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Table 1- Names and origin of the 40 triticale genotypes

B3y g el L Gy el i
1 Pollmer CYMMYT 22 Tewo Poland
2 Sika CYMMYT 23 Fidelio Poland
3 Passi CYMMYT 24 LAD1900 Poland
4 Fahad CYMMYT 25 DAD601  Poland
5 EMS CYMMYT 26 Vero Poland
6 Anoas CYMMYT 27 Dagro Poland
7 Cananea79 CYMMYT 28 Prego Poland
8 Alamos83 CYMMYT 29 Disco Poland
9 Bacanora CYMMYT 30 Presto Poland
10 Faras CYMMYT 31 Pronto Poland
11 Caracal CYMMYT 32 Lamberto  Poland
12 Tesmo CYMMYT 33 Kitaro Poland
13 Beagle 1 CYMMYT 34 Lasko Poland
14 ERI7012 CYMMYT 35 Pinokio Poland
15 Altar** CYMMYT 36 Moreno Poland
16 Alpaca CYMMYT 37 Woltario  Poland
17 Jago CYMMYT 38 Sorento Poland
18 Passi2 CYMMYT 39 Magnat Poland
19 ERI206 CYMMYT 40 Zorro Poland
20 Eronga83 CYMMYT 41 RAH116  Poland
21 Fahad5 CYMMYT
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Table 2- The result of the analysis of variance and values of phenotypic and genotypic coefficients of variation for all traits
studied in different triticale genotypes

(Mean of square) iz e il

Rbe (D) b e cars g oo o (%) 95 oty
Cheo BN CRL) s Gliw Coefficients of ( U)C‘(—)i;;i)c‘iﬁegr?tsb of'w (cv)
Trait Replication Genotype Error Traits phenotipic genetic variation Coefficients of
mean variation variation
el 449.6™ 388.1" 54.2 98.8 14.1 13.1 75
Plant height (cm)
o) Sike cn 31 sk - -
Length of the last 86.6 71.9 6.3 31.4 19.1 18.3 8
node (cm)
RSy dsk -
Flag leaf length 2.3 154 8.5 16.5 16.8 11.3 17.6
(cm)
b Jsb * ok
Spike length (cm) 31 3.7 0.7 9.8 13.8 12.6 8.4
&ye e 5> Al Sl - -
Number of spike per ~ 5822.9 1789.3 585.4 134.4 22.3 18.3 17.2
mZ
3oy 2,8 kes .
Biologic yield (ton 18.4 30.3 12.5 22.9 17 13 155
ha)
a5, Ses * ok
Seed yield (ton ha) 15.2 5 2.2 7.8 20.1 15.2 18.9
Al 55 aild oy
Grain number per 0.30 194.0” 33.4 46.6 21.1 19.2 12.4
spike
] -
Number of spikelets 6.6 47.8 4.7 25.7 19 18.1 8.5
per spike
ab e o - -
Thousand grain 118.9 43.2 14.6 32.8 14.2 11.6 11.7
weight
> 0)9
Test weight 0.0004 0.006 0.003 0.8 7 45 7.4
(kg/hectoliter)
b s 0.008" 0.003" 0.001 0.3 114 9.3 9.3
Harvest index
R o
Wet gluten content 64.3 385 53.3 30.9 44.9 41.7 23.7
(%)
[EGTENG
Dry gluten content 5.0 43.8" 5.1 10.5 44.3 41.6 21.6
(%)

*and ** are significant at 5% and 1%, respectively

L Jlazs) b 53 Josine g W5 Jlazn) saws )3 b sine



1396 liwmo) 4 o loud 15 alar sl (1)) slepgy 42,5 876

Fida et al., 2011; ) cuul 035 9> g pgy90 piiS & G A 5
Iy (glod i jlaw Slyss aiels &ily 5,Slas .(Josephides 1992,
S oy 11/84 1 Jgs L Sorento Cusgss <8 s yoboas ol L
wpa JSe » 5 5/5 L EMS 4 Beaglel (lacwis; g
(3 Joda) wol oladl sgday 1) ails 5 Slas oy S g oy yiddins
Sl 3ySles i 5l Al 5 e oy om E55 i
S0l &S g i bulys o ail 0 Sles s o (YU Jeoo
A5 5l b aSles pal Gl > 0o il SRe 5
sl (Dhindsa et al., 2002; Fida et al., 2011) sl -
i > dodiiw Sl oy iy DADGOL 4 Lamberto (Pinokio
Fahad5 wg5; 9 RAHL16 (clacws; .3 Jgis) sl |,
Al &b ol oy aS g oy i (p)5) 2115 568 L cwipa
Wb cov (S5 Jelse g ogMe aliiw d aly sl sl |,
3o diw o aib S ple 3 dgnge bulyi g Jaore Jolge
ol i)l 5 A Ollllas > jbd e Cglds ol &S 5,5 0 )18
Alamos83 55 «ibylia oyjs Jasil (Irani et al., 2010) ¢l
sl 5,5 25/87 L Prego cuigs g cpyisin syl o5 42/96 L,
Sly ogize BMBT 3529 3 Jgaz) 9 wbylie iy cyieS
Boros, ) cul sad GiyliS 0 L8 cldllas > a5
oadli da 3kl A a5 Slee iul58l (2002
0,8 lee Lilidl pl g cawl 03y (Mol e ilual I il
Sywgid Slgo adi S99 oS (SIS Ful GRIEI G b
DyS 0 C)po

Sl e cp i ob ol Gl Olas (1:S5ke duslio
9 RAHL16 C iy dau slaio (hoyd 41) cutlyy Ladls ciw
Cananea 5 Zoro slacuis 4 slate (Ao ,d 26) b oy a8
WSz 50 slS lgme Cdo olie 09 ol B J9a2) 09
agle ©)ygody SS lzeis 435 sl 1) (aslhae Cupmdge 42 )51
s Oloj 2 A 5 et (mly Cngliio by (Jg S (o0 o3
L Fahad5 <55 (Saldivar et al., 2004) 395 0 2lgil 5,
Seis 58 00)322/85 o 5 5ol aoyd 6716 ySlus il
95 5ol Moy 4125 il L Magnat cusgss 9 o yidw (sl
D39 Cduo oyl (sl e cpjieS (b Suts gl ao > 1/35
» Fahad5 s )5 Sis glS g 5 gl 2033 Jpa2)
9 95 39S 1o ALI5 (lyls oS T 13, pgy9 S b dunlis
as 81l s gyld sime BB g Siis 59l Mo yd 14/2
L b oy adllas (ol jo (p5olS (glgioen (gl (8IS S5 go
S5 el lyme Cho (lie (92 a8 Jdda Jb 0l
5 ol (Saldivar et al., 2004) pasS L awslis ,» (£15-10)
2,8 G Gl ol dupe

Cas ojll Glik edgaoee &S b L b 1 Sle duldo
18 b Dargo s 5 (stessle) 4315 5l o)k (2 31 Jobo
p2n Sy B Jsi) L2l e e Fahad5 g 5o e sl
3,8bos Gl g 5 5o b (b (o s anl ) 5
Jsb b slageisy Sl b alnly @gdee (35 ulyd
oS (nl p jiwgd ol Gl coge plyie ik w2 S
o5l 4 glbie (e Blu2BA) o2y Sy Jdb cnsite
G855 4 lato (2o Blul2l) o2y S Jbo 0% 5 Sika
Job s &5 Sika cwsgs Jb cpl b (3 Jga) 4 Fidelio
S 395 VL ghaw 3 3Slas a5l g gl wrn S
pac g by Juad 31 )3 olS 4 odidyly iS5 g3y > 4 NN
o352 oS sl (g (sloplel J osi mgih oI5 Jil 1S
Ll 53 pogasay g 43y Jad 31 50 olS o (l3El L
Sy peyasdlde WSy 3 eadady 09y dge ((Sid i
3 2590 (25 9 Wb (0B sl Lol s (g5l o2
oS als wlio plo bawg a3, Jbo o cbaaily 50,8, lp
oo, Siks I loysd slaclamg S sacme JUal dazsl ()8
@oli .(Rivero et al., 2009) 3¢5 o dliuw jiwgd 35 g 4Bl
wrn Job cao il A 5 dilise sbcwip] om )b e
Lamadji et al., 1995; ) coul oad (3l 50 A oldlas ,
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Table 3- The mean comparison for studied agronomic traits in different Triticale genotypes

8 o P e S BE s PO gl oigs
. gyl s , Pl i . s ) Sosd # e .
) o2 Al g 5 > Cuila s
o5 e & o e (@s5)
Plant Length Flag leaf Spike -Number Nu?fber Grain Thousan Seed BiOI.OgiC Wwet Dry
height of the length length of spike spikelets number d s.eed vield al yield I—!arvest gluten gluten
last node ) per weight " (ton/hect index content content
(cm) (cm) (cm) (cm) per m Sg:el:e spike © (ton ha™) ar) (%) %)
1 83 285 16.6 5.9 170 28 155 428 6.3 18.04 0.35 19.3 7.0
2 85 46 254 7.9 158.5 375 175 322 8.4 22.8 0.37 15.7 6.6
3 84 26.5 17.6 8.1 101.5 385 19 36.2 6.3 16.5 0.38 46.6 Vo
4 97 325 19.1 10.6 136.5 475 25 36.2 7.3 19.6 0.38 26.2 9.4
5 97 25 14.9 10.2 84.5 435 24 29.8 55 17.0 0.32 47.5 16.0
6 90 31 19.1 9.0 200 33 22 341 5.8 20.3 0.29 43.6 154
7 94 255 171 115 153 445 245 39.1 5.7 21.6 0.26 37.7 12.6
8 93.5 295 15.9 9.6 172 345 23 429 8.4 24.2 0.35 31.6 114
9 99 305 23.75 10.5 164 47 25 36.9 8.8 234 0.38 34.7 11.8
10 86 245 16.1 7.9 149.5 39 21 352 7.9 12,5 0.35 32.7 11.6
11 82.5 255 16.6 8.0 185.5 39 20.5 35.6 7.3 20.3 0.36 45.7 155
12 110 335 19.1 10.2 136.5 59.5 26.5 412 8.3 33.8 0.35 25.7 8.3
13 84.5 25 15.7 8.3 127.5 40 21 30.3 55 16.2 0.33 40.8 144
14 935 26.5 16.9 8.8 1445 385 21 337 1.7 231 0.34 30 10.3
15 97.5 315 18.6 10.6 136 39 245 39.7 6.7 20.4 0.33 41 14.2
16 90 285 19.8 10.9 1185 44 235 37.8 5.7 20.1 0.29 23.6 8.6
17 92 27 17.3 10.4 198.5 405 22 335 5.9 22.3 0.26 221 8.7
18 90 30 17.6 8.6 181 385 20.5 35.1 8.5 21.8 0.39 16.9 5.8
19 91 27 19.5 8.9 1155 415 215 40.2 6.9 20.2 0.35 19.3 6.5
20 89 29 15.45 10.9 166.5 375 21 322 6.1 19.2 0.32 36.7 12.6
21 63 18 10.15 6.6 188.5 275 155 30.7 6.0 18.1 0.33 67.6 224
22 122 43 16.95 10.30 97 55 28.0 276 8.9 36.2 0.36 27 8.6
23 104 34 12.05 10.70 103.5 55.5 315 8.3 9.6 2.10 0.39 222 8.2
24 96.5 29 14.01 10.90 145 55 30 26.9 30.1 29.2 0.39 255 8.5
25 121 325 14.60 10.75 99 61.5 325 275 9.2 28.0 0.33 43.9 144
26 116 39 18.75 10.85 108 47 28 311 8.1 29.6 0.28 39.1 12.9
27 114 435 17.60 11.20 123 535 30 325 10.3 31.72 0.33 111 4.6
28 110 345 13.40 9.85 132.5 53 32 259 9.71 27.94 0.35 1.12 2.9
29 111 38 17.60 10.20 93 53 28 344 7.80 22.23 0.35 36.8 12.3
30 114 38 13.10 9.65 120 395 26 326 7.27 18.38 0.39 47.4 17.3
31 116 35 13.30 9.65 109 55.5 30.5 29.1 8.17 25.34 0.33 16 51
32 109 39 14.20 10.30 134 455 30 29.1 9.08 25.33 0.36 10.1 3.6
33 111 40 17.85 11.80 99 63.5 325 35 31 21.46 0.39 47.5 15.7
34 1325 43 13.05 10.60 1445 43 275 274 7.46 25.61 0.29 20.5 8.5
35 96 28 18.90 12.45 96.5 59.5 325 30.2 8.15 24.03 0.33 251 8.5
36 111 36.5 14.50 11.20 127 60.5 32 26.2 8.49 24.56 0.35 44.2 5
37 87 245 17.10 9.65 102 59.5 28 324 9.49 24.03 0.39 23.6 14.3
38 109 39 16.35 10.80 147 50.5 29.5 26.9 11.84 32.92 0.36 10.3 3.6
39 89 295 14.80 10.25 119 49 31 332 8.12 21.21 0.38 4.2 1.3
40 85.5 26 12.45 10.10 122 495 30.5 26.2 5.79 22.18 0.26 35.2 11.2
41 105 335 13.05 8.60 127.5 68 29.5 272 9.73 23.61 0.41 31.8 11.3

LSD (0.01) 15.26 5.20 6.04 1.72 50.17 4.49 11.98 7.92 3.06 7.33 0.062 4.6 4.7
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Table 4- The results of stepwise regression of agronomic traits (independent variables) on the yield (dependent variables) in
different triticale genotypes

Cdo oSy il R’;> R sxo F
Trait Regression Proportion coefficient of Cumulative coefficient of
coefficients determination determination
Sl 3,5les 0.34 0.68 0.68 19.8”
Biological yield
b o= L 23304.4 0.30 0.98 938.7"
Harvest index
25k 03] oo 156 0.002 0.99 78"
Length of the last node
bl o 15.4 0.0016 0.99 6.82"

Thousand seed weight
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Table 5- Principal component analysis of different agronomic characters in different triticale genotypes
Principal component Lol sladse

ol Js! P9 Pow PRTES e
First Second Third Fourth Fifth
Sjglsn 3,5k 0.32 0.16 -0.02 0.40 -0.23
Biological yield
b 3,8Lee 0.30 0.34 0.24 0.20 -0.35
Seed yield
ko Jobo 0.29 -0.31 -0.04 0.23 0.34
Spike length
Sy g 0.35 0.05 0.14 -0.002 0.19
Plant height
oS o251 b
Length of the last inter 0.32 0.06 0.09 -0.07 0.23
node
w22 Sx Jsb 0.09- 0.11 0.22 0.63 0.39
Flag leaf length
oo 3 b 3l 0.33 0.21 0.23 0.05 0.01
Grain number per spike
i > a1 0.38 -0.23 0.02 -0.04 0.01
Number of spikelets per spike
bl 0 0.15 0.39 0.27 0.01 0.48
Thousand seed weight (gr)
@ e 3 4y S -0.19 0.25 -0.32 0.41 -0.16
The number of spike per m?
7> 09 -0.21 0.09 0.27 -0.23 0.27
Test weight
Cuiby padls 0.08 0.38 0.50 0.21 0.27
Harvest index
PO wop -0.25 -0.36 0.39 0.18 -0.19
Wet gluten content (%)
S iS40y 0.26 -0.38 0.40 0.20 0.20
Dry gluten content (%)
e oy 39 13 12 9 8
Relative variation (%)
e by 39 52 64 72 80
Cumulative variation (%)
datudo by 5.43 181 1.66 1.24 1.07

Eigen value
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T2 P93 095 1) ) g (n S wp Sy Jsb g b s 1
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P P e il Jy g oy S ple 4 Cuws s
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Figure 1- Clustering of different genotypes of triticale based in agronomic traits
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Introduction

Genetic variation is essential for the success of breeding programs and is vital to helping the genetic
improvement of triticale. Understanding patterns of genetic diversity in the triticale and use of its genetic
resources on a practical basis may help to establish appropriate procedures for breeding genetic materials. It can
be used as a benchmark for classifying parenting lines and favorable heterotic groups in triticale. Triticale (X
Triticosecale Wittmack) has considerable potential either as a grain crop or forage crop, but has received little
attention from breeding programs in Iran.

Materials and Methods

This research was conducted to study the genetic diversity and the performance of triticale cultivars imported
from Poland and International Maize and Wheat Improvement Center (CIMMYT) using some agro-
morphological traits. Forty one triticale genotypes were evaluated using a randomized complete block design
with three replications at Research Farm of College of Agriculture, Isfahan University of Technology.
Agronomic characteristics comprising plant height (cm), length of the last node (cm), flag leaf length (cm), spike
length (cm), thousand seed weight (g), the number of spike per m? seed yield (tha™), grain number per spike,
number of spikelets per spike, harvest index, test weight (kg hectoliter), biological yield (ton ha™), wet and dry
gluten content (%) were measured. All statistical analyses were performed using SAS statistical software. The
multivariate analysis procedures used to analyze the collected data and to investigate relationships among
variables. Mean comparison was conducted using LSD range test (at 5% level). The unweighted neighbour
joining (UNJ) cluster analysis was carried out using NT-SY'S software.

Results and Discussion

Analysis of variance showed that genotypes were significantly different in all characters. The measured traits
varied in coefficient of genotypic and phenotypic variation. The highest coefficients of genotypic (41.7%) and
phenotypic (44.9%) coefficient of variation were belonged to wet gluten content. The least coefficient of
genotypic (4.5%) and phenotypic (7%) variation was denoted to test weight. Simple mean comparisons for seed
yield of Triticale showed that the highest seed yield (11.84 ton ha-1) was denoted to Sorento genotype from
Poland and the least seed yield (5.5 ton ha-1) to Beaglel and EMA genotypes (from CYMMYT). Using stepwise
regression analysis, 98.8% of seed yield variation was attributed to two traits, including harvest index, and
biological yield. Correlation analysis showed the significant relation of number of spikelets per spike, and spike
length with grain yield. The results of the factor analysis revealed that five factors namely, plant height, grain
yield and their components, biological yield, harvest index gluten content explained 80% of total variances of

the grain yield. Cluster analysis of genotypes based on agronomic and protein content traits grouped the
genotypes into four separate clusters. In categorization based on collected data, the fourth group included
genotype from Poland origin (Prego, Lamberto, Moreno, Lasko, Dagro, Sorento, Fidelio, LAD1900, RH116,
Tewo, Disco, Vero, DAD601, Pinokio and Magnat) with the highest value for biological yield, seed yield,
number of spikelet per spike, plant height, spike length and the length of the last internode. These clusters have
beneficial characteristics and are useful for plant breeding purposes.
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Conclusions

Based on the data reported here, the scientific use of multivariate statistical analysis including stepwise
regression analysis, principle component and cluster analysis of genotypes revealed subjectivity of these
methods as a suitable way to exploit intraspecific variation within triticale and evaluate its genetic resources for
their agronomic value and the amount of genetic variation for specific traits to allow more efficient genetic
improvement. The identified superior genotypes such as Sorento could be used in hybridization programs for
improvement the seed yield in triticale.

Keywords: Diversity, Multivariate protein, Seed yield



