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Abstract

Introduction: In the Iranian Red Data Book, Gypsophile Nepeta (Nepeza eremokosmos Rech. F.) is listed as a threatened species.
It is naturally adapted to gypsum habitats. Understanding the relationships between environmental variables and N. erezmokosmos
distribution helps us apply these findings to establish preservation and cultivation programs.

Methods: To understand the main adaptive mechanisms of N. eremokosmos to gypsic soils, anatomical analyses were performed.
RDA (Redundancy Analysis), Pearson's correlation coefficients between explanatory vatiables were used to evaluate the effect
of environmental factors on the abundance of N. eremokosmos species. Physicochemical characteristics of the soil were
investigated in terms of factors including CaCOs3, pH, EC (Electrical Conductivity), calcium, magnesium, sodium, potassium,

phosphorus, and nitrogen.

Findings: Idioblasts were clearly observed in this species' leaf parenchyma. Thete are also mineral crystals such as calcium
oxalate in the leaf parenchyma that enable the plant to adapt well to gypsic soils. The calcium content was twice as large in NN.
eremokosmos habitats as in control sites. EC, pH, and nitrogen factors negatively impact this species' frequency and distribution.
Our findings revealed that potassium, gypsum, CaCO3, and sand percentage had an essential role in N. ereszokosmos abundance.

Conclusion: In the future, this study will screen the critical factors for the domestication and cultivation of this species based

on its habitat properties.
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Figure 1- A: Nepeta eremokosmos from the flora of Semnan province, Semnan Research, & Natural Resources
Center; B: Nepeta eremokosmos in areas containing gypsum Semnan, Iran [14]
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Figure 2- The distribution of V. eremokosmos species in Iran (the photo of the map of Iran is prepared

from Shapefile Iran)
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Figure 3- The distribution of . eremokosmos species in Semnan, black dots indicate the place where
this species grows (the photo of the map of Iran's provinces was obtained from the Iran Shipfile

database)
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Table 1- Measurements of morphological organs of N. eremokosmos

Morphological organs Meant SD Min Max
Plant height(cm) 35+15 20 50
leaf diameter(mm) 20+2 18 22
Petioles(mm) 10+2 8 12
Verticillaster(mm) 20+3 17 23
flower bract(mm) 8+1.5 6.5 9.5
calyx(mm) 6+1.2 4.8 7.2
Nutlets length(mm) 2.5+0.7 1.8 3.2
Nutlets Width(mm) 1.1+0.2 0.9 1.3
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Figure 4- Showing growth stages of Nepeta eremokosmos in Semnan. A, B: The beginning & end of the flowering
period, C: the shape of the leaves
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Figure 5- Images of flowers (A & B), root (C), leaf (D), & nutlets (E) of Nepeta eremokosmos
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Figure 6- Anatomical sections of leaves (A, B, C, D, E & F), stem (G & H) & hair (I) of Nepeta eremokosmos



21

TS gy Gl b 3 0lS ) sl (S ks /o3l 9 o0k

Nutlet gdows :C1 .S g zabaw sloas g ol s S )5 :B A (SEM) g 59,58 slaraSwg S i lod -V JSCo
o LU S D3 oy 'y a8l pdaw U S D2 ol )y ABlu whaw S ,S D1 .owls Sy 3 Nutlet pdaw :C
.N. eremokosmos 3| oo S y3 a8l

Figure 7- Show Scanning Electron Microscopes (SEM); A, B: Long, glandular hairs of leaf surfaces; Ci:
Nutlet surface, C2: Nutlet surface magnified; Di: hairs of stem surface magnified, D2: hairs of stem surface
magnified, D3: hairs of stem surface magnified of Nepeta eremokosmos.
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Table 2- Measurements of anatomical tissues of Nepeta eremokosmos.

Anatomical tissues Mean Width (um) + SD. Mean Length (um) £ SD.
Stem
Epidermis cell 22.5+5.4 24.3+2.4
Trachea cell 53.3£2.1 31.1+3.7
Pith cell 66.3+12.2 73.4+17.2
Colenchyma 32.4+2.6 32.4+39.3
Leaf
Idioblast 88+8.8
Palisade cell 26.2+11.1 88.4+18.1
Spongy cell 32.3+14.4
Epidermis cell 23.6+3.7 26.5+2.1
Glandular hairs 12.348.5 56.6+11.3
Long hairs 20.7+6.5 1100+234.5

(K) by so,5556 0l Lis |y N. eremokosmos  ilsl 3 5 JRCER 580551 Jelse (Redundancy Analysis) RDA
el DL ol 93 o g bl i g8 Slgld |y S Sl i (TR 3gu) JBU oy b gl
b oo 5 (CA) punlS e (S asle Julge caizman isls lis aigS Slgl3 5 1) b o iy &5 4 (CaCOs)
G313 r it 556 0s 5k 5 OC) I )5 PH EC aile o )56 (gl Lol caittls o 1 lasigS Jlsly3 1 5o

(A g5 ols les a8

B .Ia.;.?uv—cbﬁf 4.’4.)‘) QS‘A?U UMJL)‘S M)o 9 sd.}jf GLEOO‘.) CS‘M) M)..) U’““L)‘B ‘Ja.:?:.c—cﬁef M ‘ojﬁﬁ )JQLD.A
(O Jgoz) 09 Vo g ALY - AF - AR 5 5 4 N. eremokosmose 4565 5| RDA Lo g 45525 j95c0 (yds]

Clils jguam V. eremokosmos axdlbo 590 4igS a5 ool ;0 .S £4i 9 SU59e5 T Jolae (uKileo - Jgo
Table 3- Mean of ecological factors in the vegetation points of Nepeta eremokosmos
Environmental parameters Ecological factors (Abbreviations) (weighted) mean stand. dev.

Elevation Elev 1850.67 226.25
Sand (%) Sand 76.00 06.02
Potential of hydrogen pH 7.59 0.14
Electrical Conductivity (d.s/m) EC 242 0.13
Sodium(mEg/L) Na 2.06 0.73
Magnesium(mEg/L) Mg 8.90 3.63
Calcium (mEg/L) Ca 27.27 3.90
Nitrogen (%) N 0.010 0.001
P (mg/kg) P 2.97 0.58
Organic Carbon (%) oC 0.11 0.02
Potassium(mg/kg) K 95.83 33.24
Gypsum (%) Gypsum 13.08 2.12
Calcium Carbonate (%) CaCOs 7.67 5.15
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Figure 8. RDA analysis (Redundancy Analysis) with Canoco 4.5 for windows shows 13 effective environmental
factors associated with the distribution of Nepeta eremokosmos species including calcium (Ca), potassium (K),

sodium (Na), magnesium (Mg), Calcium Carbonate (CaCOs3), Gypsum and elevation (Elev). N.ere: Abundance of
Nepeta eremokosmose
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Table 4- Pearsons correlation (2- tailed) between soil factors on studied site

Sand Elevation pH EC Na Mg Ca K P N OC CaCO; Gypsum Abundant

Sand 1
Elevation  -0.32 1

pH 0.13 -0.19 1

EC 0.33 -0.36 -0.29 1

Na -0.04 0.20 -0.23  -0.03 1

Mg -0.21 0.06 020 -0.20 -0.01 1

Ca -0.18 0.56™ -0.03 -035 -0.18 0.13 1

K -0.13 0.59™ -0.16 -022 029 026 0.33 1

P 0.16 0.28 001 013 005 004 -002 031 1

N 0.07 -0.39 -0.07 051" -0.09 -0.17 -48 -0.30 -0.26 1

oC 0.11 -0.49" 011 029 037 -015 -008 -035 -0.01 047 1

CaCOs 0.10 0.09 -42° 028 050" 010 -019 047" -011 016 0.11 1

Gypsum  0.44" -0.20 -021 -43° 020 042" 066™ 041" 016 -0.11 0.07 0.06 1.00
Abundant  0.63™ 0.17 -0.04 -022 018 027 033 073" 035 -013 -0.08 050 0.42" 1

*and ** are significant, significant at 5 % and significant at 1 % probability level, respectively

RDA ol g 45205 Jgl 920 99 (anono Jolge 9 aigS (Scurod 9 0329 p0llo -0 Jguxr
Table 5- Eigenvalues and species correlation and environmental factors of the first two axes of RDA analysis of
Nepeta eremokosmose

Axes 1 2
Eigenvalues 09 01
Species-environment correlations 0.9 0
Cumulative percentage variance of species data 87.9 100
Cumulative percentage variance of species-environment 100 0

relation

S0 13 Ly mhaw 51 5YL e YV e BYFe e o N.eremokosmos aS sls lis liew ;0 455 sbolSing, o)y
3hsslel Judo g 4500 a5 jghailen wod oo dgdme S 09y LB L (5,90 (]33l L N. eremokosmos aisS STy,
Golel Judoxs 5 4525 el s o9dle (sl VY 5 VIO 55 4 EC g pH .55ke) sl Cewws 4 SAR 4 pH EC ol
N aisS o515 5 (25T 2 6yl ssb & s wmiite el o Sal (@S wiile (g pobis o5 ol (s S Lalse
loolKiny] hlie ;o w)ls 1) 28 ewadS clale g o515 o iy aily,l 28 sloolSiny! 05,138 oo .5k eremokosmos

I |y el 5 @5 Sl g 0515 G eS SLT (rage g 02

el wlgl - 8l SlaassT adlaie 1o ool ()55 o) o s dle 5 (o as caslesls lis cwlid ey Sladlae
shuls 75 v92g 5] canl iy ool ailgl oKy, b awslio yo il olfiug, slenlSs S [34] cudd K5 o5 jow
sl o [35] aiias culio (65,0l slacudles glp LSS pl .cnlos S wal b Congs &5 sladisS wi, iy,
el a5 0lo LS () Jguz) S a o Sl alais [36] ol polic plo 5l i e o)ljee S 5 g Lilew! (5
31 a5 Le N. eremokosmos sladisS iiSTly » Sge Su5elsST Jolse .ol N. eremokosmos o, jo I, idi o idos
3o lis Lo (slaadly .axsls w58 cpl 1Sy 9 Slgl3 0 (Ghte 75U (595 9 PH EC Jalse . Sal g oS coliy
s Sy adlas pl .aijls N. eremokosmos lgl,d ,o cwlul 285 awle woys 9 CaCOs 75 el )| cpunly oS
ot rizma 310 plis sanl o ciS g (il ol sloasl sl Sl Jelse 6,5 sl |y 455 (nl (2l
Geiat 5 435 5 by Jule 53 ol s oo Gl €] Gal331 b ol 5 el ol 457915 (L85 i (s (e
Ol (ygm . (Simed g oo L5 N. eremokosmos 453 Jlgl,8 b sidie (5,0 gxe alayl, RDA Llow g 4y 5555 ol 5
3 5 RDA Ll 5 4155 L a5 5,5 custe alasly 4355 ol (JIsl3 b @5 5 onelS Sl S sy ctls 2l a5 0l

B0 bled (awle YL do)0) S sl S 4y 4565 ol aS ols lid 50 Cands ;0 d4igS dslllas puzen .0l



24

VE-PV dzio APV Ll VA alo o) oylead XV 5 95 ﬁsé)’)whs‘“'w" ) ole dolilad

& g1y N.eremokosmos  owliscon i, 5 swbiion ) o 20 i Sluogas 1 g (odag, SO aS ol lis aslllas oy
SYIST Jls S sloodgs N. eremokosmos sleS oo pid sla o ,o (Cawloads |85l )liews ddlaie Sis ol o
VLS asile gome slolis S s5l> a5 ob oualis (dioblast) cedigyoyl ol obyJsbe ;5 ol 5 pemdS
08 yinS yob 4y e digs ol aiziis Hgloe lacdl plu load lax pleis 2LS sl Jolw iwdig !l .ol pudS
Aoy, bals, Wi 5 darn;, o,d dlax 51wl s sbos,Slee sl [37] wloass samlie LS o
Bhlie 5 oalS [38] 4nS (5 ,:S5lr 5 ls5alS ) cnl (Son ol S 45 (58 ol b e 5 oo ol
A dlge yiiwgd Gl el 5,8 ST (65w Cm sold aolie K bt St glalae L S
Dlogrge ;5 GRS ol lats,S 18 anlas )50 oS @ la (gl 00,08 b S SIS Sl Jln S
sl pedgilio b LS a8 coul panbs Codled o YU shavs 15 pedS SV sla Jliny S ez w0iS jliwgid
Slr 6970 0y5kiie a5l pendS SV slo Jliws S a5 Cevloslslis sl amled ool 5 ogdle [30] canlons
S92y e 9 Al (5ie mriihly )0 SasS sl sl 92 la1] [0l i o s |y i bl ph j0 o9 4 el
Iy 398 mbo claw ;o YL &5 L olS (5,550 (1, N eremokosmos slacs s )8 pondS SYIST S )5 slacesdlgs ol

Moltkia gypsacea Rech. 5 Gypsophila mucronifolia Rech. aile yliaw (5525 (sodisS (ro ;o uizred 08 o0 ol
143] [42] s sonliv lbeawdlsy ! F. & Aellen

5ol slaS S glgil Jolis 45 595 o 00ud 5 S gl swlid S, 31, 50 6Bl 4 Sls lis ol aslllas gbs
edS SYIST 13 5l w5150 g 0ty SloS S g yiag See OFFENVY Lawgte Job b sload slacs S .ceul slons
dg5 sladdls ¢ S 5 (59, » gaul S S (sl ks N. eremokosmos .ociws yieg,Sae VYoo £ YYFD lougie Job b
Syzrg S o SaS Ll g Bi> s liows SaS 5 0,5 ddlate 0 O] 3 il 0 olF 5l cdadlre  ogdle a5 el
90,5 ailaie ;o Ol 15l plp 0 oS 4 yoisu 508 5 sgdle N. eremokosmos slaadle ¢ Sy 4o oy slas S
63575 SROI Slosk (SlanS S S o SaS S| G5 i 4y 395 (55 oS Sy 5 05058 Ll S
lid slp a8 sla Sy 5l (o sload 5 ail slaS S 252y [44] witn rio Jlsb S SLS 5 s 1
Slotig soasgS 5l S ol oo eS| (6 e pled el o [27] 28] ol o1 8 Jo o8 slodig slaassS
e aline SlacS S 6l)ls a5 laaiss axtus sload 5wl S5 £5 93 SIS (S g oty GBS S Sl 5
N. (Lo sloogS  0s) N. lasiocephala ;I ws,le wijls 1,3 oln1 jold 09,8 G ,o 5 auws N. eremokosmos
N. minuticephala «(;)lews S Swail) N. monocephala « ;lsol c050) N. natanazensis o ,lew s09:) shahmirzadensis

Aliad 55 ol ey 4565 gty ol ded a5 Sl ol Sl 4S5 [46] [45] 9] ()05 os2)

a5,lo N. eremokosmos cwliss S 5 5 g (geolid Sou ) o 20 300 o Shg 08 UK o 1) il o e (S Jalge
Syl 8 shs bose o HlalS Conyed 0 &S5 olee Jl ol s)ls o e S 4 aS

DS (6 )8 sine 3 Cucie 3l N. €remokosmos wigS iuSTyy £l | e i 45 ols (,Lis RDA Lo ¢ 320

IS (S5 Ao

! N. eremokosmos 43S olias; (Brre (mizred g (oulidiou)n) g (wlibion; Gl Shg ol s o
N. 665 aS ol lis aiss pl oy anlllas .8 )5 1,8 axlllas 550 CiS g (g5l Lol b bas jo (guulS Jalse olulils
625 laiss plo llas o8l adhie G035 10 43Sl 0ed oo cdwlive ol Olelas )l o & u5 4 eremokosmos
Al 00,5 aly 3L olelas)l o i Cogby o 4 668 cpl Sl S sl asinal Slas ol o aiS e 0
S mls ol Golo 55 4555 (! 950 50 WS o 0l,8 CawgozS slaaiss ol Gl 1) bl d &5 0925 a5 ol
pH EC Jslge Lol .ai s N. eremokosmos aisS oy jo 1, (ids o pien S Sl g ppedS (ounliy polic a5 ols LS
oLy (sla )i aS sls (LS RDA lo g a5 Wgd oo 4395 (nl 251 9 Slgl3 2alS corge S (5945




25

7S Slwdigy Lol ks )3 0lS g s (S s /e3ljge 9 a3l

adlas cpl .5yl N. eremokosmos Jlgl,é ;o cwlul i85 S5 avls dw, 9 CaC0s 75 ol Lo mhaw 5l glas)

ol ol plasoanl o cusS s gilu ol glaasly sl Sl Jelse 6,058 Gl 1y 455l (ol sl S
(asle YL wo)0) e sS4y aisS (pl as sl lad bl uzmes W0l 00l 55 RDA o 5 4500 b gl

3 2S5 Bble b 6,55l 5 et og,l0 olsm 3529 L (N. eremokosmos) el aisS ol dilawlio ol Jles
3,18 )18 Bl s (5 e

Al 28l o)l g 4 S e el Ban g

S5 Sl
ol S LS liows anb mlie 9 (55,5laS (B9l § Dlindos 38 5 G, Sles S

&l

.

[1] Skendi A, Irakli M, Chatzopoulou P & Papageorgiou M. (2019). Aromatic plants of Lamiaceae family in a traditional
bread recipe: Effects on quality and phytochemical content. J. Food. Biochem; 43 (11), 20-30.

[2] Noroozi, J., & Ajani, Y. (2013). A New Alpine Species of Nepeta sect. Capituliferae (Labiatae) from Northwestern Iran.
NOVON 22 (3), 297-303.

[3] Amirmohammadi, F. Z., Azizi, M., Neamati, S. H., Memariani, F. & Murphy R. (2019). Nutlet micromorphology of
Iranian Nepeta (Lamiaceae) species. Nordic. Journal of Botany. 37 (8). 1-11.

[4] Zomorodian, K., Saharhkiz, M. J., Rahimi, M. J., Sharififard, S., Pakshir, K. & Khashei, R. (2013). Chemical composition
and antimicrobial activities of essential oil of Nepeta cataria L. against common cause of oral infections. Journal of
dentistry 10 (4), 329.

[5] Malakikia, Z., Hakimi, L. & Bahadori, F. (2020). The qualitative and quantitative analysis of Nepeta eremokosmos Rech.
f. in its natural habits (Semnan province) during the phenological stages. Journal of Medicinal Plants, 19 (75), 213-
222.

[6] Alim A., Goze I., Cetin, A., Atas, A. D., Cetinus, S. A., & Vural, N. (2009). Chemical composition and in vitro
antimicrobial and antioxidant activities of the essential oil of Nepeta nuda L. subsp. Albiflora (Boiss.) gams. African
Journal of Microbiology, 3 (8),463-467.

[7] Mihaylova, D., Georgieva, L. & Pavlov, A. (2013). In vitro antioxidant activity and phenolic composition of Nepeta
cataria L. extracts. International journal of agricultural and technology, 1 (4), pp.74-79.

[8] Seladji, M., Bekhechi, C., Beddou, F., Hanane, D.I.B. & Bendimerad, N. (2014). Antioxidant activity and phytochemical
screening of Nepeta nepetella aqueous and methanolic extracts from Algeria. Journal of Applied Pharmaceutical
Science, 4 (2), 012-016.

[9] Jamzad, Z. (2013). Lamiaceae.” In Flora of Iran. No. 76, edited by M. Assadi, V. Mozaffrian, & A. A. Maassoumi, 455—
608. Tehran: Research Institute of forests and rangelands publication.

[10] Kilic, O. (2014). A Morphological Study on Nepeta fisa C.A.Mey. (Lamiaceae) from Bingdl (Turkey).” Bilegik Seyh
Edebali Universitesi Fen Bilimler Dergisi 1 (1): 1-4.

[11] Serpooshan, F., Jamzad, Z., Nejadsattari, T. & Mehregan, I. (2014). Taxonomic significance of nutlet and leaf characters
in Hymenocrater, Nepeta sect. Psilonepeta and Lophanthus (Nepetinae, Nepetoideae: Lamiaceae). The Iranian Journal
of Botany, 20 (1), 80-95.

[12] Heshmati, G.A. (2007). Vegetation characteristics of four ecological zones of Iran. International Journal of Plant
Production 1 (2).

[13] Hasaninejad, M., Jamzad, Z., Afsharzadeh, S., & Saeidi, H. (2021). Chromosome counts of eight Iranian endemic species
of Nepeta L. (Lamiaceae). Caryologia, 74 (1), 53-61.

[14] Rechinger, K.H. 1982. Nepeta (Labiarae) in Rechinger Flora Iranica No. 150: Akademische Druck-U. Verlagsanstalt,
Graz-Austria.

[15] Moore, M. J. & Jansen R. K. (2007). Origins and biogeography of gypsophily in the Chihuahuan Desert plant group
Tiquilia subg. Eddya (Boraginaceae). Systematic Botany 32, 392-414.

[16] Powell, A. M. & Turner, B. L. (1977). Aspects of the plant biology of the gypsum outcrops of the Chihuahuan Desert.
In: R. H. Wauer & D. H. Riskind (Eds.). Transactions of the symposium on the biological resources of the Chihuahuan
Desert region, United States and Mexico, Sul Ross State University, Alpine, Texas, 17-18 October 1974 (pp. 315-325).
Washington, DC: U.S. Department of the Interior, National Park Service Transactions and Proceedings Series, Number
3.



26

VE-PV dzio APV Ll VA alo o) oylead XV 5 95 ééﬁ)we‘“rh ) ole dolilad

[17] Thulin, M. (1993). Flora of Somalia, Volume 1: Pteridophyta; Gymnospermae; Angiospermae (Annonaceae—Fabaceae).
London: Royal Botanic Gardens, Kew.

[18]  Thulin, M. (1995). Flora of Somalia, Volume 4: Angiospermae  (Hydrocharitceae—
Pandanaceae). London: Royal Botanic Gardens, Kew.

[19] Thulin, M. (1999). Flora of Somalia, Volume 2: Angiospermae (Tiliaceae—Apiaceae). London:Royal Botanic Gardens,
Kew.

[20] Thulin, M. (2006). Flora of Somalia, Volume 3: Angiospermae (Ericaceae—Asteraceae). London: Royal Botanic
Gardens, Kew.

[21] Akpulat, H. A. & Celik, N. (2005). Flora of gypsum areas in Sivas in the eastern part of Cappadocia in Central Anatolia,
Turkey. Journal of Arid Environments 61, 27-46.

[22] Mota Poveda, J.F., Sanchez Gémez, P., Merlo Calvente, M.E., Catalan Rodriguez, P., Laguna Lumbreras, E., De la Cruz
Rot, M., Navarro Reyes, F.B., Marchal Gallardo, F., Bartolomé Esteban, C., Martinez Labarga, J.M. & Sainz Ollero,
H. (2009). Aproximacién a la checklist de los gipsdéfitos ibéricos. Anales de biologia, vol. 31.

[23] Eftekhari, T., & Asadi, M. (2001). Identification and classification of gypsy flora in the west area of Semnan province.
DESERT (BIABAN). 6 (2), 87-114.

[24] Akhani, H. (2004). A new spiny, cushion-like Euphorbia (Euphorbiaceae) from south-west Iran with special reference
to the phytogeographic importance of local endemic species. Botanical Journal of the Linnean Society 146, 107-121.

[25] Rabizadeh, F., Zare-Maivan, H., Kazempour, S. H. (2019). Endemic gypsophytes composition delimitated by soil
properties and altitude: From calciphytes to halophytes in the south—central Alborz Ranges. Nordic Journal of Botany
36 (8).

[26] Jamzad, Z., Chase, M. W., Ingrouille, M., Simmonds, M. S. J. & Jalili, A. (2003a). Phylogenetic Relationships in Nepeta
L. (Lamiaceae) and Related Genera Based on ITS Sequence Data. Taxon, 52, 21 -32.

[27] Jamzad, Z., Grayer, R. J., Kite, G. C., Simmonds, M. S. J., Ingrouille, M. & Jalili, A. (2003b). Leaf Surface Flavonoids
in Iranian Species of Nepeta (Lamiaceae) and Some Related Genera. Biochemical systematics and ecology, 31, 587-
600.

[28] Jalili, A., Jamzad, Z. (1999). Red Data Book of Iran. A Preliminary Survey of Endemic, Rare and Endangered Plant
Species in Iran. Red Data Book of Iran. Page:13.

[29] Klute A. (1986). Methods of soil analysis, part 1 physical and mineralogical methods, Arnold Klute ed. Agron. 9; (part
1).

[30] Walkley, A. & Black, I. A. (1934). An examination of the Degtjareff method for determining soil organic matter, and a
proposed modification of the chromic acid titration method. Soil science, 37 (1), 29-38.

[31] Bremner, M. (1970). Nitrogen total, regular kjeldahl method. Methods of Soil Analysis, Part 2: Chemical and
Microbiological Properties.

[32] Olsen, S. R., Cole, C.V., Watenabe, F. S., & Dean L.A. (1954). Estimation of available phosphorous in soil bextraction
with sodium bicarbonate, U.S. Department of Agriculture cris; 939.USA.

[33] Varley, J. A. (1966). Automatic methods for the determination of nitrogen, phosphorus, potassium in plant material.
Analyst, 91 (1079): 119-126.

[34] Peyravi, S., Zahiri, R., Moradi Harsini K., Shayesteh Azimian, H. (2015). Investigation of geological and mineralogical
properties of Aftar mine zeolites. Semnan, Scientific Quarterly Journal, Geosciences, 24 (94), 27-36.

[35] Kianian, M.K., Ravanbakhsh, H., Ara, H., Nikou, Sh. (2019). Studying Environmental Factors on Halophyte and
Xerophyte Plants Establishment in Desert Region (Case Study: Semnan, Iran), EPH - International Journal of
Agriculture and Environmental Research 5 (2).

[36] Bolukbasi, A., Kurt, L., Palacio, S. (2015). Unravelling the mechanisms for plant survival on gypsum soils: an ana lysis
of the chemical composition of gypsum plants from Turkey, Plant Biology.

[37] Franceschi, V. R. & Horner, J. R. H. T. (1980). A microscopic comparison of calcium oxalate crystal idioblasts in plant
parts and callus cultures of Psychotria puncata (Rubiaceae). Zeitschrift fur Pflanzenphysiologie, 97 (5), 449- 455.

[38] Ozdemir, C., Ozkan, M. (2010). The morphological and anatomical properties of Gypsophila lepidioides boiss
(caryophyllaceae) endemic to Turkey. International Research Journal of Plant Science, 1 (4), 69-74.

[39] Tooulakou, G., Giannopoulos, A., Nikolopoulos, D., Bresta, P., Dotsika, E., Orkoula M.G., Kontoyiannis, C.G., Fasseas,
C., Liakopoulos, G., Klapa, M.I. 2016. Alarm photosynthesis”: Calcium oxalate crystals as an internal CO2 source in
plants. Plant Physiol, 171, 2577-2585.

[40] Karabourniotis G., Horner H.T., Bresta P., Nikolopoulos D., Liakopoulos G. (2020). New insights into the functions of
carbon-calcium inclusions in plants. New Phytologist 228, 845-854.

[41] Gomez-Espinoza, O., Gonzalez- Ramirez, D., Mendez- Gomez, J., Guillen- Watson, R., Medaglia- Mata, A. & Bravo,
L. A. (2021). Calcium oxalate crystals in leaves of the extremophile plant Colobantos quitensis (Kunth) bartl.
(Caryophyllaceae). Plants, 10 (9), 1787.

[42] Rabizadeh, F. (2020a). Ecological, anatomical, morphological, and micro-morphological characteristics of Gypsophila
mucronifolia (Caryophylaceae) endemic to gypsic soils of Semnan, Iran, Applied Biology, 33 (2), 46-61.

[43] Rabizadeh, F. (2020b). The First Anatomical, Morphological, and Ecological study of the Endemic Iranian Moltkia
gypsacea from the Boraginaceae family. Journal of Advanced Pharmacy Education & Research, 10 (S1), 171.

[44] Giuliani, C., Bottoni, M., Ascrizzi, R., Santagostini, L., Papini A., Flamini G., Fico G. (2020). Scutellaria brevibracteata

subsp. subvelutina (Rech.f.) Greuter & Burdet: morphological and phytochemical characterization. Natural Product
Research.



https://www.researchgate.net/journal/Nordic-Journal-of-Botany-1756-1051
https://www.researchgate.net/profile/Adel-Jalili
https://www.researchgate.net/profile/Ziba-Jamzad
https://10.0.4.73/00010694-193401000-00003
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aVn05J4AAAAJ&citation_for_view=aVn05J4AAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aVn05J4AAAAJ&citation_for_view=aVn05J4AAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aVn05J4AAAAJ&citation_for_view=aVn05J4AAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aVn05J4AAAAJ&citation_for_view=aVn05J4AAAAJ:u-x6o8ySG0sC

27

7S Slwdigy Lol ks )3 0lS g s (S s /e3ljge 9 a3l

[45] Kilic, O. (2013). A Morphological and Systematical Study on Nepeta cataria L. (Lamiaceae) Distributed in the
Adryaman Province.” Igdir Univ Journal of Instituents of Science and Technology 3 (1), 21-25.

[46] Hadi, N., Shojaeiyan, A., Sefidkon, F., Jafari, A. A., Misic, D.,Banjanac, T. & Siler, B. (2020). Assessment of
intraspecific genetic diversity in Nepeta Kotschyi Bioss., a native Iranian medicinal plant. Journal of Agricultural
Science and Technology, 22 (5), 1327-1342.



