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Summary

Halophytes are able to complete their life cycle in saline soils and can be used optimally if there are proper management plans.
Halocnemum str obilaceum (Amaranthaceae) is a perennial and often shrub that grows in the northwest, center and southeast of Iran. The
importance of this plant isin soil protection and forage production with the highest percentage of plant composition in saline and akaline
areas of the Golestan province (north of Iran). Therefore, recognizing its genetic diversity, to select the best genotypes is necessary. In
this study, the morphological and genetic diversity of 13 populations in Golestan province was investigated. Nineteen quantitative and
qualitative traits were selected for biometric and morphological studies and then multivariate statistical analyzes were performed. Four
primers were used to assess genetic diversity, producing atotal of 27 bands. The present study proved that, morphological characteristics
as well as molecular data of ISSR are useful in differentiating H. strobilaceum populations. Both quantitative and qualitative
morphological features are important and appropriate for the population differentiation. The present study also showed a high leve of
inter-population genetic diversity. Ward Cluster Analysis, based on morphological features and molecular data, showed significant
information on the relationships of the studied populations.
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Table 1. Investigated Hal ocnemum strobilaceum populations in this study

Population

L ocality

Collector

Altitude (m)

Longitude

Latitude

Voucher No.

10

11

12

13

Golestan
province:
Gonbad-e Kavus,
Incheboron

Golestan
province:
Gonbad-e Kavus

Golestan
province: East of
Gonbad-e Kavus

Golestan
Province:
Gonbad-e Kavus,
Dashli-Boroon

Golestan
province: Gomish

Tape

Golestan
province:
Gomishan

Golestan
province:
Gomishan to
Incheboron

Golestan
province: Ag
Qaa

Golestan
province: W of
Aqg Qala

Golestan
province: N of
Bandar Torkaman

Golestan
province: W of
Bandar Torkaman

Golestan
province:
Gonbad-e Kavus,
Agh Abad

Golestan
province: Aq
Qala, Anbar

Olum

Hosseini

Hosseini

Hosseini

Hosseini

M ohamadi

Naeini

Naeini

M ohamadi

M ohamadi

Naeini

Naeini

Hosseini

M ohamadi

1257

1100

1320

1245

1324

1870

1754

1640

1573

1875

1643

1268

1354

5472 06

5509 30

551802

54 80 99

54 07 66

5406 24

545312

544512

541513

5409 39

541202

542070

5416 12

374551

371500

371714

37 63 66

370701

371623

372102

370131

371402

36 89 80

365312

371226

365612

804350 (GKUH)

804361 (GKUH)

804357 (GKUH)

804354 (GKUH)

804366 (GKUH)

804364 (GKUH)

804372 (GKUH)

804370 (GKUH)

804351 (GKUH)

804353 (GKUH)

804379 (GKUH)

804379 (GKUH)

804368 (GKUH)
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Fig. 1. Distribution map of the studied H. strobilaceum populations in Golestan province (based on table 1, populations

are marked with numbers 1-13).

solatul b Jledie 5kl sla o,y SPSS Ver. 16 (1988)
opitaniz ylel Soslll s 5 &5 5 (S5 Slao
5 bais Cul3 Olme G ln (mizes 285 plxl
G Wiw slais, 5l ead adlhe cisex slaasly
Jol>= (PCA) Lol slraalie ulwly sonain, 5 glades
b Jole a4y ay5o0 (adly ;o .030,5 ooliinl e Jule 4y 4500 5
slaazly o Slie (nigete (d9ed atie jehite 4

LB D )go oy Sy90 Sere

ebdcsy ; Slllas -
5 oS o VR olass i 590 Sladllas plodil 51 g
5 ¥ slagaz) wud bl 6 regd 90 Slilllae sl (A4S
Dino-Lite JL’J...?UQ A_:jgwg)g...ny,w‘ )| oolawl lJ ] (\ﬂ
(B %51 Jao) Olympus (5,5 s5uws,Soe 9 (AM4AL3T  Ju)
sl sl llT plovil jlats 4y .85 & j50 3 (gla o)
0 b pSolal (SKhe 51 (WS Glas lp o urienis
Sy 4 S Olao glp g ol oolainl Slrex glaaslg
S58le 5l oolatwl b e 0l (5,l050S addloais b -9

Table 2. The quantitative morphological characteristicsin this study

Character (mm) Code
Length of under |eaf lul
Length of middle |eaf I.m.|
Length of upper leaf l.up.l

Width of under |eaf w.ul
Width of middle |eaf w.m.|
Width of upper leaf w.up.l
Length of folia I.f
Length of branch I.b
Length of pedicle l.p
Length of inflorescence linf
Width of inflorescence w.inf
Length of nutlet l.n
Width of nutlet w.n
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Table 3. The qualitative morphological characteristicsin this study

Character Code State of character and coding
Vegetation form p.v.f Bush (1), Shrub (2)
Leaf shape s.ul Connate (0), oblong (1), oblong-connate (2)
Color of herbage c.h Green (1), yellow (2)
Seed shape s.sh Oblong (0), elliptic (1), elliptic-ovate (2)
Seed color s.C Brown (1), orange (2)
Nutlet shape sh.n Ovate (0), dliptic (1), round (2), eliptic-ovate (3)
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Table 4. The used ISSR primers in this study
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ISSR13 (ACG) 6Ga
ISSR826 CCCGGATCC
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Fig. 2. Ward dendrogram of the studied populations based on morphological traits.
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Fig. 3. PCA analysis of morphological data.
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Table 5. Results of factor analysis based on quantitative and qualitative morphological traits

Parameter % Variance % Cumulative
1 26.89 26.89
2 22.10 48.99

Jole @ 4308 lalpy coliocsy, gbosls —# Jeus
Table 6. Morphological data based on factor analysis

Character Factor 1 Factor 2
Length of branch 0.76 -
Seed shape 0.75 -
Length of inflorescence 0.74 -
Color of herbage - 0.85
Nutlet shape - 0.72
Length of folia - 0.71

Width of nutlet - 0.70
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Table 7. Analysis of variance (ANOVA) for morphological characters ANOVA

M orphological trait Position Sum of squares df Mean square F Sig.
Length of under |esf Between groups 22506.375 6 3751.062 16.217 0.000
Within groups 3007.029 13 231.310
Total 25513.403 19
Length of middle |eaf Between groups 3851.237 7 550.177 1170 0.391
Within groups 5173.500 11 470.318
Total 9024.737 18
Length of upper leaf Between groups 1400.433 4 350.108 2703 0.092
Within groups 1295.167 10 129.517
Total 2695.600 14
Width of under |eaf Between groups 175.881 6 29.313 2884 0.052
Within groups 132.135 13 10.164
Total 308.015 19
Width of middle |eaf Between groups 71.593 7 10.228 1970 0.151
Within groups 57.122 11 5.193
Tota 128.716 18
Width of upper leaf Between groups 173.543 4 43.386 7.766  0.004
Within groups 55.866 10 5.587
Total 229.409 14
Length of calyx Between groups 69.400 10 6.940 10.962 0.000
Within groups 12.029 19 0.633
Total 81.429 29
Length of folia Between groups 244.403 11 22.218 5473 0.001
Within groups 73.069 18 4,059
Total 317.472 29
Length of pedicle Between groups 6.654 10 0.665 3.762 0.011
Within groups 2.653 15 0.177
Total 9.308 25
Length of inflorescence Between groups 13.821 11 1.256 3.982 0.003
Within groups 6.941 22 0.316
Total 20.763 33
Width of inflorescence Between groups 1.105 11 0.100 6.830 0.000
Within groups 0.324 22 0.015
Total 1.429 33
Length of nutlet Between groups 62.920 6 10.487 92.790 0.000
Within groups 1.243 11 0.113
Total 64.163 17
Width of nutlet Between groups 3.388 6 0.565 9.065 0.001
Within groups 0.685 11 0.062

Total 4.074 17
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Fig. 4. Some species fragmented by | SSR7 marker.
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Table 8. Pair-wise AMOVA between Halocnemum strobilaceum populations

Pop. Pop. Pop. Pop. Pop. Pop. Pop. Pop. Pop. Pop. Pop. Pop. Pop.

AMOVA 1 2 3 4 5 6 7 8 9 10 11 12 13

Pop. 1 0.000 0.0100 0.020 0.010 0.010 0.010 0.010 0.010 0.020 0.0100 0.010 0.010 0.020
Pop. 2 0584 0000 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.000 0.010 0.010 0.010
Pop. 3 0594 0310 0.000 0.010 0.010 0.010 0.010 0.010 0.000 0.010 0.020 0.010 0.010
Pop. 4 0.755 0524 0336 0.000 0.010 0.010 0.010 0.010 0.020 0.000 0.010 0.030 0.010
Pop. 5 0715 0428 0343 0520 0.000 0.010 0.010 0.010 0.324 0.245 0.010 0.020 0.010
Pop. 6 0.724 0560 0619 0.732 0591 0.000 0.010 0.010 0574 0.010 0.020 0.623 0.030
Pop. 7 0.632 0505 0527 0676 0506 0.351 0.000 0.030 0424 0.020 0.010 0.010 0.000
Pop. 8 0519 0448 0453 0591 0485 0467 0223 0.000 0220 0.030 0.010 0.020 0.010
Pop. 9 0434 0320 0210 0520 0.010 0.030 0.010 0.010 0313 0.020 0.010 0.010 0.000
Pop. 10 0623 0234 0410 0650 0.316 0.010 0220 0.010 0524 0.020 0.010 0.010 0.010
Pop. 11 0504 0310 0497 0513 0330 0.010 0210 0.010 0584 0.010 0.010 0.010 0.000
Pop. 12 0484 0200 0310 0.718 0.443 0.010 0010 0.020 0.284 0.020 0.010 0.010 0.010
Pop. 13 0598 0300 0416 0515 0340 0.010 0.020 0.030 0.752 0.010 0.010 0.010 0.010
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Fig. 5. Ward dendrogram of the studied popul ations based on ISSR data.
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Fig. 6. Consensus tree based on morphological- and I SSR dendrograms in studied populations.
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