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Extended abstract
Introduction

Given the limited genetic diversity in crop species, the use of wild relatives of crop plants provides breeders with
arich and diverse gene pool of new and desirable alleles. Bread wheat, as the most important cereal, is cultivated
worldwide. This strategic crop possesses diverse genotypes that are widely utilized in breeding programs.
However, in recent years, the genetic diversity of cultivated wheat has declined due to factors such as intensive
breeding and repeated selection. Consequently, the exploitation of genetic resources from wild relatives,
particularly species within the genus Aegilops—notably Aegilops tauschii, which harbors a wealth of beneficial
genes—has become both necessary and imperative for sustaining and enhancing wheat improvement efforts.
Multivariate statistical analyses are performed on morphological data with the aim of grouping and separating
genotypes. The aim of the present study was to apply simple and multivariate statistical methods to assess the
genetic diversity of 10 ecotypes of Aegilops tauschii collected from different regions of Iran under optimal
moisture conditions so that the information obtained can be used to utilize the diversity of this germplasm in
future wheat breeding programs.

Materials and methods

In this study, the genetic diversity of 10 ecotypes of Aegilops tauschii (2n=2x=14, DD) was evaluated under
normal moisture conditions (95% of pot capacity) for 33 important phenological and agro-morpho-physiological
traits. The experiment was conducted in a replicated manner and during two consecutive cultivation periods in a
RCBD experiment in three replicates in the research greenhouse of Bu-Ali Sina University. The ecotypes were
almost genetically pure due to several years of single-plant selection. Duncan's multiple range test at 5%
probability level was used to compare the means. Principal component analysis and cluster analysis were
performed using Minitab software. Discriminant function analysis was used to confirm the correctness of the
cluster cut location in the cluster analysis. Discriminant function analysis was performed using SPSS software.

Results and discussion

The effect of ecotype was significant for all the traits, and accordingly, selection in this germplasm may result in
response to appropriate selection. Ecotype A19 had the highest and ecotypes A15, A16 and Al7 had the lowest
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grain yield per plant, respectively. Traits such as peduncle length, plant height, water use efficiency, harvest
index, and spikelet number per spike showed a positive and significant correlation with that of grain yield and
also demonstrated a high broad-sense heritability. Furthermore, days to spikelet and days to pollination traits
with high heritability showed a significant negative correlation with yield. The results showed that most root
traits and phenological traits, except for the length of grain filling period, had a negative genotypic correlation
with grain yield, suggesting that plants allocated a major part of their photosynthetic materials to reproductive
parts, including yield components, during a limited period of the growing season had higher grain yield. In the
biplot diagram, since a small amount of both the first and second components were desired, the area 3 of the bi-
plot, was introduced as the most desirable biplot region. Accordingly, the genotypes and traits that were in the
area 3 of the bi-plot, were introduced as the most desirable genotypes and traits. Based on the results of cluster
analysis, the ecotypes were placed in two separate groups. The ecotypes in the first cluster had the highest
amount of root and phenological traits and the lowest grain yield. While, the ecotypes of the second cluster
showed the lowest amount of root and phenological traits and the highest grain yield. Based on the results of the
discriminant function, the grouping of ecotypes into two groups was confirmed completely. The results indicated
the existence of high genetic diversity in the evaluated germplasm, which could be used in future wheat breeding
programs.

Conclusion

The evaluated germplasm has significant genetic diversity, which can be used as an important gene source in
future wheat breeding programs. Also, groups that have a large genetic distance from each other can be used in
future hybridization programs to create the greatest artificial genetic diversity.
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Table 3. Results of the combined analysis of variance of grain yield and some important traits associated with grain yield in 10 ecotypes of Aegilops tauschii during two consecutive planting periods

Mean of squares of the traits

S i e 4:):1 dls s Sles G pae LIS gLl ol BERNERET) 033 SET) Jsb 433 QL 0592 3%
S.0.V. CE S dls T Sy Spcdb,  Jleldin olden S Ul I35 <l ol sl
(EYPP)  (GWUE) (PH) (PHI) (SWPMS)  (MSPW) (PW) (PEL) (TKW) (GFP) (MSTW)
pl;:ri ;ﬁfigd 1 0.40™ 0.017 67.10™ 694.10™ 0.02" 0.01" 0.03" 51.01" 853.80" 3090 0.10™
JJE';(S)E:" 4 0.30 0.02 4330 24.90 0.01 0.02 0.01 1.10 52.01 123.40 0.12
Ec"(;jj; 9 11" 0.04 ** 25460 ™ 391.01" 0.08™ 0.07™ 0.09"" 5150 110090  1566.50" 0.65™
*:*:535;; ;E*gf w5 g 0.12" 0.017 84.60 * 4370 0.01" 0.03 0.04" 7.70" 2410 414.20" 0.17m
rﬁérrugr‘l;" 36 0.10 0.01 36.01 20.50 0.01 0.02 0.02 411 23.80 200.70 0.15
(Mﬁ)(:i)/b(%/f) e - 5.70 4.80 15.20 17.10 1.11 2.30 1.10 10.20 17.01 16.60 3.20
=V Jad aals!
Table 3. (Continued).
Slio Sl e Sl
N e e ey e Y T STy S tin
(DTH) (WU) (DTA) (RDW) (DTM)
leri péf;i, ; 1 10383.30™ 777709.30™ 14889.60"" 4.00" 1824.5™
dé‘f;ﬁf;" 4 61.40 5844000.00 188.90 3.30 22.00
E;;ji ‘e 9 5320.30" 3423740.4™ 5743.90" 3.60" 3016.10™
3:3)5;); ;E?OE 0252 9 55.50 ™ 9601.40" 57.40" 6.80" 1347.50"
rﬁgrgruz‘" 36 53.40 2390666.7 61.70 2.30 34.30
(“P)C"V‘J(g;:; e - 4.20 8.20 4.30 16.10 2.50

Al n sls s pde 5 Ao ) é)lﬂ]ch»l_)}é)‘}g;;\ﬂ‘“)ﬁoéJLﬂICﬁ-&J)6J‘)&MAM);)L:«-‘V\T¢1;J.T4{”S}**‘is;

*, ** and ns represent significance level at 5, 1 and non-significant, respectively.
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Table 4. Results of broad seance heritability and mean comparison of different traits of 10 Aegilops tauschii ecotypes during two consecutive planting periods

eE S pd il Ao

(A~) ido Trait (Unit) All Al12 A13 Al4 Al5 Al6 Al7 Al8 A19 A20 % H2)
Gy (o b 555

Days to heading (day) 109.0> 143.6° 1458° 170.2¢ 171.6° 2082 200.0° 23952 1340f 157.4¢ 69.20
() Adls 63, Daysto anthesis (day) 109.0> 152.2f0 1554f 1784¢ 183.8¢ 219.6P 203.3°¢ 2575% 14229 167.4°¢ 68.31
() S5 Shefisss Daysto maturity (day) 109.0> 200.2¢ 203.0°¢ 228.8¢ 240.1°¢ 2585° 2438 2625° 19537 3488° 65.02
CTORERTEMNTANF= Grain filling period (day) 109.0> 480 476« 518b 451  362¢ 405%  105°¢ 518"  80.2° 61.03
(o9) S5 i3 5 (sl ome Chlorophyll content (%) 109.06  404° 431k 421 39.1°  40.0°¢ 452% 3479 4887  393°¢ 72.01
(o ) oS §lis ) Plant height (cm) 109.0>  46.32@  467° 383 346 278¢ 333w 375bc  4p7d 475 79.07
(o ) JSI I o Peduncle length (cm) 109.06 119> 118° 87 9.1«  g3d 6.7¢ 8.1¢  168% 114" 80.07
S5 Leaf number 109.0> 9.8 735« 546 18802 1202 979Pc  345°¢ 339 119.0° 76.25
G 3 sy A Tiller numberplant 182° 112 117 10.19% 4082 225P 167  40¢ 6.2% 181" 72.05
235k i st Fertile spikes number plant 1272 86bd  g7bed gpbc  g1ed  22e  ggbd 73« 54d g1 63.50
i3 ki S5 Spikelet numberspike 6.2 54b 5.0b 59b 9.12 9.1 6.0° 40¢ 560 5.4b 68.20
ol s 4l sl Seed number/main spike 6.3° 5.2 bed 4.3 59°b 8.62 6.0° 6.2° 4,04 5.7 b 5.1 bed 73.25
Gy 55 s i Seed number/plant 69.1%  40.9% 393¢% 465  g40@  16.0f 470% 285¢ 325¢  g11bc 79.06
(0 ol i 035 Main stem weight (g) 0.13¢  0.24P 019t 014« 013« 0109 0119 0.17¢ 0352 0.25° 59.06
(0 5) ool i 5 355 Seedweight/ mainspike ()~ 0.13%  0.24bc 0199 017¢% 014% 010 0.11¢ 0.17% 0352 0.27° 58.03
() Sy 0 Peduncle weight (g) 0.03%  007% 005" 0.03% 002¢ 003% 003% 004c 008 0.05°¢ 61.05
(o) ol i 035 Main stem weight (g) 0.17%f 026t 023w 018%  013f 0.16° 020« (024% 031D (0342 67.01
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Table 4. Results of broad sense heritability and mean comparison of different traits of 10 Aegilops tauschii ecotypes during two consecutive planting periods

eE S pd il Ao

() i Trait (Unit) All Al2 Al3 Al4 Al5 Al6 Al7 Al8 Al19 A20

(H% %)
(6.9 €l 055 1000-grain weight (g) 20.0% 3945  394° 2244 109 150 195%  288°¢ 5472  518% 68.01
() 45 golasls Shes Economical yield/plant (g) ~ 1.43%°c 1.24b«d 091¢% 109«  016f 051¢ 055 0.93% 1572 1433« 60.08
(5) 69 9 e 5o Biological yield/plant (g) 9.0bc  7.1bc 5.6¢ 7.10b¢ 16.32 8.1bc 7.7%¢ 7.20¢ 7.00¢ 9.7b 66.07
(o 2) Sl el Harvest index (%) 17.9P% 225> 213  158¢ 6.6 ¢ 2.7¢ 7.7¢ 19.3%c  31.9@ 174%™ 69.06
(e 7l S 5 o Leaf area (cm?) 30.1bc  37.33c  284bc  295b 4573  361bc  311bc  281° 383% 303°b° 55.06
(43) (goed S (Slsn Relative water content (%) 66.72  64.2° 69.5¢2 7052 70.6 2 66.22 69.9 2 74.2° 73.2° 72.9° 70.05
() o b S > o i Excised leaf water retention (%) 3717.82 2474.5° 3025.3% 3238.5% 3971.32 2485.9° 2957.1%® 634.6c 2673.0° 2582.6" 68.06
(ko) 3o A e Water use (ml) 19483.5P 16683.5° 16683.5 18083.5" 19483.5" 22483.5% 2248352 17810.0° 15283.59¢ 19483.5° 65.08
(oS i o S s A e LIS Grainwater useefficiency @ml)  0.03®  0.032  0.03%¢  0.02¢ 0.02° 0.002¢ 0.002¢ 0.02% 0382 0.03%c 77.08
(oSl e 2 s A Srae SIS Biological water useefficiency @) 0.18  0.17°  0.13®  0.15° 0332 0.14° 014° 016" 0.18° 0.20° 71.05
(o) o sz, I o Meain root length (cm) 48.3*  32.9°¢ 39.9%c 445%  342°¢  345° 39.8% 424%c 225d  355Mc 77.07
(oS o) 4ty e Root volume (cm?) 11.5b¢ 93P 10.7°%  12.8° 19.18  11.3% 1773 115 6.2¢ 8.8 68.08
() a2y S 05 Root dry weight (g) 25 260 2.4%c 3.3 452 3.3dc  37® 34 18¢ 2.93bc 65.08
(g 7oAl a2y, Root area (cm?) 83.0° 60.8° 68.6% 8352 87.3% 684® 867% 765% 417° 636" 66.80
Grogdhe) 4ty a8 Root diameter (mm) 0.48%c 0.46%c 039 046% 0.63% 0.53% 050%c 058% 044 (.48 >« 76.50
Bl s k) S22 055 Root to shoot dry weight ratio ~ 7.1°% ~ 3.9¢  10,2b«d g Qe 1722 112t 136 04fF 0.7f 3.1¢ 70.06

ol gl ls e sl ple Sy Ogim a3 bt Gy s o pSibe alie 53 5 bl )3 0 Jlai mlaw 53 (S0l (slaels i O3l b bl o Sile alin
Duncan's multiple range test was used to compare the mean of treatments (o. = 5%). The presence of the same letters in each column indicates no statistically significant difference.
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Table 5. Results of genotypic correlation analysis of different traits of 10 ecotypes of Aegilops tauschii during two consecutive planting periods

s DTH DTA DTM GFP PH PEL LN TN NFS NSPS PEW SNPMS
Traits

DTA 0.89™ 1

DTM 0.64™ 0.65™ 1

GFP -0.62™ -0.63™ -0.28™ 1

SPAD -051" -056™ -052™ 0.14

PH -0.61™ -0.58™ -054™ 047" 1

PEL -0.61™ 057" -0.62™ 0.31™ 0.55™ 1

LN 0.05™ 0.04™ 0.33™ 0.26™ -0.35™ -0.38™ 1

TN 0.02™ 0.01™ 0.30™ 0.27™ -0.36™ -0.34™ 0.79" 1

NSF -0.34™ -0.32™ -0.04™ 0.54™ 0.37™ -0.17™ 044" 0.40" 1

SNPS 0.12™ 0.13™ 0.26™ 0.01™ -0.55™ -0.24™ 0.66™ 0.70™ -0.15™ 1

PEW -0.55™ -053™ -0.65™ 0.23™ 0.68"™ 0.76™ -053™ -051™ -0.16™ -051™ 1
SNPMS -0.04™ -0.07m 0.12m 0.19m -0.40" -0.22m 0.71" 0.75" 0.27m™ 0.71" 051" 1
SNPP -0.33™ -0.33™ -0.02™ 0.40" 0.13™ -0.11™ 0.62™ 0.66™ 0.78™ 0.26™ -0.29™ 0.55™
MSPW -052™ -051™ -0.55™ 0.29™ 0.64™ 0.83™ 041" -0.41" -0.10™ -0.40" 0.82™ -0.35™
SWPMS 052" -051™ -051™ 0.35™ 0.65™ 0.81™ -0.40" -0.40" -0.05™ -0.40" 0.81™ -0.33
MSW -043" -041" -0.36™ 0.36™ 0.66™ 0.59™ -0.41" -0.41" -0.10™ -051™ 0.73™ -051™
KTW -051™ 047" -0.60™ 0.21M 0.68™ 0.79™ -057™ -0.55™ -0.16™ -0.16™ 0.85™ -0.52™
EYPP -0.66™ -0.62™ -0.50™ 051™ 0.71™ 0.51™ -0.12™ -0.13™ -0.16™ 051™ 051™ -0.12™
BYPP 0.03™ 0.05™ 0.27™ 0.16™ -0.26™ -0.19™ 0.76™ 0.77" 042" 0.55™ -041" 0.72"

Al e Iy e EERENSE \ é)uicla,w: Sol3 gme ho )3 0 éjbic]aﬂ,p Sol3 e skiasilil L NS P F
*, ** and ns represent significance level at 5%, 1% probability levels and non-significant, respectively.
3 aais x5 SNPPS (&5 55 55 555 s 3led FONPP (5 55 55 aomey slted NSy oltss - LN SOy J5bo PL s ¢l PHS 135,15 (ol smn :SPAD ls 0 5 0555 Jsb :GFP ¢ S, b 55, DTM ( Jlidles S6 55, DTA  jasaliws b 35, :DTH
53 (0358 )) 5 g5 3 Shos BYPP 5y 55 (1) (goladl 5 Shos EYPP ls 5 055 TGW ¢ ISy 035 PEW ¢ Lol alis 5 &ls 055 SWPMS ¢ Lol aliw 055 MSW 5 55 s &l sl :SNPP ¢ Lol a3l 035 MSTW ¢ ol i 53 alls slass SNPMS el
alyy 3 RD iy, c’f‘“ RA (ool 4y J5b MRL w03 5 s Ol G jume IS BWUE wils O o jas oS GWUE (ol o jeze WU w0 daéfji ol bi= U5 ELWR ¢ s O (gl RWC u_fj_véd.»r LA Wy il jels PHE @y
Al 5 0)s 4 St 055 s RDWISDW

DTH: Days to heading, DTA: Days to anthesis, DTM: Days to maturity, GFP: Grain filling period, SPAD: Chlorophyll content, PH: Plant height, PL: Peduncle length, LN: Leaves number, TN: Tillers number per plant, FSNPP: Fertile spikes
number per plant, SNPPS: Spikelet number per spike, SNPMS: Seed number per the main spike, MSTW: Main stem weight, SNPP: Seed number per plant, MSW: Main spike weight, SWPMS: Seed weight per the main spike, PEW: Peduncle
weight, TGW:1000-grain weight, EYYPP: Economical (grain) yield per plant. BYPP: Biological yield per plant, PHI: Plant harvest index, LA: Leaf area, RWC: Relative water content, ELWR: Excised leaf water retention, WU: Water use, GWUE:
Grain water use efficiency, BWUE: Biological water use efficiency, MRL: Main root length, RA: Root area, RD: Root diameter and RDW/SDW: Root to shoot dry weight ratio.
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Table 5. Results of genotypic correlation analysis of different traits of 10 ecotypes of Aegilops tauschii during two consecutive planting periods

Sl DTH DTA DTM GFP PH PEL LN TN FSN SNPS PEW SNPMS
Traits
PHI -0.50" -0.51"" -0.61™ 0.17m 0.66™ 0.68™ -0.59"" -0.57" 0.04™ -0.61™ 0.76™ -0.48"
LA -0.10™ -0.10™ -0.10™ -0.02 -0.26™ 0.21m 0.51" 0.56™ -0.05™ 0.66™ -0.11m -0.68™
RWC 0.07m™ 0.10™ 0.22m 0.11m 0.18 0.16™ 0.02m 0.01m™ 0.31m™ -0.27m -0.01m™ 0.01m
ELWR -0.41" -0.41" -0.26™ 0.41" -0.13 -0.05™ 0.52™ 0.53™ 0.37m 0.51™ -0.29™ 0.56™
WU 0.49" 0.52™ -0.62™ -0.05™ -0.63™ -0.65™ 0.51™ 0.51™ 0.06"™ 0.52™ -0.65™ 0.30™
GWUE -0.70™ -0.64™ -0.62™ 0.41" 0.74™ 0.62™ -0.27m -0.28" 0.40" -0.41" 0.64™ -0.20™
BWUE -0.17m -0.11m 0.02m 0.16™ -0.40" 0.05™ 0.61" 0.62™ 0.41" 0.45" -0.14 0.64™
MRL 0.32m 0.30™ 0.40" -0.03m -0.17m -0.66™ 0.07m 0.01m™ 0.41" -0.18™ -0.49" -0.10™
RV 0.40" 0.35™ 0.41" -0.18™ -0.47" -0.61™ 0.58"™ 0.56™ 0.30™ 0.41" -0.71™ 0.54™
RDW 0.57" 0.56™ 0.63™ -0.31m -0.59™ -0.64™ 0.57" 0.57" 0.10™ 0.50" -0.75™ 0.51™
RA 0.41" 0.60™ 0.41" 0.51™ -0.45" -0.78™ 0.50" 0.40" 0.33m 0.21m -0.78™ 0.31m
RD 0.57" 0.61" 0.59™ -0.41" -0.41" -0.50" 0.51™ 0.50" 0.05™ 0.40" -0.55™ 0.45"
RDW/SDW 0.14" 0.09™ 0.19™ -0.04™ -0.45" 0.41" 0.71" 0.70™ 0.18™ 0.60™ -0.56™ 0.61™

AL e Sls s r.\; 5 doy ) L;)LJ Cb.ﬂ 33 é)bg;lu do 5 0 d)bi Cla.ﬂ 03 Sols e sdasglil S jans Puid F
*, ** and ns represent significance level at 5%, 1% probability levels and non-significant, respectively.

55 doehis 3025 SSNPPS 65 55 55 55,b aliws 3laas (FSNPP 5 55 3 4y sls TN (S sl s LN Sy I b PL s 5, CLSJJ:PH‘SJE S35 JS (sl g SPAD s 53 3 0593 sk GFP  Sais b 55, DTM  lidles S6 55, DTA ( asais b 55, :DTH
53 (03 50y 3) S5 g > S BYPP i 5y 55 () (s3ladl 3 Shas [EYPP calls 158 055 TCW ( ISy 055 PEW ¢ ol aliis 3 ils 035 SWPMS (ol aliis 035 - MSW s 51 53 s slaas :SNPP ¢ Lol asles 035 MSTW ol eliis s ils slass :SNPMS el
aiyy J3:RD LA.LJCEM:RA ol ey y I b :MRL m:jg;,..._;gfa_éf.m s :BWUE m\&!;gTJ}..mJIJKS:GWUE ool G me WU ‘A-L:da;g}i_):;'j.ﬁb-&u_ﬁ ELWR ‘WJ\T)TLS‘}N RwWC «Sjck.»:LA &g Cudls et ls PHI & g

Al 5 0dy 4 St 055 Cund RDWISDW
DTH: Days to heading, DTA: Days to anthesis, DTM: Days to maturity, GFP: Grain filling period, SPAD: Chlorophyll content, PH: Plant height, PL: Peduncle length, LN: Leaves number, TN: Tillers number per plant, FSNPP: Fertile spikes
number per plant, SNPPS: Spikelet number per spike, SNPMS: Seed number per the main spike, MSTW: Main stem weight, SNPP: Seed number per plant, MSW: Main spike weight, SWPMS: Seed weight per the main spike, PEW: Peduncle

weight, TGW:1000-grain weight, EYPP: Economical (grain) yield per plant. BYPP: Biological yield per plant, PHI: Plant harvest index, LA: Leaf area, RWC: Relative water content, ELWR: Excised leaf water retention, WU: Water use, GWUE:
Grain water use efficiency, BWUE: Biological water use efficiency, MRL: Main root length, RA: Root area, RD: Root diameter and RDW/SDW: Root to shoot dry weight ratio.
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Table 5. Results of genotypic correlation analysis of different traits of 10 ecotypes of Aegilops tauschii during two consecutive planting periods

s SNPP MSW SWPMS MSTW KTW EYPP BYPP PHI LA RWC
Traits
MSTW -0.12m™ 1
SWPMS -0.08™ 0.87" 1
MSTW -0.21m™ 0.77" 0.77" 1
TKW -0.28™ 0.84™ 0.81™ 0.76™ 1
EYPP 0.41" 0.56™ 0.56™ 0.41" 0.51" 1
BYPP 0.70™ -0.12m™ -0.20™ -0.31m™ -0.41" 0.09™ 1
PHI -0.10™ 0.75™ 0.77" 0.59™ 0.81™ 0.66™ -0.32™ 1
LA 0.31m™ 0.05™ 0.05™ -0.21m™ -0.18™ -0.02m 0.66™ -0.21m™ 1
RWC 0.30™ 0.21™ 0.31™ 0.31™ 0.16™ 0.21m 0.30™ 0.18™ 0.01m 1

Al s re pde 5 o3V (solal e 53 (5l e o3 0 (55lT a3 (55l e a0 o S NS Y P
*, ** and ns represent significance level at 5%, 1% probability levels and non-significant, respectively.

53 5ok Al 315 FSNPP 5 5: 5 sty sl TN S s sl 1 LN IS0y Uk PL w5 i PH S 5y 135 JS (sl siee SSPAD wils 0s 0533 Jsb GFP « Sute; U 55, DTM ¢ jLiiles S 6 555 DTA ( paselin b 55, DTH
EYPP wwils i 035 TOW ISl 035 PEW ¢ ool aliws 53 «ils 035 SWPMS (Lol i 035 MSW 55 3 s sltas SNPP Lol 3L 055 MSTW (Lol aleews 3 s slas SNPMS caliws 3 4k 31ias SNPPS a5 5
NG ae LIS GWUE ol G pae WU os o3 S s O bais U15 ELWR (o O (slgme RWC (S s o LA g ol st ls PHE s 53 (o3 50 ) 3l > Shose BYPP sy 3 (4ls) s3lassl 3 Shee
iy F 03y 4 i 035 o RDWISDW 5 a2y a3 RD ady; sl RA Lol ay; I3 MRL w03 55 T s peme 1S BWUE (ils

DTH: Days to heading, DTA: Days to anthesis, DTM: Days to maturity, GFP: Grain filling period, SPAD: Chlorophyll content, PH: Plant height, PL: Peduncle length, LN: Leaves number, TN: Tillers number per plant,
FSNPP: Fertile spikes number per plant, SNPPS: Spikelet number per spike, SNPMS: Seed number per the main spike, MSTW: Main stem weight, SNPP: Seed number per plant, MSW: Main spike weight, SWPMS:
Seed weight per the main spike, PEW: Peduncle weight, TGW:1000-grain weight, EYPP: Economical (grain) yield per plant. BYPP: Biological yield per plant, PHI: Plant harvest index, LA: Leaf area, RWC: Relative

water content, ELWR: Excised leaf water retention, WU: Water use, GWUE: Grain water use efficiency, BWUE: Biological water use efficiency, MRL: Main root length, RA: Root area, RD: Root diameter and
RDW/SDW: Root to shoot dry weight ratio.
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Table 5. Results of genotypic correlation analysis of different traits of 10 ecotypes of Aegilops tauschii during two consecutive planting periods

sl EYPP BYPP PHI LA RWC ELWR Wu GWUE BWUE
Traits
BYPP 0.08™ 1
PHI 0.67™ -0.40" 1
LA -0.03™ 0.65™ -0.21m™ 1
RWC 0.26™ 0.28"™ 0.21m 0.01m™ 1
ELWR 0.02m™ 0.29™ -0.30™ 0.30™ -0.22"m™ 1
wWu -0.62™ 0.21™ -0.80™ 0.05™ -0.16™ 0.20™ 1
GWUE 0.88™ -0.04" 0.77™ -0.02"m 0.18™ -0.02™ -0.74™ 1
BWUE 0.32™ 0.85™ -0.11™ 0.67™ 0.30™ 0.28v -0.06™ 0.21m™ 1
MRL -0.11™ -0.06™ -0.21m™ -0.55™ -0.10™ 0.10™ 0.31™ -0.20™ -0.20™
RV -0.41" 0.51™ -0.65™ 0.31™ 0.04™ 0.33™ 0.48™ -0.51™ 0.31m™
RDW -0.55™ 0.53" -0.87" 0.32m™ 0.70™ 0.10™ 0.58™ -0.64™ 0.38™
RA -0.40" 0.29 -0.61" -0.05™ -0.01m™ 0.28™ 0.47" -0.44" 0.17m™
RD -0.33™ 0.62™ -0.50" 0.40" 0.21™ -0.15™ 0.40" -0.40" 0.51™
RDW/SDW -0.41" 0.51™ -0.65™ 0.40" -0.16™ 0.60™ 0.51" -0.48" 0.35

A3l Jls s pde 5 Ao ) bl Tl 03 Sols e Ao 0 bl Tl 53 Gl me e dasOlis 3 S NS K
*, ** and ns represent significance level at 5%, 1% probability levels and non-significant, respectively.

53 5ok i 315 FSNPP (5 5: 5 sty sl TN S s sl t LN IS0y Uk PL w5 iy PH S 5y 135 JS (sl sies SPAD wils 03y 0553 Jsb GFP « Sute; U 555 DTM ¢ iLidles S 6 555 DTA ( paselin b 55, DTH
EYPP wwils i 035 TOW  JSGlay 055 PEW ¢ ool aliws ;3 «ils 035 SWPMS (Lol i 035 MSW 5 3 s sltas SNPP Lol 3L 055 MSTW (Lol i 3 s slas SNPMS caliws 3 4l 3115 SNPPS a5 5
T e IS GWUE (ol G pae WU ek e S 3 53 Of i 015 ELWR s O (glsims RWC (S s o LA 55 Sl G ls PHI (51 55 (63 58 3) Si5 st > SKbas BYPP (55 s (413) (solasl > Shas
iy 03y 4 i 035 Cod RDWISDW 5 a2y a3 RD ady; sl RA ol ay; I3 MRL w03 55 T s peme 1S BWUE (ils

DTH: Days to heading, DTA: Days to anthesis, DTM: Days to maturity, GFP: Grain filling period, SPAD: Chlorophyll content, PH: Plant height, PL: Peduncle length, LN: Leaves number, TN: Tillers number per plant,
FSNPP: Fertile spikes number per plant, SNPPS: Spikelet number per spike, SNPMS: Seed number per the main spike, MSTW: Main stem weight, SNPP: Seed number per plant, MSW: Main spike weight, SWPMS:
Seed weight per the main spike, PEW: Peduncle weight, TGW:1000-grain weight, EYPP: Economical (grain) yield per plant. BYPP: Biological yield per plant, PHI: Plant harvest index, LA: Leaf area, RWC: Relative

water content, ELWR: Excised leaf water retention, WU: Water use, GWUE: Grain water use efficiency, BWUE: Biological water use efficiency, MRL: Main root length, RA: Root area, RD: Root diameter and
RDW/SDW: Root to shoot dry weight ratio.
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Table 5. Results of genotypic correlation analysis of different traits of 10 ecotypes of Aegilops tauschii during two consecutive planting periods

lews
= ELWR Wwu GWUE BWUE MRL RV RDW RA RD RDW/SDW
Traits
WU 0.26™ 1
GWUE -0.04™ -0.75™ 1
BWUE 0.31m™ -0.07™ 0.23™ 1
MRL 0.11m -0.31 -0.24™ -0.20™ 1
RV 0.41* 0.51™ -0.52™ 0.39m™ 0.35™ 1
RDW 0.13™ 0.58™ -0.64™ 0.40" 0.27m™ 0.74™ 1
RA 0.32" 0.51™ -0.41" 0.19™ 0.65™ 0.75™ 0.65™ 1
RD -0.17™ 0.40" -0.417 0.51™ 0.06™ 0.51™ 0.72™ 0.41" 1
RDW/SDW 0.60™" 0.51" -0.50" 0.40" 0.10™ 077" 0.59™ 0.52™ 0.39 1

Kk ¥

.J‘.::l.idc)b&utu\&j.,\.p)b\ d)bich.n)g SoI3 sme Ao )3 0 Aﬁ)LaIC]n.NJDL;)bL;'Ju sdasglil S jans g*F ¢
*, ** and ns represent significance level at 5%, 1% probability levels and non-significant, respectively.

53 530k alis 3laes (FSNPP (&5 5 53 azey sldas TN (S s sl 1 LN (ISl J5b PL s 5 Cu;)l PH (S, 15,18 (gl g SPAD ls 0 5 0555 J3b (GFP ( S, b 55, DTM ( Jlidles S G 55, DTA ( asalew b 55, :DTH
EYPP s ,l5a 035 TGW (STl 055 PEW ¢ ol s 53 &ils 055 SWPMS (Lol alocs 055 MSW a5 5 55 «ls slaas SNPP (Lol a3l 055 MSTW (Lol alaw 55 &ls slaas SNPMS caliw s asmbis slass :SNPPS (&
;'j G yae ol GWUE N'j e WU il Ch} S o bis Ul ELWR (3 o Glgme RWC S 5 ch.w LA oy cils e la PHE g 5o (50 3) 5450 5 S BYPP gy 55 (4l3) (oaliaisl s Sas
alyy 5Oy 4 KE 055 Caed RDW/SDW. 4y i RD i) mlow RA (Jol iy J b MRL o3 g5 Ol G e LIS BWUE il
DTH: Days to heading, DTA: Days to anthesis, DTM: Days to maturity, GFP: Grain filling period, SPAD: Chlorophyll content, PH: Plant height, PL: Peduncle length, LN: Leaves number, TN: Tillers number per plant,
FSNPP: Fertile spikes number per plant, SNPPS: Spikelet number per spike, SNPMS: Seed number per the main spike, MSTW: Main stem weight, SNPP: Seed number per plant, MSW: Main spike weight, SWPMS:
Seed weight per the main spike, PEW: Peduncle weight, TGW:1000-grain weight, EYPP: Economical (grain) yield per plant. BYPP: Biological yield per plant, PHI: Plant harvest index, LA: Leaf area, RWC: Relative

water content, ELWR: Excised leaf water retention, WU: Water use, GWUE: Grain water use efficiency, BWUE: Biological water use efficiency, MRL: Main root length, RA: Root area, RD: Root diameter and
RDW/SDW: Root to shoot dry weight ratio.
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Table 6. Eigen values and eigen vectors of the firest and second principal component for different traits

e 6 5T Sl ST (K85 g8 25

olis Traits Il s et
First component Second component
oo U 5, Days to heading 0.163 0.249
SLadl e SG 54, Days to anthesis 0.157 +0.248
S B 5, Days to maturity 0.182 0.147
Ao Ol 5 0p90 b Grain filling period -0.072 -0.235
Jo S 5 Chlorophyll content -0.092 -0.114
oS gl Plant height -0.205 -0.100
S Jsb Peduncle length -0.212 -0.121
Sl Leaf number 0.180 -0.236
g3 Ay Bl Tillers number per plant 0.176 -0.245
S50 sl abiw sl Fertile spikes number per plant 0.023 -0.227
i 53 ambin e Spikelet number per spike 0.169 -0.146
sl i 5s dils slass Seed number per the main spike 0.153 -0.256
Sy s Al sl Seed number per plant 0.073 -0.314
el i 035 Main spike weight -0.229 -0.075
ol i 53 &l O35 Seed weight per the main spike -0.223 -0.088
S 055 Peduncle weight -0.242 -0.022
ol sl 035 Main stem weight -0.207 0.003
“lslza 05 1000-grain weight -0.245 -0.004
Gy o o soladl s Sas Economical yield per plant -0.167 -0.208
Sy 20 s s Sas Biological yield per plant 0.142 -0.264
g Sl el Plant harvest index -0.236 -0.027
R Leaf area 0.074 -0.237
Sl o e Relative water content -0.024 ~0.064
sdiplas S 5 ol i LUl Excised leaf water retention 0.079 -0.249
s O Ol e Water use 0.202 0.062
als ol G yae LS Grain water use efficiency -0.198 -0.175
et 1 a8 Biomass water use efficiency 0.078 -0.297
o ado, Jgb Main root length 0.107 0.101
e e Root volume 0.216 -0.073
oy SEF 05 Root dry weight 0.235 -0.003
Y g Root area 0.211 0.004
gy i Root diameter 0.184 -0.019
@l e Al ol Root-to-shoot dry weight ratio 0.192 -0.145
o nolie Eigen-values 15.839 7.198
(1) badlgo oz b5l Cumulative variance (%) variance 48 69.8
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Figure 1. Biplot diagram of principal component analysis for first and second components
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Figure 2. Dendrogram of cluster analysis for 10 Aegilops tauschii ecotypes based on different traits
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Table 7. The mean of different traits in two clusters resulting from the cluster analysis of 10 Aegilops tauschii ecotypes

Slis Traits Sl et £33 W55~
Cluster 1 Cluster 2
ke U 5, Days to heading 197.4 145.4
Slidles S 55, Days to anthesis 207.7 155.8
S A B3y Days to maturity 246.2 2119
€ls OS5 0595 Jsb Grain filling period 40.3 56.5
Jds IS (g pmn Chlorophyll content 41.3 42.8
LS gl Plant height 34.9 46.2
ISl J sk Peduncle length 8 13.0
Sl Leaf number 80.2 66.2
4y 3ldas Tillers number per plant 13.7 11.4
oL e sl Fertile spikes number per plant 7.9 8.5
s s azlos I Spikelet number per spike 6.3 54
ol alis 5 4ils sl Seed numt;%rilgsr the main 57 5.1
Gg a4l sl Seed number per plant 38.8 421
ol dis 05 Main spike weight 0.1 0.3
Shol dow s &ls 55 Seed weight per the main spike 0.1 0.3
ISl 055 Peduncle weight 0 0.1
ol Bl 055 Main stem weight 0.2 0.3
alsslm O3 1000-grain weight 21 445
g s goladl s Ses Economical yield per plant 0.8 1.4
G p 50 SO5e 0 s Shas Biological yield per plant 7.8 7.3
G Sl p el Plant harvest index 123 232
e I Leaf area 31.0 328
S (S5 Relative water content 70.2 71.1
S s, w3l ol Ol Excised leaf water retention 24254 24234
b e ol Ol e Water use 20068.8 17033.5
Gl Of O eme LIS Grain water use efficiency 0.001 0.007
83 sy ol b me 1,IS Biomass water use efficiency 0.2 0.2
e 4y, Jsb Main root length 419 32.8
ol s e Root volume 12.9 8.9
oy S O Root dry weight 3.4 2.4
Y Root area 79.2 58.7
Wiy kst Root diameter 0.5 0.4
s S5 4 aly; Cd Root-to-shoot dry weight ratio 6.9 4
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Table 8. Detection function results for 10 Aegllops tauschu ecotypes based on cluster anaIyS|s results

525 3l ol glaes S

CL &JALN‘JJ ol wa JM.: 6[.5::»};
Predlcted groups based on detection function

Slad s 1 2 (Total) Js
Groups of cluster analysis sldss Loy Loy slaes Loy
Number  Percent Percent  Number Percent
1 6 100 0 6 100
2 0 0 100 4 100

3503 sl (531538 G 15 b 5 sl (cla 555
o Bl

G Ll Shasy ol plmil 3 &8 LS a8 5l OB 5
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