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ABSTRACT

Wild accessions are raw reservoirs of genetic diversity that constitute a wide germplasm harboring unique genes
and characters that can be used in developing new varieties. Seven wild P. ovata accessions, collected from
different climates of south of Iran were selected for evaluation of mucilage content, swelling factor, morphological
traits and antioxidants. Although the mean of square for mucilage content was not significant, it ranged from 0.10 g
in the accessions collected from Darab to 0.15 g in Abadeh and Firuzabad. Seed swelling factor averaged 11 m,
was in the range of 8.2 to 16.7 ml. Grain yield, averaged 4.9 g, ranged from 3 to 7.8 g in Jahrom and Marvdasht,
respectively. The highest plant height was observed in Marvdasht (35.3 cm), Fasa (35.0 cm) and Abadeh (34.5 cm)
while Darab (29.2 cm) was the shortest. The highest genetic coefficients of variation were observed for spike
number (50.7%), catalase enzyme (47%), spike length (43%) and leaf area (43%). Among mucilage parameters,
seed swelling factor (24%) was highly variable. Correlation analysis indicated that seed swelling factor (r=-0.35)
was negatively correlated with grain yield although mucilage content (r= 0.36) had positive correlation with grain
yield. The wild accessions classified into three major groups based on their similarities in cluster analysis. Seed
swelling, grain yield, antioxidants and morphological traits were highly heritable with heritability estimates above
70%. In conclusion, the wild P. ovata genotypes were highly variable for grain yield, morphological traits and seed
swelling factor and identification of different wild accessions provides useful information for breeding P. ovata
varieties for various purposes.
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INTRODUCTION

Plantago ovata is important for its mucilage content of the séleat mainly used in industry and medicine [25].
Mucilage is a thick, gluey substance produced bgesplants and microorganisms. It is a polar glyotgin and an
exopolysaccharide. Mucilage in plants plays a riolethe storage of water and food, seed germinatamd
thickening membranes. Mucilage can be used in giagtsstinal inflammatory processes, associated wiffical
irritation agents [9, 16, 19]. Natural mucilagepigferred over semi-synthetic and synthetic mdtedae to their
non-toxic, low cost, free availability, emollienié non-irritating nature. The mechanism of actemhat mucilage
covers the mucous membranes and prevents irritatiche nerve endings. Mucilage which is ediblauged in
medicine for its demulcent properties. Mixed witlater, mucilage is used as glue, especially for gngaper
items such as labels, postage stamps, and envigdggse Differing types and varying strengths of ifage can also
be used for other adhesive applications, includihgng labels to metal cans, wood to china, andhkrato
pasteboard.

Plants of the family Plantaginacea, highly recogdiznedicinal plants, rich in mucilage [2, 18, 2Zhe genus
Plantago, belonged to the family Plantaginacea, has beeogrézed with over 200 different specié¢dantago
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center of diversity is mostly in the temperate &mgbical regions and central Asia [11, 16, 18]. Tiants of this
genus are small annual herbs with medicinal vadungsuseful metabolites in the seeds. The seeddfubk species
Plantago ovata which is the only cultivated species is calledlipgy in English, Isabgol in Hindi and Isfarzeh in
Persian [16]. The husk which is about 25 to 30%hef seed oPlantago has inflammatory activity and used in
irritation of the intestinal tract [2, 16, 19].

For the purpose of genetic conservation and caligctaw germplasm for a successful breeding program
identification and clustering of the genotypes afehe most important. Characterizing the genotyfoestheir
genetic variability is necessary for the purposéreedingPlantago for quality mucilage, swelling factor and grain
yield. There are few reports éthantago genetic variations showing the urgent need fompdsism identification for
defining varieties of the crop. Van Dijk [7, 8] ehasizes that leaf morphology, seed size and primtuetre
important for adaptingPlantago species to the respective habitat conditions. IRobt al. [2] clusteredPlantago
ovata genotypes, commercially known as Blond psyllium][linto three major groups comprising ten, seved a
one genotypes. In the study reported by Das [b8]sted swelling factor #antago indica was not influenced by
sowing date and spacing. On the other side, soWimgyata during the first week of December was found to be
ideal for Jammu conditions (India) which was a eliét story than the report of Koul and Sareenirjdjcating
mid-October to mid-November as the ideal sowingedét another work, mucilage content varied fro50to
0.10% inP. ovata accessions, although the mean of squares for geg®ivere not significant for mucilage content
and seed inflation factor [3]. There are evidengleswing that the seed mucilage’s of somePlEintago species
exhibit good binding properties and affect retaatabf drug dissolution [18]. Evaluation of Britigind European
Plantago collections indicated that the specmsgjor andintermedia have variations for ozone gresistance [13].

Therefore, given the wide variation Bfantago genotypes for different applications in medicima andustry uses,
the present study was conducted to evalRate/ata wild accessions (Table 1) to characterize geneti@tions for

mucilage quality, swelling factor and morphologitalits and to estimate heritability of the traitentification of

wild genetic reservoirs and heritability informatibelps breeders to draw an efficient program angiin breeding
plans with the aim of developing new varieties.

MATERIALSAND METHODS

Seven wildP. ovata accessions, collected from different climatesaitbwest of Iran (Table 1), were selected for
evaluation of mucilage content, swelling factor,rpfwmlogical traits and antioxidants. The experimgas arranged
as a randomized complete block design (RCBD) witkéd replications in the Agricultural Research iStabf the
College of Agriculture, Shiraz University, Iran.i®irto sowing, the seeds were washed under fauce24 h to
remove germination inhibitors. Seed germination pasormed using germination trays in a greenhdnddarch
2011. Three weeks later, two-leaf seedlings traredeto the field and each of genotypes cultivatetdvo rows
spacing 30 cm in a plot 3 m long. Fertilizers wapplied at sowing (25 kg N and 30 kg P) and headiages (25
kg N). Weeding was conducted manually during allgh stages. Irrigating plants was performed e®erydays as

it was needed.

Table 1. Plantago ovata genotypes collected from different partsof Iran

Genotype Origin Latitude
Abadeh Abadeh 31.30° N, 53.11° E
Darab Darab 28.74° N, 54.55° E
Fasa Fasa 28.93° N, 53.64° E
Firuzabad Firuzabad 28.85° N, 52.53° E
Jahrom Jahrom 28.95° N, 53.950° E
Kazerun Kazerun 26.72° N, 54.28° E
Marvdasht Marvdasht 29.80° N, 52.83° E

Leaf area (LA) (crf) and plant height (PH) (cm) were measured by salpd0 plants in each plot during growing
season. 0.5 g leaf samples from randomly seledtadspused for quantifying chlorophyll (Cld)andb contents by
a spectrophotometer instrument based on a proceaopmsed by Lichtenthaler and Wellburn [6] andngsihe
following equations:

Chla= 12.25 A663- 2.79 A646
Chlb=21.21 A646- 5.1 A663

Where, A663 and A646 denote absorbance at 663 48dhB wave lengths, respectively. Enzymatic antiamts
(U g* leaf fresh weight (LFW)) consisting of ascorbageqxidase (APX), superoxide dismutase (SOD) analase
(CAT) were spcectrophotometrically read by usingk&tio and Assad [28], Beauchamp and Fridovich [4] an
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Dhindsa et al. [23] procedures, respectively. Stekgth (SP) (cm), seed number per spike (SNS) samber per
plant (SNP), spike number per plant (SP) and gyaid (g) per plant (GY) were measured after haimgs10
plants in each plot.

The seed swelling factor (SSF) (ml) was determimgdoaking 1 g seed in 25 ml distilled water fort2f1]. The
mucilage (g) content of seed was obtained by ihjtiaoiling of 1 g seed in 10 ml chloridric acid%d until the
complete release of mucilage into the water [20, 260 ml of ethyl alcohol (96%) was added to théially
isolated mucilage extracts. The mucilage precigétatere then dried in oven for 22 h at 54 °C anddaved. The
mucilage swelling factor (MSF) was also calculabgdhe following equation [15]:

Swelling factor of 1 g mucilage (mi®y= (seed swelling factor x 100)/ mucilage content

Statistical analyses

Data from all characters were subjected to theyaigabf variance (ANOVA) and the means were compargng
the least significant differences (LSD) test in Sa&ftware (SAS Institute, V. 9.3. 2011). Phenotyfig)and
genetic ¢7) variances were estimated from the erref)(and genotype ¢Z + ra;) expected mean squares in
ANOVA for randomized complete blocks design. Phgpiut (CVp) and genetic (CY coefficients of variation were

{7 anaid

calculated usmg— and Y—, respectively, wher&l is the mean of trait. Heritability th estimates were also
calculated based on the foIIowing formula [27]:

Clustering genotypes for the traits of interest wasducted based on similarity matrix and complieteage [22] by
using Statistica V. 7 software.

RESULTS

Anova and variationsin traits means

The mean of squares for the effect of genotype veagrificant for all traits except MW and MSF indiing
variations amongplantago genotypes (Table 2). LA varied from 275 %im the accessions originated from Jahrom
to 781.6 criin Marvdasht (Table 2). The highest plant heighs whserved in Marvdasht (35.3 cm), Fasa (35.0 cm)
and Abadeh (34.5 cm) while Darab (29.2 cm) wassthertest. The accessions Firuzabad (11.8 thgRW) and
Jahrom (8.5 mg YLFW) had significantly higher Ctd andb than other accessions respectively. Mean compariso
for enzymatic antioxidants indicated that the high&PX (43.6 U ¢ LFW), CAT (0.24 U ¢ LFW) and SOD (336

U ¢g* LFW) quantified in Fasa, Darab and Jahrom, resyadgt(Table 2). The lowest antioxidant activitylbeged

to the accessions Firuzabad (36.3 and 74.2 URyV for APX and SOD) and Kazerun (0.05 U gFW for CAT).

P. ovata accessions were not significantly different for ailmge weight. MW averaged 0.14 g Rlantago
accessions. Although the mean of square for MW messignificant, it ranged from 0.10 g in Darabd5 g in
Abadeh and Firuzaba@lantago accessions significantly differed in seed swelliactor. SSF, averaged 11 ml, was
in the range of 8.2 to 16.7 ml in the wild accessioriginated from Kazerun and Abadeh, respectivéfier the
accession Abadeh, Jahrom (11.7 ml) and Marvdadgh? (thl) were in the second and third ranks for SBiere
were no significant differences amoRtpntago accessions for MSF that averaged 7894.4 Tlajthough MSF
varied between 7026 to 12873 rifl ip Marvdasht and Abadeh respectively (Table 2).

Grain yield components showed great variations apfbantago accessions. Average SL ranged from 2.8 to 7.5 cm
in Abadeh and Kazerun respectively (Table 2).
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Table2. Mean comparison, ANOVA resultsand genetic variation parametersin Plantago ovata genotypes for mucilage quality, morphological traitsand grain yield.

Genotype LA PH Cha Chb APX CAT SOD MW SSF MSF SL NSS SNP SP GW GY
Firuzabad 333.9 30.6 11.8 8.0 36.3 0.14 74.2 0.15 9 9 7118 3.1 116 2797 38.3 53 61.9
Kazerun 359.8 33.3 9.5 6.5 38.7 0.05 213.7 0.12 8.2 7283 7.5 179 3726 46.3 6.1 124.1
Marvdasht 781.6 35.3 5.5 3.7 39.5 0.12 227.7 016 121 7026 3.2 168 5080 113.3 7.8 83.7
Darab 703.8 29.2 58 4.4 41.9 0.24 239.0 0.10 9.03 8697 3.1 215 2670 111.3 45 52.1
Jahrom 275.0 31.3 9.9 8.5 37.7 0.18 336.7 0.13 11.7 9049 4.0 185 1718 111.6 3.0 49.6
Abadeh 391.1 345 6.2 4.2 394 0.15 238.5 0.15 716.7 12873 2.8 152 2092 34.0 3.8 70.5
Fasa 336.8 35.0 6.0 3.6 43.6 0.07 246.0 0.13 10.6 0619 3.1 270 2378 105.0 3.6 54.0
Meanzx 454 5+ 32.8+ 7.8+ 5.6 39.62+ 0.14+ 2251+ 0.14+ 11.0+ 8728+ 3.8% 183.8% 2923+ 71.4% 4.9+ 70.89%
SEM 76.0 0.90 0.95 0.78 0.93 0.024 29.3 0.007 1.0 771.0 0.62 18.4 431.4 14.4 0.63 10.0
LSD (1%) 206.6 4.6 1.7 1.3 5.7 0.04 59.7 0.12 3.8 89474 1.1 38 1196 51.4 2.0 25.1
ANOVA
Genotyp@mean squares 121354 17.2 19.1 12.7 518.2 0.013 51809 0.0038" 23.4 1250081 8.3 7112 3906250 4013 8.4 2083
Error mean squares 6867 3.48 0.51 0.27 5.3 0.0003 74.45 0.0025 2.4 10020578 0.2 240 230089 65 0.69 .8101
Genetic parameters
agz 38162 4.57 6.23 417 4.3 0.00412 5840 0.00043 70 267&4 2.7 2290 1225387 1316 25 660
azf 40451 5.73 6.4 4.26 6.0 0.00423 6031 0.00126 7.8 66987 2.78 2370 1302084 1337 2.8 694
PCV (%) 42.2 7.31 32.13 37.0 6.2 47.6 34.5 26.1 2 25. 23.4 43.4 26.5 39.0 51.2 34.3 37
GCV (%) 43.0 6.52 31.7 36.5 5.2 47.0 34.0 15.3 24.0 10.42 43.0 26.0 37.8 50.7 32.9 36
h? (%) 94.0 79.0 97.0 98.0 70.7 97.4 97.0 34.2 89.7 .020 97.6 96.6 94.1 98.4 92.0 95

a: except Car, MW and MSF, genotype mean squares were significant at 0.01 probability, SEM: standard error of the mean, LA: leaf area (cn¥), PH: plant height (cm), Ch: chlorophyll (mg g leaf fresh weight), APX:
ascorbate peroxidase (U g™ |eaf fresh weight), CAT: catalase (U g™ |eaf fresh weight), SOD: superoxide dismutase (U g™ leaf fresh weight), MW: mucilage weight (g), SSF: seed swelling factor (ml), MSF: mucilage swelling
factor (ml g™, SL: spike length (cm), SNS: seed number per spike, SNP: seen number per plant, SP: spike per plant, GW: grain weight (g) per plant, GY grain yield (g) per square meter, ogz: genetic variance, o;3: phenotypic

variance, PCV: phenotypic coefficient of variation, GCV: genetic coefficient of variation, h* heritability
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The accession Jahrom (4.0 cm) was in the secordhaving the highest SL after Kazerun. Spike lerigtbne of
the important features in discriminating differ@tant species in taxonomk. ovata accessions had great variations
for SNS ranged from 116 in Firuzabad to 270 in Fagaificantly. Jahrom (185), Darab (215) and F&5®) were
above the average (183.8) of seWantago accessions for SNS. Although SNP averaged 2928yddsht having
5080 seeds, was in the first rank amdiigntago accessions. There was no significant differencesrg Darab,
Firuzabad and Kazerun with 2670, 2797 and 3726ssped plant. The lowest SNP (1718) belonged toamhr
which was nearly threefold less than SNP in Marlitlascession. SP ranging from 34 to 113.2 averddedl in
Plantago accessions. Marvdasht, Jahrom, Darab and Fasal®@l8, 111.6, 111.3 and 105 differed significantly
form Abadeh, Firuzabad and Kazerun with 34, 388 46.3 for SP. End use grain yield was significadiffered

in Plantago accessions (Table 2). GY with the average of 4rarged from 3 to 7.8 g. Marvdasht (7.8 g) and
Kazerun (6.1 g) were significantly differed fromhdeam (3 g) for GY. The accessions Marvdasht, Kazeand
Firuzabad were above the average GY of all genstyfbadeh, Jahrom and Fasa, non-significant statilst, had
the lowest GY amonB. ovata accessions.

Genetic variation and heritability

Genetic variation parameters and heritability eatém of the traits are given in Table 2. Estimajedetic and
phenotypic variances indicated that there weretgi#ferences between these variances for MW and- MiSis
shows higher contribution of environmental effeiciphenotypic variations of MW and MSF comparedotber
traits. The PCV and GCV of the morphological traiifered, as did the PCV and GCV for antioxidamtsicilage
parameters and grain yield components. For instaamaeng morphological traits, PH had lower PCV 1963 and
GCV (6.52%) than LA (43% and 43.2%) and SL (43.6% 43%). The lowest PCV (6.2%) and GCV (5.2%) were
obtained for APX. Genetically, CAT was very varialiletweerPlantago accessions with GCV of 47%. Among
mucilage parameters, SSF (GCV= 24%) was more Jaridgdan MW (GCV= 15.3%) and MSF (GCV= 10.4%).
Among grain yield components, the highest GCV dated for SNP (37.8%) and SP (50%) while SNS (26%g
the lowest GCV.

The heritabilities for morphological traits diffeteas did the heritabilities for mucilage paramet&L (97.6%) and
LA (94%) are highly heritable compared to PH (79%$timated heritabilities for mucilage parametedidated

that MSF (20%) and MW (34.2%) are less heritabntBSF (89.7%). The heritabilities estimated foDSO7%)

and CAT (97.4%) were considerably higher than #sttmated for APX (70.7%). Grain yield and its caments
were highly heritable with heritability valuebove 90%. SP had the highest (98.4%) heritakilityng grain yield
components.

Correlation analysisand clustering plantago accessions

The correlation matrix of the traits is availabteTiable 3. LA was significantly correlated with Gi¥= 0.62), SNP

(r= 0.67) and SP (r= 0.84). Calandb were highly (r= 0.95) correlated although they madative and significant
relation with APX. Antioxidants showed no and/ogative correlations with GY and grain yield compuotse Both

SSF and MSF, highly (r= 0.86) correlated mucilageameters, had negative associations with GY. Alghonon-

significant, the correlation coefficient (0.52) MW and SSF was positive. Grain yield had significand/or

positive relations with SP (r= 0.33), SNP (r= 0.8 SL (r= 0.80).

Table 3. Correlation coefficients between traits pair in Plantago ovata genotypes.

Trait LA PH Chla Chlbb APX CAT SOD MW SSF MSF SL SNS SNP SP GW GY

LA 1.0

PH 0.02 1.0

Cha -0.64 -0.45 1.0

Chb -060 -055 0.95 1.0

APX 031 0.26 -0.80 -0.80 1.0

CAT 0.38 -0.69 -0.14 0.08 -0.03 1.0

SOD 0.01 016 040 -0.13 036 0.19 1.0

MW 002 046 012 0.05 -0.52 -0.16 -0.33 1.0

SSF  -0.14 041 -031 -0.23 -0.06 0.16 0.25 0.52 1.0

MSF -024 020 -038 -0.30 022 024 037 003 0.86 1.0

SL -0.26 003 040 033 -0.283 -055 0.04 -0.36 -0.38 -0.38 1.0

SNS 005 0.18 -0.81 -075 090 -0.12 054 0.64 0.06 0.06 -0.03 1.0

SNP 0.67 038 -041 -038 031 021 -0.27 031 -062 -0.62 0.27 -0.17 1.0

SP 084 017 -0.81 -075 038 042 011 0.09 035 031 -041 0.10 0.40 1.0

GW 0.62 028 -0.09 -0.21 -0.20 -0.31 -042 036 -0.35 -0.63 0.29 -0.34 098 0.33 1.0
GY 004 037 012 001 -023 -0.65 -0.18 0.02 -025 -030 083 024 062 002 065 1.0

*: coefficients higher than absolute values of 0.62 and 0.80 are significant at 0.05 and 0.01 probability levels, LA: |eaf area (cnf), PH: plant
height (cm), Ch: chlorophyll (mg g™ leaf fresh weight), APX: ascorbate peroxidase (U g™ leaf fresh weight), CAT: catalase (U g™ leaf fresh
weight), SOD: superoxide dismutase (U g™ leaf fresh weight), MW: mucilage weight (g), SSF: seed swelling factor (ml), MSF: mucilage swelling
factor (ml g™, SL: spike length (cm), SNS: seed number per spike, SNP: seed number per plant, SP: spike per plant, GW: grain weight (g) per
plant, GY grain yield (g) per square meter,
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The cluster analysis of genotypes indicated Fhalvata accessions classified in four major groups (FjgAbadeh
and Marvdash grouped in two single- member clugteas were distantly separated from other majoupso The
third major group divided into a minor group cotisig of the accessions Darab and Fasa with highelasity than
Jahrom as single minor group. Our results cleartiicated that Firuzabad and Kazerun closely jairthe fourth
major group oP. ovata accessions.

DISCUSSION

Plantago is known to be relatively plastic for morphologicaid physiological characters. Phenotypic plastiisit
the main mechanism by whid¢Hantago species cope with different environments [7]. Liaegé and wild accessions
with enormous genetic variation and a reservoigexetic diversity constitute a wide germplasm heangounique
genes and characters to breed for biotic and akstiesses conditions and adaptability to the uarenvironments
[10].
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Aabadeh Jahrom Fasi Darab Marvdasht Kazerur  Firuzabad

Figure 1. Dendrogram of different clustersof wild P. ovata accessions collected from different ecological habitatsof Iran using their
similaritiesin grain yield, mucilage and mor phological traits.
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Given the industrial and medicinal uses of husk seells oP. ovata, a lot of attentions have been paid to develop
varieties for higher yield and swelling factor imese species [2, 3, 24]. Results of our study atdit that wild
accessions oP. ovata are highly variable for morphological and grairelgi components traits and also seed
swelling factor. The mean mucilage of 1 g see@.afvata was 0.14 g while it was 0.08 g in the study repdtby
Vahabi et al. [3]. AlthoughPlantago accessions in the present study were not diffésednucilage content, they
showed significantly various seed swelling factanging from 8.2 to 16.77 ml. The accessions Maivgas
Firuazabad and Abadeh with the highest mucilagagettncan be used in breeding programs targetingehig
mucilage content. Das [15] by evaluatiRgindica genotypes indicated that swelling factor varieahrfr9.6 to 12.3
ml which was lower than the range (18 to 22 ml} thas reported by Vahabi et al. [3] i ovata. In the study
conducted on seed characteristics of IsabBobyata Forsk), seed swelling factors ranged from 12.674®1 ml
depend on irrigation intervals [17].

Spike length is one of the important morphologifedtures that can be used in classification of tptoecies.
Morphologically, P. ovata accessions showed great variations in this stilg. accession Abadeh had the lowest
(2.8 cm) spike length that was significantly diffdrfrom Kazerun (7.5 cm) being the tallest accesdtwaluation of
genetic variability inPlantago species indicated that the two sspajor andpleiosperma, differ in growth form of
leaves and inflorescences [7]. Our study revediatl Marvdasht had the highest plant height, mueilaged per
plant, spike per plant and grain yield. Thereftings accession can be considered as a candidatecfeasing both
grain yield and seed mucilage content. Abadeh hadighest seed and mucilage swelling factorstsitdwed the
lowest spike length, seed number and spike amowgnsaccessions. This result indicates that themegative
relation between swelling factor and grain yieldPirovata that is in agreement with the results of Vahatilef3].
CharacterizingPlantago accessions for different morphological and mud@laaracters helps breeders to identify
the high and the low performing genotypes thatlmnsed in hybridization programs.

High levels of genetic variations provide ample maaterials for plant breeding programs. Genetidfament of
variation estimates indicated tHatovata accessions had the lowest genetic variations lfort fheight while wide
variations were observed for seed swelling factomber of spike per plant, spike length, seed nurabd grain
yield. Genetic diversity gives species the abiidyadapt to changing environments including newspasd diseases
and new climate conditions [10]. In present stuasritability estimates were relatively low for miage content
and its swelling factor that show the influenceeaf/ironmental effects on phenotypic variation anited genetic
variation for these characters. Other charactectuding seed swelling factor, grain yield composeind
morphological traits were highly heritable. Therefothey would efficiently respond to selection breeding
programs targeting higher seed swelling factor laigth yielding varieties oPlantago. Wolff et al. [12] indicated
that differentPlantago species varied in amount of variation, heritapiistimates and in environmental sensitivity.

Our results for correlation analysis indicated thieteding for higher grain yield #flantago may results in lower
swelling and mucilage as they were negatively dated. Allocating assimilates to higher grain yiegkbuces
reservoirs for mucilage accumulation. Mucilage eohtwas strongly correlated with seed number pétesp
Therefore, selection for higher seeded genotypesldvincrease mucilage content in the seedPtdntago.
Antioxidants are the first line defense system magfastresses that highly accumulated under botiickdad abiotic
conditions, therefore normal growth conditionsfé present work may be a reason for the negatinelatdons of
enzymatic antioxidants and grain yield. Accordiagstrong correlations, it can be concluded thahdiigyrain yield
was due to high leaf area and spike per plantetber selection strategies based on these traitddvire efficient in
breeding for high yieldindPlantago varieties. Our results revealed that sefervata accessions classified into
three major groups based on their similaritieslirster analysis. Wild accessions originated frohrdan, Fasa and
Darab formed a major group. They had no signifidifferences in mucilage, seed swelling factorksegength,
grain weight and grain yield. The regions that ¢hascessions originated from have relatively wana similar
climates. The accessions originated from Abadeln wild semi-arid steppe climate and from Marvdasith
temperate climate were separately clustered inrhagr groups. These accessions were significaritfgrdnt in
seed swelling factor, spike and seed number amdgatsn yield. Firuzabad and Kazerun that joinaasajor group
were statistically similar in plant height, seedeflimg, seed and spike number per plant, graindy&éthough they
differed from seed number per spike and spike kenghis results show th&. ovata accessions benefit from
different characters for their ecological adapitibib the environments.

CONCLUSION

In conclusion, evaluation d. ovata accessions indicated that wild genotypes are béduample raw materials that
are highly variable for grain yield, morphologidedits and seed swelling factor and that they déffiefrom each
other depending their ecological habitats. Theeefadentification of different wild accessions pides useful
information for breeding. ovata varieties for various purposes.
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