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Extended abstract

Introduction

Maize is a fast-growing plant that absorbs a lot of nutrients from the soil, indicating the need for the
availability of various nutrients, including micronutrients, during its growth and development. Zinc is
one of the most important micronutrient elements for this plant, which has many roles. Zinc deficiency
is one of the global problems for grain production, and the genotype of the plant has a major effect on
the absorption of zinc from the soil or the use of zinc inside the plant. Investigations have shown that
the accumulation of micronutrients in seeds is genetically controlled. Knowledge on genetic diversity, in
addition to preserving the genetic reserves of plants, also helps to use them effectively and better in plant
breeding programs. Study of genetic diversity is a process that reveal any difference or similarity among
species, populations or individuals using special statistical methods and models on molecular or
morphological traits.

Materials and methods

In this research, 95 maize inbre lines were assessed under optimum and zinc deficiency conditions using
a-lattic design with two replications in Zabol Agriculture and Natural Resources Research Center,
during 2 successive crop years (2020 and 2021). The investigated lines were obtained from Razi
University of Kermanshah, Khorasan Razavi Agricultural and Natural Resources Research and
Education Center and Seed and Plant Improvement Institute. Zinc treatment was applied before the
beginning of the reproductive stage at the stage of 4, 6 and 10 leaf stages. Zinc fertilizer was added to the
ground along with water in the early hours of the day (due to low air temperature). For each genotype
in each experimental unit, five plants were randomly selected and the desired traits were measured. The
number of 29 traits, including phenological, morphological and yield-related traits were measured.
Combined analysis of variance of the studied traits in both environments was performed using SAS 9.4
software. Stepwise regression was performed using the "olsrr" package based on Pearson's correlation
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coefficient; calculated using the "corrplot" package in R software. Also, in order to more accurately
interpret the results of correlation and stepwise regression, path analysis was performed on the traits
entered into the final regression model in PATH 2 software. Hierarchical clustering by Ward's method
on standardized data was conducted by "cluster and factoexta" packages. Factor analysis were conducted
in R software by means of the "FactoMineR" package.

Results and discussion

The results showed that there is a significant statistical difference among the studied lines in terms of
all the investigated traits. Based on step-by-step regression and path analysis, the number of seeds in
the cob and the weight of 100 seeds were determined as important traits affecting economic yield under
optimum and zinc deficiency conditions. By cluster analysis, the studied lines were classified into 5 and
4 clusters, respectively, in terms of the investigated traits under zinc deficiency and optimal (normal)
conditions. Based on mean comparison of investigated traits in clusters of the hierarchical method, 11
lines in the first cluster (Maoo1, Mao23, Mao39, Mao43, Mao44, Maos7, Mao62, Mao6s, Ma10o0,
Ma112, Ma117) were identified as sensitive genotypes to zinc deficiency conditions. Thirty lines with the
highest values for most of studied traits including Maoo4, Maoo6, Mao15, Mao17, Mao18, Mao19,
Mao20, Mao21, Mao27, Mao30, Mao31, Mao32, Mao3s5, Mao38, Mao49, Maoss5, Mao64, Mao72,
Mao7s5, Ma0o96, Maog8, Ma1o4, Ma1os, Ma1o7, Ma108, Mai11, Ma114, Mai123, G703, Simon in the
fourth cluster were identified as tolerant genotypes to zinc deficiency conditions. The results of principal
component analysis confirmed the results of cluster analysis. In optimum conditions, the first seven
components and in zinc deficiency conditions, the first eight components had eigenvalues greater than
one, which in total explained 79.77% and 78.99% of proportion of total variance, respectively.

Conclusion

The results showed that there is a wide diversity among the studied lines in terms of traits related to the
seed yield in both optimum and zinc deficiency conditions, which is valuable for the exploitation of these
lines in order to developing tolerant lines to withstand zinc deficiency stress. In this regard, in order to
obtain hybrids tolerant to zinc deficiency with higher economic performance, it is suggested to cross
tolerant lines in this research to benefit from the phenomena of transgressive segregation and heterosis.
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Table 1. Physical and chemical characteristics of farm soil
Total  Availabe Availabe
Depth EC pH TNV Nitrogen P K OC Clay Sand

cm  dSm? % ppm % ppm

Silt Soil texture Zn

0-30 185 803 204 0.05 26 220 0.54 18 42 40 Loam 0.67

EC « S ol IpH «Sal b snigd 5 olge 0o pd (TNV ¢y s JlB 1208 1P ¢ o is Job ks (K ¢ JT 435 :0C ¢ 50c :Depth
.JS ;) Total Nitrogen s, :Zn « S5 il :Soil texture sedew Silt ¢ 02 :Sand ¢, Clay ¢ e p aiosj oo 1S ML ¢ S 28l o lon
OC: Organic carbon; K: Potassium; P: Phosphorus; TNV: Total neutralizing value; pH: Potential of hydrogen; EC: Electrical

conductivity; dS m: Decisiemens per metre; Zn: Zinc.
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Table 2. Names of measured traits in maize lines under optimum and zinc deficiency conditions

o S Soilail uslg Cluo G,
Trait Abbreviation Unit Trait Row
Days to seedling DTS Day/;s, S8l B 55, olaas 1
Days to Tasseling DTT Day/;s, 2 Juli b 3q, slows 2
Days to anthesis DTA Day/;,, 03,5 ;o0 b 59, olaws 3
Days to earing DTE Day/;;, <2 PL G g, olass 4
Anthesis silking interval ASI Day/;,, Sladles oo 5
leaf length LL Centimeter/ ;. il Sy Jsb 6
leaf width LW Centimeter/ o sl Sy o 7
Ear-up leaves number EULN Number/sae Db YL Sy slaws 8
Total leaves TL Number/sae S JS olow 9
Ear height EH Centimeter/ s oslo Oy 3 skl IO gl )| 10
Plant height PH Centimeter/ s oslo Gy elis)| 11
Tassel length TAL Centimeter/ s oslo Jub Jobo 12
Stem diameter SD Centimeter/ s oslo aSle o 13
Peduncle length PL Centimeter/ . ol JSSlay Jsbo 14
Ear length EL Centimeter/ . sl Dl Jsb 15
Number of rows along cob NRC Number/sas D 5o ails ciys, slass 16
Number of Kernel per Row NKR Number/sas oy 5o ails olass 17
Ear diameter ED Centimeter/ s slo I s 18
Ear width EW Centimeter/ s slo I e 19
Grain depth GD Centimeter/ ;o sl als Gec 20
Cob diameter CD Centimeter/ s slo Dlogs b 21
Five ears weight FEW Grams/p 5 Dz 09 22
Five cob weight FCW Grams/e 5 I oz 0js 23
Economic yield EY Grams/s 5 (olazdl s Shee) P yo ails 59 24
100-grain weight HGW Grams/e ;5 als as 39 25
Number of kernel per ear NKE Number/sas I 5o als slaws 26
Yield per unit area YAU Grams/e 5 b o>y 50 5 ,Slee 27
Biological yield BY Grams/s 5 Soislem o Shos 28
Harvest index HI Percent/as o culop pasls 29
Solel NS Slas ol sl laepY o a5 b Sy g b
o YU px o a) 0,00 5425 (P <0.001) jlo e owiliyly 4 2
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Slyati o 30 (nfpS el (2l)y Jlo 93 )3 (o) 23,90
(VIV) 03,5 150b U 59, slaxi o 53 (59, 99008 Ll 15 50
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YOIV ol 5 4) dier 5 59 39205 sl 180 )0 el w1y o
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ey o 45 ol olis bt (2,5 bl AlS Lyl
0,18 3525 (5l sixe Dgld axllans g0 Dlas oled Hassl
paS 6,508 Geiss o (Ghaffari Azar et al., 2019)
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1. Stepwise
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Table 3. Stepwise regression analysis for seed yield (dependent variable) and other traits (independent variables) in
maize lines under zinc deficiency conditions

Jow 43 000,19 yuisio OFw S ) 8 £ 3 G ICS | a15 8 Sl b (Soowod
Variable interred into byl biw! Partial Adjusted Correlation coefficient
the model Std. Beta R-Sqare R-Square with seed yield F
SO 53 il slasi 0.833 0.7857 0.7857 0.889™ 345,58+
NKE
s Ve 0 0.450 0.1848 0.9705 0.569" 1544.72+
HGW(q)
i :») el I3 gl -0.079 0.0046 0.9751 0.059 1226.90*
®> Pl U 595 slas -0.032 0.0008 0.9759 0.1 951.19*
DTE
o Sndsb 0.052 0.0005 0.9764 0.2 777 84+
PVl a4y 0.0011 0.9775 0.23" 682.36*
EULN
o Sl yhs 0.031 0.0004 0.9779 0.05 594.111%
W Sropss -0.031 0.0004 0.9783 0.09 530.89*
NRC I ey Sl -0.023 0.0003 0.9786 031" 477.69"

Std. Beta: Standardized beta coefficient
NKE, Number of kernel per ear; HGW, 100-grain weight; EH, Ear height; DTE, Days to earing; LL, Leaf length; EULN,
Ear-up leaves number; SD, Stem diameter; LW, Leaf width; NRC, Number of rows along cob
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Table 4. Stepwise regression analysis for seed yield (dependent variable) and other traits (independent variables) in
maize lines under optimum conditions

a e..\..i’:.b)b ).A.J.-A’-L) L”'.“.'.‘.'."’" b“'.’.)‘é
Joe ox-f;; wrﬂ 3 st ey o w15 5,5 Lo b S
Variable interred oyl Partial Adjusted Correlation coefficient
into the model Std. Beta R-Square R-Square with seed yield F
Sy i1 Slusy
g0 ails slas 0.853 0.8304 0.8304 0.91° 455.396°
NKE
ald Ve 39 .
0.406 0.1486 0.9790 0.62 2141.154
HGW (g)
S Jsb -0.043 0.0012 0.9802 0.639" 1498.745*
EL
5L L
Sl 8 0.033 0.0006 0.9808 -0.04 1150.603**
SD
S
2ds® -0.027 0.0007 0.9815 0.389" 942.979%*
LL
" : ' 5 * Seste
TR RS e -0.024 0.0004 0.9819 0.4 796.003°
NRC

Std. Beta: Standardized beta coefficient

NKE, Number of kernel per ear; HGW, 100-grain weight; EL, Ear length; SD, Stem diameter; LL, Leaf length; NRC, Number
of rows along cob
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Table 5. Path analysis based on correlation coefficient of traits intered to regression model for seed yield in maize lines
under zinc deficiency conditions

i _ Indirect effect through Cuo 39 yb 3 podimmn e S1 Al 0, SKlos
e A Correlation
—2  Direct coefficient with
Trait Effect 1 2 3 4 5 6 7 8 9 seed yield
L e Py aloolasi ) orge 0.075 -0.005 -0.004 001 -0.01 -0.001 -0.003 -0.005  0.889"
2 “Vrois e~ 014 -0.015 -0.001 0.007 -0.009 0.003 -0.005 -0.002  0.569"
HGW (g)
3 omiilebel Phe®sl e 0049 008 -0.002 0.022 -0.006 0.005 -0.013 0 0.059
EH (cm)
4 DTE“ P9y ol 6930 0115 0013 -0.006 0O 0 0001 -0.004 -0.001 0.1
5 L em Srde 01 014 0053 -0.03 -0.001 -0.019 0.004 -0.014 -0.001 0.2
cm
LS s )
. C’:*‘sy-d’* MM 0044 0173 0084 0011 O  0.026 0.002 -0.003 -0.003 023
" 5o em) “lesk® 0026 -0.017 0.062 -0.018 -0.002 0.011 -0.005 0011 0 0.05
cm
8 L wiem) SrRPE 0033%  0.066 0.058 -0.032 -0.003 0.025 -0.004 0.008 0 0.09
cm
s s st )
9 \Re WIS 0015 0281 0.044 0.003 -0.002 0.001 -0.007 -0.002 0.001 0.31

swileundly ol 51 (Residual effects) = 0.136
KW NG VIRV == Jla=! CJa..» 5o é)loé_;_m BRIV

*and **: Significant at 5% and 1% probability levels, respectively.
NKE, Number of kernel per ear; HGW, 100-grain weight; EH, Ear height; DTE, Days to earing; LL, Leaf length; EULN, Ear-
up leaves number; SD, Stem diameter; LW, Leaf width; NRC, Number of rows along cob
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Table 6. Path analysis based on correlation coefficient of traits intered to regression model for seed yield in maize lines
under optimum conditions

Indirect effect through o (39 5b 3 padiomno gl 431 S Slos b (Sicwod

. el Correlation
—o Direct coefficient with
Trait Effect 1 2 3 4 5 6 yield
l . .-
Jh ); :‘; shasi g gag 0111  -0.03 -0.003 -0.007 -0.008 091"
wld e o 0.399 0.236 0012 0 -0.006  -0.002 0.62
HGW (gr)
S Jsb .0.043" 0591  0.103 0001 -0.008 -0.007 0.639"
EL (cm)
4 . .
Sl ;b5 0.029" -0076 0011 -0.003 .0.004  -0.001 -0.04
SD (cm)
5 =
S dsb .0.018™ 0312 0111 -0.018 0.005 -0.005 0.389"
LL (cm)
6 . . -
«ls “':I‘F:é S 9016™ 0405 0031 -0.019 0.001  -0.005 0.4*

odilodly wl il (Residual effects) = 0.158

Qo S g duoys i Jlaio ] mlaw j0 (gl goe s i 4 B
*and **: Significant at 5% and 1% probability levels, respectively.
NKE, Number of kernel per ear; HGW, 100-grain weight; EL, Ear length; SD, Stem diameter; LL, Leaf length; NRC, Number of rows along
cob



AN S5y d9eS 5 atge bl il Lo 08 slacnY o Sles 5 Sujslsd )50 Dlao g5 b))l ], Se 5 0]y Sl

WA 6,.?1).@ aluds ganddgs usjf r:lqdl o.\.ﬁ.‘;o)l..\st;wl
A olawl Ll p (Gg) dgeeS Ll j0 &8 alls (Y
Ol sl g QI F polie (o licn glyls a5 adgs =
Siplin IS T? gl SLSU 5t S 525 5 adigs pgus
Pl @l ez dnge slaad aly p age Lalp )3 5 Wogn

O U5 Y Jsdz) A

Sladgs 4 i
olic @ axg b oypyse sy gaesS
Caz b plwl gladss 4 oy, b ooads (5 Sl
O T2 lagyge;l 5l laadgs  adly slaw s
ol olitl Maog S ey plg3 e 5 IS Fusilia

sl i (2She 53, 2 TO)ly by, 4 lades a e

$9) O9eeS 9 dngy Ll s 50 Dgllao Algs SIaxi (s jgliiods Wbabigs paw (s slre 9 F (Sislin I T? polie ¥ Jou
Table 7. Pseudo T2, F and Cubic Clustering Criterion values, used to determine optimum number of clusters under

optimum and zinc deficiency conditions

PSS Slaass Soaligp QT Wog,5 pamw (yle7 Hlare
Environment buxe  Number of clusters Pseudo T2 Cubic Clustering Criterion
ZDC $93 SgaS 5 3.1 9.3 -7.0
ocC Frvy 4 51 16.1 -6.3

ZDC: Zinc deficiency conditions; OC: Optimum conditions.
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Fig. 1. Determining optimum number of clusters based on Pseudo T?, F and Cubic Clustering Criterion values, under

(a) Zinc deficiency conditions, and (b) Optimum conditions
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2. Ward’s method
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Fig. 2. Dendrogram resulted from hierarchical cluster analysis of maize lines using Ward’s method based on
investigated traits under (a) Zinc deficiency conditions, and (b) Optimum conditions
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Fig. 3. Biplot of the first two principal components for investigated traits and maize lines (based on cluster analysis
groups). (a) Zinc deficiency conditions (b) Optimum conditions (2 Crop years).
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