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Tablel. Microscopic observations of isolates.

Isolate Cell shape Gram reaction
TDE1 Bacilli Gram positive
TDE2 spore — forming Bacilli Gram positive
TDE3 Bacilli Gram positive
TDE4 Bacilli Gram negative

TDE5 spore — forming Bacilli
TDE6 spore — forming Bacilli
TDE7 spore — forming Bacilli

Gram positive
Gram positive
Gram positive

TDES8 Cocci Gram positive
TDE9 spore — forming Bacilli Gram positive
TDE10 Bacilli Gram positive

TDE11 spore — forming Bacilli
TDE12 spore — forming Bacilli
TDE13 Bacilli

TDE14 spore — forming Bacilli
TDE15 spore — forming Bacilli
TDE16 Bacilli

TDE17 spore — forming Bacilli
TDE18 Bacilli

TDE19 spore — forming Bacilli
TDE20 spore — forming Bacilli
TDE21 spore — forming Bacilli

Gram positive
Gram positive
Gram positive
Gram positive
Gram positive
Gram positive
Gram positive
Gram negative
Gram positive
Gram positive
Gram positive
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Table 2. Production of IAA, siderophores compounds and solubilization of phosphorus by isolates

Isolate IAA production” Phosphorus solubilization Production of siderophores™
TDE1 + No solubilizing ++
TDE2 +++ No solubilizing +
TDE3 +++ Solubilizing ++
TDE4 ++ No solubilizing +
TDE5 + No solubilizing +
TDE6 + No solubilizing +
TDE7 + No solubilizing +
TDES8 +++ No solubilizing +
TDE9 + No solubilizing +
TDE10 ++ No solubilizing +
TDE11 + No solubilizing +
TDE12 + No solubilizing +
TDE13 + No solubilizing +
TDE14 +++ No solubilizing +
TDE15 + No solubilizing +
TDE16 + Solubilizing ++
TDE17 +++ No solubilizing +
TDE18 + No solubilizing +
TDE19 + No solubilizing +
TDE20 ++ Solubilizing ++
TDE21 ++ No solubilizing +

oy adgr st Jolaio 0oy st oS ags o

oo o A=F bt e Lo O-F o cas i lases 5o (6 251 Blien Jlbl &8l ) 0ss A s

*: + = weak producer; ++ = medium producer; and +++ = strong producer.
**: Radii of the discolored halos around bacterial streaks on Chrome Azurol S agar plates, as follows: +, 4 to 5 mm; ++, 6 to 8 mm
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Table 3. Effect of isolates on Seed germination rate, seed germination percentage and vigor index of Thymus
daenensis Sub sp. Daenensis.

Isolates Seed germination rate (SGR) Seed germination percentage (SGP) Vigor index (V1)
TDE1 16a 97.6 ab 328 cdefg
TDE2 13.06 bedef 93.3ab 170.6 hi
TDE3 11.8fg 99a 175.6 hi
TDE4 145ab 99a 573 a
TDE5 12.26 defg 95.3ab 351 cdef
TDE6 13.6 bedef 99a 322.6 cdefg
TDE7 13.3 bedef 95.3ab 271.6 fgh
TDES8 14.06 bed 97.3ab 149.31i
TDE9 13.5 bedef 95.6 ab 286 efg
TDE10 13 bedef 90b 431 be
TDE11 12.46 cdefg 90b 368.6 cdef
TDE12 12.46 cdefg 95 ab 397.6 bed
TDE13 14.23 abc 98.3a 383.6 bcde
TDE14 14.13 be 95ab 240 ghi
TDE15 13.7 bcde 95 ab 317 defg
TDE16 14.33 ab 100 a 272.3 fgh
TDE17 12 efg 95 ab 271 fgh
TDE18 13.23 bedef 95 ab 286 efg
TDE19 12.73 bedef 93.3ab 302 defg
TDE20 12.7 bedef 98.3a 407 bed
TDE21 13.66 bcde 98.3a 488 ab
Control 10.66 g 95 ab 378 bedef
Significance 0.01 NS 0.01
CV (%) 8.3 5 20.5

X, lo e B gt 12 50 laess By (o ol (P<e/e)) (SSls &l aiz (yeesT &L
In a column values having similar letter(s) do not differ significantly as per DMRT.
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Figure 1. The effect of TDE4 isolate on seedling and vigor of Thymus daenensis
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ABSTRACT

The Iranian Thymus daenensis subsp. daenensis is rich in monoterpene phenols (especially thymol and
carvacrol). This research was conducted to isolate and characterize the plant growth promoting
rhizobacteria (PGPRs) from rhizosphere of T. daenensis. PGPRs were screened based on some
physiological traits including IAA production, phosphate solubilization, and siderophore compounds
production abilities, and also seed germination and vigor tests. Twenty one rhizobacteria were isolated
from the rhizosphere samples of T. daenensis which grow widely in Iran, and their effect on seed
germination properties was studied in a completely randomized block design with three replications. We
could characterize four isolates for PGPRs activity based on physiological and germination assays. TDES3,
TDE16 and TDE20 isolates had the phosphate solubilization and siderophores production abilities. TDE4
(Achromobacter spiritinus) was the only isolated bacteria which significantly improved the SGR and VI
of T. daenensis seeds. These four isolates have the potential to be used as PGPRs in cultivation of T.
daenensis.

Keywords: 1AA production, PGPRs, seed germination, seedling vigor, Thymus daenensis.

* Corresponding author E-mail: amir_ahmadi@ut.ac.ir Tel: +98 912 5705104



