10.22092/IJRFPBGR.2022.359300.1424 DO Jlimes awlis o) x5 50 0ol ol 5 K5 Sliions als 4,0
20.1001.1.17350891.1401.30.2.3.9 ADOR) iy aulic (VF-1) VA=YV e dmio oY ol Fe als

(Medicago L.) axigs (sadiss Jog0 9 (0 599995909 5w « 5 598051 (Saxllano
Qluls” Oliw! (% po (S piuawgsl 5O

"o ol 5 el L T g il ) 1S il 3
33 S S S &y b e 5 (355028 0 ke wuSails at )l ulis S kgl yzls =
oS NRLe (ors\S 28 oKl @-J’ @\i-‘ PRUIEYI %A1 r;l—c Szl ‘dJ‘JMT sEr U; Obabial (J st sdiag 5 =Y
ab_tahmasebi@gonbad.ac.ir : ;5 Sl
o938 A sl uE Bl by poke saSails (liacan o35 ookl ¥

39S S (s8Rl b i 5 (63,5088 ke wuSails (s sl 5 e 05 8 Slsland ¥
ARAVAVARNEIR Y A EAVAZATECERG

oS

G cnl (Medicago L) amiy e 5l 658 2 JsS0se 5 btz s (o lie s Ologas calin skt o
Pl (e Bl Yo b v o) U-hK—i'-e.)) S closas 5 b 68 iy, b S u_;ﬁ‘-i-iw) able il 5 b s
Ly s 23 8 515 s 3550 (SEM) )80 35 i8I GsSny S Lot 55 a8 cal o3 8 il lisicin; ocdndy
el 238 bl pIB2-tLwas) =y S 5 NIDNAITS lacan sl Jls ulal ) amin 685 22 o S0
e s S s 5 Sians b Sas 8l s adllas 50 ailate 55 anig sl 655 81 4S5 ol saasplas K549
an g5 ) 5 Jaugie cadllan 550 03 8 Sl 5l (55l 031l 4S5l LS s gy il ol ) IS A 5 JS A
°3J§ S s o5e e 455 aan 4S5y o vab S5 ol c‘w K3 oold 2 b e Oon a0, L
S a S )5 LSS sba S Soslae o e oS 3 M. sativa dluas 68 ams e JSKes | YU colem b LSS
5 ald o 5 Jsse b Sl T samaplas Gaios cnl il sl e ALy Sba S pos LSS geamaplas
wrin i A S SagipSt ol 5o JuSe Ll olpie 4 dlg e 5 asbie 45 phau 5o g St g5l
335 aolix|

P FPRLY Sl laws Sles Medicago (e s w3 S &ls a8 laosls

wlasle (asls o)l k5 aS el Gl a8 doddlo
5 Capde b ceenl SBocbls 5, e I eSS CL.H SVAOY spa> 55 L;\.bw,f\
6u§j3 @Lﬂ\:\aﬂ J\..A)'La CJ\JA j\ C,wu).) 6)‘.);30* b.}:’ﬁfj).) \AM"S‘ Cf\ k}'bLf LJ’“'W)" J..:_}.w@ JﬂLﬂ



V4Y

5 S5 sbesS ady slaal L3 5 58S G 5 oL
sbapbial (ool ol lal e B L 2l o
ol s S 28l Blod 5l oS Sl po5 5508 32
5SS sl e a8 sl gl s250me i)l 0o
)ua\@wﬁwfﬁg@\,uu@ﬂwm b o
s o ) Gl Slelis,l 5o s e ol saa S
Wsr | JlS Coso a4 i som ol oS
LSS L Sl sl (e s el an; sl
aie 318 5 005 b i Ky 4 S sl
Jole (g8 latn) pta SO pls 58 e s (S
5 aslial Julge adS ol s caslin 5 ol op) cuid e
Al olas 4 S iz bl 13e sl 51 eslizl
Ls\-hvgjw ol rL?v'\ ol & Slades
s g;«e.jbji\ 5 Seass S Bl (S5 se
Gl 048 ) Ay gy SBCwmes 1S,
(Prosperi et al.,, 2006; Ronfort et al., 1998;
5heslanad &S sWae Jenczewski et al., 1999)
AFLP SRAP SSR ks DNA ; zw s iy,
035 el se 55 00l 2ol 45 55 RAPD , ISSR
Tucak et al., 2008; Segovia-Lerma et al., ) ool
Olad>s ol ) 54aS 55 .(2003; Xavier et al., 2011
Mied S ete amiy (£ Bl o, oean pll
(Falahati Anbaran et al., 2005; Jafari & Goodarzi,
2007; Noeparvar et al., 2008; Fareghi et al., 2007;
Shariat, 2001; Darvishi Zeidabadi et al., 2000;
Koochaki & Vahbkhaki, 1985)
Ol 02 amiy pes Gamesr o) JiRlb
oL 5 Salehi .cwl suz plxl Skl ol
b axs gl iy Sl S5 ps5 (Y1 0)
Flse b ol DLl e 5 JS Gy, olel
Y & S sl plas 5 W S s (K55SS]
oo 456):1’44. 3l L ) °L.5 Qe.‘ it Lsu’;}.ﬁ
el 55 & Comli o 2y ol5a basl ,
b ol e pally 51 eslanal ey 4 4

Yools e o)l i 5 e 0S5 S5 ks pals

ol el cwl gl s dSes Lol b
5 gl b dsel b 0 Sl Olosas
Al ansls age L2 o W )l

03 g9 C,M )L_..u v.a\..f s 99 Ll )'\ QL..J; Q\.:m\
SSUS Gl 5 ol 53 05y ol oKl Jsa s
S Sas ) Sasans ik ol Jls aas )b
SessS sbols sl awl Jlayss s WS Sl
5 Sronabp sl S bl 5o om0 sba S
)\ 6)‘-5;.”}@'.’ 9 g_,\bt.a:- 9 L;h\.\f CA“,} Co pda
5 el b caenl s Sas bl k_g\.zfaf,;;.ﬁ.......ﬂ‘,S\
cale | Las u,_aa\.f La S 5l des s 15 0 e
ol ol T S5558 bl 5 olosas
OLLA o aS eals QL..; Slallas .(Valizadeh, 2015)
S culan 5 S el gl Shp S 5 SLL
\.avfjw ol Xl 6:::\.5 s gy eS| 53 (6 piten i
Loy S Q2 olse Gl y s BB Cosb,
g1 (Zare Chahoki et al., 2007) JIRtY J.UL ols
P8 a8 S35k Ly, 5 s 25D g5 Cards )l
Zolali, culgl cupre 5 Golza 5o bl 5 4yl
P 6\-“’);3\-:3 sheslial b glos 28 5 0b 4 oblS
By ol

o iage Ol So Medicago L. (Fabaceae) ax s,
ey Aals a5 Cd SV E 0,5 e 5 sl e LS
oS \...-.s jﬂ\:j.u 20 9 B e uL-u |) 6)@)’\.w )'\
OT 43; V2 a8 sl Wi o 43;?~ 5 e A5 g D5l e
s.)})‘.b &J) U‘j‘ ‘L\.Ll' Ju.ua o2 9 [ GJLWLLW Q\J’\ DL
(Hanteh & Zare s LS, ol 455 \F &S, sba
.Chahoki, 2012)

s e gsd S 2 FSon N olal LS
A €l o] Lo mals o4 J-:.T@ Sleday
T U B WA PP ST ST NG I e
oA Gt 53 ams LS a5 281,



w3 NI S (S5l

Sl elie Glan B ol s AERTIBT (PR PRET o
w\ [ 4...:-‘.)4..: A\.QL.-A C"f L;L.:-‘ 9 C)Lﬁ\

b sbs) g olge

AL g o5l 5 4

5o Medicago «,8 i 5l Camen VY (s o0l o
2 asl8a8 Sl g Jles wle e3pame 3 ol
N NCHPYCSRI I L W PRV B WS WE SRR LI LAt
4 anxl e b (P JS) 693150: il 5laol&iay 5
5 (Rechinger, 1984) 1) 1,46 (b g S, L5k
ks o glls (Y--Y) o, 5 Mehregan
il ppslp S 0 wdd sy sbaisa
son 4 e ol s sl e A esslSaS
GV 5 S dsoses S (N5PS Olo s
g b3 o oSl sas asly ) amy Gl gbaws S
23 8 o )l gl 4 S S

adlae 5 4o aidlate

1S USa Sl Y478 spue anllas 5 g0 alie Conns
NS PRIV B IV LSRN UV B | POt C‘;\J.A B
LY o) b sle) asbpe oslSaS ol g &l
[..,,\5\ Sl A L;JGJL. 4 bse Ol 4 4y
baes dilaie oL o Kitsaes blis 55 dilate oyl
b g sl G Doge 4 OoXa 5 LU O, sen
5 o3 jedes YVo sp0s o bl o) UL SwL
sl S ol am 3 VMO 350 sl glos ke o) e
boge ssb 4 Jl s s by, sl aal
Slossame 5l 5los 5 Cad odens S 4 a5 VF sas
Cushy AUl b sze sl o sbestind 205l b 5T o
ol 55 B s aihale o

\4¥

5 2Bl sanens (20218) oS , Bayat
el 65 o Ss 5 5 Morigidula sl 4,5 wls
b S5y bug 1, ol s M. rigiduloides i
son (TS) Job sluldol 4l 5 K5d58,5
88 SaSl, S o ol sn o) @l S
4 M. rigiduloides 8 5 s, ;> 4iki ,» M.rigidula
) el a8l szl o) S s g s es S b
Seidsose 5 S gt adlhe 4 umes liise
.(Bayat et al., 2021b) suxsls » 455 93 cpl bCures
ST oS sls las Glie 5 A s 50 azis olS adll
s S Ll pua bl B Soas basS
(Radwan et al., 1978; Moneim & Cocks, ,ls .3l
bole 5o & s Lamie K gl 5o 1986)
Ssosba s e amiy (1S, Wl SB
15 ol Julse by G it S S Sl g
sSmall ¢ K5 i > (Bounejmate et al., 1992)
|, Medicago i 55 228 g5 (VAAY) ol
Ll iz cnl 53 05 5 Slio 35 0 Senl 4 5 (g
als oo ol 4w 4 (VA1) o, 5 Moore s S
o) saS s s Wl S olal asig e 5l es S
Klossad 3 =e Trifolium Typeylse cov 1, i
lacs, s 4 (Y0V) LK 5 Ghanavati
S ks plas 5 awsls ol ul 5 ea e ol 5 03 S il
P S s b0y sl am g 5l baas 02 5wl
el 5ol
Ologar s b bl s & @\?J 5
Sliios 658 ol (JsSU 50 Sl g 05254 5 (05558
oo A adlas b s 50l eas el ) pa8 s Sl
SN 5 SNEPses S (lien Olosas
DlS o page 3l S olsie 4wy e a S
5 S 5l s alals b st e e 5 slale



V40

Yoo,z Y ,\keo\j,\g\ﬁ:.?,&'fQukfc’)ul,;&;djuu,j;awhqfu

“] 1 1 10000 Az0000 aloc00
A
1:1,766,821 ’_/."’U_F e _;3
s -
4 4
] e ﬁ,r
= ] - " Map guide
wiii gloint,
Lk Golestan Province
i T [ st et
—
g _j o~ Studied area
— (s lalias 03 gume
0 1020 40 6o a0
Kilometers
2 - 320000
N T
A
1:278,082 [ N\,
\ N\
" N
\\_ > ™ —
;, L~ )
ey o
Map guide — 1 ,/ e
L e gleaty B { .
2 L I‘ Map guide
Golestan Province , i hoant 5
[ et ot / )
. Studied area
Tran D 75150 300 450 600 { )
Kilometers \ o las a3 gams
Lol - T Kilamta 2
T T T v
45 52 I3 az0o0n

OL}‘M‘_}J"-}‘SJQ Jw%dm-\ Jg-:/
Figure 1- The study area in the country and province

320000
1
AN\
| N
\
\\
\\ 1:278,082
“,\ \\\
LN N
\
DSy
/ °
4 L
(
2 /
- !, y
{ /
/
w e . /
Map guide e o /
i : ® o/
S 5(«01 5] /l
. Area of study ® /
| Fllas 03gax0 /
i
\
\ e \\
Distribution points of Medicago \ ‘)
species {I 012 4 6 l
0 iy sbs aisS JuSTy b B Kilometers

4160000

T
320000

SWlae o3 sume 53 ami sy il b5 sl mer Gl 251, Y IS
Figure 2- Distribution of collection areas of different types of Medicago in the study area



w3 SIS (5555 andllas V47

7 4 DN |5 (gl

Medicago s3\as 3, 50 b5 S i ¥ IS

Figure 3- The studied species of Medicago
A: M. minima, B: M. polymorpha, C: M. rigidula, D: M. scutellata, E: M. truncatula, F: M. sativa
adlas ol 53 s 350 LS Cad -V Jsu
Table 1. List of the investigated species in this study
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ITS/rpl32-trnLuac

Medicago minima Gonbad Kavous Gerailou 807322-GKUH OP763659/ OP777913
M. minima Gonbad Kavous Gerailou 807328-GKUH -
M. polymorpha Gonbad Kavous Gerailou 807323-GKUH OP763660/ OP777914
M. polymorpha Gonbad Kavous Gerailou 807329-GKUH -
M.rigidula Gonbad Kavous Gerailou 807324-GKUH OP763661/ OP777915
M.rigidula Gonbad Kavous Gerailou 807330-GKUH -
M.scutellata Gonbad Kavous Gerailou 807325-GKUH OP763662/ OP777916
M.scutellata Gonbad Kavous Gerailou 807331-GKUH -
M.truncatula Gonbad Kavous Gerailou 807326-GKUH OP763663/ OP777917
M.truncatula Gonbad Kavous Gerailou 807332-GKUH -
M.sativa Gonbad Kavous Gerailou 807327-GKUH OP763664/ OP777918
M.sativa Gonbad Kavous Gerailou 807333-GKUH -
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Table 3. Distribution areas, climate and soil of different Medicago species in the study area
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Taxon Longitude Latitude  rainfall Temp. Climate Soil Type pH
M.rigidula  32°68'60"  41°48'55" 3100  5359°C  i:il.ses £ S A A 1519
Dry to semi-dry  Silty, silty loam, silty clay loam
M. rigidula 32°66°59"  41°44°53" 310.1 5-35.9°C Sedani b S ool S e b o 7.3-7.7
Dry to semi-dry Silty loam to silty clay loam
M.polymorpha ~ 33°10°46"  41°64°51" 341  6-34.4°C  KirebSes g Al s S A by A 8-8.3
Dry to semi-dry  Silty, silty loam, silty clay loam
M.polymorpha  33°13°42" 40°62°52" 341 6-34.4°C St b Sos o8 IS A b o) A 8.1-8.5
Dry to semi-dry Silty loam to silty clay loam
M. minima 32°92°58"  41°68°28" 173.3 1-35.9°C s das b K od S 8.1-85
Dry to semi-dry Clay loam
M. minima 33°12°41"  41°62°13" 173.3 1-35.9°C SCasans b Ko o8 S 8.3-8.7
Dry to semi-dry Clay loam
M.truncatula  32°69°12"  41°48°54" 250  3-34.8°C Siiisl S A e b 0 A 8-8.3
Dry to semi-dry Silty loam to silty clay
M. truncatula ~ 33°76°10"  41°39536 250 3-34.8°C  Kasagl Sas N A b A 8.5-8.7
Dry to semi-dry Silty loam to silty clay
M. scutellata 32°99°68"  41°44°60" 310.1 5-35.9°C Sosacs K A b 7.6-8.3
Semi-dry Silty loam to silty clay
M. scutellata 32°99°68"  41°44°60" 310.1 5-35.9°C St g O A 5 7.5-8.1
Semi-dry Silty loam to silty clay
M. sativa 32°69°76"  41°48°80" 310.1 5-35.9°C St g o S 7.6-8.3
Semi-dry Clay loam
M. sativa 32°69°76"  41°48°80" 310.1 5-35.9°C Sisans o8 S 7.4-8.2
Semi-dry Clay loam
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Table 4. Measured characteristics of pollen grains (SEM) of Medicago species in Golestan province
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Taxon P axis E axis P/E Shape Length width Ornamentation
(Um = SD) (um = SD)
M. rigidula 20.42+0.38 21.57+0.54 0.94 s 28.28+0.34 17.62 £ 0.31 Slse i
20.08 +0.31 21.20+0.42 0.94 Rectangular 27.18+0.14 17.20 £ 0.47 Faveolate
M. polymorpha 19.33 £ 0.68 19.55 + 0.35 0.99 S5 20.35+0.26 14.42 £0.42 s i
19.15+0.22 19.21£0.13 0.99 Elliptic 21.16 £0.19 14.22 +0.32 Faveolate
M. minima 26.43+0.32 27.45+0.23 0.96 s 27.42£0.42 20.32+0.31 Slse i
26.21 +0.12 27.23+0.48 0.96 Rectangular 26.12+0.19 20.25 +0.46 Faveolate
M. truncatula 28.25+0.23 29.22 +0.16 0.96 e 27.42 £ 0.26 19.23+£0.27 Sladate
28.33+0.23 29.35+0.26 0.96 Elliptic 27.22+0.34 19.47 £0.24 Perforate
M. scutellata 27.35+0.48 28.15+0.29 0.97 S5 28.25+0.49 18.38 £ 0.68 Slse i
27.15+0.26 28.31+0.16 0.95 Elliptic 28.21+0.29 18.51 £ 0.57 Faveolate
M. sativa 31.55+0.40 33.65+0.34 0.93 Az 33.40£0.22 22.69+0.34 s
31.23+£0.36 33.44£0.38 0.93 Triangular 33.67£0.31 23.62 £0.57 Perforate

P=Length of polar
E=Length of equatorial
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Figure 4. Examining the micromorphological characteristics of pollen surface with electron microscope (SEM)
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Figure 5- Phylogenetic tree resulting from Bayesian phylogenetic analysis of the nrDNA ITS dataset. The
Numbers above the branches are posterior probability and likelihood as well as parsimony bootstrap values,

respectively. Values > 50% are shown.
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Figure 6. Phylogenetic tree resulting from Bayesian phylogenetic analysis of the rpl32-trnLuac) dataset. Numbers
above the branches are posterior probability and likelihood as well as parsimony bootstrap values, respectively.

Values > 50% are shown.
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Figure 7. Phylogenetic tree resulting from Bayesian phylogenetic analysis of the concatenated nrDNA ITS and
rpl32-trnLuac) dataset. Numbers above the branches are posterior probability and likelihood as well as
parsimony bootstrap values, respectively. Values > 50% are shown.
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Abstract

In order to identify the ecological, micro-morphological and molecular characteristics of six
alfalfa species (Medicago L.), this research was conducted by collecting data of habitat
information, vegetation characteristics and the soil characteristic in sampling depth (0 to 30 cm)
of the species in their habitat. The pollen grain morphology of the species was investigated
using scanning electron microscopy (SEM). Investigation of the molecular relationships
between six species was done using nuclear nrDNA ITS and rpl32-trnLwac) chloroplast
sequences. The results of the ecological study showed that the most species in the study area
grew in arid to semi-arid climate and in silty, silty-clay and silty-clay-loam soils. Based on the
results, most of the pollen grains were medium-sized and trizoncolporate and rarely had four to
six colpus. In addition, molecular studies showed that all the tested species formed a
monophyletic group with high support. The perennial Medicago species was located in a
separate clade in the vicinity of the annual species, which indicates that the annual species are
monophyletic. The results of this study indicate the efficiency of molecular markers in
determining the relationship of taxa at the species level, and it can be used as a complementary
tool in the taxonomic identification of Medicago species.

Keywords: Pollen grain, ecology, Medicago, nuclear marker, plastid marker.



