud and
Hashim (1994) reported that, the increase soluble sugars by
decreasing water supply may due to the increase of chlorophyll
and photosynthesis rate.

Values of stress condition for all traits (chemical traits)
were higher than those of normal irrigation. These results may
be due to that soil water deficit increased carbohydrate leaf
content of winter wheat (Bobenko and Gevorkyam, 1969), and
affected total free and bound water leaves (Fischer, 1973 and
Stankova, 1973). Also, soil water deficit increased free and
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bound sugars in plant leaves. This could be due fo the
relationship of free sugars and osmotic pressure of the cell sap
which enable the plant to absorb more water of high suction
potential (Moursi et al 1978). Moreover, Dhingara and
Varghese (1985), on maize and Premachandra et al (1995), on
sorghum reported that, the increase in total free amino acid
under water stress may be due to incomplete utilization of amino
acids in protein synthesis.

A.2.1.3. Heterosis :

Mean squares for parent vs. crosses as indication to
average heterosis overall crosses were significant for all drought
and chemical measurements in both irrigation treatments as well
as the combined analysis except MI in both irrigation treatments
and the combined analysis, K+ in normal irrigation and the
combined analysis and total amino acid in the combined analysis
(Table14). The F1 mean performances were significantly higher
than parental means for total sugars in both irrigation treatments
and the combined analysis and K+ in stress irrigation and the
combined analysis (Table 15).

Significant mean squares due to interaction between
parents vs. crosses and environments were detected for drought
measurements (Table14)

Heterosis expressed as the percentage deviation of F1
mean performance from either mid- parent or better parent for
all the studied measurements at both irrigation treatments as well
as the combined analysis are presented in Table (1 6).

%
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With regard relative water content (RWC), the two
crosses P1xP3 and P5xP6 in normal irrigation, and three crosses;
P1xP5, P1xP4 and P2xP4 in stress irrigation treatments
expressed significant positive heterotic effects relative to mid-
parent value. On the other hand, significant negative or
insignificant heterotic effects relative better ~parent.,were
detected for this trait.

For M.%. two, three and one hybrids exhibited
significant positive heterotic effects relative to mid —parent
value in normal , stress irrigation treatments as well as the
combined analysis, respectively. However, the two crosses
P1xP3 andP1xP4 in normal irrigation treatment expressed
significant positive heterotic effects relative to better parent. The
other crosses exhibited either significant negative or
insignificant heterotic effects relative to better parent. The other
crosses exhibited either significant negative or insignificant
heterotic effects relative to better parent in both irrigation

treatments and the combined analysis.

With regard to O.P, three, four and three crosses
expressed significant positive heterotic effects relative to mid-
parent value at normal, stress irrigation treatments and the
combined analysis, respectively. Meanwhile, two, four and one
crosses exhibited significant positive heterotic effects relative
to better parent in the same order. It is clear that the cross
P4xP6 had the highest heterotic effects for O.P in both irrigation

trecatments as well as the combined analysis .

Osmotic pressure allows further reduction of leaf water
potential against the evapotranspirational demand before zero
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turgor (wilting) is reached. Genetic variation in osmotic
adjustment was found in wheat (Fischer and Wood 1979).
Also, Nicolas ef al. (1985) suggested that osmotic adjustment in
mature leaves and roots may be to of important for the
maintenance of vital processes and for recovery after drought .

Osmotic pressure is time dependent. Progression of water
stress has to sufficiently slow to allow solutes to accumulate. It
value as a drought -resistance mechanisms is excepted to be
limited under the rapid desiccation typical in crops growing on
shallow sandy soils.

For potassium (K+) content, one, four and one crosses
exhibited significant positive heterotic effects relative to mid-
parent value in normal, stress irrigation treatments and the
combined analysis, respectively. The most desirable heterotic
effects were recorded in cross (P1)Sids1 x (P2) Line 2D. Also,
the crossP1xP2 expressed significant positive heterotic effects
relative to better parent in normal irrigation only. The other
crosses, exhibited either significant negative or insignificant
heterotic effects.

For total amino acid (TAA), ten and four crosses
surpassed the mid- parent value in stress irrigation treatment and
combined analysis, respectively. Also, six and one cross from
the previous hybrids expressed significant positive heterotic
effects relative to better parent in the same order. The most
desirable heterotic effects was recorded by cross P2xP5 in stress
treatment and the combined analysis. While, the most desirable
heterotic effects was recorded by cross P1xP2 followed by the

cross P2xP4 and than by the cross P2xP5 in stress condition.
SRS SR S s 1 S e o e S S S T Te— A £ e ——— s S e e s

Results and Discussion =103+




For total sugars, five and one crosses exhibited significant
positive heterotic effects relative to either mid- parent or better
parent value in normal and stress irrigation treatments,
respectively. The cross P1xP2 expressed significant positive
heterotic effects relative to better parent and mid-parent in stress
condition. However, no desirable heterotic effects were detected

for this trait in the combined analysis .

With respect to protein content, ten and one Crosses
exhibited significant positive heterotic effects relative to mid-
parent value in normal and the combined analysis, respectively.
While, four and one crosses expressed significant positive
heterotic effects relative to better parent in the same order. The
most desirable positive heterotic effects were recorded in cross
P1xP3 followed by cross P3xP4.

In all drought measurements, the values of heterosis were
mostly differed from irrigation treatment to another. This finding
coincided with that reached above where significant genotypes
by environment were detected (Table 14).

B-1-2 Combining ability:

Analysis of variance for combining ability as outlined
by Grifing's (1956) method 2 model 1. In each environment and
their combined data for all the studied traits are shown in Table
(17). The mean squares associated with general combining
ability (GCA) and specific combining ability (SCA) were
significant for all drought measurements in both irrigation
treatments as well as the combined analysis except GCA for K+
in stress irrigation, for OP in normal and the combined analysis

#
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Table (17):Cont.

Total amino acid T.A.A

Potassium content K.p.p.m.N Protein content g/Kg P.C

S| C N D Comb N D Comb N D Comb

GCA 620138.08** | 182115.42 | 486852.91* | 660.26** | 2000.78** | 851.34** | 33.39%* | 30.73%* | 38.89**

SCA 15 | 15| 504066.37** | 598653.93** | 648023.51** | 983.20** | 5303.91** | 2850.65** | 58.83** | 51.28+* | 39.14**

GCAxI 3 3145400.59 2809.69** 25.23%%

SCAxI 15 454696.79** 3436.46%* 70.97**
Error 40 | 80| 125810.97 189231.30 157221.14 21.12 31.65 26.38 3.90 1.95 2.82
GCA/SCA 1.23 0.30 0.75 0.67 0.38 030 0.57 0.60 0.99
GCAxI/GCA 0.65 2.13 0.65
SCAxI/SCA 0.70 1.21 1.81
GCAxI/SCAxI 0.69 0.53 0.36

*and ** indicates significant at 0.05 and 0.01 levels of probability, respectively.

N= Normal irrigation D=Stress C = Combined GCA and SCA indicates general and specific combined ability

- T ——
R —— ———————
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and MI% in stress condition and the combined analysis, and

SCA for MI% in normal irrigation.

It is evident that non additive type of gene action was
the more important part of the total genetic variability for k+ in
stress irrigation, OP in normal irrigation and the combined
analysis and M1% in stress condition. On the other hand, the
additive type of gene action was the more important part of the
total genetic variability for MI% in normal irrigation. For the
other studied drought measurements, both additive and non
additive gene effects were involving in determining the
performance of single cross progeny. Also, when GCA /SCA
ratio was used, it was found that OP, protein content and TS in
both environments and the combined analysis k+ in normal
irrigation and the combined analysis TAA in normal and stress
irrigation and MI% in stress irrigation and the combined
analysis, exhibited GCA / SCA ratio of less than unity,
indicating the predominance of non-additive gene action in the
inheritance of such traits. While, the magnitudes of additive and
non-additive types of gene action were similar for TAA in the
combined analysis .On the other hand , high GCA/SCA ratio,
which exceeded than the unity was obtained for other cases.
Such results indicate that additive and additive by additive gene
action were more important than non- additive gene effects
controlling in these cascs.

These results were along the same line of El-Marakby et
al. (1993) and Darwish (1998) who found equal importance of
additive and non-additive effects for most traits. Also El-
Borhamy (2000) and El-Gamal (2002), reveled that high ratios
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of GCA/SCA mean Squares were obtained for almost traits,
indicating that dominant role of additive gene action in the
inheritance of these traits. Also, Abd El-Aty and Katta (2000)
found that additive gene effect were larger in magnitude than
those of dominant ones for yield and its components,

The ‘interaction between both general and specific
combining ability and irrigatio treatments was significant for all
the studied traits except K+ content, indicating that the
magnitude of GCA and SCA varied from environment to
another. It is fairly evidents that ratios of SCAxI/SCA were
higher than ratios of GCAxI/ GCA for TAA, RWC%. Such
results indicated that non-additive effects were much more
influenced by the environmental conditions than additive genetic
ones. Specific combining ability was stated by Gilbert, (1958)
to be more sensitive to environmental chances than GCA. El-
Gamal (2002) found that the mean squares of interaction
between irrigation and both types of combining ability were
significant for RWC,; El-Hosary et al(2009) found that non-
additive types of gene action was much more influenced by the
environmental condition than additive genetic ones for K+, and
RWC.

However, the ratio of GCA x | /GCA was higher than
SCA x 1 /SCA for protein content, MI%, OP and TS, indicating
that additive and additive by additive genetic effects were mach
more influenced by different irrigation treatments than additive
gene effects. Significant SCA x irr. and insignificant GCA x irr,
was detected for K+ content ,indicating that nonadditive genetic
effects only were inflnenced by different irrigation treatments.
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B.2 .General combining ability effects (gi):

General combining ability effects (&i) of each parent for
all drought measurements; (physiological traits i.e RWCMI%
and OP and chemical traits ie(K+ content, protein content, TAA
and TSS) at stress and normal irrigation treatments as well as
the combined analysis arc presented in Table (18).Such effects
are being used to compare the average performance of each
parent with other parents and facilitate selection of parents for
further improvement to drought resistance. General combining
ability effects in this study were found to be different
significantly from zero in all the measurements except MI% in
stress irrigation treatment and the combined analysis and k+ in
normal irrigation treatment as well as the combined data and OP

in stress irrigation treatment.

High positive values would be of interest under all the
studied drought measurements in question except RWC. where
high negative ones would be useful from the breeders point of
view.

The parental variety Sids1(P1)exhibited significant
positive gi effects for protein content in stress condition and the
combined analysis. However, it gave either significant in
desirable or insignificant gi effects for other traits.

The parental line 2D (P2) expressed significant positive
gi effect for protein content and RWC in stress irrigation, and
MI% in normal irrigation. While, it gave either significant
negative or insignificant gi effect for other drought
measurements.

—_—_—f-—————'—_
Results and Discussion -110-



HOISSHOSIT pup synsay

‘A[aanoadsar

paulquoy) =
‘Aigeqoud jo S[9A9] 10°0 PUR ¢('( 12 Juedy1udis saedipul ., pue,

D ssang=

d UOnesLLI [PULION =N

80t %118-13 q's™]
S0 PE0 LOE €L°9 LS 1€ 18°€ 0T %$ 18-13 q's™]
6£0 620 A 8¢S €6t YTl 6T°€ bLl %118 a's™1
62°0 TTo 06'1 SEY 89°¢ z6'0 T 0€'1 %S 18 4'S™1
«1€°0 S10- 101 - €70 - 81 - V6T | 4x8SF «0€'| 9d 9 weys
¥9€°0 810 170 9T 6L1- ##STT- | %420°€- | w6t°1- Sd 891 ez1n
¥0°0 600 - 81°0 08T z0's 850 €01 - | «aSPE- | 4861 bd 6eZImIman
00 L00- 81°0 L90- Zre- LLT #+6T1- [ 01T - xLV'1 - €d ( £aury
zTo- *1€°0- €10 - $9°0 1€ - #%xC9°G vr0 *SL'1 L8°0 - id azaury
7070 - 61°0- 01°0 81'C- 0 65t - «x61°1 €1 Pl Id 1spIS
quo) a N quo) a N quo) L a N
aur 10
d’'0 2Inssaid snowsQ) %I'IAl A111323ur AUBIQUIITA % ApLIE A Sjusaeg
D'’M 1uUdu0d J3jeM AsnePy
e e Y]

14 uo papms

SjuswdInseaw j43nolp ay) ur sjusaed lI® 10§ sp2ayy2 Aypqe Sunuiquods jessuad ]

*uor

ILAELIE)

0 sayBwnsy :(8]) 9qel



Table (18): Cont.

Parental Variety Potassium content K.ppm .N Protein Content g/kg P.C Total Amino Acid T.AA
or Line N D Comb N D Comb N D Comb
Sids1 P1 171.35 -62.27 54.54 - 4.54** 2293+ 9.20%* -1.56*% | -2.29%*% | -1.93%*

Line2 D P2 - 547.45%* -38.32 | -292.88% | -14.15%* 9.61%* -2.27*%* - 053 -1.20% | -0.77**
Line3 D P3 31.24 114.67 72.96 1.66 1.70 1.68* 0.38 1.01* 0.69**
Gemmiza9 P4 207.75 208.15 | 207.95** 8.50%* -1.97 3.27** -055 -1.46%* | - 1.01**
Giza 168 P5 18.58 -227.96 | -104.96 10.60** - 8.88%* 0.86 -1.76** 2.87%* 0.56*
Shamé P6 118.53 5.74 62.13 -2.08 -23.38 | -12.73*%* 3.84%* 1.07* 2.64%%
L.S.Dgi 5% 231.36 NS 121.87 3.00 3.67 1.58 1.25 0.91 0.52
L.S.Dgi 1% 309.55 NS 161.68 4.01 491 2.09 1.68 1.22 0.68
L.S.Dgi-gi 5% 358.42 NS 197.45 6.64 5.68 2.56 1.94 1.41 0.84
L.S.Dgi-gi 1% 479.55 NS 261.95 6.21 7.61 3.39 2.60 1.89 1.11

I PR SR S—
R B e  ———

*and ** indicates significant at 0.05 and 0.01 levels of probability, respectively.

N= Normal irrigation D=Stress C = Combined

%
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The parental line 3D (P3) expressed significant desirable
gi effects for TAA in stress condition and the combined
analysis, TS in both irrigation treatments as well as the
combined data, and RWC in normal irrigation and the combined
analysis. While, it gave insignificant gi effects for other cases.

The parental variety Gemmiza9 (P4) gave significant
desirable gi effect for k+ in the combined analysis, protein
content in normal irrigation and the combined analysis,
RWC% and TS in stress condition and the combined analysis.
However, it gave either significant undesirable or insignificant
gi effect for other traits.

The parental variety Gizal68 (P5) seemed to be the best
general combiner for WRC% in both irrigation treatment as
well as the combined data, protein content under normal
irrigation and OP under stress irrigation, revealing that this
parent was best combiner for these traits.

The parental variety Sham6 (P6) seemed to be the best
general combiner for TAA in both irrigation treatments as well
as the combined analysis, TSS in normal irrigation and the
combined analysis, and OP in stress irrigation treatment .While,

it gave significant in desirable or insignificant for other cases.

Specific combining ability effects(S;;):

Specific combining ability effects of the parental
combinations were computed for all drought measurements in
both irrigation treatments as well as the combined analysis are
presented in Table (19).
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Table(19):Cont.

Ciaiae Potassium content K.ppm.N Protein content g/ kg P.C Total Amino Acid (T.A.A)
N D Comb N D Comb N D Comb
P1XP2 533.65 940.32 736.99%* 13.88%* 21.11** 17.47** |-0.19 6.88%* 3.34%*
P1XP3 -41.47 -241.48 - 141.47 66.99** 59.51** 63.25%* 1.78 6.27** 4.03**
P1XP4 163.45 -74.17 44.64 4.28 -41.41*%*% | - 18.56%* 5.26%* 1.09 3.18**
P1XP5 -14.50 -41.52 -28.01 7.03 -52.46%* | -22.71%% | -9.29%* -1.54 -5.41%*
P1XP6 -106.51 161.31 27.40 -16.77**% | - 74.15%* | - 45.46%* -0.39 4.06 1.83
P2XP3 -925.03%* - 697.24 113.90 15.04** | -82.49%* | -33.72** | -8.03** 2.13 -2.95%*
P2XP4 543.58 64.65 304.11 -8.61*% | -14.12*%* | - 11.37** | -13.51** 6.10%* | -3.70**
P2XP5 664.47* 480.99 572.73* 8.67* -33.43%*% | - 12.38** 3.05 12.42%* | 7.73%*
P2XP6 1135.46%* 200.38 667.92** 10.80* | -55.13*%*% | -22.16*%* -2.40 3.31 0.46
P3XP4 252.47 90.76 171.61 54.23*%*% | -46.11** 4.06 0.87 6.49%* 3.68*%*
P3XP5 -294.70 80.13 -107.28 -15.70%*% | - 64.85%* | -40.27** 6.97%* -1.54 2.72*
P3XP6 -40.77 117.17 38.20 -9.57* - 48.07%* | -28.82** | -10.08** | -4.89** - 7.48%*
P4XP5 -183.34 -25.10 -104.22 -14.84%* | -16.72 | -15.78%* -1.95 -3.86%* | -2.91**
P4XP6 -31.82 50.07 9.12 -22.11*%% | -3329 | -27.70%* -7.45 1.03 ~321%*
P5XP6 -189.05 -2273.18 - 1231.11** 11.13** | - 16.97** -2.92 1.41 -3.90%* -1.25
LSD Sij 5% 635.42 779.28 495.04 8.23 10.08 6.41 345 2.50 2.10
LSD Sij 1% 850.16 1042.64 656.74 11.01 13.48 8.50 4.61 3.34 2.78
LSD sij-sik 5% 948.30 1163.01 738.80 12.29 15.04 9.56 5.14 3.73 3.13
LSD sij-sik 1% 1268.78 1556.05 980.12 16.44 20.12 12.68 6.88 4.99 4.15
LSD sij-skl 5% 877.95 1076.73 279.24 11.37 13.92 3.61 4.76 3.45 1.18
LSD sij-skl 1% 1174.66 1440.62 370.45 15.22 18.63 4.79 6.37 4.62 1.57
*and ** indicates significant at 0.05 and 0.01 levels of probability, respectively. N= Normal irrigation D =Stress C = Combined

%
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Four, four and three crosses for OP, zero, two, and two
crosses for M 1%, two, four and four, crosses for RWC%, one,
three and three crosses for k+, seven, two and two crosses for
protein content, two, seven and seven crosses for TAA, and five,
five and five crosses for TS expressed significant desirable sij
effects in normal, stress irrigation treatments as well as the
combined analysis, respectively. The most desirable Sij effect
were recorded by crosses namely Gemmiza9 P4 x Sham6 P6 for
osmotic pressure (OP), Sidsl P1 x Line2D (P2) and Sidsl
(P1)x Line3D (P3) for protein content, Line3D (P3)x Sham6
(P6) for TS in both irrigation treatments as well as the combined
analysis; by two crosses Line2D (P2)x Gizal68 (P5) and line
2D(P2)xSham6(P6) for k+, by crosses Sids1(P1) x line 3D (P3),
line2D (P2)xGizal68(P5) and line3D (P3) x Gemmiza 9 (P4) for
TAA and both crosses Sidsl (P1) x Gemmiza9 (P4)and Sidsl
(P1)xline3D (P3)for M1% in stress irrigation treatment as well as
the combined analysis. The mentioned combinations might be of
interest in breeding programs amid at producing pure line
varieties as most combinations involved at least one good

combiner.
V. 3. Susceptibility index (DSI):

V.3.1.Analysis of variance, means and heterosis:

Mean squares for drought susceptibility index (DSI) of
straw, grain and biological yields are presented in Table (20).

Mean squares for genotypes (DSI) were significant for
the three yields. While, mean square for (DSI) due to parent was
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significant for grain yield / plant. Also, significant mean square
for crosses (DSI) was detected for straw and biological yields.

The parental variety Sham6 (P6) seemed to be the best
parent for (DSI) of straw yield / plant , but without significant
superiority than these of the other parents .Also, the parental
combinations P1xP4 gave the desirable (DSI) for stress yield /
plant but without significant superiority over these of other
crosses except P1xP3 ,P2xP5 P4xP5.(Table 21)

For grain yield / plant, the parental Line 3D (P3) was the
high tolerant for stress irrigation but without significant
superiority over these of P6 and P5. While, the cross P1xP5 had
the high tolerance for stress irrigation treatments for this trait.
With the exception of P1xP2, P2xP3, P2xP5, P3xP5, P3xPo,
P4xP5, P4xP6 and P5xP6, the other crosses gave the same
tolerant for stress irrigation treatment for grain yield / plant
(Table 21).

For biological yield / plant, the parental variety P6 had
high tolerant to irrigation stress followed by (P5) Gemmiza9 and
then by (P3) Line 3D .While, the cross P1xP5 had tolerant to
irrigation  treatment for this measurement but without
significantly superiority over these crosses: P1xP4, P1xPo,
P2xP3, P2xP4, P2xP6, P3xP4, P3xP5, and P4xP5.

Combining ability:

Analysis of variance for combining ability for DSI of
straw, grain and biological yields is presented in Table (22).

The mean squares associated with general combining
ability were insignificant along with significant of specific
combining ability for the three DSI measurements of straw,

#
R —, —— —
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grain and biological yields. It is evident that non —additive of
gene action was the more important part of the total genetic
variability for these measurements. The genetic variance was
previously reported to be mostly due to non additive type of
gene action by ElI-Borhamy (2000) and EI-Gamal (2002).
General combining ability effects:

Insignificant mean squares GCA for DSI for the three
measurements. Consequently, the data were excluded.
Specific combining ability effects:

Specific combining ability effects sij of the parental
combinations, computed for drought susceptibility index (DSI)
for straw grain and biological yields are presented in Table (23).

For DSI of straw yield / plant, none of the hybrids
showed desirable sij effects. Meanwhile, the two crosses P1xP5
and P2xP4 had significant negative (sij) desirable effects for DS]
of grain and biological yields. However, the other crosses gave
significant positive or insignificant sij effects of DSI for both
traits. The previous two crosses were important for breeding,
programs for drought resistance.

A stress tolerant genotypes, as defined by DSI values,
need not have a high yield potential sine DSI provides a measure
of tolerance based on minimization of yield loss under stress
rather than on stress yield per se.

Genotypes identified as stress tolerant using DSI should
possess tolerance mechanisms, which may need to be
incorporated into germplasm with higher yield potential for
development of high yielding and stress tolerant cultivars.
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