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Extended abstract

Introduction

Maize, like other plants, faces various environmental constraints during its growth period, such as the
lack of nutrients. In calcareous soils, zinc deficiency reduces growth and yields. One of the important
methods for improving tolerance to environmental stresses is the study of plant genotypes under stress
conditions. In order to distinguish genotypes tolerant to stressful conditions, several tolerance indices
are used. Genotypes are divided into 4 groups based on their reactions to normal and stressful
environmental conditions. Group A includes genotypes that show good performance in both stress and
normal conditions. Group B includes genotypes that show good performance only in stress-free
environment. Group C includes genotypes that show good performance only in stressful environment
and group D includes genotypes that show low performance in both stress and normal conditions. This
experiment was carried out with the aim of evaluating the tolerance of maize genotypes to zinc deficiency
by using stress tolerance indices.

Materials and methods

Ninety-three maize genotypes were evaluated morphologically under optimal and zinc deficiency
conditions using alpha lattice design with two replications in field conditions at Zabol Agriculture and
Natural Resources Research Center, during 2 successive crop years (2020 and 2021). Based on the grain
yield of maize genotypes under optimal and zinc deficiency conditions, 10 stress tolerance indices
including tolerance index (TOL), mean productivity index (MP), geometric mean productivity index
(GMP), stress tolerance index (STI) , abiotic tolerance index (ATI), stress sensitivity index (SSI), drought
stress resistance index (DI), harmonic mean (HM), modified stress tolerance index (MPSTI), and
modified stress tolerance index in moderate and severe stress (MSSTI) were calculated. Pearson's and
partial correlations between indices were calculated using corrplot package in R and SPSS version 26
softwares. A three-dimensional diagram was drawn to identify genotypes tolerant to zinc deficiency with
high yield in both normal and zinc deficiency conditions using Statistica version 10 software, in which
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the grain yield under stress conditions was considered on the X axis, grain yield in optimal conditions
was considered on the Y axis and one of the selected indices was considered on the Z axis. Principal
components analysis and hierarchical clustering using Ward's method on standardized data were done
using the factoextra and Cluster packages in R software, respectively.

Results and discussion

Based on the results of analysis of variance, statistically significant difference was observed among the
studied maize genotypes in terms of grain yield under optimal and zinc deficiency conditions, as well as
all calculated stress tolerance indices. The t-test showed statistically significant difference between the
average seed yield of the genotypes in optimal (77.85 g pl?) and zinc deficiency onditions (61.86 g pl).
Grain yield in optimal conditions showed a positive and significant correlation with all indices except DI
index. The highest correlation was related to MP, MpSTI, GMP, STI, ATI and HM indices. Grain yield
under zinc deficiency conditions showed a negative and significant correlation with SSI (-0.45), TOL (-
0.41) and ATI (-0.28) indices. Other indices showed a positive and significant correlation with grain
yield under zinc deficiency conditions. The positive and significant correlation of GMP, MP, STT and HM
indices with grain yield in both optimal and zinc deficiency conditions indicates that these indices are
the best and most appropriate indices to identify and select maize genotypes tolerant to deficiency stress.
Principal component analysis showed that the first two components explained about 95.42% of total
variations. Cluster analysis classified maize genotypes into 5 groups comprising 27, 9, 23, 17 and 17
genotypes per each group, respectively. The genotypes classified in group 4, 2 and 1 were identified as
highly tolerant (stable), tolerant and sensitive to Zn deficiency stress, respectively.

Conclusion

High genetic diversity was obtained between the studied genotypes in terms of grain yield and stress
tolerance indices. Using the three-dimensional diagram, the genotypes tolerant to zinc deficiency with
high yield in both optimal and zinc deficiency conditions were separated from each other. Also, the use
of multivariate analyses was not only able to differentiate high-performance genotypes in both optimal
and stress conditions, but also distinguished stable genotypes in stress conditions from unstable
genotypes. So, Mao04, Mao27, Mao28, Mao38, Mao45, Ma083, Mao91, Ma1o5, Ma115 genotypes can
be introduced as tolerant to zinc deficiency with stable performance for use in breeding programs.

Keywords: Abiotic stress, Hierarchical clustering, Micronutrients, Tropical cereal, Yield



gsﬁ} @h: 30 ‘SL..]AAGéé..&..!:I

A4

Environmental Stresses in Crop Sciences
0’0 -
S VE8 Ol Polex oyl e W

https://doi.org/10.22077/escs.2025.7581.2284

;;.«.«.é"' 9 X! o

S sl 3l colaiwl b (59 g8 4 (Zea mays L.) Oyd Sl g sy b))l

G5 Jaos

P55 593 9855k 1itan 538 (il BT 003 950 Loy D T0I5 (g dumndi 5701y (150 o0 0
Ol ez sl 5 Gl o 15 olR2515 (55,5l 0aStils (3913385 5 LS 23l 09,5 ((5 55> (sgomils )

Olpl e gbaz sl 5 Gl (bl olRasls (55,5LaS 0uSLails (5390985 50 5 SULS 3lal 09,5 o Lusls Y

Olnl o8 Olmby3l rng f olRasls (55 )5lis” ouSisls ol S5 g wdgi 09,5 ol Y

Ol etz gk 5 Gl ¢l o821 1(55,9liS 00SLails (639)9xSS 50 § DS Dol 095 colinl ¥

Olnl epbazsh 5 Gltaews (gl oKl (55,5lS 0uSisly (Bl S5 5 adgs (cmikigen 09,5 JLoliul B

Olnl e O3l cnegl olRadls «(s3)9liS 0uSiails  oalS S5 5 wdgi 09,5 16550 Bl ol F

PRV Ao wlazxine
Just lp Laslh o ycubo Gl g w5 lacaisl G595 S 4 Joxi (b)) jsbiods adlllan (i sl sloojls
byl 30 ¥ WT z5b QB 5o ©)5 caigij A GialejT el 50 b planil (59 S90S &1 Jorxio G 93 ) e S
)3 adlaed,; g0 (£ly5 JUo ¥ 50 bl (ormb @il 9 (55,9l Wlidiond 55 00 50 1,55 90 b (59 S90S 9 Aot o510 Al Gadirgs
4 Jooi (slp GR35 AL 00 (59 99aaT g i bl pd 0 )5 Slacuigi] il o Ses ulul w5 ko 31
90380 i (il (25LE (MP) (5590 50 (uSilee (23S (TOL) Joomi (o3 ls Jols (595 S9ueS 5 ,Slas
(SSD) Giss &1 combus a5l (AT s jpué Jozi a5li (ST o5 & Joi asLs (GMP) 6 o F

byl o aidly ki A5 & Jooxi (5L (HM) Sigoylb (505Lo (D) (Sis (s & Cangliin (oL
a5 o1 Lt gy lis v dwloee (MISST) (s byl s 5o aidly yunis i &1 Joos a5l o MPSTI) Jo
0310 3929 Joxi slapaslh g 4ilo o Shoe Blaljl anlliand jg0 glacaiah) (o 5 lod s (Sl g9
95y 50 &l 0,Khas b 1) 415 o 9 Codto (S 3l im0 (32 Y6 HM g STI (GMP MP sl 5L
Ybo,Sdas b 595 09208 &1 Jormio Glocaigh] (gamdm jlogai (wlal p.isls LAS (g3, dgaeT g it bl pd
Ma004, Ma027, Ma028, sbcuigil qulis (whw! yp Qo SKuSaT 59) SgueS g diuts Lyl oo g0 2 4o
o5 59y deuaS & Jozio &3 sl sij laicas Ma038, Ma045, Ma083, Ma091, Ma105, Ma115
4 Joodd g dgae Sl 50 GOIHA saaclip 50 solistwl Lz Wyld (2Yb 3 Shos (595 SgmeS bl 50 Lakid

g o0 (920 59 OgmeS

VX [oX oV il yo o b
VX[ ITA 15,555k &,
VX [oB)F i by dy g,

')L\WJ' é))‘d
\f-f um)
VA(F): OFY-O5F

dodsio

L 5K g e 2] 59, paie,lg> (PoONgrac, 2017
ek (5955 o) Dldg2ge (aled (sl Al & 4z
Slge 35S & b o sl 25 oo (Blascoetal., 2018)
0duS dgame Julge o 00 S 5l (SO (69, SgmeS ¢ Suae
Ol 5o 138 adgi a5 cunl (55,5LaS DY pame wlgi sl
&S oo g |y i el Zoles 5o ¢ (Alloway, 2008)

s Sles ol el o5 siiwa Lolge alexsl o i
Lot s ablio alasly ool 5o 45 gl oo (o815 DY sane
Ygame 8 Slae ialidl cyz 0 byl Ol zals b g
Sl a8y Gl o ashe Sl S lgiedy Wl o
g od, §lp BraeeS polie (Golparvar et al., 2003)
o oludl (Godlo ;o (Sl 2 5 0392 (55978 OlalS g3
Blasco et al., 2018; White and ) ails &blg> 4

nmahdinezhad @UO0Z.aC.ir : g xSl Cons -3l 600 dummii 1655ewly 1505 )55 *
r.darvishzadeh@urmia.ac.ir :sg 2SIl cong w00ly Liagye Lo,


mailto:nmahdinezhad@uoz.ac.ir
mailto:r.darvishzadeh@urmia.ac.ir
https://doi.org/10.22077/escs.2025.7581.2284
https://orcid.org/0009-0003-5984-0987
https://orcid.org/0000-0002-0582-9227
https://orcid.org/0000-0001-5991-4411
https://orcid.org/0000-0003-4316-4489
https://orcid.org/0000-0003-4316-4489

VE-F Gl VA ol o2l pole jo dase slo i

AR

siels elel p SSD Y a4 celes a3Ls
OLad g e (25 Ll Sl a9 Sy (g 0 Shee
Sl oSy 5l 7268 SSI ppolie b slacadsil wms oo
2 sll o Slee glls (Gile b g anils f5 a4 (5T
(Fischer and Maurer, 1978) aiws (25 Ll
2 sy o 3,Skes gl a5 (TOL) ¥ oo a5l
oo 1305 o 5 |y G5 Lyl & e Jloys Ll
Sl g ools las |y (i e sy Sl TOL (oYL
Rosielle and ) cool o1 o5 Jlade wlol 5 o555
YS90 el axls aslsl o (Hamblin, 1981
Jlos Ll s 55 Goisiy s 0 ,Shee oSile &) 500 (MP)
(Rosielle and Hamblin, 1981) o 8,20 25 5
a5 o Syme (STH T i & Joos Laslo Tl
g Jlap lulpd g e 0 oS placade wlsiee
(Fernandez, 1992) wles lobs wijls oYL o,Sles
Sy glyls agiy aS” amo o ylas ST oYL polie
Geravandi et al., ) cul (i & Joxie 9 YU o Slas
el ol aS w0l ,e0 GMP? a3l aslsl 152010
Syls i i ool 4 Cad (6 50S Sl
sJle b o dc e e o Cunl e (5 Cu
laowss bl s GMP Lasls ail oglite Cilise
Joe MP (a3l ) e oG 5 o Ll 99 50 50 i
SS&5 0 MP L aslie 0 GMP s aen 4 .0 oo
ol el 10593 50 (6 5YL 5508 LA o5 5 Glaciss
sbarly 51 % (S OD 7 Sis ap el
5See b slaoaissy mlolid sl a8 el osliiuls ge
S50 )18 odlitulo ge 15 g Jloys LulpB 90 52 50 Vb
L STl jasls oI5 s sl aalsl jo (Lan, 1998)
(AL onl @ dy Glpea mmal calpo (ages a8LS
2 g Bl sl 5 4y Jass il s sl at Ll
Lol Syme MSSTH A 25 o MPSTH Y Jlo s Lyl
ol sy ATD sy i 25 & oo a5ls
g Bl (SiS S 4 e Jood & glacadgl)

s TOL 5 SSI (gla sl 4y Coms 5,2 l,lS

7. Modified stress tolerance index in normal
conditions

8, Modified stress tolerance index in stress conditions
°Abiotic tolerance index

aS Cowl ool ylas wlaass (Hotz and Brown, 2004)
St 5 o s DM S oSl i T
69595005 S ol S Sidans g Sis bl gl
dgeS o & oplpls «Cakmak et al., 2002) auiwn
B yaenS yolie Al &4z o sl,; G S o paie )l
Sl ool agli8l asdS ams b |, & )5 s, akes ]
slSB o g9, b clale (Sadeghzadeh, 2015)
OBLS ;5 3y dgmeS Jelse o FoniS e 5l (2
Slr S 69, ewriwd Sl rimren Bl o0 Clumay
(BT A5 wile Fumind 9 S Jolse @ oL
Lo S pH S Cias LB g, clale ailaie o3l
SBcdl S I slge (S pendS Slu S i
Aol 59y Sean 5 (G858 (6yed 9,50 Sllad
35 (S 2o 5 i 58 s s 18] (57000 ol
Cakmak and Kutman, 2018; Pandey et al., 2012; )
(Ullah et al., 2019

b olae i3yl ooe Il L (Zea mays L) o8
sma LIS gn g paiS Sl G e Jpae Grege
Sl 00ls i Gladss wogs (C4) 4 S o> (s pcwsid
¥ olls jwsd Corw (e p 59, pate SgneS oS
S 36 4, Y LS b anslie jo o8 wiile 4 )S
Sly ot slose, 5l S (Marschner, 1995) sls
lacdy) aalllas ( Jaome sla il Jood 5 0 Slos 0540
slgisy nle jeliear cwl 25 lalil o el
Jooii (2Pl (paiy e Lulpd o iS4 Jeote
Lilps 4 2Sly elul 5 bowiess sd s ool
09,5 Ngd oo S 09,5 T j0 (S 5 Jloy (e
Lilyd 99 0 50 293 o Sles &5 placaisy Jold A
Lo o Lais o placesy Bog Syl Jloy g A
S by € og S i)l g5 3,Shee (AT (e
095 5 B oe (LS (295 0 Shes (25 Lazme jo Latd
Sflee Jloy g i lulyd g0 0 p0 oS slacuisss D
(Fernandez, 1992) aias o lis wb

. Stress susceptibility index

. Tolerance

. Mean productivity

. Stress tolerance index

. Geometric mean productivity
. Drought index

(< N T N VO R SR



00) i e sl a5l ool b (g5, S5m0 s &3 slaiyd (2iSTs )l i, Sas 5 3, 1o

Ricmlie Ol § il 4 ez gl el 5l solazul
9y 095 & Joie slacaies Jg slp boasls

gy 9 dlge

bl 90 50 03 iy AV byl Saa b ol egh
pIe) S5, S90S 5 (83, Sllgw 355 5l oolitul) arge
OS5 9o b Ve x Ve s W] o B o (055 olal
GpoteS Sldasd 5 0 0 Ve VAR el )5 Jle g o
a8 Y gaz 0 F) ol Job 4 by oamb 2l s
L Jlad aids OF 5 azpo Vo oldlae oy 5 Sy
slowissy b plbxl Lo mhe 31 e AV gl
Sligdon 385 wliile)S g5l oRadls I (w2390
Dlidod ddo 5 552, Glul > (b mlie 5 55,088
oo} 5l golans ad as 255 5% 5 JWb 4ns 9 Lol
o Sl ady g (Fre 9000 PB) (ylangte g0l o5
$8) x93 Gy oo 5laing (Ve o gil8) () o (50,
3 S diges wudlS 4y pladl 51 L8 il sgg (Ve
S diged 5 detd (e ol Bl g e il Y0 Gas
B S apes alesl 990 bl cnl 5l ol oS5 5
O Jguz) <85

Table 1. Physical and chemical characteristics of farm soil
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Tolerance, STI: Stress tolerance index, ATI: Abiotic tolerance index, MP: Mean productivity, GMP: Geometric mean
productivity, DI: Drought resistance index, HM: Harmonic mean, MpSTI: Modified stress tolerance index in optimum
irrigation, MsSTI: Modified stress tolerance index in moderate and severe stress.
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Table 4. Grain yield under normal and zinc deficiency conditions with the results of Welch's t-test in maize genotypes

Al o ,Sles 0 aild o Slos . - 30 4ils o Slos 30 &ilo 0 ,Shos . o
& o903 & o903
Joplalpd Gl Joplalpd G llnd
L) (b d‘)""") (b d‘)""") Welch's L) (b “9|)'7"‘) (Ol ‘-9‘)’”‘) Welch's
Genotype Yp & (SE) Ys & (SE) t-test Genotype Yp & (SE) Ys & (SE) t-test
grpl? grpl? grpl* grpl*
Ma001 69.8 (4.2) 47.4 (1.0) 51 Ma051 51.1(1.0) 34.4 (1.0) 11.2™
Ma002 77.7 (0.5) 63.2 (4.2) 3.4™ Ma052 46.5 (5.7) 46.1 (1.3) 0.0™
Ma003 74.4 (5.4) 67.0 (1.2) 1.3™ Ma053 81.2 (5.9) 71.3(3.3) 1.4™
Ma004 53.1 (4.3) 77.9(1.2) 5.4™ Ma054 96.1 (5.2) 81.3 (5.5) 1.9
Ma005 54.5(1.5) 55.3(1.4) 0.4™ Ma055 86.2 (0.8) 92.1(3.8) 1.5™
Ma006 74.9 (4.3) 73.3(3.6) 0.2™ Ma057 89.9 (6.6) 38.2(1.9) 7.4
Ma007 74.6 (2.6) 49.9 (2.1) 717 Ma060 49.5 (1.6) 60.1 (6.1) 1.4™
Ma008 81.4(1.1) 46.0 (2.8) 11.4™ Ma062 84 (8.2) 56.5 (6.8) 2.5
Ma009 48.8 (4.6) 39.6 (3.6) 1.5™ Ma064 103.4 (4.4) 96.9 (3.2) 1.1m
Ma010 79.6 (6.0) 63.3 (3.7) 2.2 Ma065 51.2 (1.6) 21.7 (0.7) 16.5™
Ma011 52.3 (7.0) 61.4 (1.5) 1.2™ Ma066 33.9(3.3) 43.5 (2.8) 21"
Ma012 80.8 (5.4) 70.0 (5.7) 1.3 Ma072 88.6 (7.2) 110.1 (6.4) 2.2"
Ma013 74.9 (9.2) 50.6 (6.1) 2.17 Ma073 98.1(7.1) 23.6 (0.7) 10.3™
Ma014 46.6 (5.7) 50.9 (5.5) 0.5™ Ma074 86.8 (3.0) 39.3 (1.0) 13.0™
Ma015 93.8 (4.4) 91.0(0.9) 0.6™ Ma075 67 (2.7) 68.9 (1.1) 0.6™
Ma016 45.8 (2.5) 53.1(1.2) 2.5™ Ma076 114.7 (3.1) 67.6 (1.4) 13.6™
Ma017 107.3 (3.9) 91.3(3.1) 31" Ma077 106.6 (2.1) 56.3 (5.0) 9.2"
Ma018 95.5 (4.7) 69.2 (3.2) 45" Ma079 109.3 (2.9) 56.3 (6.3) 7.5
Ma019 70.2 (2.4) 67.1(1.3) 1.0™ Ma080 99.9 (3.1) 58.5 (5.7) 6.3"
Ma020 55.2 (5.8) 58.0 (0.7) 0.4™ Ma083 57.9 (6.4) 75.2 (6.0) 1.9
Ma021 104.4 (1.4) 61.6 (2.3) 15.7" Ma085 36.8 (2.6) 46.1 (6.1) 1.3™
Ma022 97.2(5.1) 76.8 (8.6) 1.7 Ma089 111.7 (5.7) 36.7 (1.1) 12.7
Ma023 88.2 (5.6) 28.3(0.5) 10.5™ Ma091 60.1 (2.0) 68.6 (5.0) 1.5™
Ma024 77.2(2.8) 63.4 (2.8) 3.4 Ma096 120.8 (7.7) 75.5(2.2) 56"
Ma025 102.3 (3.8) 55.2 (2.4) 10.2™ Ma098 100.3 (2.8) 83.5(2.8) 41"
Ma026 63.5 (5.6) 60.0 (0.9) 0.5™ Ma100 23.7 (0.5) 9.7 (0.5) 18.4™
Ma027 48.3 (2.7) 72.9 (1.5) 7.7 Mal04 121.0 (4.8) 105.1 (3.8) 2.5
Ma028 51.7 (7.7) 67.3 (4.3) 1.7 Ma105 55.4 (8.5) 85.3 (7.6) 2.6
Ma030 73.8 (1.6) 103.7 (5.4) 5.2™ Mal06 35.8 (4.1) 52.9 (6.5) 21"
Ma031 121.9 (2.9) 58.9 (1.9) 18.0™ Ma107 91.2(1.2) 97.7 (5.7) 1.0™
Ma032 72.7 (1.6) 73 (5.2) 0.05™ Mal08 79 (3.7) 82.1(2.4) 0.6™
Ma033 119 (7.6) 45.1(2.1) 9.3" Ma109 49.6 (2.6) 58.8 (2.3) 2.5
Ma034 107.9 (5.7) 63.6 (1.5) 7.4 Mal10 55.6 (5.0) 48.1 (4.1) 1.1
Ma035 127.3 (10.0) 80.5(2.2) 45" Malll 124.8 (6.5) 102.2 (2.5) 3.2
Ma036 73.76 (6.6) 40.5 (4.0) 43" Mall2 81.2 (2.7) 38.6 (1.8) 12.8™
Ma037 105 (5.5) 26.8 (2.0) 13.1™ Mal13 33.3(3.4) 26.1(1.2) 1.9"
Ma038 54.9 (4.2) 82.3(3.2) 45" Mall4 129.5(9.9) 98.2 (4.3) 2.8
Ma039 43.9 (2.5) 34.1(2.7) 2.5 Mal15 33.6 (2.3) 69.3 (3.4) 8.4™
Ma040 80.3 (7.8) 58.1(3.2) 2.6™ Mall6 64.6 (6.9) 51.1(1.7) 1.8™
Ma042 81.1(5.8) 61.7 (6.3) 2.0 Mal1l7 76.7 (2.6) 44.8 (4.6) 5.9
Ma043 19.8 (2.7) 26.0 (1.4) 1.8™ Mall8 119.2 (7.5) 48.0 (2.5) 8.9™
Ma044 97 (4.7) 60.1 (7.9) 3.9™ Mal19 32.7 (2.4) 43.3(3.7) 2.3"
Ma045 63.2 (3.6) 78.3(1.2) 3.8™ Mal20 89.2 (1.3) 73 (4.0) 3.7
Ma046 66.9 (7.0) 48.3 (2.6) 2.4™ Mal21 108.7 (2.5) 35.8 (2.7) 19.3™
Ma048 39.7 (1.9) 41.2 (1.0) 0.6™ Mal22 63.9 (2.3) 56.6 (5.9) 1.1m
Ma049 1155 (4.3) 83.3(9.6) 3.0™ Mal23 81.8 (7.8) 105.3 (9.8) 1.8™
Ma050 98.3 (4.4) 58.1 (5.0) 6.0"

The numbers in parentheses indicate the yield standard error (SE)
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Fig. 1. Pearson correlation coefficients between grain yield and Zinc deficiency tolerance indices in maize lines. Based
on the heatmap, green and pink colors indicate positive and negative correlation coefficients, respectively, so that
increasing color intensity means larger coefficients. White boxes indicate non-significant coefficients.The correlations
between 0.2-0.26 are significant at the 5% probability level (P-value > 0.05). The correlations between 0.27-0.32 are
significant at the 1% probability level (P-value >0.01). The correlations between 0.33-1 are significant at the probability
level of 0.1% (P-value > 0.001). Correlations less than 0.2, i.e. correlations between 0- 0.19, are non-significant.
YP: Optimal (potential) yield of a given genotype, YS: Stress yield of a given genotype, SSI: Stress susceptibility index,
TOL: Tolerance, STI: Stress tolerance index, ATI: Abiotic tolerance index, MP: Mean productivity, GMP: Geometric
mean productivity, DI: Drought resistance index, HM: Harmonic mean, MpSTI: Modified stress tolerance index in
optimum irrigation, MsSTI: Modified stress tolerance index in moderate and severe stress.
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Fig. 2. 3D distribution diagram of maize lines for selecting genotypes tolerant to zinc deficiency based on grain yield in
normal (Yp), grain yield in zinc deficiency conditions (Ys), and GMP (Geometric mean productivity)
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Table 5. The results of principal component analysis on stress tolerance indices and grain yield of maize genotypes

under normal and zinc deficiency conditions

ol sbaizo
Principal components
wslo el Jgl addgo p9d adlgo
Index name PCAl PCA2
Yp (Potential yield) Jboy byl 50 &ils o Slos 0.826 -0.538
Ys (Stress yield) 69 SgoS i Loyl plo 50 il o ,Sloc 0.811 0.573
TOL (Tolerance index) Tz sl 0.183 -0.973
MP (Mean productivity) 5290 742 (ySilo 0.986 -0.058
GMP (Geometric mean productivity) 5390 3 (WD Sl 0.989 0.037
STI (Stress tolerance index) o Jos 2l 0.994 0.049
ATI (Abiotic tolerance index) o) gl Joxd p Ll 0.314 -0.925
SSI (Stress susceptibility index) o A Comils 5L 0.110 -0.951
DI (Drought resistance index) S g dy Cwglie s Ll 0.367 0.905
HM (Harmonic mean) Shigoyld (il sl 0.977 0.120
MpSTI (Modified stress tolerance index . T _
in normal condition) Jloy bulpd 5 4b podd A5 4 Jood 22l 0.913 0.222
MsSTI1 (Modified stress tolerance index N N
in stress condition) O g gl 50 A8l ki S @ Jod (3L 0.811 0.315
Percentage of variation ol dazr gl (gl ylg o o 59.42 35.99
Cumulative percentage o qilylg 59.42 95.41
Eigenvalues o9 polio 7.13 4.31
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Fig. 3. Biplot diagram of maize genotypes based on the first two components resulting from principal
component analysis on stress tolerance indices, where the position of the indices and genotypes is known (black

circles indicate genotypes and arrows indicate indices).
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Table 6. Number of members and names of genotypes in each group obtained from cluster analysis along with the
average and the amount of deviation from the average for tolerance indices in maize genotypes
wings
Cluster Item Yp Ys TOL MP GMP STI ATI SSI DI  HM MpSTI MsSTI

2957 oSl 78.01 58.39 19.61 6820 67.02 0.76 98533 1.18 0.75 6590 0.79 0.78
Group mean

g :
31 Bl il s yo
Js! i
Cluster oSk -0.97 890 -49.03 350 251 10.76 -24.76 -207.03 26.82 163 3458  39.68
1 %Deviation
from total
_ mean
(n=27) Ma001, Ma002, Ma003, Ma006, Ma007, Ma008, Ma010, Ma012, Ma013, Ma018, Ma019, Ma024, Ma032, Ma036, Ma040,
Ma042, Ma046, Ma053, Ma057, Ma062, Ma074, Ma075, Ma108, Mal12, Mal16, Mal17, Ma120
asgs> 95Nl 5319 7527 2007 6423 6309 067 -108669 -216 178 6199  0.34 1.04
Group mean
£9° 31 Gyl deys
Cluster onSile 3116 1742 26776 9.13 823 21.26 237.60 66274 -7360 747 7202 2028
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