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Abstract. Astragalus semnanensis belongs to sect. Semnanensis, of thorny astragali and A. fridae, of non-thorny astragali,
belongs to sect. Incani are the only endemic gypsophyllic species in western Semnan. The morphological and systematical
studies available on these two species are scarce. Nor have the anatomical, distribution and adaptive capabilities in relation to
soil and elevation of these species been investigated yet. Therefore, this study is aimed to comparatively investigate these
features. The effect of soil and elevation on the anatomy, morphology and micro-morphology of the leaves of both species, as
well as associated plant species, were analyzed using RDA and CCA analytical methods, Canoco 4.5 software. Comparison
of RDA analysis of both species indicated that gypsum had the highest effect on the abundance of both species, while
elevation had a strongly positive correlation with A. fridae and a negative correlation with A. semnanensis. Both species
adsorb gypsum on their epidermis and part of the gypsum absorbed is accumulated in leaf parenchyma cells as calcium sulfate
crystals. Adaptability of leaf surface is in the form of long and dense hairs which, in A. semnanensis, are longer and basifixed
and, in A. fridae, thicker and medifixed. Increase in soil Ec and Na, K and Mg content and content of CaCOs reduce both
species abundances. Species such as Acantholimon cymosum and Prunus lycioides were found to be associated with A.
semnanensis and species such as Moltkia gypsaceae and Euphorbia gypsicola with A. fridae.
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Fig. 1. The study area of 30,000 hectares at the west and northwest of Semnan, which is located among the three areas
of Aftar, Laserjd and Momenabad. A. Elevation range. B. Aspect range in study area. Plots are shown with red pins.

A. semnanensis .E —F A.fridae .A-D -¥ <&
Fig. 2. A-D. A. fridae. E, F. A. semnanensis.

244/v¥¥


http://dx.doi.org/10.29252/nbr.6.2.241
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.2.6.3
https://nbr.khu.ac.ir/article-1-2901-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.24236330.1398.6.2.6.3 ]

[ DOI: 10.29252/nbr.6.2.241 ]

Nova Biologica Reperta 6(2): 241-253 (2019)

Fas S ¥orr a2 oS Sl Sy el &l g S
OS5 b amlin 55 Koen 51 S S dools (¥ JS8) duy oo 3o
S5 Koden Sl ey e A BN Sl b ol iy S
SISl e 5 5ol 28 05 eSS bl iyl
“ oS Ll g Sea FYO/ AL E N PN Sile ) sbay laeS S
el g s VYA OT op mio 5 e S WYY OT o 5
o ol o (guoay (ol iy e 05 S eSS (S5
sdalin 4555 0L Slad sk 5 Coni (6,5 05101 LB LacS S
o Sdken 1 6555 sladshe Aol Glew 055 55 350 00
05 eSS 81Ul .l ey Sen FAF EVEN Kl b
I 5 F S8 ol it ey (28 08 L aglin )3 Slo
Sladln S OLS (lipy Ll s Woa ol s b ()
b odalin 033 5 mols soba 48 538 5 anlS
LS S 25 08 DN, lew 05 K Wl s,
Sk bl s Casaly éff LS S w48 55l 5
ol eSS 05k 5 Ol (5 slaes S50
(F U2

695 95 (GSLhpy Curog Aulhe

S 35 ods GLEM Loy Ay 28 08 LA fridae
Salp b bl pls ) R G PRSI S I g+ P
68 ol sby Glalp s 45 a8 s S 4l 3l g5V
Sl 4 0T (6,8 5l aiate > ConpopS 0L ik 4 o
AL 35 Slew 05 L A semnanensis .s,ls CoS> 28
Sl sladials LIl 55 5 28 05 51 S Sl 5L s el
S i O Ao )3 FF 13 45 95 opl o3 gd o0 odalie 34
ol oS bl plir)l ke (Y 5dr) ik stalie SouSS L
s ia Lyl s,y T s A semnanensis  A. fridae
ety CLel o8 bl oSl s aculos VOVV/F 5 VPYF/F
~ S8 O oy 5 le 5 08 Ol 5 Sl 803 WL 557 0 5e
fridae &8 55 ;5 35 S la, 5S6 4k Ko o ks
sy &S 53 pH 5 EC s awl=s A, Semnanensisy A
-4 oS ol 53 28 Ll S e ST ) b 65 93
spms 08 4 S Gl edS Aoy VY Sl b
jg;u{,s@\ﬁ}:u,ﬁ.u@égﬁ.wwsu,;g
(¥ 3d) ol (MGIKG) A+ BV 5 g ol ol

OYAA) YEVYOY ¥ 5l & al>  psle 58 g sloasily

S by 5o & Lisde adyy 2l c? oy e b
S K8 Lsh e odalin Cangy 0505 5 ddey ow i
53 c? Shyd &S Sl ol 45 53 ol u s gl
23 cf S35 5 s Shew 05 Ly oy =Y
B8 0 Sl ol 8l (28 08 Ay ey il
Y 03 1 Fod e oS Ol Nl S das e Slaw 05
2 28 08 iy g LT 8 Sol Koo a8 bais 2
Sz S 5 o o Sl ks Sl Sl 05 L i lis
& Sl JUiss (el J3l 4 Oy gl ph T Dl
Jlan 55 bS5 ous 238 Gl 1 olE 5l 5 sl S
ST il sl s 228 0T S, & Slew 05
Slslp Fosbe bl 53 65 Gl (mmen S o D gline
oS 93 pl &8, 3 S Ll 1.0 dsus) 3l (6 i
Sl (O Sl 08 84S Sl ol 3yl s
AT 5T 51 g el ISl (slaile 1l OLls csle
R o P oe-ry UG R PP P g PRI
o) SaeE s (auT 0ke) RAChiS sl fsa ool Al
sy 51l @ ss,8 5l m ‘Gf O3 (¢ JK8) ol
—a S das e 0l 68 95 o gﬁrugﬁduﬁubgﬁ
eb 4 55 S0l slasl b pdS Sl (sla sk )50
Sty o 53 45 Lles S 5 o2 dshor )3 S
- o ol 5s ol Sy il SN BPIEYY
T 55 05 5 Sl 3b5 858 53 o 53 ladliwy 57 ol Ol e 358
(¥ JS8) ol oS S sl 4 5555 5 &5y o S,
Sadlin S S0 15 28 055 S 55l Lol 55 &3
F1aS daas o Bam 355 3l 09w 1y OT 503,57 Jods sowndS
sshe otalin 68 53 eSS gy bl S o
35 ol L;Lmdfﬂ: SS9y oS ladlw S ol .(\"Jg.i)
35 35 b S slyls GSS S oo g 548 e odalie 35 65

b o odalie S e
ol 5 Bl sline Sl 5 51 48 55 opl glacS S
“0be LSS S lyls (S 0 iyls 53 0T s oS (ladsu
Ayl sl glacS S Sl 08 9l
B YOV Sl eoglize sbaoll b stk Slaw 08 slacS S

DY+ /FE YY) o Kle yiba S Cul ey Sa AveV

245/Y¥0


http://dx.doi.org/10.29252/nbr.6.2.241
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.2.6.3
https://nbr.khu.ac.ir/article-1-2901-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.24236330.1398.6.2.6.3 ]

[ DOI: 10.29252/nbr.6.2.241 ]

Rabizadeh et al. Comparative adaptability of two Astragalus species 95 Ue8 g9 a5 pdu il o), 5o g 0olyan,

F-D A. semnanensis iz, ,s C? o5 .C-A A. semnanensis  A. fridae sbs S 5 <5, efﬁ(.; Ay w5 gla b, T K
ol 3 S Sl g (gladln ST A fridae <5, .1 A. fridae ef,,(.; .H A. semnanensis ef,,(.; G A. fridae i, ,» Cf Silys
35 o g b 4y, S L5 MAL SEMNANENSTS & 25 55 el Sl sladly 7L AL semnanensis 5, KA. fridae o5,

s e V0T lde el AL SEMNANENSIS <5, slaes 5.0 A. fridae 8, slees” s .N A, semnanensis <. s J ko

Fig. 3. Cross sections of the root, leaf and petiole anatomy in species of A. fridae and A. semnanensis. A-C. Gypsum in
root of A. semnanensis. D-F. Gypsum in root of A. fridae. G. Petiol of A. semnanensis. H. Petiol of A. fridae. I. Leaf of
A. fridae. J. Calsium solfat in leaf parenchyma of A. fridae. K. Leaf of A. semnanensis. L. Calcium sulfate in leaf
parenchyma of A. semnanensis. M. A grape cluster namely cystolith in lithocyst. N. Leaf of hairs of A. fridae. O. Leaf
of hairs of A. semnanensis. Scale bars= 100 pum.
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Table 1. Measurements of various tissues of A. semnanensis and A. fridae.
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Fig. 4. Scanning electron micrographs. A-D. Leaf surface in A. fridae. E-H. Leaf surface in A. semnanensis. K-N. Calyx
surface in A. semnanensis.
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A. fridae 5 A. semnanensis &5 <l ls ot Ll ir Slasa Y Jgus
Table 2. Geographical coordinates of the plots which contain A. semnanensis and A. fridae.
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s o dilais 55 CANOCO il 5 bow 55 sl 5-lidp sy (slay 55576 (SD) jlne ol il Lol jon RGP i PR
Table 3. Mean with standard deviation (SD) of the ecological factors obtained by Canoco software in the study area.

Name (weighted) mean in SD (weighted) mean SD
A. semnanensis in A. fridae
Elevation (m) 1537.6 2239 1624.6 198.3
EC(d.s/m) 2.8 0.6 25 5.9
pH 7.6 0.2 7.6 5.1126
CaCO3 (%) 8.4 7.1 6.1 3.963
Gypsum (%) 17.1 6.4 20.4 4.5782
Ca (mg/kg) 254 6.2 26.4 22.2711
Mg (Meg/l) 12.0 5.7 0.6 2.3443
K(mg/kg) 80.0 36.8 70.0 0.3124
Na(Meg/1) 8.5 10.3 31 0.1217
o <
- - Asrt i
I:.-:_I:E”:Dlg- K 1 Gypsy Ele
Mg e-CaCo3d ¢ SYPEUM i - (RaLMm W
g o R I
&~ !
o =
0.6 0.8 0.6 1.0

a3 e 0Lz 1, AL semnanensis s A. fridae $8 55 1, b, 56 5t & RDA Lov—0 <
Fig. 5. RDA analysis which shows impact factors on the two species of A. fridae and A. semnanensis.

RDA J.:lﬁ)\ d)l‘))mjbjb Cma_).!aﬁm}b;)b wﬁ.’.«..q.&)\.a\ia—i J’u\?
Table 4. Eigenvalues of species-environment correlations at the first two RDA axes.
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[P 1(A. semnanensis) 2(A. semnanensis) 1(A. fridae) 2(A. fridae)
o3y ke 0.3 0.7 0.3 0.7
e slay S 5 o 45 oy Ko 05 0 0.5 0
555 6la o3l 31 pmamd dys bl 25.7 100 26.1 100
Loy 6.8 o dal) 51 e s il 100 0 100 0

*0.5051 VL Saspr = #) RDA Lo 51 Jsl s 53 Sompr oS5 5L -0 Jgo
Table 5. Correlation matrix in the first axis of RDA analysis ( == correlations> £0.50).

e gla e (A. semnanensis) Jsl , s (A. fridae) Js! , se
¢l -0.0 0.9*
EC -0.3 -0.1
pH -0.0 -0.2
peelS Sl S -0.3 -0.5*
&£ 0.6* 0.5*
el 0.4 0.3
g -0.5* -0.4
ety -0.5* 0.1
o -0.3 -0.5*
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Fig. 6. CCA analysis of Canoco 4.5 software; nine ecological factors of elevation and soil include: gypsum, sodium,
magnesium, calcium, potassium, pH, EC and calcium carbonate on these species.

CCA s 51 Jsl ssom 93 55 S o 5 6.8 0 Sasen 5 0305 5lie =1 Jgurr
Table 6. Eigenvalues of species-environment correlations of the first two CCA axes.

La ) s 1 2
0515 sldde 0.37 0.18
o Sy B 5 b8 S oy s 0.83 0.73
658 gl o3ls I aezs Aoy bl 18.1 26.9
Lamny 455 o dlaly 3l razs daoys bl 41.7 70.8

*0.50 < ;S:‘“"’g"“: #) CCA Jow 51 dsl 5 soma 55 53 US:.M(..& oS sL-Y Sy
Table 7. Correlation matrix in the two first axes of CCA analysis (== correlations > +0.50).

s Sla e Ax1 Ax2
gl -0.8* 0.1

EC 04 0.2

pH 0.2 0.1
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£ 01 0.3
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