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Introduction

Sage (Salvia spp.), which belongs to the mint family (Lamiaceae), is considered one of the largest and most
important genera in terms of aromatic and medicinal properties. This diverse genus includes approximately 900
species, each with unique characteristics, and is mainly native to the northern Mediterranean and North African
regions. It is used as a traditional medicine in the treatment of many diseases and as a seasoning and flavoring in
the food industry. Sage is a remarkable plant that is widely known for its numerous medicinal properties,
including antispasmodic, antiseptic and sedative effects, which makes it very valuable in traditional and modern
medicine. In addition to its therapeutic benefits, this aromatic plant usually reaches a height of 60 cm. The plant
is suitable for cultivation in green spaces and parks due to its ornamental properties and resistance to
environmental stresses. Numerous features, including the diversity of the native Iranian sage genus, aesthetic
aspects, and high adaptability to environmental stresses such as drought, increase the potential of these plants for
use in urban green spaces, and their widespread use can help create sustainable green spaces. Considering the
beauty of the leaves and flowers of these plants, the presence of abundant fragrance during the flowering stage,
the lack of need for special conditions for cultivation, and their resistance to adverse conditions, it seems that
these plants are very suitable for cultivation in green spaces for ornamental purposes. Most previous research on
sage has focused on the medicinal value and the increase in its medicinal compounds and secondary metabolites,
and the ornamental potential of the plant for use in green spaces has not been considered. Considering the
diversity of this genus in Iran and its beauty, its use in urban green spaces as a native plant compatible with the
country's climatic conditions can be investigated. Therefore, the present study aimed to investigate the vegetative
and ornamental traits of different native and imported sage species, as well as the potential of this plant for
ornamental uses in the climatic conditions of Birjand.

Materials and Methods

This study was conducted on 14 genotypes of medicinal sage (Salvia spp.) in the research farm and
greenhouse of the Faculty of Agriculture, University of Birjand during 2022-2024 in a randomized complete
block design with three replications. During the plant growth period, vegetative traits including plant height,
plant width and number of leaves were examined every 15 days. At the full flowering stage, peduncle length,
number of peduncle, number of florets in main and axillary inflorescences, number of axillary inflorescence
peduncles, inflorescence diameter, peduncle diameter, diameter and length of floret, length of main and axillary
inflorescence, interfloral distance of florets, number of days to flowering, and flower durability on the plant were
measured.
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Results and Discussion

The results of variance analysis showed that there was a significant difference between different sage species
for all studied traits at the 1% probability level. The highest plant height (32.93 cm), leaf width (63.80 cm), and
number of leaves (337) were obtained from the species Salvia nemorosa SA036, Salvia sclarea var turkestanica
SA060 and Salvia officinalis, respectively. In addition, the lowest plant height (3.20 cm) was obtained from
Salvia chorassanica, leaf width (6.05 cm) and number of leaves (6) from the species Salvia virgata. In terms of
reproductive traits, the highest peduncle length (49.15 cm), main inflorescence length (34.10 cm) and number of
axillary inflorescence (12) were observed in the Salvia sclarea SA058 species. The lowest flower durability on
the plant (25 days) was observed in the Salvia chorassanica species, and the other species had the highest flower
persistence and no significant difference was observed between them. The highest (23) and lowest (2) number of
peduncle were observed in the Salvia reuterina and Salvia firgida species, respectively. The highest
inflorescence diameter (51.81 mm) and peduncle diameter (4.45 mm) were obtained from Salvia reuterina and
Salvia sclarea var turkestanica SA060, respectively. The results of this study showed that there was high genetic
diversity in terms of morphological traits among different sage species, which have the potential to be used as
ornamental plants in urban green spaces.

Conclusion

The results of this study showed that native and imported sage species have significant diversity in terms of
vegetative and ornamental traits, indicating the high genetic potential of this genus. Some imported sage species,
especially in terms of ornamental characteristics, perform better than native species. These species show
significant potential for cultivation in urban green spaces, making them very valuable for landscaping purposes.
By intelligently selecting and including these species in urban planning, a significant contribution can be made in
increasing and maintaining the aesthetic appeal of urban environments. Given the diversity of sage species in the
country, it is essential to examine this diversity and use it in breeding programs for ornamental purposes and
cultivation in urban green spaces.
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Figure 1- Pictures of different sage species and genotypes (Sa/via spp.)
A: Salvia chorassanica; B: Salvia officinalis Extract sage; C: Salvia firgida; D: Salvia sclarea SA058; E: Salvia pratensis SA046; F:
Salvia officinalis common sage; G: Salvia officinalis; H: Salvia sclarea var. turkestanica SA060; |; Salvia reuterina J: Salvia
nemorosa SA067; K: Salvia virgata; L: Salvia nemorosa; M: Salvia sclarea; N: Salvia nemorosa SA036
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Table 2- ANOVA of vegetative and reproductive traits of different sage species (Salvia spp.)

Olasyo (ke
Mean of squares

HKeY
s, ARG "
G R W S
& a0 a8l ol oS Jlad _ _ _ XV =
IS JOVe Y a5 s 1§ Inflorescence ouadJS AU s a
e e sk S Length of i Peduncle Days to Flower 989  Floret
SOV df Peduncle main diameter diameter  flowering durabili Number  length
length inflorescence g R of g
peduncle
“_{91* . 2 1.09m 0.27m 33.18™ 0.78™ 23.52" 77.80™ 17.16™ 6.79™
Replication
e 13 228.27™ 100.82™ 623.06™ 2.22™ 765.37" 203.15™ 88.85"  56.79"
Treatment
Eu:r;r 26 19.41 8.70 41.14 0.32 44.44 39.63 6.73 5.83
Juoyd K Jlain] o jd ()l gime e {5 )5 o pac NS
ns: not significant; **: significant at p<0.01
(Salvia spp.) 5 o o ilisee (sWdisS il 9 (oaingy oo (il ylg 43305~ Jogua doldl
Table 2 continued- ANOVA of vegetative and reproductive traits of different sage species (Sa/via spp.)
Slasyo (5o
Mean of squares
wéUf:l»J P _ . _ . e
" o - e U5 axdS laas 4::.15 :l.fu’ od s f_J,.la Jsb alols
é’ 35 O b Num'be‘r of bl =2 ol o WS’ oo
Ol ot sj! Floret axillar Number of florets  floret numberin  Length of the Inte.:rflor;I
S.0.V df diameter infloresce¥lce in the main ~ axillary ~ axillary distance
peduncles inflorescence inflorescence inflorescence
Ssb o
T 2 0.40" 3.88 4.66™ 4.57m 6.46"™ 0.009"
Replication
et 13 11.80™ 27.87" 750.82™ 272.90™ 58.43™ 1.49™
Treatment
s
26 0.22 1.16 22.53 17.77 5.13 0.05
Error
Joyd S Jlais! mlaws jd (g5 xe s {50 dme pas NS
ns: not significant; **: significant at p<0.01
_ ouaay 8 diley uluas
ousaa S dily ;8 g (A8 Hhod

CnyieS g (VW/er) copid &S o oL imgiy ool s
S. LS 4 by cuwiyd sdimd S dBlw ol (V/++)
(0 JSs) 54 S. firgida 4 reuterina

OY/AY) u”Uf b oy i 48 ob Lis e ool el
P g (e e ¥IFO) sxad 5 dBly s o (e Juo

S. sclarea var. Turkestanica o S. reuterina sla«ss

VINe) oS8 jad a8 picmen A5 osalie SA060
9 YIYY) (pyieS 5 S. chorassanica <45 4 bgiye (o e
S. baS » cwpa snad 5 able Hhad (jo Lo V/VY

(Y JSs) as samlie S. nemorosa SA067 4 chorassanica
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Figure 2- The trends of plant height increase of different sage species (Sa/via spp.)
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Figure 3- The trends of plant width increase of different sage species (Sa/via spp.)
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Figure 4- The trends of leaf number increase of different sage species (Salvia spp.)
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Figure 5- Comparison of the number of flowering stems between different sage species (Salvia spp.)
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Means with the same letter are not significant at the 5% probability level according to the LSD test.
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Figure 6- Length of main inflorescence and height of flowering stem of different sage species (Salvia spp.)
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Figure 7- Comparison of inflorescence diameter and flowering stem diameter in different sage species (Salvia spp.)
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Means with the same letter are not significant at the 5% probability level according to the LSD test.
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Figure 8- Floret length and floret diameter of different sage species (Sal/via spp.)
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Means with the same letter in each column are not significant at the 5% probability level based on the LSD test.
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Similar letters in each column are not significant at the 5% probability level based on the LSD test.
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Table 3- Mean comparison of vegetative and reproductive traits of different sage species (Salvia spp.)

. e 31U Bl i GRS el S B db
ygs Number of Number of florets in Length of the Inte;node
Species lateral Number of florets the secondary secondary length (cm)
inflorescence in the main inflorescence inflorescence (cm) g
inflorescence
S. officinalis 3.00f* 13.33 ef 5.00 hi 11.53 de 2.30 bc
S. officinalis .
Common sage 4.5d-f 12.00 ef 4.5 hi 12.30 c-e 2.60b
S. officinalis
Extract sage 3.00f 10.33 ef 10.66 e-g 11.66 de 2.46 bc
S. nemorosa
SAQ67 3.33ef 22.00 b-d 13.66 de 7.33fg 0.63h
S. nemorosa
SA036 6.33 cd 70.66 a 37.66 a 13.03 b-d 0.83gh
S. nemorosa 2.66 fg 27.00b 17.00 cd 16.16 bc 1.16 fh
S. sclarea SA058 12.00 a 26.50 bc 13.50 d-f 17.50 ab 2.05cd
S. sclarea var.
turkestanica 7.66 bc 18.00 c-e 12.00 ef 13.00 b-d 1.80 de
SA060
S. sclarea 2.33fg 10.66 ef 7.00 gh 10.66 d-f 2.40 be
S. firgida 5.33de 14.33 de 8.00 f-h 7.96 e-g 1.90d
S. reuterina 9.00 b 22.33 b-d 21.00 bc 12.33cd 1.76 de
S. chorassanica 0.50¢g 4.50f 0.50i 35049 3.20a
S. pratensis
SA046 3.00f 16.00 de 10.33 e-g 10.33 d-f 1.43 ef
S. virgata 6.00 cd 23.00 b-d 24.50 b 21.50 a 2.05cd

i I e duoyd gy Jlein! o 53 LSD (905l wlily cygiw y2 55 aliie Cgys lls (ol Sibio 5
* Means with the same letter in each column are not significant at the 5% probability level based on the LSD test.

Slaw ) ..\wbuo \ﬂ) Lfg“‘“) Ju.wl.u DA».Q».)UL“J LY
)90 Olao w81 )l 5l sadcusS s a5 s ol s
ch)ﬁ A8l Sy ¢4>Ll§ ).‘03 9 J9b ‘bM‘)L)f 8l ).b.‘? col,;f
Ggli5 Sy 59y S ke 5 (23T g, sl 0 Ske Jobo
Slao wloly 03508 £45 3939 s lis &5 Lzl (6l xe
ol lanl e ol it S e sddadlas
Olas Gl Gl Serye @livee sl oS ob i iagh
35 5l (kg JB g5 Sy ol g olS (150 gl aiile g
asS pl cud )b sxmd ylis gl o Gy pl s o lis
e L alaaisS cusl s glad Sk 5> ganaY okl
S5S yo polis laicay Al 0 S, nemorosa SA036 sile b
polieS slaaigS oS Jbyd g oolawl aasel ;3 diojyw U
W b sl sl yide dbol <l S. chorassanica sl
o glad shb 4 Wlg e olS By fol e cuwlio
slads WS S8 LS jibgy slaeSl ) g dbul )3 o
Uber slp S, sclarea var. Turkestanica SA060 silo (yo

HSpaye Alide gladigS guiieg S 9 ladigd 3l
) 9 gy Olis bl s
Salvia s calisee slaaisS & oy lis (gladsd & 5o jloges
B (GndS (ol 09)5 93 4 (g (o) Clae olul
S. nemorosa . virgata slaaisS Jols Jol 09,5 (Ve JS)
ssbas 45" 39 S, sclarea SA058 4 S. reuterana SA036
Caol eSS pl o day BB o Sle 5 Blbcou,
ki J5 il i) dacpdl S ) g ojll wile ola Sy
ol S S5y 5 S IS5 (S g5 el IS Jsb
ks e slad > okl ol gplete sloan S 4]y Lasys
ladisS plo & Cond @ 18 bagS cpl (pizmen )8
sl Jold o wog alie ldcsy, b Spy sk
il Job wind 5 sladilo s olj Sy olass dayd] JS
Wiy 09)5 (pl LS picren Dy by el 5 s 5
Azl Jgl 09,8 (ladisS & s 5l

SaisS G 3 (63b) g &S B Gl gy ool S b
Cubld 3929 (wlibcsn) b Shy pelely Lwpe (o0in 3590



VoV (Salvia spp.) (5w po cilise ladigs (S5u 5 9 (Mg ©lho (g oyl Kep 9 59 wle

Olsieds 2l Sleden 55 (6,500 Ol gols b baawsly ol S
o 85N 0 5 (la Shy g olS a3y ) (aigtd 45 Jle
A5 edalie olpl 3pdJled 9 330 w0yé (Jlod &5 (fSeye

.(Shahhoseini et al., 2024)

S. chorassanica

2 Opls s cuslio B jrae IS L baaxely ) @y (sLad
8 ee g gyl Jlsls » ga sdmd ol LS, Sl
S. officinalis wile 3y j ladisS .cunl LSl (S55es 54
Cadoys g pyd e gyl o5y obj olas a4y Extract Sage
odlitul jow (6Lad ;5 obigSL oS lgicas bl 5l les oo 45 55

S firgida

5. pratensis $4 046

S. nemorosa

S. sclarea var turkestanica SA060

S. officinalis

5. officinalis commn sage
5. officinalis extrae sage
S.sclarea

S. nemorosa SA067

5. nemorosa S4A 036
S. reuterina

S.virgata

-

S. sclarea SA 058

) 9 gy Ol bl (Ko po AliSee (SIS (] aigh 3o I Jols ol 59,005 =V o JSU
Figure 10- Dendrogram resulting from cluster analysis of different sage species based on the growth and ornamental traits
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