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Introduction

The genus Salvia L. (Lamiaceae) is one of the most interesting plant genera with a variety of annual,
biennial, perennial and shrub forms. According to recent reports, there are 61 species of Salvia genus in Iran,
among which 18 species are endemic. The use of Salvia species dates back to ancient times, and they are now
being used for different purposes such as antimicrobial, anthelmintic, anti-inflammatory, tonic, carminative,
digestive, Alzheimer’s disease, antispasmodic as well as for traditional medicines and food industries. Compared
to crop plants, the breeding programs of medicinal plants are still in nascent stages due to high biological and
biochemical variations. Since breeding programs, especially in medicinal plants, are expensive, suitable mating
can help reduce the costs of breeding programs. Understanding the flowering biology, reproductive systems and
pollination mechanism is essential to management and protection of ecosystems and mating programs. Despite
the high diversity of Salvia genus in Iran, there is a paucity of studies on reproductive biology.

Materials and Methods

seeds of seven Salvia species including S. virgata (with four accessions), S. frigida, S. nemorosa, S.
atropatana, S. macrosiphon, S. sclarea, and S. syriaca were collected from different geographical regions. The
seeds were treated by various methods such as washing, cold treatment (stratification), scarification (sand and
sulfuric acid), Gibberellic acid (GAs) and KNOj3 to enhance germination. The seedlings were produced at the
greenhouse and after growing as high as 15 cm or reaching the10-leaf stage, the seedlings were transferred to the
farm. Plants phenology and flowering duration were recorded in the second year. Furthermore, some flower
characteristics and pollinator were monitored. The Various pollination treatments were designed to investigate
the breeding system of Salvia species including open pollination, spontaneous autogamy, geitonogamy,
xenogamy, apomixis, and control. The self-incompatibility index (ISI) was calculated for each species in
different pollination treatment.

Results and Discussion
The germination study exhibited that washing seeds for 24 h and applying 250 ppm GAj; exerted the highest
effect on seed germination. The seedlings in early growth stages required medium to high porosity (high
permeability to water and air) like natural habitat, but they were sensitive to dry and high EC at these stages. The
phenology studies were shown Salvia virgata (all accessions) and S. nemorosa flowered three months after
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cultivation and other species flowered in the second year. The results showed that all species had long flowering
periods ranging from 15 (S. atropatana) to 41 days (S. virgata). Increased flowering period led to the
enhancement of flower over-lapping and the sharing of the pollen among different plants or species. Two species
including S. atropatana and S. syriaca had heterostyly flowers (long-styled morph). The staminal-lever-
mechanism was observed in all species. The results of manual pollination indicated that open pollination
provided the best treatment with the highest average of seed set (73.63%) in all species. Salvia virgata (A1) with
a seed set of 90.3% was the best species, and S. syriaca with a seed set of 51.5% demonstrated the poorest
performance in open pollination system. The seed set in the xenogamy treatment of different species and
accessions was in the range of 10.2 (S. syriaca) to 32.5% (S. frigida). It was observed that seed set among
different species in geitonogamy and spontaneous autogamy varied widely from 2.60 - 17.30% and 2.98 -
12.18%, respectively. In treatments with a wide variety of pollen sources, the fruit set was higher, indicating that
the pollen limitation triggered low seed set.

Conclusion
Salvia species in the present study have a high potential for cultivation as medicinal and ornamental due to
suitable adaptability and long flowering period. Salvia species were relatively self-incompatible that intention to
the out-crossing and breeders can use in breeding programs as a valuable characteristic. The self-incompatible
and specific structure in flower and pollination are the reasons for the diversity of this taxa.
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Figure 1- Comparison of important phenology steps of Salvia species at second year life after seedling transplantation
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Figure 2- Flower pictures in various Salvia species
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A: S. frigida; B: S. virgata (A1); C: S. virgata (Az); D: S. virgata (As); E: S. virgata (As); F: S. nemorosa; G: S. macrosiphon; H: S.
sclarea; I: The pollens release after anther maturation (100X, S. nemorosa)
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Figure 3- Exclusive mechanism of pollination in some Sal/via species. Longitudinal sections of flower
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a: Longitudinal section of a flower, including: Nectar (ne), Filament (fi), Lower lever arm (la), Upper lever arm (ua), Upper lip (ul);
b: The pollinator has to push the lower lever arm backwards to reach the nectar. Thereby, the upper lever arms swing downwards and
deposit pollen (black) on its body; c: The pollinator visits another flower, pollen may be transferred to the stigma.
(Stobbe et al., 2016 ;1 olasl J3)
(The figure adapted from Stébbe et al., 2016)
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Table 2- Flower duration, adaptation and heterostyly rate of different Sa/via species at Mashhad weather condition

5w & 48 S o dold
SaPHwTy 5,93 Eor Wil s ¥ o Jsb Job
. & J o5 o 35 97 T e AW g U o2 o 5ok
“f Ratio of Flowerin, P (P Distance Sta:n;n Pistil
Species adaptability " Date of start  Date of end between anther
duration . . . . length length
after a year (Day) flowering flowering tip and stigma (mm) (mm)
(%) Y surface (mm)
S. virgata (A1) 65.0£5.7 40.7x25 30 April 2017 10 June 2017 2.5+0.08 11.1+0.2 16.1+0.2
S. virgata (Az2) 91.0+2.4 30.7#2.9 16 May 2017 16 June 2017 2.4+0.12 11.1+0.2 18.0+05
S. virgata (As) 65.3+2.5 22.7£25 8 May 2017 31 May 2017 2.1+0.21 12.0£0.3 17.9+0.3
S. virgata (A4) 74721 26.0+2.2 10 May 2017 5 June 2017 2.1+0.08 12.0£0.2 17.2+0.3
S. frigida 32.3+21 32.7£2.6 8 May 2017 10 June 2017 2.0£0.26 10.0£0.2 16.0+0.2
S. nemorosa 83.3£3.9 35.0£2.4 22 April 2017 31 May 2017 1.1+0.08 9.1#0.2  24.9+0.5
S. atropatana 16.3+2.9 15.3+2.5 20 April 2017 5 May 2017 7.1+0.33 13.1+0.3 32.1+0.6
S. macrosiphon 33.3%1.2 15.7¢0.5 20 May 2017 5 June 2017 0.5+0.05 11.0£0.3 28.1+0.2
S. sclarea 75.3+2.5 34.7+29 14 May 2017 18 June 2017 0.0.0+0 10.9+0.1 25.0+0.2
S. syriaca 25.0+4.1 35.3+1.2 26 April 2017 31 May 2017 5.2+0.37 9.0£0.3  20.9+0.5

bl Bl 185 aw pSile byl ®
* Values are means + SE of three replicates.
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Table 2- The effect of different hand pollination treatment on Salvia seed set"

o131 Slidles L33 ddgd  ol5si
Open pollination Spontaneous autogamy
e P S V- TS I AT
P o losd R < o losd \ SR
&g5 slox LSuis Jo6 # I JSwis ol Jol8 Aborted
Species Number of o seeds Ful Aborted - Number 1., seeds  Full seeds seeds
treated number seeds seeds of treated number (%) (%)
flowers (%) (%) flowers
S. virgata (A1) 38 152 90.3a* 5.9d 33 132 3.0d 1.5¢
S. virgata (Az) 52 208 66.6d 6.8d 35 140 12.2a 2.8f
S. virgata (As) 37 148 81.1b 9.4bc 70 280 6.8c 1.0g
S. virgata (As) 20 80 66.5d 8.7¢c 57 228 12.1a 13.3a
S. frigida 37 148 75.7¢ 11.5b 55 220 9.1b 3.2¢ef
S. nemorosa 44 176 67.2d 17.0a 42 168 6.8c 4.6d
S. atropatana 28 112 76.9¢c 8.6c 32 128 4.3d 4.0de
S. macrosiphon 32 128 88.5a 5.9¢ 35 140 8.3b 10.7b
S. sclarea 42 168 75.5¢ 7.2cd 30 120 11.7a 7.5¢
S. syriaca 55 220 51.5e 14.6a 42 168 3.4d 2.4f
B ELTEY
Geitonogamy Xenogamy
S. virgata (A1) 22 88 17.3a 2.2f 22 88 26.8b 3.3c
S. virgata (A2) 15 60 17.2a 5.0c 15 60 17.7de 3.8b
S. virgata (As) 31 124 2.6f 3.3d 26 104 24.0c 0.0g
S. virgata (As) 24 96 15.2b 0.0g 24 96 23.3c 1.0f
S. frigida 15 60 3.2f 6.0b 15 60 32.5a 0.0g
S. nemorosa 25 100 2.6f 2.0f 25 100 14.5fg 1.5e
S. atropatana 36 144 13.5¢ 2.8e 20 80 15.3ef 2.7d
S. macrosiphon 40 160 11.2d 0.0g 28 112 18.2d 5.5a
S. sclarea 38 152 8.6e 0.0g 22 88 12.2gh 0.0g
S. syriaca 35 140 2.8f 7.6a 18 72 10.2h 2.5d
u"'&.':"y‘ ISI LJMA&J? )l':s)
Apomixis Fertilization behavior
S. virgata (A1) 22 88 0 0 0.65 Relatively self-incompatible
S. virgata (Az) 16 64 0 0 0.99 Relatively self-incompatible
S. virgata (As) 26 104 0 0 0.11 Severely self-incompatible
S. virgata (As4) 26 104 2.89 0 0.65 Relatively self-incompatible
S. frigida 31 124 0 0 0.10 Severely self-incompatible
S. nemorosa 27 108 0 0 0.18 Severely self-incompatible
S. atropatana 24 100 0 0 0.91 Relatively self-incompatible
S. macrosiphon 22 88 0 0 0.61 Relatively self-incompatible
S. sclarea 30 120 0 0 0.71 Relatively self-incompatible
S. syriaca 18 72 0 0 0.28 Relatively self-incompatible

3L e LSD (9051 51 eslisl b (9= 0.05) (gl sine O3 (gls S yitio g Ly slael s
* Numbers followed by the same letters are not significantly different (P <0.05) based on LSD test.
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