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Ecological-anatomical comparative adaptability of two gypsophylic
Astragalus species of gypsum soils
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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.
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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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A. semnanensis & &
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 ol Wl i Slasw —Y Jous
Table 2. Geographical coordinates of the plots which contain A. semnanensis and A. fridae.

Sl g oM | Asemnanensis | A fridae | . (o) glis ) S
Yoo - - e 3530565 | 5310.322
' Wy
'Y N s VPoA 35 28.758 535.209
Yor N N s VESY 3529.131 53 6.876
Yov) v - s VYT 35316 5312.625
Yoy N N s Ve 3531.76 5312.452
Yovr N - s \F 3531.75 53 12.440
' A N N S 5 3531.955 | 5313.406
YeAY N N s VEYY 3532.088 | 5312.739
YAV N N o VEVE 3532474 | 5312682
o) v v o VYFA 3533715 | 5316.609
sF
PRy N N s VFaY 3529.413 535.269
vy N - s VFaD 35 29.44 535.744
ory N - o V5 3529.968 537.193
Yoy v v S V90 3530.313 | 536.107
X3 V v oy V800 3530.32 538.86
v S
oY N N s VYA 35 30.809 53 9.466
o) N N s VFar 3532307 | 5311553
5 V v s V05V 3532.688 | 5312514
Y5y v - e VROV 3533.386 | 5314.254
F
£ary N - s VPPV 3531.637 53 9.445
¥ FFy - N g W 35 31.905 53 9.652
G4
o1 - v ey VoY 35 32.575 537.8
R o1 - N s VDA 3533548 538.715
0¥y - N o WYF 3534753 | 5310.792
F v v S \wys 3533778 | 537.865
5 Y N N o VPA: 35 33.667 53 8.013
5eY) N N s VYA 3533.954 539.144
Ve - v s WYy 3534.763 537.595
sF
v vory - v Jus \88y 3534305 | 537.323
very v vV o wag 35 35.869 53 8.504
S
A Ay N - Ses VAF: 35 35.893 53 6.336
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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 (Meq/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
&~ !
= <
0.6 0.8 0.6 1.0

a3 e 0Lz 1, AL semnanensis s A. fridae $8 55 1, b, 56 5t & RDA Los—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.

) se 1(A. semnanensis) 2(A. semnanensis) 1(A. fridae) 2(A. fridae)
o35 slkie 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 sl s 53 Sompr S5 5L -0 Jgo
Table 5. Correlation matrix in the first axis of RDA analysis ( == correlations> £0.50).

e gla e (A. semnanensis) Jl s (A. fridae) Js! ;s
gl -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.
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Table 6. Eigenvalues of species-environm

365 o (Sopr 5 0 Jie =1 J9uer
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La ) sous 1 2
0515 sldde 0.37 0.18
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658 gl o3ls I aeas Aoy bl 18.1 26.9
Lamny 45 o dlaly 3l razs daoys bl 41.7 70.8

*0.50 < u;:.wv.a: #) CCA Jow 51 dsl 5 s 55 53 US:.M(..& PS5l =Y v
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
S Sl S 03 0.8*
£ 01 0.3
i 0.1 0.0
e -0.0 0.0
s -0.4 0.2
o 0.6* 0.2
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