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ABSTR.A.CT

I hirl." g.ain sorghun crosscs were developed in I99?
gro$ing scason from lhree introduced cyroplasmic male sterile(CMs)
ard ren renurer linc" at 5harJb$(el Alriculrurc Re.earch \ution
|arm. Sohag. ESpt. Thethi$ crosses, their parents and one check;
comnrerciai hybrid Shandaxeei 2; eere cvaluated io a randomizrd
complete block dcsign in two grorving seasons 199tt and 1999. Thc
gcnetic parameters were estr-malcd by using Iine x tcster anallsis.

The gcnotypes sho*rd highly significant differences amons
d' .tuo:.d lrairs. n 1..,. rh( t'cmalc line q I X-O2q g:tre rlre earl,e.r
.ross, howcver, ICSA-L gavc the latest one Nhen they werc crossed
R ilh the same restorcr line Dorado-V-9. Grah vield showed a hish
eslimaie (71.28 %) of helerosis over the be$e; parcnt jn the cro'is
(ATX-629 t2808-13). fhe femalc line ICSA-4o and the restorer
lines ICSR-138. follo*,ed b1, ICSR-93002, Dorado-V-9 and ICSR-
8o0i ' ha.r J pu. tr\( hiEnl\ ,ignificanl gercralcombininp abilin for
grain !ield. Fi\e crosses our ofthiny bad positive significant spccific
combining abi,iB i'or graio yield. Crosses- (ICSA-I x |CSR 93002)
and (ICSA--1o x ICSR-39037) had higher g.ain ),ield rhan the
check,Shandalveel 2. Resuks of these tr,,o hybrids have to be
confirmcd on large scale tests before irrther recommendation 1br
commercial release.

feJ words: combining & hetelosis, s.)rghum hicolol.
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I.INTRODUCTION

^ 
Grain sorgirurn in Egypt ranks four-th among cereal crops.

Seventy percent of the sorghum area is locarcd in 
"Upp", 

egypiur
A.siut and Sohag Cotemurates. Ha\ing ma,e srerile Iines mai.e seed
prodllcUon ol-glain sortshum h) brid le.. ditficult. \o. in order to keep
down.the cost of hlbrid seed production, attentjon must be gi!,e.t;
the yielding ability and seed quality ofthe female secd parent-and the
restore. lines. Heterosis generally increases rvhen genetic diversin
among parcnts increase. Estimated heierosis for graiD yield was
78.3% in the cross (1258 A x pD3-l-11) by lNandirwanker, i ggOl.
He added thal the male parents pVR_7, pVR-25 ana tZ:S ;
combination with 364 and 12584 had positi!€ het€rosis for gain\ield anJ i15 componcnls. rantarapanaJion 

", ,1, ,1ooa1 ,1Jo;..d
lelerosts ' Fratn <orFlum o\ using tlu.ee mdle \teril( ano louneen
restorer lines_ Thel repoftcd thar tweniy hybrids had significant
positive hererosis for gl.ain yicld and thc besr rwo h),brids wc; (2077,A x PV-54,1) and (2077-A x M-15_t). El_Mershaw]. (1996),
Mahmoud (1997) and Amir ( i999) used male sterile lines to pioduce
thei c.osses and the), reporied that the hybrids lvere earliei. taller-
anJ h"d hish o0u-grain reith! ard Fa,n ]ieJd lhan rhc,r bcrrer
parents. On the oiher hend. heterosis lor gain yield ,/ plaDt $as
observed in lew hybrids.

Among combining abiliB, Sakhare er d1.. {1992) estimaterl
.umbinints ebilrr] ol n\el\ e grd;n \urghu.n,rne. { ircludinB fu,rr ma jc
sle.ile and ttree restorcr lhcs) and their Fl hybrids lor ieven yield
componcnts. Thcy found that the male stedle lincs 2077-4.2i6_A
and the rcstorers ,SpV-462 & SpV_346. were good general combiners
lor most (haracrer\ includ ng gain 1icld. pittai eroi..rtqSjtreponco
tidl lhc lrnc\ I I l-A dnJ 205 A ahong the fema,e. and 8q05.1_R, 2o-R

"nd Co-2 J amonB lhc mal( larenl\. uerc gord general combiners tor
)rcld. Among lhe cru\5es. (ro\\ (205 q \ 8a05a-Rlposse.,ed the
highcst specific conbining abiiiry .ffec* for yield. ei_Uenstra*1,
(1996), Mahmoud (1997) and Amh (1999) used male sterile lines to
produce their grain sorghum crosses and thcy tbund general and.pec;fi. combining .rhilir5 ,g(a & sca, fi- gain lielJ and orher
rEl.lled compon(nlj in some cr,,,qcs. Jhepresent studV $as carned
out r,, (,r;male heleros;s as a crirerion lor dNeloiing superior
hybrids. ln this oontext the matching of flowering l"tir""n tfr"
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reslorer and feflale lines and the good polleo shedding capacity of
restorers are crucial for conrmercial hybrid seed producdon. Aiso. to
cstin'ratc the gereral and speciiic combining ability effects and

idenli8 the best parental conrbiners for high yielding hybrids

2. MATf,R]ALS AND METIIODS

Ihirlv- grain sorghum srosses tere developcd at Shandaweel

Agric. Res. Station Farm. Sohag, Egypt in 1997 season. These crosses

$ere deleloped from thIce introduced cltoplasmic male sterile lines
(,\-lines) and ien reslorer lines (R_lines). The heaCs ofboth parents

(R-lincs and Alines) r'ere bagged betbrc aothesis. Pollcn 
"lcre

collected fiom each .estorer line and pLaccd on the stlgrDas olthe
three male sterile lines (A-lincs) to prodLlcc the thir1y crosses. The

origin and agonomic characterrstics oflhe ten reslore. lines (R-iines)

and the three male sterile lires (A-lines)are preserted in Table (1)

Ar experiment \!as conducted in l9q8 and 1999 gxowing seasons at

Shaidaweel Agric. Res. Slatiot larm, Sohag, EgJipt, to evaluate the

crosses, their pa.ents and ShaBdaweel_2, conmercial .hybrid, as a

chcck. The scecls *ere sown on June 15dr and Juns 20u in 1998 and

1999 Browing seasons. rcspectivel). A randomized complete biock

design \rith three replications and one row plot was used Rows wore

4 meter long. 60 cm apafl and 20 cm b€tReen hills. Three wecks after

so$ing, plants *ere thinned to $vo plantsftill aller hoeing All othcr

cultural practi.es wer. done as rcconrmended fbr grain sorghum

production and thc recommcnded planl protection methods 1n€re

applicd as necessal. fhe mechanical anallsis ofthe soii showcd lhat

lhe soil ar Shandaweel is loan) sand.

Data $ere recorded on dals to 50 % blooming, plant height
(cm),1000-grai,r $eight and g.ain,vield /pianl with grain moisture

adjusted to 14% moisture Also. data ofeach season and combin!'d

.rver the t\ro seasot1s were subjecicd to the anal)sis ofvariance ol
Data were recorded on days l(J 50 % blooming, pjanr heiSht

(cm).1000-grain weight and grein yicld /plant with graifl moisture

adjusted to 14% moisture. AIso, data ofeaqh season and conlbilcd
over the tuo scasons trcre subjectd ro the analysis ofvariance of
randomized complete block design (R.C.B.D.) acco.ding to Federer

(1961). The genetic analysis \{as computed by using line xtester
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analysis according to Kemprhome (1957). ceneral combinins abilit)
(goa) effects for the parental lines and specific combining ability (scai
erfucrs fur cro5se5 uere eslifidt(d aLcorJing ro Singh and Chaudhr)
/1911').

3. RXSULTS dND I}ISCI]SSION

3.1. Mean perlormaDce ofthe genotyper
The combined analysis of\,ariance over the two seasons lor ali

srudied Eaits showed highly signil-lcant differences among tie

T:rbl€ (1): ()rigin ofthe paretrtel lines and some of thcir agronomic
Characteristics

genor-r_pes. Diff'erctces wcre highly significant among vears fo. ooh
days to 50% bloomingand sigDificanl for 1000-grain reight (Table
2). The interaotion bet$,c.n genorlpes and years was highl\
t,t.nrli-rnl lor all stuJied tra;lj Alco. the ddra indicared tnar hi€th,;
significant differences \l'cre detected for all studied taits amons
pdr(nls cros.e\. tlreir p3rlilion, (Jerrdle., rnale. irnd tcmales r malei
and parenr, \s. Jr,,sscs. c\jepr fur 1000 grair $e;ghl lhc diifercnc(.
\\ere sigDificana. Moreover, the interactions between eaoh of ihe

at 1997 season.
No. Litres Orighr Days to 507.

bloomhs
Plant h€ight

(cm)
T

1 USA 134
2 22E08 USA 75 tt7
3 tcsR-89037 73 lat3

22il8'13 USA i1 ll6
MR-811 70 t't1

6 lcsR-93002 IDdi! 72 1E6
\EB 317s I]SA 71 Lt2

E NEB-3245 I-SA 76 131
9 70 16.1
10 ICSR-I38 77 212
II M.le ste.ile lines
I ICSA I IDdis 65 r30
z ICSA-I{) Indir 70 160
3 ATX-629 usA 69 r35
TI e!!4
I Esyot 7t t9E



lor four
D.T, 1000-gr.itr

qeisht(8.) plmt (s.)

I 11?2.48** 18.99 16.38* t2211.72"
17.18*r 56.03 10.96r 22.47

42 37.71*. 11546.79** 129.89i" r416.70i*

t2 ,ll.6,l** 6395.4E*r 106-47** 930.62**

I 330.79*' 38395.76*. 20.01* 7420.55**

29 !5.t54* \2752.44** 142J8** 1d10.81r*

Mrle (M) 9 45.?8.* 36t2r-69*' 351.17** 3146.37**

2 11.0{* ?451.?6** l6r.5r** 791.71'*

18 16.,10** 1506.{4}* 35.47*. 611.E0*r

42 24.35** 2411.61*" 20.90.* 358.77r*

tx t8,,16** 945.49** 9.15

I tt.29*. {75J6* 6.19 67.55

x9 22.1t'* 3093.60r* 26.29" 419.07**

13.r0r* 1051.40*. 12,84** 561.70+r

1 1t7.71*' 213a5.09*' 2?.95r* 213,15*-

18 1t.0{r* 2086.75*i 32.80** .t6t.97*.

t6E 3.{9 4,t6 2A-t7

Table (2): Conbined analysis of va.ilntt ofthe studi€d gemtvpes (withour lheck)

lor four t ait! ov€. two qrowing seasons 199a& 1999'
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parents. crosscs. their partiliolls and parelts !s crosses aDd )efis had

highly significant differences $.cePl parent x year and pareft vs'

rrosscs r)ear iorlo-grain weight trait
For dals 10 i0% blooming (Table 3) rhe combincd data oler

rhe two seasons sirowcd that days to 50% bloonting fbr the maie

oJrcnr. rdnscd fi.m hb.8 n I ts-j21') ro --.i rl(5t(- 8'lra:'Jl'i
it,. 

",.,..e, 
rnnecdr,,'m,0'l (lCsA l\:18n8 'rrro-\ t:rl( \1

I \ Dorado-v-9). These results indicated thal lal'ress of la$ cross

mar be rlue to the seDctic tnrle up ol'the rerlorer p3 ent Dorado_V_

c.\,:],;t.. the arerage dals to 509/0 bl.oming ofcheck. Shandatleel 2'

rvss i1.17 da)s. ln gcneral- nosl ofthc Fr crosses \terc carlier thai
their parents and eight crosscs out ofthirt) Ncre highl-v signillcantlv

earlicr ard 1\to \\ere sicniilcantly earlier than thc check, Shardweel-

2
Iror plant heighr the combined data ofa\erage planl hciEht in

(Table 3) lor malc parenls raryed ftom I 1 1.67 cm (NEB-I175) 1(r

2,12.50 cm (ICSR il8) !'irb an averase ol 15?63 cm. $'hile lbr
limale par€nts it mnged from 120.00 cm (ICSA-I) to l'11 50 cm'

i

I
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(ICSA-40). Average plarr height for the crosses range.d from 112.50
cm. (ICSA-lx NEB-12.15) to 292.00 cm. (ICSA-4o x ICSR-I3B),
while, the avemge plant height of the check. Shanda$eel_2. \,,as
lq8 l3 tm. ln general. some of!he I I cro,.es $cr< taller *an dt(ir
parents and lbur out ofthirty were highl), sjgrnificantl), talterthan the
check ,Shandaweel-2. for 1000-grain weigtt data over the t\!o
scacon5 in(lablc l))hoqedlhat a!emge 1000-gratn $eighr o" the
ma'e psrenr\ rantsed kom l8.5J.glnr).t808 u12.2lgn(lC\k-
q3002) wirh ao average of 25.11 gm. While for female parents ir
ranged lrom 20 97 gm (ATX-629) to 23.40 gn (ICSA-40). Averaee
1000-gr"in uEi8hr lor rhe crosrs ranged lrom ln.8J gm 1lt S,,t-ir
NEB-3245) to 33.27gn (ATX-629 x Kulmne) while, the avcmge
1000-grain weight of the check Shandaweel-2 was 29.63 gm. In
gcneral. only one cross (ATX-629X Kuynne) had signillcantly
higher loo0-gain reight than rhe check. Somc ofthe crosses had
high 1000-grain weighr sompared with their parents.

For grain yield/plant, data over th€ r$,o seasons ( .l.ablc 
3)

showed that avera8e grain yield/plaot for the male parents rangei
Aorn 32.17 p (22808-t3) ro 67.?3gm. (ICSR-93002) with an
avcmge of ,19.:lgm., while lbr female parents i1 ranged from
27.079m. (ATX-629) to jj.28 

€sn. (ICSA-40). Averaqc srain
) le.d plarr lor rLe cros.cs rffe.<o l';m L 08 Fn. , lL \A- \ )2i081
1lr 85.10 gm. (ICSA-lx ICSR-93001). .Rhite the avemge gr-ain
!ield/plant ofthe check Shanda\ree1-2 was 77.25 gm. ln general. mosr
of the Fr crosses had high gxin yield/plant compared with thejr
pareEts and also two oosses (lCSA-l x ICSR 93002.) and (ICSA-40
x ICSR 89037) produced sigDificantly higher gain yicld/pla[t r]ran
thc check hybrid Shafldaweel-2. l hese two crosscs should be tested in
a large scale for confuming thefu resuhs and further recommendation.

It:: r"*1" arc in hamony with rhosc obrained by ElMenshaw)
f I qoo, Vohmuud I I sgTr and funir I lqgar t he1 conclu,led fiar,no.r
ul the J cro..ej \rere earljer. raller and had hiFh t000.graio ueighl
ard grain yield / plant thar their parents.

3.2. Eeterosis

_ Estimated hetercsis for thirt), Fr crosses as a percentage ofthe
better parent averaged ove, tlre two seasons fbr the studied iraits are
prcsented in Table 4 as follows:
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Hereros;s valucs for days to 50% blooming raoged ftom - 5.24
(ICSA-1 )r 22808-13 ) to 7.61 % (ICSA-l x Dorado-V-g). Mostof the

I I crosses over ti1'o scasoDs had negative heterosis, indicatiirg that,

thesc crosses \lerc carlicr than their edrlier parcntal lines. Eighi of
these crosses had negat;ve and significant heterosis and four crosses

had positive and significant heterosis. Also. data indicated that the
restorer Iine 22808-13 showed negadve heterosis with ICSA-I,
while Dorado- V-9 showed positivc hcterosis lvith the same A line
'l t1is result indicated that earli ess or latcncss ofthese crosses may be

due to the genetic make up of the rcstorer parent.

On the other hand, heterosis values lor plaot height rarged

ftom '.14.01 (ICSA-l x NEB-3245) to 50.05% (ATX-629 x Kuyiimc).
Most of the Fr crosses over two seasans had positive heterosis for
plant height indicating that these crosses were taller than tall parental

lincs. Fourtccn thirty crosscs had positive and significant heterosis.

Tuo crosses had negativc and significanl helcrosis for plant height.
Heterosis values tbr 1000-graia wcight ranged from -27.0i

(lCSx MR-813) to 35.63% (ATX-629 x Kuynure). Five of these

crosses had positive and significant hctcrosis for 1000-$ain weight.
\yhjle. ten crosses had negative arrd siSnificant heterosis.

Heterosis values lbr gain -vield/p1.int ranged liom 25.95

(ICSA-I x MR-813) to +71.28 % (ATX-62q x22li08-13). Mostof
the Fr crosses over the lwo seasons had posjtive heterosis tbr grain
yield,/plant and this indicated that these orosses had high grain

yield/plant compared \!ith the best parent. Lighteen ofthese crosses

had positivc and significant heterosis. and three crosses had negative

and signiltcant heterosis. In general. the crosscs; (ICSA-I x Dorudo_

v-9). (ICSA- 1122608- 13),(ICSA- I xICSR-93002), (-ICSA-l x NEB-
3175), (ICSA-4oxDorado V 9), (ICS4-,1012808), (ICSA-40x ICSR

89037), (tCSA-,10x22808 13),(ATx-629x22808-i3) and (ATX-
629xNtiB-3 175)gave the highest heterosis valucs for grain

yield/plant. These .esults are in hannony rvith those obtained b)

Nandanwanker (1990), Sankarapanadiol et a/., (1994) El-Menshauy
(1996), Mahmoud (1997) afld Amir (1999). Thq/ repored that
heterosis was manifcsted in grain sorghum crosses for many studied

traits.
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Tabl€ (4):Estimated heterolis as a percetrtage of the better parent ofthirf
crosses over two gmwing seasons, lgggaDd

3.3. Combitrirg ability
3.3.1. (;eDeral combining abilid. ceneral combining ability (gcn)
eflects ofthe parcntal lines for the sludied mit. o".. t"o 

""u.,rn._-"presented ir lablc (5).

t999.
No. Ds]s of50%

blooming
Phlir
height

l0O0-grain

ls.)

Gr:rin yield

I ICSA-I x DoIado-V-g 21.35** 0.8.t 52.62**
2 " r 22808 -4.04** s.56 -19.J9**
3 " x ICSR-89037 t.41 -.1.91 -9.62* 1.49
,{ xr280&13 14.86** 9.97* 36.54**

x MR-813 -3.09* -10.21** -21-O3** -25.95**
6 ,, x ICSR-93002 -0.71 -0.54 -t3.12** 25.65**
7 ,, x NEB-3175 -3.57* 18.48*r -6.49 58.{2**
8 ,, x NEB-3245 -3.81. -14.01** -8.49
9 -1.,13 -3.86 -12.23* -22-50**l0 ,, x ICSR-r38 1,04** 18.21** 6.01 26-i7**ll ICSA-40X Dorado-v-s -2.O4 40.70"+ -0.79 58.r8**,, x 22808 -4.08** -4-68 -1.39 32.30**
13 ,, x ICSR-89037 -2.49 9.7r** 2l-67** 16.02*+
t4 ., x 22808-l:] -1.63 -3,5t -0.8I 2a.91**
t5 ,. r MR-813 -0.95 3.89 -0.6s 19.59**
l6 ,, x rcsR-93002 J.15** 1.97 -21.81** -19.2a**
17 ,, x NER3175 :2-83 2.93 -14.83** 6r.57**
l8 ,, I NEB3245 2.99 5.85 4.73l9 r Kuvmne -0.01 11.91** 2-61 15.27**
20 r ICSR-138 -4.31** 20.,11** 10.78*+ 17.65*"
2t ATX-629X Dorado-V-g -o.72 38.24** 0.,t4 12.43*
22 .. r 22808 0-72 -13.21* t5.00,, r ICSR-89037 0.{8 10.26** -4.4 1.17
21 ,. r 22E08-13 0.00 33.8tr* l3-38** 71.28**
25 x MR-81] -2-65 -4.17 5.30 -6,06
26 x ICSR-93002 5.07** 3-76 -0.40 5.21
21 ,. r NEB-3175 -t.93 14.27** -0.60 33.02**
28 ,, r NED-f245 -0.24 5.23 -5.44 18.9&*
29 , x Klymn€ 1.70 50.05*+ 35.63"* 4.02
30 ,, x lcsR-138 5.07.* 12.51** 6.60 13.63**
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For da)s to 50% blooming, thc gca.ffects for thc male lines
Dorado-V-g and ICSR-138 \rere posirive and highly signitjcanr.
indicaling thar these t*o lincs had desirabie gene action foilateness_
I he gca effecis for thc rnale lines MR-81l. NEB-3 t 75 add NEB-32,15
\\'ere negalive and siBnif,cart. ildicari.g thar rhese lines had
favorable gene action for earliness, these lines will be considcred as
good conibiners for earliness.

For ptant height, the gca eflbcts oftirc female line ICSA-I and
seven restorer lines were negative andhighl] significant, indicatinq
Ih-,rl lhcsc li,e, 13J ta'or.,bre g(ne Jcri.,n tor chorlness. Ih(Bca
efiects oithe female lines ICSA-.]0 & ATX629 and three restrrer
lines we.e posirive and higlly sigrificant for planl h€ighr. indicating
thal these lines had desirable gene aorioo for tallness.

For t000-!fain weigbt, thegca eflccts offemaie line ICSA-i
ard four male lires *ere negativc and highly significant, indicatirg
that these lines had favorahle gene action ibr decreasing g.ain weigiri
I he lernalc rine A I \-6lq "nd ri!e mate I n.. har! po.irr.e ind
significant g.c.a ellects tbr 1000-grair weighl indicarins that these
lirres had desirablc gene aclion to increasc the grain wejghr and in
lum attributod for increding the rotal giain yield/plant.

Table (5): Estimates ofgenerat combining abitit) effectr for four trairs of thrcc
fenale and ten restorer Iines eombined orcr rwo growirs seasons.
lqoE & t9q9.

Drys of
50Yo I'eisht (cm.)

l080{riir
w.Ehl

GrdD yield
/ planl (g.)

remale lines (cMs):
I ICSA.I 4.222 -12.812:* -1.{94** -1,622

ICSA.41) 0.{94 5.J56.* 4.262
3 ATX-629 4.272 7_456** 1.756** -2.539**

litrs (R):
I 8.E76*+ :t.517*r 13.0E3**
2 22808 {1.517 41.900** -5.92E** -19.028**
3 ICSR.E9O37 0.472 -13.511r* 2.406** l0.tl9**

22E08-13 -0.906 -25.789*a 1.239 -9.306**
5 MR-EI3 -1.512* 4.678*a :2.372** {.028
6 lcsR-93002 1.039 15.7r1** 3.350+* 13.583**

NXB-3175 -1.628*r -29.51t** _1.59i11* -6.91r'*
8 NItB-3245 -1.961** -40.17E** 4.872** -r8.917**
9 -0.017 21.989*' t.d61* 1.306
10 tcsR-r:r8 109.9E91* 5.794+' 16.0E3**
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lor grain _vicld/plant the fcmalc line ICSA-,l0 and four mate
lines had positive and highly sigrificant g.c.a. effects for gmin
yield/plant, indicating that these lines had desirable gene action and
will be considered as a good combiners for increasing g.ain ]jeld./plant.
On the orhe. han4 the ilrnale linc ATX-629 and other tour nale lines had
negatile and sigtrificanl g.c.a. elTects for gEin yieid_ 'fhesc results are in
iarmory with those obtained b)r Sakiare e, al., ( 1992) El-Menshawy
(1996), l\,lahmoud (1997) and Amir (1999). They rcported thar
general combining ability eflect differed in magnitude among male
and female parents lor days to 50% blooming, pla height 1000
grain weight and gain yield./plaot.

3.32. Specifrc combining ability t ata in i'able 6 showcd that
specific combioinll abilio effacrs lor 50or bloomrig mDg€d fronr
1.172 (ATX-629 r Dorado-V-g) to 3.611 iICSA-lr Domdo-v-
9).fhese results indicated that.hc female line ATX-629 had favorable
gene action for earliness and the lemale line ICSA-I had lavorable
gene action tbr lalcness. One cross out of ahirt} had negative and
highly significant sca effect. indicating that rhis cross lvas earlier than
irs parents while two crosses had posjtive and significant sca elLcts,
indicaling that these crosses $,erc later than, thejr parents.

l-or plant height. specific combining abilily elfects (sca) ransed
from 28.522 (ICSA-1 \ Kuymre) ro 39.54,1(ATX-629 x Kuymne).
'Ihese resuhs indicated thar the female line ICSA-1 had favorable
gc]lc acliorl lor shormess, aithough the fcmale line AtX-629 h:id
lavorable gene aetion lor ullness. Th.ec crcsses had negative and
significalt sca ellects. while five crosses had positive and signi+jcant
sca efl'ects tbr plant hcight.

ror 1000-g.ain wcight, the sca ranged from 3.561 (lCSA-l x
Kuymne) ro .1.856 (ATX629 x Ku\mne )-These results indioareri
that lhe lemale line AIX-629 had favorable gene action lor
increasing the \leigit of the grains. T$o crosses had positive and
sjglificant sca effects and four crosses had negaaive and significant
soa effects for i000-g.ain weiglrt.

Fo. grainyield / plant. the sca.arged fiom,19.E83 (ICSA-40 x
ICSR-93002) to 16.400 (ICSA-1 x ICSR-93002), these resutts
indicared that tbmalc line ICSA-I had favorablc gene action fbr
increasing the grain ).i€ld/plant. Five srosses had positive and
significant sca effects for grain yield l plant. In general , the rcstorcr
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line ICSR-9]002 \\as a good combiner.lyjrh the female line ICSA_1.
also the rcslo.er lire ICSR-89037 \ras a good comhiner with thc
ferraie line ICSA-,Io for grajn :",ield,plant. these iwo crosses *,ere
higher than rhe check. Shandaweel-2 and theshould betested oD a
large scale to identili,the best one to produce it commercialh. l.hes€
r<.ull. are rn haflnon-\ s ilh rhose .brained b\ Ll_\,lcnsha$) ( lqc)br.
Vahmo.rJ { loq r and qmir_r lqeoi rep(-(cd rhar rpccitic.ombrntng
abrlr$ li...d.J cffecls 4cre cjeleLled [,r gr.rin l rr. kJ and urher sn_rdicti
traits in some crosscs_

T.ble (O: Estimates of the specific combitring ability efiech tor four traits of thirrycrosses ovgr two growiug seasons 1998 & t999.
Dals of
flYo beight

l0OO-9.!ir
rcight

rs.) (s.)ICSA-I x Do.ldcv t 3.6t1*. t550
2 -1.661 ?.533 0.161 -.1_822
3 r ICsR-8r037 0.Ili 0.328I r22808-13 -t.611 2.s89 2.161 -r.0.t,,

-0.11r 1.478 3.2rt," IlJ22iir ICSR 9]002 ..1t.889 8.589 1.050
1 10.6{4 t).641 1.900

-0.056 -8.356 t.d00
4J33 - j1orzr*'t0 1_161 15.6d** 0.939ll 6.400"

t2,422' -0.017 4.1501l x 22808 -L.161 2.76tr 7.061!., ,, r tcsR 89017 0.128 lltll 1.091 ,2.061**
1,1 x 12308-lJ 1.006 ,15.9llri -1.739
l5 0.617 LA72
16 -1.212 -2.850.

tl.22E -3-022 -1.23' :!!!1
0.783" rNES-32t5 0.728 lt.81l* 0.206

!2
lq
71

-0.550 - .022 -1.294
2.050 2.811 1.x06 -5.383

-3,172r* 5.1?E ,1.513 -11.850**
r22808 -6.067 2.922r 7,7611l .It.839 J_422 :lPL

9.872**
74 1332i {.4:2
25

b
27

-0.562 {.956 1.356 1.428
,,.161* -3.678 r,800 1.,183

D

-0.006 -7.623 0.57t -3.5t7
-0.671, -t.465 -0.1{,t -2.183

30
0.8a3 39.s.14r' ,1.856**
0.883 ,18.456.1 -2.111 r.01?
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