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Extended Abstract
Background: The production of new hybrids with high production potential, adaptability to
climatic conditions, resistance or tolerance to stresses, and stability in a wide range of
environmental conditions have special importance to increase the yield per unit areaTo avoid
creating and evaluating a large number of crosses in maize breeding programs based on hybrid
production, it is necessary to assign maize lines to heterotic groups. Considering that the
heterotic groups have not been determined for the selected maize inbred lines in Iran, this
research aims to investigate genetic diversity and determine the heterotic groups in the selected
maize lines to make maximum use of heterosis for future breeding programs. Moreover, this
research also seeks to classify the selected Iranian maize inbred lines into early, medium, and
late ripening groups based on the phenological traits.
Methods: Aiming at producing hybrid maize and determining the heterotic groups in this
research, 50 selected maize inbred lines produced in Seed and Plant Improvement Institute
(SPII) were chosen and evaluated based on their kernel yields, and morphological and
phenological traits in a randomized complete block design with three replications in the research
field of the Seed and Plant Improvement Institute. Variance analysis and cluster analysis were
performed using Ward's method and principal component analysis.
Results: In general, significant differences were observed between the traits studied in these
selected maize inbred lines. The comparison of the average kernel yield of the inbred lines
showed that the inbred line KE77008/1 (from the medium ripening group) produced the highest
yield with 4.708 tons per hectare and the inbred line K615/1 (from the early ripening group)
produced the lowest yield with 1.016 tons/ha. Moreover, the range of variation was significant
for the kernel yield per hectare and other traits among these inbred lines. Therefore, high
diversity was observed among the studied lines in terms of kernel yield and the other traits.
Selected maize inbred lines based on the phenological traits were classified into three groups,
early ripening (105.5-110 days), medium ripening (111-116 days), and late ripening (117.5-122
days). The yield range of the early group differed from 1.01 to 2.74 tons per hectare, the
medium group from 1.18 to 3.09 tons per hectare (except for the medium ripening group
containing the line KE77008/1 with a performance of 4.70 tons per hectare), and the late group
from 1.21 to 3.28 tons per hectare. In genetic analysis, the low difference between the
percentage of phenotypic and genotypic coefficients of variation of the traits showed less effects
of environmental factors on these traits. The lowest difference was observed between the
percentage phenotypic and genotypic coefficients of variation in days to physiological ripening
(0.24) and ear height (0.94), which indicates the great effect of genetic factors on the control of
these traits. The highest percentage genotypic coefficient of variation was obtained for kernel
yield (31.77%), ear height (20.07%), percentage of cob wood (19.96%), the number of kernels
per row (17.35%), and 1000-kernel weight (16.8%) traits. In this research, therefore, these traits
are valuable in examining the genetic diversity and grouping of maize inbred lines. However, if
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the percentage of the genetic variation coefficient is higher, more genetic diversity and less
environmental influence are observed for that trait. Based on the results of the principal
component analysis, the first component explained 25.67% of the total variation. In this
component, the highest positive coefficients are attributed to the number of kernels per row
(0.518), ear diameter (0.771), leaf number (0.718), plant height (0.668), cob diameter (0.607),
ear height (0.50), and kernel moisture at harvest (0.563). The second component explained
19.22% of the total data variance. In this component, the largest positive coefficients belonged
to 1000-kernel weight (0.723) and plant height (0.531) traits, and a negative factor coefficient
belonged to the number of kernels per row (-0.755). Based on the results of clustering by Ward's
method, the selected maize inbred lines were classified into six separate groups. The percentage
of deviation from the total average was positive for the yield trait in the first and fourth groups.
These two clusters based on the days to physiological ripening trait were medium ripening. The
highest days to physiological ripening trait for the lines was recorded in the second cluster (late
ripening), it was medium in the first, third, fourth, and sixth clusters (medium ripening), and the
lowest value belonged to the fifth cluster (early ripening) compared to the other clusters.
Furthermore, the distribution of the lines based on the first and second principle component
analysis and cluster analysis were in significant agreement with each other.

Conclusion: In general, significant differences in yield and yield components were observed in
this set of selected maize inbred lines. Also, a high level of genetic diversity was identified in
kernel yield and morphological and phenological traits. Based on the evaluated traits, 50
selected maize inbred lines were generally classified into six groups. Additional investigations
based on the produced single cross hybrids (KSC 704, KSC 647, KSC 604, KSC 700, KSC 703,
KSC 705, KSC 706, KSC 500, and KSC 260) showed the correct classification of inbred lines
and identification of heterotic groups. The heterotic group 5 identified in this study has not
played a role in the production of famous single-cross hybrids. Therefore, it is worth paying
attention to using the potential of the heterotic group 5 and the other inbred lines attributed to
heterotic groups that have not played a role in the production of single-cross hybrids in the
production of new hybrids.
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Table 1. The name of Maize inbred lines studied in this research

Inbred Tines

Inbred Tines Inbred Tines

KE81027/4-2-1 KE780107421 K1263/17
KE83001/4111 KE78011/61231 K1263/2-1
K2331 KE78011/61232 R319
K615/1 KE79017/3211 R59
K722 KE80001/5212 KE72012/12
OH43/1-42 KE80001/72111 KE75016/232
K1264/1 KEB81015/211 KE75006/212
K3653/2 KEB81015/521 KE77008/1
MO17 KE83008/2211 KE77005/3
B73 KEB81009/311 KE77008/2
K3547/4 KEB81009/511 KE78016/212
K3640/3 KEB81010/521 KE78011/6112
K47/2-2-1-3-3-1-1-1 KE81015/1-1-1 KE78015/111
K74/1 KE81012/3-1-1 KE78005/511
K18 KE81027/4-4-3 KE78027/1113
K222 KE81027/3-1-1 KE78008/212
KEB81027/2-3-1-1 KE78011/6121
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Table 2. Analysis of variance (mean squares) of morphological and phenological traits of Maize inbred lines
L

ED CD KD CW M KW N PH df Source
10.66** 0.15™ 2.08** 4.13™ 0.57™ 2.33™ 1.87™ 133.74** 2 Re 5‘(;‘;;
53.01** 18.2%* 6.05** 55.04** 23.58** 7156.02** 5.77%* 1264.39** 49 9]

Genotypg

3.81 1.7 0.7 3.6 1.95 291.16 0.55 49.12 98 s
error

4.61 5.72 8.843 9.19 7.35 5.99 5.38 474 S oy

Coefficient of variation
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Table 2 Continued. Analysis of variance (mean squares) of morphological and phenological traits of Maize inbred

lines
EH oS oF DPM RY KR KPR i Source
28.35%* 0.32% 1301 9.24%+ 0.36%* 0.02% 0.33 2 S
Repeat
583.94%+ 4228 5220%% 60,27 1.18% 19.69% 72.3% 49 55
Genotype
17.86 6.738 7.31 222 0.04 1.26 7.2 98 s
error
6.17 4173 531 132 1050 7.23 10 Sl 0

Coefficient of variation

Iosize pt 9 /0 SN Jlosn) pdaw )3y dxe o4 NS g ¥ X
110y ~(KD) (M) &l gz ~(CD) (MM) I3k s a5 ~(ED) (MM) 3k 15 ~(KPR) I3k ciss, 5 &l olass —(KR) ISk 5 4l civs, slas = (KY) i 5 5 &l 5,5kae
593 =(GF) Sy & IS 55, =(DS) JSKb 59, ~(EH) I glisyb= (PH) w552 a5, =(NL) S 52 olasi=(KW) @l Ve e 55 (M) sy oo 53 & gy ~(CW) J3b o5

(DPM) S35 (S U
** * ns: Significant levels at 1%, 5%, and non-significant
Kernel yield per hectare (KY), number of kernels row (KR), number of kernels per ear row (KPR), ear diameter (mm) (ED), cob diameter (mm) (CD),
kernel depth (mm) (KD), percentage of cob wood (CW), kernel moisture at harvest (M), 1000 kernels weight (gr) (KW), number of leaves (NL), plant
height (cm) (PH), ear height (cm) ?EH), days to silking (DS), days to grain filing (GF), days to physiological maturity (DPM).

@53 Y Syl 1> Sieln b Sy U9y 5 (S ) () 4l 5 Sles (:Slee duglie ¥
Table 3. Comparison mean of kernel yield (Tons per Hectare) and days to physiological maturity in Maize inbred

lines
Seiglsnzd (Sawy U g, 5, les oY (olul So3lsned (S U 59, 2o LY el
Days to physiological maturity Yield Line names Days to physiological maturity Yield Line names
12.5e-i 1.770h-0 KE78011/61232 105.5] 1.1690p KE77005/3
112¢-i 1.696h-0 KE81009/511 109.5ij 1.522i-j KE78010/421
113.5e-i 2.152¢-i KE75006/212 109i 1.0162p K615/1
113e-i 1.183n-p KE78016/212 109i 1.382k-p KE78011/61231
113e-i 1.760h-0 KE81018/611 109i 1.519i-j KE81027/4-4-3
113e-i 2.164e-i R319 109i 1.521i-p K722
114.5d-g 3.088bc KE72012/12 109i 1.532i-p KE78015/421
114d-h 1.356j-p KE79017/3211 109i 1.574i-p KE78011/6121
114d-h 1.795h-n KE78011/6112 109" 1.586i-p KE81027/3-1-1
114d-h 2.0146f-j R59 109ij 1.621i-0 KE78005/511
115def 1.711h-0 K3547/4 1099 1.796h-m KE81015/1-1-1
116cde 1.551i-p MO17 109" 2.016f-j KEB81015/521
116cde 1.953g-k K3640/3 109i 2.140e-i KE78027/1113
116cde 2.006f-j B73 109i 2.259d-h KE81012/3-1-1
117.5bcd 3.285b KE75016/232 109i 2.709dc K1263/17
118bcd 1.415j-p K2331 110.5ghi 2.748dc K1263/2-1
118bcd 2.541def K3653/2 110.50-i 1.862h-1 KE81009/311
119abc 2.443d-g K222 110.5hi 2.500d-g KEB83008/2211
120ab 1.779h-0 KE81010/521 110hi 1.676h-0 KE78008/212
120ab 2.13%-i K18 110hi 1.695h-0 K1264/1
122a 1.219m-p KE81027/4-2-1 110hi 1.953g-k KE81015/211
122a 1.2741-p KEB83001/4111 111f-i 1.833h-m KE80001/5212
122a 1.6493h-0 KE80001/72111 111f-i 1.973g-k K74/1
122a 1.840h-m KE81027/2-3-1-1 111+ 1.992f-k OH43/1-42
122a 2.568de K47/2-2-1-3-3-1-1-1 111f-i 4.708a KE77008/1

A 20)d B Jlain] gdaw 55 (I3 dize BT 181 S e Bgy ghyl> bl
Common lettered means indicate no statistically significant difference (at 5% probability level)
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Table 4. Descriptive statistics of morphological and phenological trait studied in Maize inbred lines

VEY Y oyl [pmd 3l Jlo /2y alS oMol dob yingsy

&3 oY 3yl 3 adllhe 3550 (S3glsid 5 (Siiglshyge Slao pos slaoll -F Jsuo

Loy

5] Oy luoyd sy Hig Hig)
Snipcils = GrE by T ST e Sl i Sl s i
heritability 5 59 Environment iy 5 Standard Sl axim oSl o
(h?) Phenotype Genotype al variance Phenotyp ~ Genotype error minimum um mean treats
variation% variation e variance variance
%
0.89 33.78 31.77 0.05 0.42 0.38 0.65 0.93 5.14 1.19 b 3 Slas
Kernel yield
0.83 17.48 15.94 1.24 7.39 6.15 2.7 9.6 21.6 15.55 by iy, Sl
Kernel row
0.75 19.98 17.35 7.09 28.83 21.75 5.34 14.2 44.4 26.88 cie2) 3 &b dlis
Kernel per row
0.81 1065 9.56 3.95 203 1635 4.48 2858 57.59 423 (mm) J3, ;L5
ear diameter
0.77 11.76 103 167 7.18 552 2.66 17.4 322 22.79 (mm) Jok s
cob diameter
0.69 16.3 13.58 0.77 253 1.76 158 4.59 13.45 9.76 b3 Gas
kernel depth
0.82 22.04 19.96 3.64 20.77 17.13 453 10.47 33.91 20.73 Phose 2o
percentage of cob wood
0.7 15.93 14.16 1.92 9.14 7.22 3 13 27.7 18.98 by o > b Cgh
kernel moisture at harvest
0.89 17.81 16.8 285.34 2575.58 2290.19 50.44 161.1 418.81 284.87 b Jl52 o
1000-kernel weight
0.75 11.01 955 0.58 23 173 151 8.67 20.33 13.77 S s
leaf number
0.89 14.44 13.61 5.82 45534 404.53 21.21 90.6 189.8 147.8 Sz g
plant height
0.91 21.01 20.07 18.07 206.7 188.62 14.29 35 99.4 68.43 Sl el
ear height
0.64 6.92 5.54 6.61 185 11.89 4.28 38 76 62.20 S 55
days to silking
0.67 9.29 7.59 7.43 22.38 14.95 47 35 77 50.93 S b S g,
days to grain filing
0.89 412 3.88 237 2167 193 4.62 104 122 113.13 S3glseed () U sy

physiological ripening days to

Wil Bas wdyd) j0 db Clhs (1Sle adgs opl )3 Mg
Sl ilyylia e by loj 0 &b cugby oy
cL_;QJngf i )5) oldas cJM) &LQ))‘ c4)9.i &L&D)] ccj).)
D)) (Sdnied (Sawe) U gy 9 Swy U (2 S8
Sl Glsal dop used s 8 6Ske 51 5L
G doyd (M el il )y o Sles Glas (1Sle
TS TCYIEC ARSI NI O T
P ab by doy cho 4 slie S 5:S0e 51 Gl ol
Sl Blzal do sy jieS g gy o yd TVBY cudildy o
Dgr Jopd VAV L &ils () Cto s bgige IS :5ke
oY) Y5 ¥V ojlad gplss (Y 9> (85 1,8
09,5 Lgs B 3l Sk 0,5 Sy (K18 4 MOL7
9 4l O'.’.l 5 Lmo.i\f L‘ﬁl u;’;:5|9 De adllas O.;.] 2
o 9 pbgie (S 098 b alie (LE Ol
&S Y 93 cpl (cmizmen (Choukan et al., 2006) g
ly i plgisds e OIS 59l S 09,5 1 9>
032 4 35 o )3 i (2l S i S
Sy U 39y S Cuds ke L(Shiri, 2017) sloas
AR b dulie > pgd adod 5> b (dly Sojolg
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Table 5. Mean of group, deviation from the overall mean, percentage of deviation from the overall mean and standard
deviation of evaluated traits in each cluster

KY KR KPR ED CD KD cw M KW NL PH EH DS GF DPM Parameters cluster
205 1712 2734 46,64 2514 1075 219 2059 29412 14621 16428 7934 6523 50.09 11532 Group mean

0.12 1.63 0.46 4.34 2.365 0.99 1.19 1.61 9.25 0.85 16.47 1090 3.027 -0.84 2.19 Mean deviation 1
6.15 10.46 1.70 10.26 10.35 10.14 5.76 8.46 3.26 6.15 11.14  15.93 4.87 -1.65 1.93 Mean deviation%

032 217 371 3.74 2.47 1.23 2.19 136 2870 144 1509 888 2.47 4.17 4.06 Standard deviation

169 1324 3052 4166 20.64 1051 19.78 23.07 3315 1443 163.14 79.24 67 53.4 120.4 Group mean

-024 -231 341 -065 -215 075 095 408 4668 0.66 15.33 10.80 4.8 2.47 7.27 Mean deviation 2
-1254 -14.88 1354 -153 -9.42 7.67 -456 2152 16.38 4.79 10.37  15.79 7.72 4.85 6.43 Mean deviation%

032 198 4.50 2.52 2.29 0.96 4.26 2.66 26.70 0.32 6.21 7.53 2.15 3.59 2.61 Standard deviation

1.76 18.3 28.01 4477 2327 1076 1754 1879 2319 1324 1344 6034 6041 505 11091 Group mean

-0.18  2.74 113 2.47 0.49 099 -319 -0.19 -53 -0.53 -1343 -8.09 -1.79 -043 -2.22 Mean deviation 3
-9.15 176 4.20 5.83 214 1015 -1538 -1.02 -1860 -3.85 -9.08 -11.82 -288 -0.84 -1.96 Mean deviation%

0274 121 3.26 1.40 1.46 0.93 421 2.49 30.66 1.09 11.38 7.38 3.15 3.12 3.023 Standard deviation

259 1387 206 38.07 21.37 835 2402 1959 306.0 14 15541 7225 5858 56.58 115.17 Group mean

0.66 -169 -6.28 -423 -142 -140 3.29 0.61 21.16 0.23 7.61 3.81 -3.62 5.65 2.037 Mean deviation 4
3400 -10.84 -23.36 -10.01 -6.23 -1442 1587 3.195 7.43 1.64 5.15 5.57 -5.81  11.10 1.80 Mean deviation%

1.23 218 3.73 1.92 0.73 0.82 5.64 2.39 65.68 1.18 8.30 5.08 4.14 421 3.96 Standard deviation

184 1434 3053 39.83 2157 913 1834 1619 26825 14.12 15758 73.92 6143 48.07 1095 Group mean

-0.1 -1.21 3.65 -248 -1.21  -063 -239 -279 -16.63 0.35 9.77 5.49 -0.77 -2.86 -3.63 Mean deviation 5
-5.02 -7.79 1358 587 -533 -6.49 -1153 -1471 -584 2.51 6.61 8.02 -1.24 -5.61 -3.21 Mean deviation%

039 115 5.78 1.99 1.03 0.79 3.53 16 26.6 0.89 9.07 1326 181 1.90 0.87 Standard deviation

184 1388 2419 3919 2227 846 22.2 1731 29931 1233 1214 51 61.17 49.78 110.94 Group mean

-0.09 -168 -268 -3.12 -0.52 -1.3 1.47 -1.67 1443 -144 -2641 -17.43 -1.03 -1.15 -2.19 Mean deviation 6
-467 -1078 -9.99 -7.37 -228 -1331 7.09 -8.82 507 -10.45 -17.87 -2548 -1.66 -2.26 -1.93 Mean deviation%

079  1.67 3.62 4.03 2.98 1.10 4.59 139 5042 167 1679 104 2.78 3.80 31 Standard deviation

lxe 31yl :Standard deviation ¢ JS' :Ske jl Clyoul w53 :Mean deviation% « S ke ;I il >l :Mean deviation «g,5 ,Sle :Group mean

4l 3es —(CD) (Mm) JMW wgn ylaé —(ED) (mm) M jlaé —(KPR) JM ciysy jo ails slass —(KR) M p iy caysy slaws — (KY) [iSa 3 o5 aily 5 Slee
IS 5y —(EH) I glasy- (PH) &g glas)l =(NL) Sy slias=(KW) &l Ve v 59 =(M) cudlyys oyl 55 dild Cagloy =(CW) M g Ao y> —(KD) (mm)
(DPM) Sojgdsnjsb (S, b 35, ~(GF) (S b JSIS 5, ~(DS)

Kernel yield per hectare (KY), number of kernel row (KR), number of kernels per ear row (KPR), ear diameter Smm) (ED), cob diameter (mm) (CD),

kernel depth (mm) (KD), percentage of cob wood (CW), kernel moisture at harvest (M), 1000 kernels weight (gr) (KW), number of leaves (NL), plant
height (cm) (PH), ear height (cm) (EH), days to silking (DS), days to grain filing (GF), days to physiological ripening (DPM).
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Figure 1. Clustering of inbred maize lines based on morphological and phenological traits
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Table 6. Principal Component Analysis for the studied traits in maize inbred lines
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Figure 2. Scatter plot of the first and second factors of principal component analysis in 50 maize inbred lines
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Table 7. Correlation coefficients between evaluated traits

GF DS EH PH NL KW M CW CD ED KPR KR Y traits

1 Y

1 -0.03 KR

1 0.2 -0.1 KPR

1 0.34™ 0.75" 0.08 ED

1 0.76™ 0.02 0.65™ 0.01 CD

1 0.33" 0.01 -0.42 -0.11 0.01 Ccw

1 0.24 0.2 0.29* -0.09 0.22 0.02 M

1 0.05 0.29* -0.1 -0.13 -0.16 0.56™ 0.13 KW

1 0.13 0.28 0.14 0.18 0.43 0.19 0.18 0.12 NL

1 0.52 0.34™ 0.25 0.12 0.12 0.22 0.12 -0.05 0.15 PH

1 0.85™ 0.6™ 0.17 0.24 -0.001 0.08 0.21 0.15 0.01 0.04 EH

1 0.31 0.31 0.24 0.12 0.53™ 0.1 0.11 0.23 0.15 0.03 0.09 DS

1 -0.37" 0.1 0.2 0.17 0.18 0.3" 0.19 -0.003 -0.09 0.19 -0.07 0.16 GF
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