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Abstract. Lallemantia (Lamiaceae; Nepetoideae), a small genus with a wide distribution area in Iran, is traditionally
used in folk medicine. In this study, we comparatively investigated Lallemantia species in terms of vegetative anatomy
in order to evaluate its characteristics usefulness for taxonomic purposes. For anatomical examination, cross sections of
stems and leaves were prepared using the free-hand sectioning and bismark brown, carmin and metylen blue dyes were
used to stain the sections. In addition, the anatomical characters were numerically analyzed by cluster and principal
component (PCA) analyses. Although general stem and leaf anatomical charactristics were very similar in the studied
species, the multivariate analysis indicated that some anatomical quantitative characters such as the thickness of lamina,
palisade and spongy parenchyma provided valuable characters that would be taxonomically useful in this genus.
Morphological similarity between L. baldshuanica and L. royleana was supported by stem and leaf anatomical data.
Keywords. anatomy, collenchyma, Nepetinae, taxonomy, vascular bundles
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Table 1. Localities of studied Lallemantia taxa (TUH= Tehran University Herbarium).

Taxon Locality Voucher No. (TUH)

Khorassan province, Mashhad to Kalat-e Naderi,

Lallemantia baldshuanica Gontsch. M.R. Jouharchi 44267

1500 m
Lallemantia canescens (L.) Fisch. & C.A.Mey. Qazvin province, Alamutr;IPlch—e Boon vilage, 3000 A. Kamrani 45858
Lallemantia iberica (Stev) Fisch. & C.A.Mey. Western Azerbayejan province, Varzaghan, 2300 m Kamrani 45860

Tehran province, Meygoon - Shemshak road, 2400

Lallemantia peltata (L.) Fisch. & C.A.Mey. m

A
A. Kamrani 45862
A

Lallemantia royleana (Benth. in Wall.) Benth. Tehran province, Tehran - Saveh freeway, 1050 m Kamrani 45865
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Fig. 1. Transverse sections of stem, A: Lallemantia baldshuanica, B: L. royleana, C: L. peltata, D: L. iberica, E: L.
canescens. CO=Collenchyma, EP=Epidermis, XY=Xylem, PH=Phloem, TR=Trichome, PI=Pith, EN=Endodermis.
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Fig. 2. Transverse sections of leaf lamina, A: Lallemantia baldshuanica, B: L. royleana, C: L. iberica, D: L. peltata, E:
L. canescens. SP=Palisade parenchyma, UE=Upper epidermis, TR=Trichome.
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Fig. 3. Transverse sections of vein, A: Lallemantia baldshuanica, B: L. royleana, C: L. iberica, D: L. peltata, E: L.
canescens. CO=Collenchyma, UP=Upper epidermis, XY=Xylem, PH=Phloem, TR=Trichome.
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Table. 2. Anatomical characteristics of studied Lallemantia taxa (mean value +standard deviation.). Units as

micrometer.
L. baldshuanica | L. royleana | L. iberica L. peltata L. canescens
Stem
length of epidermis 16.3+0.7 18.6 £0.9 28.9+1.1 28.6+1.3 343+2.3
width of epidermis 11.3+0.8 10.0 £ 0.7 18.6+1.4 20.6+ 1.5 22.0+0.9
cortex thickness 232.8+18.5 250.5+ 14.3 77.2+0.7 13.8+0.7 95.0+0.7
number layers of collenchyma 2.0+0.0 0.0+ 0.0 20+0.1 20+0.8 50409
between corners
number layers of collenchyma in 10.0+0.4 7.0+0.7 16.0+1.1 10.0+0.5 5.0+0.1
corners
collenchyma thickness in corners 1170+ 9.7 95.4+3.7 2453+10.9 | 167.7+15.7 96.0+7.1
xylem thickness in corners 123.8+ 9.9 158.1+13.4 | 429.6+18.8 | 353.5+ 143 | 2420+ 13.8
phloem thickness in corners 32.6+1.7 34.6+1.7 46.2+3.1 36.0+£2.9 24.0+0.8
phloem to xylem thickness ratio in 18401 49+0.1 9.3+0.6 10.6 1.1 10.1+0.5
corners : :
Leaf

length of upper epidermis 18.4+0.7 25.7+1.9 29.5+2.1 29.0+ 1.8 320+2.1
width of upper epidermis 11.6+0.9 145+1.2 35.0+1.5 34.0+1.7 37.3+2.6
length of lower epidermis 12.7+1.1 14.5+0.4 247+1.3 23.9+0.7 26.0+1.6
width of lower epidermis 9.8+0.1 11.0+0.3 17.5+1.6 17.0+0.9 18.0+ 1.3
lamina thickness 245.4+13.9 2443+ 18.1 | 317.5+19.3 | 317.1+£ 145 | 3153+ 19.2
palisade parenchyma thickness 140.0+ 13.3 1304+8.7 | 2655+ 17.2 | 266.1+10.1 | 2603+ 12.4
spongy parenchyma thickness 85.4+7.1 90.1+4.4 0.0+0.0 0.0+0.0 0.0+ 0.0
distance between vascular bundles and 35.0% 1.6 465+3.1 | 685+59 | 46.0+£2.0 | 380+18
petiole upper epidermis,
upper collenchyma thickness in 215413 204411 | 96402 | 110407 | 1444009
petiole
lower collenchyma thickness in 16.6+ 1.4 16307 | 176202 | 161=13 | 152+14
petiole
number of central vascular bundle 2.0+£0.0 3.0+ 0.0 1.0+0.0 4.0+0.0 1.0+ 0.0
mean diameter of vascular bundle 90.0+7.5 95.6 £8.8 88.7+9.6 91.0+ 1.0 93.8+7.2
length of ventral axis 297.1+27.6 447.5+36.1 | 2853+£22.3 | 439.6+26.7 | 4045+ 18.5
length of dorsiventral axis 280.0+ 12.9 290.3+12.3 | 421.4+20.7 | 2302+ 11.1 | 367.8+15.7
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Fig. 4. Transverse sections of petiole, A: Lallemantia baldshuanica, B: L. royleana, C: L. iberica, D: L. peltata, E: L.
canescens. CO=Collenchyma, PA=Parenchyma, UE=Upper epidermis, XY=Xylem, PH=Phloem, TR=Trichome,

VB=Vascular Bundles.
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Fig. 5. Ordination of PCA analysis of stem and leaf anatomical characteristics of Lallematia genus. S=stem, L= leaf. S1=
width of epidermis. S2= length of epidermis, S3= length of trichome, S4=cortex thickness, S5= number layers of collenchyma
between corners, S6= number layers of collenchyma in corners, S7= collenchyma thickness in corners, S8=phloem thickness
in corners, S9= xylem thickness in corners, S10= phloem to xylem thickness ratio in corners, L1= width of upper epidermis
L2= length of upper epidermis L3= width of lower epidermis L4=length of lower epidermis L5= lamina thickness, L6=
palisade parenchyma thickness, L7= spongy parenchyma thickness, L8= distance between vascular bundles and petiole upper
epidermis, L9=upper collenchyma thickness in petiole, L10= lower collenchyma thickness in petiole, L11= number of
central vascular bundle, L12= mean diameter of vascular bundle L13= length of ventral axis, L14= length of dorsiventral
axis L15= trichome length of vein.
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Fig. 6. The cluster analysis diagram of stem and leaf anatomical characteristics in Lallemantia.
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Table 3. Eigenvalue, variance proportion and correlation coefficients of stem and leaf anatomical variables of

Lallematia taxa in PCA analysis.

Abbreviation Anatomical Characters PCA, PCA;
Stem

S1 length of epidermis 0.237 -0.149

S2 width of epidermis 0.240 -0.118

S3 length of trichome -0.239 0.035

S4 cortex thickness 0.195 -0.113

S5 number layers of collenchyma between corners 0.187 0.190

S6 number layers of collenchyma in corners 0.096 0.361

S7 collenchyma thickness in corners 0.168 0.285

S8 xylem thickness in corners 0.065 0.326

S9 phloem thickness in corners 0.234 0.118

S10 phloem to xylem thickness ratio in corners 0.245 -0.111

Leaf

L1 length of upper epidermis 0.253 -0.087

L2 width of upper epidermis 0.212 -0.176

L3 length of lower epidermis 0.253 -0.083

L4 width of lower epidermis 0.252 -0.091

L5 lamina thickness 0.256 -0.046

L6 palisade parenchyma thickness 0.256 -0.038

L7 spongy parenchyma thickness -0.256 0.048

L8 distance between vascular bundles and petiole upper epidermis, 0.250 -0.052

L9 upper collenchyma thickness in petiole -0.250 -0.047
L10 lower collenchyma thickness in petiole 0.000 0.377
L1l number of central vascular bundle -0.076 -0.080
L12 mean diameter of vascular bundle -0.104 -0.318
L13 length of ventral axis -0.025 -0.326
L14 length of dorsiventral axis 0.130 0.106

Eigenvalue 14.89 6.41
Variance Proportion 0.60 0.26

Ozcan & Soy 2007; Dinc ) &l gl 55 Teucrium L.
5,5 5 S, (& Dogu 2012; Mosavi et al., 2014
Metcalfe & ) col 23,b ¢SS b 5 oS iy Y gars OLiLx
awglie 3 (S 5 el S s ol b ] (Chalk, 1979
Lallemantia <5 ,, Jesie 5 ool s (om0l L
Teucrium A5k _glses ju Calisee ks s LS o )
ol 0l u:JU'? j}u mp e Ajuga L. 5 Salvia
.Dinc & Dogu, 2012; Cali, 2014; Polat et al., 2015)
o L. baldshuanica s L. royleana 5 ;5 Jbs3e
-¢SS L. canescens s L. peltata dL. iberica ;5 bl ( oS
o w4 Glase sba g s Jeds5e g5 3> Al 4 b
Dracocephalum L. Satureja L. a5l 0Lilss &5 Calises

85 OB Bl o 25 o S5 0)lss (S o 55 L
sraS 53 ey 4 Metcalfe & Chalk, 1979) olstss
g yorenrd ol (Cali, 2014) Ajuga orientalis L. Ll
Cantl o)bys ol iz gl iyl L Gaiss ol slaasl
Ghes e S oluls 3 Bl s i b Sh
Kahraman ) s,ls cals Salvia L. a5l 0Lk 5,5 Calises
et al., 2009 a,b & 2010 a,b
< 5

sls dallemantia (s slas & g b andlas s
Ol w25 5 51, ba S o Sl &5 Col ols S5
@YU ol ladshe 5 3ol dohe oY S ooyl s s

Salvia ke Lﬁa},w J‘.’.L"' BE C,._:Mj QJ'-'-‘ e | wjl._v‘ )‘j“f)j
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i 3 Gk Sllle 3 sk s akie La S
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lhadlie 4 428 15 ey ba S Gluainy (o)
056 ol ) &K1 B 5 gasme oo PCA) ool
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vy ol S 315 5> (Shin et al., 2012) .l la(a )
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