WA /Y ojles /Y A/ alE S5 gl Rt

(ZeamaysL.) <3 Fo g5 5 lacp¥ s et (K315 50, b S35 5 obowd s SMio (S35 4
) e
QM aK.iJ‘J c&}a‘.‘;m f'jl-“ 9 wf:.ﬁ L;j)l,&" 9 r)l& aKi.Aj}; ‘;;43’“ r}lﬁ a.b/s.j..ﬁjj.; ;65}})&5};\; o}; ;)lﬁ}b.w\
YRN8 25y ) — VPRG/ Y/YE 2l s )

oS>

3yp0 Do il DBl 03,51 cansay sl AL 3B gl s 4 ol pge olpl Wiss W b
@ol5a slaal g5 bob ot (S s (S Sty 5 il 05 Jee 3l BT S e 15 eslind
Jos 2505 skeas 0 x 0 Plgoans 3N b laol Fa z 5 2387 Y el 3 pBl axn s g
B s Lol 5l Jol Fo slads op 5 s s S adlae U505 5 abeadiam Slio s uducdls 5 O3
oSS DM oSl Sl 430 53 ITANNTAY o5 b L3 LSS an b sl bl slas il b
il sose sl A8 5 A3 550 (S n (o n (JBaAS gl Dlie 5 A S Ol S s iy sl 5 e
ozt el 53 anlllan 5,50 Sl gl o 55 o L olsire M laesls O W] PR PIPUEEE T K g
b sl @ b ks Sliv a5 sl 0L awa oy 4 SBLS s 5 a0 51 Lol b sl Ol ds s S
Slyme Sido &S J s w13 05 S lG B A S Cod G Sl 5 bl L3 S 558 (S LS
SNEL ol s Gl 5 S5 5,8 Slio ot a5 el cle mS Cos s
Ol oo ol (e 5 ol g e a3l ol 3 S0s Dlhs gl o /EEL ol B Gl S
Sy Lol 03 505 oslinal U ,om (slfa)l W5 5 s ooy 3OS o s (Sl e ou,aw@ué\ﬁsm

.D}ij}%.,\.i}:?AJ&:J)S}&ﬁ&})}bﬁj\ebw‘d‘ﬁjﬁé‘wWCﬁul

Gy s IS (e G55 0 Jes eSO 51

me.rahimi@Kkgut.ac.ir : Ky 2 oy w31 J ghons 0 ki 55



War-a)

Slio S35 s 5 s il b s e
Slio S5 Ol Kookl 5,0, skien oS
g0 LS 5 b s Olgea Plss s i)
(Hallauer et al., 2010) <ol o35 Ol Sal3ias ax 5
et SIS sy Ples s slais B S
SSh sl ll sy 53 e Sledbl S
Sy adlae 350 pdlly S5 Candy 5 oS Slin
ep 5 e (Christie and Shattuck, 1992) Jas .
&l Ly 3y ol 1wl 53 Qinks and Hayman, 1953)
A3 S eSS (Hayman, 1954a,b, 1957, 1958, 1960)
ooz e pSle a4z Gk 5l &S glaallas s
sep 2L g pdidly Gl bl A3 5 s
Shirinpour etal., ) L5 o J 28 25158 ol 3l w8
LS b ol S s gladlas 3 e (2020
OB el Sl Jps cod xin [ S (Gl
S sl olllks Jy .(Usman et al., 2018) s s
5 obedsm Sle ol e aps sk
J<'.'.> QL&L:f )) 39 C,.w‘ IS o) rl}u\ g_)).} )J &ﬂj)}ﬁ.ﬂj
45@\@beu|v5k&l.wdld‘jra

2 ged ool 535050 4 Ol oo JUe Ol e
S 2 Sladles 5 olecds Slis (S35 J S
Sl S A aS ol OLES ed Sgs 4 v.(;ﬁc—_,f
b s lS 5 3 Seer @ J35dS dxS s A0
Greish et al., ) a& J x5 o o Ol oy 2l
S a S sS o) p S aalas s (2005
S A el QL LS S bl b s e SIS
A ey IS s S s s sl o
»> (Bhattarai et al., 2016) xus J 8 c ey
et SIS a4 e kS s p S laallls
ol baw s Jbo g bl b s g aS Al el Ol

Cle@ e Ol i e S A lal s sy a8l

et SIS 0,4 K5 g et gy Sli K35 428

dodde

3 &S Sl e O S (Zeamays L) o3
Sl DM 53 e e Guage i oS
4 slals o, .Qalali and Asadi Kapourchal, 2020)
L1 ks e WA a3 23S 55 mlaw O
oy polanl s 4 5 Ok S 35 3 S
VA saas s s s OF 3 Shee lawgie 5
e A s e WY Sl 5 ol rjfjl.s
Sl Cxe 5> )5 (Ahmadi et al, 2018) 5 1> L
GG Sals (s (Eey el W8
osle & Olgeas eu) Sact g 1l 5 la o ok
3 0,8 e lE esliud sy bowis ol s 4l
Sa 58 Sl 5 0Ll glde Olgea OF el
.(Reddy Yervaetal., 2016) s, .

AU s 5 Sat alar 5l aoe sl i35 055l
G0l SN pame W5 5 A,y alS s (g SKaier
S SO L o U i I P ST DS |
ol el 5 i el b S Slio laeiS
4 OLLS foxs 5 55 3 3L Ll S Sliw
Ol L i,S (Vats, 2018) uils daler i
Gl i plgl (o me 53 DL (55 513 & das
Slyms Joo bty Slio g Wls e o
oz Gl e Slie 5 LA sy (S
Ahmad and Prasad, ) aas |3 5b o | b L IS
e e e sl sKe Gy b 1 0LeLS (2012
b 5 055 GRIB JSSS 00 s dads,
3 odan GRSl bs s S 5 S e i)
23 g ol w5 by S SRSy s
L ocplpbe (Wani, 2018) a8 Jass La i oy
RIS I I BPRP IR WS FPIPE Fe) S R It
L OLLS ol e 5 s S 0 OlS e Slis
s hee Il Calg 53 s 5 e sl
(Hallauer et al., 2010) > 5o ol3|



WA /Y ojles /Y A/ alE S5 gl Rt

s 3 b (mils ol sols (K35 abols Loy
lapba 23387 Y K58 5 ealinad 554 (G
KSC704-S7-5 KSC704-S7-3 KSC704-S7-2
3540 L;aal.S/ sl4e KSC704-S7-9 5 KSC704-S7-7
o3 oY V0 w5l 4S) Wy G ol s eslind
“80 elys Jle s s (Wss ol sl s b))
Ch K B sl ki sl B VYA
oSS DMz oS Sl 4o e 53 Pigsans
dsb Camdse L) Ol o iy sosld 5 o
Bl 2o 5 (B0 aads WV 5 ax s oV oLl e
SNL e Ve plil b Jled adds ) 5 s T
A el Gl31 sbps —

o3 dle 3 () e O 51 Juols 2
Lol 5l Jol= F2 gl 5 L 2855 (1Y40-47) ay
w5 5 ol 5l Lol Fy gl 5 opllly 5 Las Ay
Jlo 3 1S5 ae b ol JolS slacS 5k b G
bt s Slis 5 Lad C2S (OFANAY) dey el
D3 bl 3ose 5 SSeslul LOT 53 JdsJs ¢l s
2 laedsm Slio oS 2S G0S g b S
A8 S b s s Sl e Mipd ) D03
Aols 5 e sl Ve baeS o alolh e ¥ bt a b
sAe Y 4S a s 5 i sk el VO bachs, o
5 Lol W St ale e 5l e 5 esls 5 Ll
5o e adS s S K 65 K4S s
Loepple 5 Sdpdy Sose ade e bbb
Cogo d e 55 55 Fed ey be g e cbcds
e SAS & Goae o i a8 SlEe 3
Jos Slind s w51 a3 (P2Os) s
ol ot 4y o5l 355 0SS Ter 5 US G pme 5 dslons
5l 5l s ks s fﬁ'ﬂ Slivs p S ks Yoo
Cup ¥ S Sose 4 oapsl 25 6 SLS Yo
A3 8 pme s p ol (g5l jliens

D@ Josls et glaerSS, Ol S
s ¥ oLlS S s bugls 5 S s kS

aslas ;3 oeeens (Farshadfar et al., 2014) u J s
i a S 5 Ll s s a4 pkS
@ 5,5 Slis a5 ad el Ol e (SIS
3 B Glseme JESS (S L S b L s
Ll 5 cleds ol JES o o
.(Eftekhari et al., 2016)

o 3y50 53 sy ladlas 0gSE Sl 4 ax g L
Fsn Gliee o placdan Do (S35 S
sl D53 5 s S plsil 5 ek 35558 (s
NUNS R IV IR or i SO B | I KV 0 LU NBOU [ Vot
gl 5 Glerdse Sl J2S e 5 abildls
Fo s 53 0% 0 Plig3ens oA S B s s ks
L o84 clio la j3s, Olgn b OF 516 55 b
s LS a4 Jasie B, A5 ol 3 5 0s S bl
5 2500 gl Lls B L 5o Sl cul $Senl
Olale adeie 53 )3 J gy ol A5 55 pizmen
ol 5 Shes L 0T BLi)l 5 Sliv ool 4 a5 L 0L S
el S S5

L gy 9ol

o3> 3O KSC704 Wiy L )3 Comerr Cong 1
Lol by 5 bl sl Jl s s Lid
e Bl oo (g8 glaaiy; dube Clis (58l
WOle ol pde Wil b Sl sl5 5 Conds
55 58 Slles Lud obisl bagles 5 U
Ve S Ghe il 5o s 8 el s b s e Ol
A e s L eliiS 5 S Sl 6 U Gp S
5 B73 s o L oKy a3l Jlesl S L Ss
VA sluss 5 28 8 oy g LY JU 6 Slles MO17
Fed 33 b ool 35 S e se 3 5 s S bl Y
35 0s S Spe LY U Slles MO17 4 B73
55 86 al e 53 byl s sl gV Ve el
0 53 5058 dw > Glad 4 b obs)l as e
oY S S5 Sl s KA e 058 05
s A 5) LS o L;U@ alwd dw 3y bl



War-a)

B oo b Gl ol Lol S R ol e
g ae bl

Sls ) o 5 slae 5 LI Glad) o
ooep oy Sbae o pdlls e e s ke DS
Oyl &l cmemen i 5,50, (Hayman, 1954b)
3 e By SOlbg e 055 Gole 5 il Ol I
Oga3l 6l 5 A eslizal VI (g0, WI &gane S5 o
O35l ho 5 dmly cad Sl o cpl Ll s sl
sl (Hayman, 1958) =i S 13 eslinul 3,4 t
o et 5 3 0SSl S L3
Hayman, ) & eslical -plls nSle 5 Wr + Vr
oo s Sldde blols wa el gl (1954b
oslzesl (Makumbi et al., 2018) SAS | s> 5l peen
25

o g bl

5 SSdnm Do (Shas il ) ol o
Ol =3 Fo gl s el 53 5 Shes 5 e
aS sl Ol L5_<.:.,.,.A;ra ) PO R R SRRV Iy S W
5 A (Sear 55 Gl by s Shas
Orzmer b dons ) el mlas s (gl e
Saime 5 oo b s IS L6 SO Shes  Stnses
S il opl bl Kl e (Saecan ) s 5 3
Foae g a3 S e My B LIS S
ooy 413 a4y (g REw 03,5 3lge 503 S Iy Sl
B plg s Shes nlaly 5 Nisde S aals
oo ol gl e (i S Jlesl bty enlil b e
S JBaAS sl RIEIL € SO Shes Ul5
e (Stad A5 5550 (pioman 5D 5@ J35 05 L
ol Cl;,,_;\ la i 5 oS Slllae j3 .dls (5ls e g
la o5 4 Jood s Slio cpl &S Klesls Ol (o
Abdelaal et al., 2017; Nasrollahzade Asl ) .l iz
(etal., 2017

et SIS 0,4 K5 g et gy Sli K35 428

Ve 5 to ATy e Jsb s o3 Foolans s
s (Sudhakar et al., 2016) s (s,Sejlll 4L
aeloms 5055 05 2 0 S5 See  p LOT
(Somogyi, 1952) Ssesw Sy L oell a3 s
5l 5055 05 50 S e e 5 S eI
53 ey gl oas b oy chle s S )
plndl 258300 sy el 5 gl 080 & sed b
Sl (gl s (Bradford, 1976) ~s S
Bates et al., ) O, 5 50 Sy 5 s Slsme
oS et ST 3 Shas 5 A alizal (1973
RIS STIRTSIEY

s e e S bl p Fo el s adlly s
oo SIS e 5w 5 a5 15 bl
Sess sl gl 5 s el (Hayman, 1954b) o
s HD Gl GSlols D) Rl bl Jals
O (B e b Gl Ol A GSblsss 5 (Ho
Hayman, 1954b, ) e (solgis Osew S5 55,
e (bl Gl et le e 5 A 5,50 5 (1958
ooy 3 el S5 4 Y LA a5 D) s
sholis (F 4 F) i85 [l e o A
Jinks, 1956; ) WL o S el 4 F el )l 4 s
.(Jinks and Perkins, 1970

Cdo e iSJ S 55 Ol Sl s b s
il 3,50 5 55 S a3 (Hayman, 1954b, 1958)

H, (V) alal
D )

55 adles 3550 Slis (WD) Loyt (s uiuidls
:(Hayman, 1954b, 1958) . acul=e 55 alasly

LR S
h =222 —2 (1) dal
EDJrEHl—ZHZ—EF+E

J"JL.'.)“} :H2 9 Hl ‘wbﬁ‘ u,«;lﬁ)‘j ID J).AJ.@ Lﬂ"\ L



WA /Y ojles /Y A/ alE S5 gl Rt

o5 slacsY s andlas 540 Slis ;’W—\ Jsd
Table 1. Correlation of studied traits in maize lines

s O 3 Shas
i oS o Suég::u S LN P T SRR S
Traits Protein Proline content Chl a Chlb Total Chl Carotenoids Grain
content content  (mg/gfw) (MI/GMW) (mg/gfw)  (malgfw) — (MYlGMW)  yield per
(mg/gfw)  (mg/gfw) plant (gr)
535 8 gie
Protein 1 0.109 0.083 0.388™ 0.350" 0.448™ 0.144 -0.297"
content
(mg/gfw)
0o Slyeee
Proline content  0-109 1 0.066 0.051 0.196 0.120 -0.075 0.078
(mg/gfw)
Sugar content 0.083 0.066 1 -0.240 -0.340 -0.327 -0.119 -0.172
(mg/gfw)
a J'*ﬁ})s 0.388™ 0.051 -0.240 1 0.333" 0.925™ 0.533™ 0.144
Chl a (mg/gfw)
b Jba S 0.350" 0.196 -0.340" 0.333" 1 0.667™ 0.263 0.411™
Chl b (mg/gfw)
&5 J2s A - . - - -
Total Chl 0.448 0.120 -0.327 0.925 0.667 1 0.527 0.280
(mg/gfw)
A g5 ,l8
Carotenoids 0.144 -0.075 0119 0533 0.263 0.527 1 0.057
(mg/gfw)
< 5 s j_<.l.a.9
Grain yield per -0.297 0.078 -0.172 0.144 0.411 0.280 0.057 1
plant (gr)
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“and ™ Significant at 5% and 1% probability levels, respectively
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Table 2. Variance analysis of different traits of maize by Hayman's method

Slio Doy o 5 Sle
Mean Square of studied traits
S e T e R <
i Ao Sl s ; ; ; 25k
Sourceof  (s3l3! e 5 a sy S blisjs S Jds)S  Aissss
variation IR Proline &g
DF Protein content Sugar Chla Chlb Total Chl  Carotenoids e
(mg/gfw) (mg/gfw)
\ <
o 2 0.0000017" 0.000033™ 0.0000053"  0.006"  0.0000031" 0.00064™ 0.00015"% 15855
Rep.
e 14 0.000468# 0.001118™* 0.000197™#  1.63"# 0.425™#  2.6072™# (0.181"* 75817.08™*
Genotype
A 4 0.0003™#  0.0011™#  0.0003™#* 2.15"## 0.907"## 47937 (0.0893* 106821.8""
B 10  0.0006™#  0.0011™*  0.0002"*#* 1.427# 0.233™#  1.7326™% 0.217"* 63415.19™"
b1 1 0.0001™#s  0.0012™#  0.0002#  0.0001" 0.343™#  (0.3340™% (0.9338™# 14648.89"
b2 4 0.0005™#  0.0022™**  0.0002"*#* 1.76™# 0.146™#  1.6877™* 0.1906™* 99613.37"
b3 5 0.0007™#  0.0002"#  0.0002™#* 1.43™## 0.280™#  2.0483™% (.0948™# 44209.92""
oledl
' 28 0.00000086 0.00000214 0.0000016 0.0011 0.0000096 0.001097 0.0001 11015.88
Error

ns

F T s s LSS L s Olen Jlize 3L 1l 51608 58) doss ) 50 Jlasl o 3 s ine 5l ome b o 1 5
(B o bl oll b sl aan) ds 3V 50 Jaz o 53 5l fme 5 5y
ns.*and ™: Not-significant and significant at 5% and 1% probability levels (each of the terms was tested against

the interaction of each term with replication), respectively; # and #: Significant at 5% and 1% probability levels
(all terms were tested against the experimental error), respectively
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Table 3. Genetic parameters of different traits in maize lines based on Hayman's method

] | e
T 5 s Slas
O e USEalss blssls S desls s “

S5 oI I Sugar i g
Genetic Protein Proline content Chla Chlb Total Chl  Carotenoids Grain vield
arameter# content content (mg/g‘fw) (mg/gfw) (mg/gfw) (mg/gfw) (mg/gfw) perr?)llr;%/tl?gr)

P (mg/gfw)  (mg/gfw)
E o 0 oS 0.00036™ o 0.00036™  0.00004™ 3779.50°
D 0.00012°  0.0004™ 000004~  1.012™ 0207  1.938™ 0.06085" 27850.68"
F 0.00007"  0.00098" S 1.65" 0.249" 2.918™ 0.08752" 2499969
Hy 000052 0.00221™  0.0002™ 262" 0538  3.789™  027706"  77856.86™
Hz 0.00041" 000151 0.00019™ 1747 0.415™ 2319 0.23116" 62880.05"
h 0.00015 o 0.00001"  0.05009" 0244  00724™  0.08915" 31674.62"

[H,/D 2.05 234 2.22 1.61 1.61 1.40 213 1.67

H,/4H, 0.19 0.17 0.23 0.17 0.19 0.15 0.21 0.20
VADH, +F 4 3.17 1.00 3.06 219 3.33 2.02 1.73
JaDH, — F

r 0.85 0.21 -0.54 0.60 0.89 0.84 0.89 -0.05

h/H, 0.37 0.00 0.07 0.03 0.59 0.03 0.39 0.50

n 0.44 0.14 0.37 0.21 0.28 0.30 0.14 0.31

h? 0.99 0.99 0.99 0.9 0.99 0.99 0.99 0.87

a 0.00002  -0.0001  -0.00001 -0.06 -0.03 -0.84 -0.01 9179.67
2 0714 0159  0.693™ 0.61" 0.684"s 2.38ns 0.002s 2.23ns
Wr-Vr 0143 02247  0.173™ 0.315™ 0.0084™  0.238™ 0.0042ns  360971569.42

il 31 iU bty Ha s Hi aeldle 5 Ll Sl milslssS a0y aalsdl 3l et bl D e iobesTolaal B
S L I oy coms HoldH1 e a3 oSl H /D ¢ o 55555 08 S s 55 sbaolKe e ¢ pore h dags
S OYD) s Sle  Sran Tl s skt 5 I 05 olas oo {(J4DH +F) [ (J4DH F) tox:als 5 ol 1

At agas §phililys NE ¢ o part 5 pdiilys G (e sdmsOlis 5 dw odiS J 1S 55 sl slaws hH WPV L
Ll S ol g W = Ve ilisls asmd = V60 51 0 g S5 o 13 me 90| 031 A2 400 g S5 st i 51 1250
doys ) 50 Jlaxsl ClaM 23 b3 e gl sme e S S JE gE DS
E: Environmental variance; D: Additive variance; F: Covariance of additive with dominance effect; H1 and H2:
Dominance variances; h: Dominance effect over all loci in heterozygous phase; ,/H; /D: Mean degree of
dominance; Hy/4H;: Proportion of dominance genes with increasing and decreasing effects;
(/4DH,+F)/(\/4DH,-F): Proportion of all genes with positive and negative effects in the parents; r:
Correlation between parent means (Yr) with Wr+Vr; h/Hz: Number of gene blocks controlling the trait and
exhibit dominance; h2 : Narrow sense heritability; h%:VBroad sense heritability; a: Intercept of regression lin; t%:

Significant test of regression coefficient from one; Wr-Vr: Analysis of variance for Wr-Vr over replications.
" "and ~": Non-significant and significant at 5% and 1% probability levels, respectively.
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Figure 1. The regression line, limiting parabola and Wr/Vr graph for protein content (a) and proline content (b) traits.
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Figure 2. The regression line, limiting parabola and Wr/\Vr graph for sugars content (a) and Chl. a (b) traits.
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Figure 3. The regression line, limiting parabola and Wr/\/r graph for Chl. b (a) and total Chl. (b) traits
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The horizontal axis and the vertical axis show the variance of the rows (Vr) and the covariance of the rows (Wr),
respectively.
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Figure 4. The regression line, limiting parabola and Wr/\/r graph for carotenoids (a) and grain yield per plant traits
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Abstract

The diallel mating design is an important tool used by plant breeding programs to obtain information
on trait inheritance. Knowledge of gene action, heritability and genetic advance from selection is a
prerequisite for starting a breeding program for developing varieties of maize. Five maize Sy lines and
their F, progenies were studied in a 5 x 5 half-diallel crossing design to evaluate the gene action and
the heritability of biochemical and physiological traits. Parents and their F» hybrids were planted in a
randomized complete block design with three replications at the Research Farm of Graduate
University of Advanced Technology (Kerman, Iran) in 2017 cropping year, and chlorophyll (Chl),
proline, protein, carotenoid and reducing sugars traits were evaluated. Analysis of variance showed
significant differences among genotypes for the studied traits at 1% probability level. The graphical
results of Hayman's analysis showed the role of over-dominance genes effects in controlling proline
content, sugars content, Chl a, Chl b, total Chl and carotenoids traits whiles the protein content trait
was controlled by the incomplete dominance of genes. The narrow-sense heritability for carotenoid
and proline content traits were 0.14, for protein content was 0.44 and for other traits were varaied in
this range. The results of this study showed that the use of heterozygosity and the production of hybrid
varieties can be used to breeding traits such as proline content, sugars content, Chl a, Chl b, total Chl
and carotenoids. However, for breeding of protein content, use of both methods (selection and
production of hybrid) are proposed.
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