[ Downloaded from jspi.iut.ac.ir on 2026-06-05 ]

[ DOI: 10.47176/jspi.16.4.21661 ]

J. Soil Plant Interact. 2025; 16(4): 1-16. https://doi.org/10.47176/jspi.16.4.21661

Journal of Soil and Plant Interactions I,—Q'\. A\
fod 5y Lal

Journal homepage: https://jspi.iut.ac.ir/ ! «éﬂ Iz Iy

s ;

ISSN: 2783-5014 EISSN: 2783-5286 w;f; 74

Research Article

Effect of Phosphate-Solubilizing Bacteria and Phenylalanine on Growth
Characteristics, Photosynthetic Pigments, and Essential Oil Content of
Meadow Sage (Salvia virgata Jacq.)

Sara Farsaraei'"’, Mohammad Moghaddam™ ', Hossein Nemati'':' and
Mohammad Mahmoodi Sarvestani?

1- Department of Horticultural Science and Landscape Architecture, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran
2- Department of Horticultural Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran
* Corresponding author, Email: m.moghadam@um.ac.ir

(Received: 7 June 2025; Revised: 8 October 2025; Accepted: 11 October 2025)

Abstract

Background and Objective: Phosphorus plays a crucial role in the growth of medicinal plants. Phosphate-solubilizing
bacteria (PSB) improve phosphorus uptake, while phenylalanine positively influences plant metabolic pathways. This
study aimed to evaluate the effects of growth-promoting PSB and foliar application of phenylalanine on the growth
characteristics, photosynthetic pigments, and essential oil content of meadow sage (Salvia virgata Jacq.) under
greenhouse conditions.

Methods: The experiment was conducted in a factorial arrangement, based on a completely randomized design with two
factors: nine bacterial species (Pantoea agglomerans, Bacillus pumilus, Bacillus licheniformis, Bacillus megaterium,
Bacillus subtilis, Pseudomonas fluorescens, Pseudomonas putida, Enterobacter cloacae, Rhizobium meliloti) and a
control, and three concentrations of foliar-applied phenylalanine (0, 100, and 200 mg L), with four replications.
Results: The interaction between bacteria and phenylalanine had a significant effect on all measured traits at the 1%
probability level. The highest plant height and fresh and dry root weights were obtained with P. putida combined with
foliar application of 200 mg L' phenylalanine. Application of B. licheniformis with 200 mg L' phenylalanine increased
leaf relative water content (45.6%), chlorophyll a (50.0%), chlorophyll b (39.6%), total chlorophyll (35.9%), and
carotenoids (39.4%) compared with the control (no bacteria or phenylalanine). The highest essential oil yield (0.57 %w/w)
was observed in the P. fluorescens treatment combined with foliar application of 200 mg L™! phenylalanine.
Conclusion: These findings indicate that application of B. licheniformis and P. fluorescens, together with foliar
application of phenylalanine at 200 mg L', can effectively enhance essential oil yield and photosynthetic pigment content,
thereby improving the yield and quality of meadow sage.
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Table 1. Physical and chemical characteristics of the planting substrate
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Potassium (K) Phosphorus (P) Nitrogen(N) Organic carbon Electrical conductivity
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Fig. 1. Interaction effect of phosphate solubilization bacteria and foliar application of L-Phenylalanine on essential oil content of
meadow sage. Means with similar letters are not significantly different (Tukey, P < 0.05).

a g aday dob Rl o (O Sl Rl 5 S
Sl 3 i ol oS 350 00 4y 036 035 Sl OF Jlis
Al 138 5t
21 S e i B licheniformis 5,58 < i gs p) 52
U‘-’~| S (¥ J}JP') Csls e)l...\.;'-u Sis B aJU AT ﬁ‘f‘
3,40 5 Dehghani Meshkani et al. (2011) a5 L CL“'
B. o34 Bacillus e S sl guan (3l d sl
M sl s aly, WS, sse L licheniformis
03 5038 Joged 15 glle ol 5 T e dlalgo 0 g2
S 3l (Torfietal., 2022) duS o Cu 55 15 olS iy ol
S b olS 5l i Olgea VT L (s
sl Ly 50 Sl e SL18 S ple gla s
S VT b aman (Khanetal,, 2019) 5505 (id o s,
O 3 dslen onle s 0 oS ol (655 0wl sladasl S

Sl ol s e odr oS S s ad ol Sl Gl o

il a1y b op i Jele s cul S 5 s Al gleS 5
3T Jsliz) dsliS rags cul s e 2 390 Slis A2
(¥
Pl o adyy S 5030 0oy g g6 o 2
J:NU,:;; AT (‘deL‘" Yoo ibdsle U ol an putida
=l L S ol glaasl (F do) S ol
Karimi 5 Ol , <55 35 > Enayatizamir et al. (2021)
B &S 5yls Slgas Jdliglas ;5 Sernawi et al. (2024)
s S oS ads s Jab s Slas 03 Sl 1y 6 SL !
Ol s gasls olS el 0 Ay Pazoki (2016) pcoeas
Khanizadeh et al. (2019) .3 5o 4 1 (5 SU 5l esbina L
Bl s ol ol 4 4 g0l 2 s0l5 LS s 2 3
Loy bodsbe ple g ams 5o Col (Sas (5,108 Iyl
e obe s O Gl 5 s s S AL P putida s S
(Abdelaal et al., 2021) L Jhe alo; Ady o 9 odd

cr) Khanizadeh et al. (2019) _:,18 olul 5 omen


http://dx.doi.org/10.47176/jspi.16.4.21661
https://jspi.iut.ac.ir/article-1-1704-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-06-05 ]

[ DOI: 10.47176/jspi.16.4.21661 ]

d‘)&@_";ﬂfﬂ}

\f'—‘\‘/f)Lﬁ a,L«:«/‘.M;.sL: JLA/@L;JJU- Ly,

Ol GRIAL 53 (e R s L I8 bl Lol
S 3 (Park etal., 2017) &S o Wl (g 50523 e S,
A S e oo Sl 3 VTS 2 e oo
Slsme 5 St $ropSSy SRIBl L A i 5
o350 gl L Laasily ) (0 Jsr) s Sy O o
Js = s (El-Bassiouny et al., 2021) Ko 0 0lalS 5,40 s
Olgsas VT L p Ll see (Hassanein et al., 2023)
S3ledd b 5 o585 Jos 5l Jd o ol Sl i
ol A 5 G LS Gl VT e
b cble- 5 g IS clis gl Corge olS S
(Feduraev etal., L5 o s5lhnSl o 55 ol 53 o3&,
Sty Wp K b VT s ool 5 esdle 2020)
033k Jbo S W5 5 s b Bl e gl sl (ool
(El-Bassiouny s s b5l 15 Lo 555, oS 5 Syt
el g adsy Ady 55 LS 5 ol uemas etal,, 2021)
S ol Glgme Sl 4 e S5Ol Gl Ol
(Khan et al., 2019) »5 5 .
P. fluorescens g ;SU 3 5,5 ¢ fays ol C’L" ool
JS2) A s 3550 kS 55 il (sl Sl e
S sl 3550 53 ety GBS L sl ol ()
(Hegazi et al.,, & & (Salehnia Sammak et al., 2021)
3,03 SlsPea (Santoro et al., 2015)  Jals t}.lx.; 5 2015)
Olme a3 3 6 8L ol (I8 31 Lol sl 8 55l 51 S
ol alial 5 AW 3 aile 3 JT S 5 e 5 el
S i Gt e W05 O S LS
ol a5 sl e i ol Lol sleadls
L P. fluorescens « .y.xss (Ryu et al, 2003) L5 3
s 3 Shed 5 U558 shiah 2 pole Sl (1)
Wl 6550 ot bl e 31 6 sl 4)5
sl ,SL K b 3l (Vacheron et al., 2013) 4S8 .
536 ol Wi, S e 0L 5, Olgeay wUsegd s uir
Sl obs fla b plad iS5 chmes bajsh s 5 &

Ol olyen &S o 5 O s VT s eV s & ol
oS ol 53 s o s e o3l 5l LS la sl
e S 5 XS S b S e gladial B s 5 edd fame
awdls (g gts oo S5, W5 Rl 5 ol Al s 3
e Llg5 o ol ol (Rahmani Samani et al., 2019) 4l
G5 ol 03 s 2050 oS sy Sl Rl Sl
1 eV s cte L3 55 Ebadi and Salehi (2024) .5
Hedsbme frmmen L3S SIS shepla s, Slio
u)fﬁja 5 (Poorghadir et al., 2020) o3, 3 VT b
S s LS Wl 5 s o 5o (Hasan Abadi et al., 2022)
5 oV 2w Ol bl s Jlaxl s )
Sl g s SSledl 5 s n liee RIS
2l 5 0dd b e S LS Bl e S e
(Gonda et al., 2018) das o il 15 olS Wiy dad sl
B, 8L 5,8 &8 sl LS ragh ol @L:j
b e Gl 53 Jul 3l iy o ge licheniformis
L gl 5 WS e oS s gt glaesSS, 5 S
5SS 355 53 el i8S @B Ll ol 0 Jsix)
(Raj etal., 2023) ¢!, IS 5 (Abasictal,, 2014) &5 alox
ol U5 5 e 2B ol el S 55l )l Sl e
Al Bl gl obe s Ol O B s 8L
Lile WOge,e8 A5 ol 31 B licheniformis :iomens
gy ol e G5 Ak A S o e S
das e il 1y S Of d Gl camd 53 5 ol
)2 L (g g o ;.55 5 s (Akhtar et al., 2020)
(Kwon etal., 2021) Cle wibe SalS 55 5 i 58 6 SU
(Prakash Dube ¢as Js = 5 (Zhouetal., 2017) (355>
B. i a4 U cpl ol sad 515 et al, 2024)
o3ls e L;T Sbadenl =35 I3l 55 licheniformis
S2le 3 s e pole Sl NIl e oS 350
ol UL emas 133 8 on 50y Slae S S o s

Sl 51 e 5 0550 aed Ol Joged 3 8L


http://dx.doi.org/10.47176/jspi.16.4.21661
https://jspi.iut.ac.ir/article-1-1704-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-06-05 ]

[ DOI: 10.47176/jspi.16.4.21661 ]

2 oY1 e 3L ghone 5 Dlind oS Jo slas S LSb

OHRer 5 (Sl

s ng;,.a Yoo ibdsk=s b ol e B. licheniformis s ;S\
P g SL 58 mmen A edalie 0¥ s 1)
35 A5 o VT L b ol en b oleSa o fluorescens
o3zl o 313 OLE b ey 35 Wl eslad Ol 2133
ol 3l B. licheniformis o s oS Li; S pes slas SU
3 S el Sl I e sy A2 S
Shestn Olpea VIS Gramen b (550 55 Sbao 3505
Sl 5 5 S 5 5 5 2B L s e s
ool 5 eSS, Bl o S 5B Cllad s
Sland oS - glagg SL adls s 5l § goama 3 Al elS
Kl Ol sea Ll ‘Q:NU:*é aal dosl 3L sl
oS kS Gl s Sidnsd Sl spe Gl S
bl Caal g 5 L3S 13 a5 50 IS 5 WS e
OLlS (ol a3, 5 CekS L3 (Sxmmsn laesSS)
B. licheniformis s\as ;SU S 5 5l 555 00 slgdg o9l
Yoo CE"” Y JJYU,.J 5L sk Lol an P. fluorescens

s oslial 2l s e S e

Z o
Sl Bl 5 S5
u)))dl.iﬁdj‘ﬁwydjisbUb)}lwﬁjduﬂd‘

ol 5l ls DL Sl 5l ey 5 M S5
Slcolar 5l OBty 5 ahsinds sl dgde o

JHJ“LM‘.;" ‘}..'\)JJ\.; MLW ))5..&.& am\.} ‘;.'QA}J"..:_ B L;Q.L"
él.‘..a slas

(i b mile sl ‘uﬁ@a Lyl oledl s Ot 55

References

ol Al s el gy dame 4 (FE™) al Jlisl 5 Ll
Sl O eald 5 Loslens Joloe ShaS &s0
Glaaol b3 el ol ol s oo (il 5311 olS glaads
wietls Sl 3Tl 5 b s IS A 5 e Sl eelS S il
LS o 55 |y oS oDl 5 A5 il 3 5355 0 e8]
3 olS > il slacdple (I o se O LS 4
5o oYl s s (g 3l (Kloepper et al., 1980) L 5 o
Y3 51 (S bl gl I g sl 0o
o Ol Olgea VT L 8 il Ll
S s i 3N e () el A S S
2345 35500 slasia OALS 53 SGlesyl 5 kb olS 5 W
dor Sl 45l glaadabe Wy LIH 4 e Colg
ooVl s ol 0530 (Khanetal,, 2019) 555 o lads 5 5
Sl rbin Loyl ol (g0 s 5 Sl dRS Cands 5 b
(Khan et al., s3le o aal 3 450 glacpbe in aly
ool 3 el (Sl Gl 55 iy sl ey 2019)
(Baharlou a4 52550 A5le SWLS 55 1, VT s 5,5, o
(Rahmani Samani et al., 2019) JKVJ-J‘ et al., 2020)

k):“ﬁ})*i d'i‘ BE 5;1\.41&;.«244. CLLD 2 6.,\:;1? PLY JJ\°>)5 U‘L)‘Jg

s plil 2 )8 Haslie 5 s 4 Saok a0
il gl Gild sk 5 Sl S Jo slag S
Ui 5 Sy Slao s, sy s Sy » VT Jed
22 Ol sy ool s Al atls y JS e olS Ll
b Js ) imest ey, Ol e &S

ol )40 CLA

1. Abeasi, R., Siadat, S.A., Bakhshandeh, A., Mosavi, Y., 2014. Effect of plant growth-promoting bacteria on quantitative
and qualitative yield of forage maize. Crop Prod. Process. 6(21), 133—145. (In Persian with English abstract)
2. Abbaspour Anbi, A., Mirshekari, B., Eivazi, A., Yarnia, M., Khalilvand Behrouzyar, E., 2019. PGPRs affected


http://dx.doi.org/10.47176/jspi.16.4.21661
https://jspi.iut.ac.ir/article-1-1704-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-06-05 ]

[ DOI: 10.47176/jspi.16.4.21661 ]

R PIUOUPI JO \\‘o\‘/f,uea,u/(.ﬁapudu/egf,ssuw,,

photosynthetic capacity and nutrient uptake in different Salvia species. J. Plant Nutr. 43(1), 108-121.
https://doi.org/10.1080/01904167.2019.1659342.

3. Abdelaal, K.H., Alkahtani, M., Attia, K., Hafez, Y., Kiraly, L., 2021. The role of plant growth-promoting bacteria in
alleviating the adverse effects of drought on plants. Biology 10, 2-23. https://doi.org/10.3390/biology10060520.

4. Akhavan, S., Shabanpour, M., Esfahani, S., 2012. Soil compaction and texture effects on the growth of roots and
shoots of wheat. Water Soil. 26(3), 727-735. https://doi.org/10.22067/jsw.v0i0.14941. (In Persian with English abstract)
5. Akhtar, S.S., Buchvaldt Amby, D., Hegelund, J.N., Fimognari, L., Muller, R., Roitsch, T., 2020. Bacillus licheniformis
FMCHOO01 increases water use efficiency via growth stimulation in both normal and drought conditions. Front. Plant Sci.
11, 1-12. https://doi.org/10.3389/1pls.2020.00297.

6. Arnon, D.I., 1949. Copper enzymes in isolated chloroplast. Polyphenoloxide in Beta vulgaris. Plant Physiol. 24, 1—
15. https://doi.org/10.1104/pp.24.1.1.

7. Baharlou, M., Ghasemi Pirbalouti, A., Malekpoor, F., 2020. Effect of different concentrations of L-phenylalanine on
chemical compositions and yield of essential oil of lemon balm (Melissa officinalis). J. Herb Med. 10(4), 183-191. (In
Persian with English abstract)

8. Ben Akacha, B., Kac¢aniova, M., Generali¢, 1., Kukula-Koch, W., Koch, W., Erdogan, 1., Taglieri, L., Venturi, F., Taieb
Bouteraa, M., 2024. Sage (Salvia officinalis L.): A botanical marvel with versatile pharmacological properties and
sustainable applications in functional foods. S. Afr. J. Bot. 169, 361-382. https://doi.org/10.1016/j.sajb.2024.04.044.

9. Dehghani Meshkani, M., Naghdi Badi, H., Darrehi, M .T., Mehrafrin, A., Rezazadeh, S., Kadkhoda, Z., 2011. The
effect of bio and chemical fertilizers on the quantitative and qualitative yield of Shiraz chamomile (Matricaria recutita
L.). J. Med. Plants. 10(2), 35—48. (In Persian with English abstract)

10. Deveikyte, J., Blinstrubiené, A., Burbulis, N., Baltusnikiené, A., 2025. Foliar application of amino acids
increases sweet  basil (Ocimum  basilicum L.)  resistance  to  high-temperature  stress. Plants  14(5),
739. https://doi.org/10.3390/plants14050739.

11. Enayatizamir, N., Mahmoodi Sourestani, M., Momeni Monfared, M., 2021. The impact of Pseudomonas putida and
chemical phosphorus fertilizer on some vegetative, reproductive and biochemical characteristics of two species of basil
(0. sanctum L. and O.  basilicum  var. thyrsiflora). Plant  Product.  44(2), 235-246.
https://doi.org/10.22055/ppd.2020.31636.1844. (In Persian with English abstract)

12. Esmaeili, G., Fatemi, H., Baghani Avval, M., Azizi, M., Arouiee, H., Vaezi, J., Fujii, Y., 2022. Diversity of chemical
composition and morphological traits of eight Iranian wild Salvia species during the first step of domestication.
Agronomy. 12(10), 2455. https://doi.org/10.3390/agronomy12102455.

13. Feduraev, P., Skrypnik, L., Riabova, A., Pungin, A., Tokupova, E., Maslennikov, P., Chupakhina, G., 2020.
Phenylalanine and tyrosine as exogenous precursors of wheat (7riticum aestivum L.) secondary metabolism through PAL-
associated pathways. Plants. 9(476), 2—19. https://doi.org/10.3390/plants9040476.

14. Galileya Medison, R., Jiang, J., Medison, M .B., Tan, L.T., Kayange, C., Sun, Z., Zhou, Y., 2023. Evaluating the
potential of Bacillus licheniformis YZCUQ202005 isolated from lichens in maize growth promotion and biocontrol.
Heliyon 9(10), 1-10. https://doi.org/10.1016/j.heliyon.2023.e20204.

15.Hegazi, M.A., Salem, M., Belal, M., 2015. Influence of plant growth-promoting bacteria (PGPR) on coriander
(Coriandrum  sativum L.) and dill (4Anethum graveolens 1.) plants. J. Plant Prod. 6(2), 205-218.
https://doi.org/10.21608/jpp.2015.49299.

16. Karimi Sernawi, M., Rezaei Nejad, A., Mousavi-Fard, S., Mirzai Najafgholi, H., Beiranvand, F., 2024. Effect of
growth promoting bacteria Pseudomonas putida and Curtobacterium sp. strain WLU on the growth and essential oil of
peppermint plants (Mentha piperita L.) under water deficit stress conditions. Plant Process. Funct. 13(63), 24.
http://jispp.iut.ac.ir/article-1-2014-fa.html. (In Persian with English abstract)

17.Khan, S., Yu, H., Li, Q., Gao, Y., Sallam, B .N., Wang, H., Liu, P., Jiang, W., 2019. Exogenous application of amino
acids improves the growth and yield of lettuce by enhancing photosynthetic assimilation and nutrient availability.
Agronomy 9(5), 266. https://doi.org/10.3390/agronomy9050266.

18. Khatoon, Z., Huang, S., Rafique, M., Fakhar, A., Kamran, M .A., Santoyo, G., 2020. Unlocking the potential of plant
growth-promoting rhizobacteria on soil health and the sustainability of agricultural systems. J. Environ. Manage. 273,
111-118. https://doi.org/10.1016/j.jenvman.2020.111118.

19. Khanizadeh, P., Hatami, M., Abtahi, F .S., Hosseini, N., 2019. Stimulatory effect of Pseudomonas fluorescens and P.
putida bacteria on germination features and growth of lemon balm (Melissa officinalis). J. Plant Res. 32(3), 558-569.
20.1001.1.23832592.1398.32.3.18.5. (In Persian with English abstract)

20. Kloepper, J.W., Leong, J., Teintze, M., Schhroth, M.N., 1980. Enhanced plant growth by siderophores produced by
plant growth-promoting rhizobacteria. Nature 286(5776), 885—886. https://doi.org/10.1038/286885a0.

21.Kwon, J.H., Won, S.J., Moon, J.H., Lee, U., Park, Y.S., Ahn, Y.S., 2021. Bacillus licheniformis PR2 controls fungal
diseases and increases production of jujube fruit under field conditions. Horticulturae 7(3), 49.
https://doi.org/10.3390/horticulturae7030049.


https://doi.org/10.1080/01904167.2019.1659342
https://doi.org/10.3390/biology10060520
https://doi.org/10.22067/jsw.v0i0.14941
https://doi.org/10.3389/fpls.2020.00297
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1016/j.sajb.2024.04.044
https://pubmed.ncbi.nlm.nih.gov/?term=%22Blinstrubien%C4%97%20A%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Baltu%C5%A1nikien%C4%97%20A%22%5BAuthor%5D
https://doi.org/10.3390/plants14050739
https://doi.org/10.22055/ppd.2020.31636.1844
https://doi.org/10.3390/plants9040476
http://jispp.iut.ac.ir/article-1-2014-fa.html
https://doi.org/10.3390/agronomy9050266
https://doi.org/10.1016/j.jenvman.2020.111118
https://dor.isc.ac/dor/20.1001.1.23832592.1398.32.3.18.5
https://doi.org/10.3390/horticulturae7030049
http://dx.doi.org/10.47176/jspi.16.4.21661
https://jspi.iut.ac.ir/article-1-1704-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-06-05 ]

[ DOI: 10.47176/jspi.16.4.21661 ]

2 oY1 e 3L ghone 5 Dlind oS Jo slas S LSb O, en 5 Sl b

22.Naghdi Badi, H., Labbafi, M.R., Qavami, N., Qaderi, A., Abdossi, V., Agharebparast, M.R., Mehrafarin, A., 2014.
Responses of quality and quantity yield of Garden Thyme (Thymus vulgaris L.) to foliar application of bio-stimulator
based on amino acids and methanol. J. Med. Plants. 14(2), 146-158. https://Sid.ir/paper/15817/en. (In Persian with
English abstract)

23.Oteino, N.D., Lally, R., Kiwanuka, S., Ryan, D., Dowling, D.N., 2015. Plant growth promoting induced by phosphate
solubilizing endophytic Pseudomonas isolates. Frontiers. 22(6), 745. https://doi: 10.3389/fmicb.2015.00745.

24.Park, H.G., Lee, Y.S., Kim, K.Y., Park, Y.S., Han, T.H., Park, C.M., Ahn, Y.S., 2017. Inoculation with Bacillus
licheniformis MH48 promotes nutrient uptake in seedlings of the ornamental plant Camellia japonica grown in Korean
reclaimed coastal lands. Hortic Sci. 28, 11-20. https://doi.org/10.12972/kjhst.20170002.

25.Pazoki, A.R., 2016. Effects of plant growth promoting rhizobacteria (PGPR) and humic acid on yield and components
of Basil (Ocimum basilicum L.) under drought stress in Qom region. J. Agroecol. 6(1), 60—80.

26.Prakash Dube, S., Dey, R., Devi, S., Raghuwanshi, R., 2024. Seed quality, chlorophyll and carotene content
in Brassica juncea L. leaves at two growth stages in response to rhizospheric bacteria. Curr. Agric. Res. J. 12(2), 820—
835. http://dx.doi.org/10.12944/CARJ.12.2.25.

27. Poorghadir, M., Mohammadi Torkashvand, A., Mirjalili, S.A. Moradi, P., 2020. Interactions of amino acids (proline
and phenylalanine) and biostimulants (salicylic acid and chitosan) on the growth and essential oil components of savory
(Satureja hortensis L.). Biocatal. Agric. Biotechnol. 1-21. https://doi.org/10.1016/j.bcab.2020.101815.

28. Rahmani Samani, M., Ghasemi Pirbalouti, A., Moattar, F., Golparvar, A.R., 2019. L-Phenylalanine and bio-fertilizers
interaction effects on growth, yield and chemical compositions and content of essential oil from the sage (Salvia officinalis
L.) leaves. Ind. Crops Prod. 137, 1-8. https://doi.org/10.1016/j.indcrop.2019.05.019.

29.Raj, Y., Kumar, A., Kumari, S., Kumar, R., 2023. Comparative genomics and physiological investigations supported
multifaceted plant growth-promoting activities in two Hypericum perforatum L.-associated plant growth-promoting
rhizobacteria for microbe-assisted cultivation. Microbiol. Spectr. 11(3), 1-19. https://doi.org/10.1128/spectrum.00607-
23.

30. Reham, M.S., Khattab, M.E., Ahmed, S.S., Kandil, M.A.M., 2016. Influence of foliar spray with phenylalanine and
nickel on growth, yield, quality, and chemical composition of Genovese basil plant. J. Agric. Res. 11(16), 1398-1410.
https://doi.org/10.5897/AJAR2015.10699.

31.Riahi, L., Cherif, H., Miladi, S., Neifar, M., Bejaoui, B., Chouchane, H., Slaheddine Masmoudi, A., Cherif, A., 2020.
Use of plant growth promoting bacteria as an efficient biotechnological tool to enhance the biomass and secondary
metabolites production of the industrial crop Pelargonium graveolens L'Hér. under semi-controlled conditions. Ind. Crops
Prod. 154, 1-10. https://doi.org/10.1016/j.indcrop.2020.112721.

32. Richardson, A.E., 2001. Prospects for using soil microorganisms to improve the acquisition of phosphorus by plants.
Funct. Plant Biol. 28(9), 897-906. https://doi.org/10.1071/PP01072.

33. Rostamikia, Y., Rahmani, A., Teimouri, M., 2024. The effect of inoculation of growth-stimulating bacteria on some
leaf growth traits and nutritional elements of hazelnut seedlings under field conditions. J. Soil Plant Intract. 15(1), 1-15.

(In Persian with English abstract)

34, Salehi, M.K., Ebadi, M.T., 2024. Effects of L-phenylalanine or L-tyrosine foliar application on growth characteristics,
yield, and essential oil of spearmint. Iran. J. Hort Sci. 56(1), 81-101. https://doi.org/10.22059/ijhs.2024.371335.2149. (In
Persian with English abstract)

35.Salehnia Sammak, A., Anvari, M., Matinizadeh, M., Mirza, M., 2021. Evaluation of inoculation Pseudomonas
fluorescens and arbuscular mycorrhizal fungus on growth, morphological characteristics and essential oil percentage of
Thymus kotschyanus. J. Med. Plant Byprod. 11(2), 181-189. 10.22092/jmpb.2021.352625.1298.

36.Sanchez, F.J., Manzanares, M., de Andres, E.F., Tenorio, J.L. Ayerbe, L., 1998. Turgor maintenance, osmotic
adjustment and soluble sugar and proline accumulation in 49 pea cultivars in response to water stress. Field Crops Res.
59(3), 225-235. https://doi.org/10.1016/S0378-4290(98)00125-7.

37.Santoro, M.V., Cappellari, L.R., Giordano, W., Banchio, E., 2015. Plant growth-promoting effects of native
Pseudomonas strains on Mentha piperita (peppermint): an in vitro study. Plant Biol. 17(6), 18—
26. https://doi.org/10.1111/plb.12351.

38. Seif Sahandi, M., Mehrafarin, A., Naghdi Badi, H., Khalighi-Sigaroodi, F., Sharifi, M., 2019. Improving growth,
phytochemical, and antioxidant characteristics of peppermint by phosphate-solubilizing bacteria along with reducing
phosphorus fertilizer use. Ind. Crops Prod. 141, 1-10. https://doi.org/10.1016/j.indcrop.2019.111777.

39. Shahhoseini, R., Hossaini, S .M., Nikjouyan, M.J., 2024. Investigation of the growth and phytochemical variatcions
for different Salvia species in terms of their transfer and adaptation in Iran. J. Appl. Res. Med. Aromat. Plants.

https://doi.org/10.1016/j.jarmap.2023.100526.

40. Taraseviciene, Z., Velicka, A., Paulauskiene, A., 2021. Impact of foliar application of amino acids on total phenols,
phenolic acids content of different mints varieties under the field condition. Plants. 10, 20-16.
https://doi.org/10.3390/plants10030599.

VO


https://sid.ir/paper/15817/en
https://doi.org/10.12972/kjhst.20170002
https://sid.ir/journal/1262/en
http://dx.doi.org/10.12944/CARJ.12.2.25
https://doi.org/10.1016/j.bcab.2020.101815
https://doi.org/10.1016/j.indcrop.2019.05.019
https://doi.org/10.1128/spectrum.00607-23
https://doi.org/10.1128/spectrum.00607-23
https://doi.org/10.5897/AJAR2015.10699
https://doi.org/10.1016/j.indcrop.2020.112721
https://doi.org/10.1071/PP01072
https://doi.org/10.22059/ijhs.2024.371335.2149
https://jmpb.areeo.ac.ir/?_action=article&au=1220561&_au=Ali++Salehnia+Sammak
https://doi.org/10.22092/jmpb.2021.352625.1298
https://doi.org/10.1016/S0378-4290\(98\)00125-7
https://pubmed.ncbi.nlm.nih.gov/?term=Cappellari+LR&cauthor_id=26012535
https://pubmed.ncbi.nlm.nih.gov/?term=Giordano+W&cauthor_id=26012535
https://pubmed.ncbi.nlm.nih.gov/?term=Banchio+E&cauthor_id=26012535
https://doi.org/10.1111/plb.12351
https://www.sciencedirect.com/science/article/abs/pii/S0926669019307873#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669019307873#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669019307873#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669019307873#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669019307873#!
https://doi.org/10.1016/j.indcrop.2019.111777
https://doi.org/10.1016/j.jarmap.2023.100526
https://doi.org/10.3390/plants10030599
http://dx.doi.org/10.47176/jspi.16.4.21661
https://jspi.iut.ac.ir/article-1-1704-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-06-05 ]

[ DOI: 10.47176/jspi.16.4.21661 ]

R PIUOUPI JO \\‘o\‘/f,uea,u/(.ﬁapudu/egf,ssuw,,

41.Torfi, V., Danesh Shahraki, A., Ghobadinia, M., Saeidi, K., 2022. Effect of water deficit stress and separate, dual and
triple combined inoculation of some growth promoting bacteria on agromorphological traits of Lemon balm.
Environ. Stress. Crop Sci. 16(2), 487-500. http://dx.doi.org/10.22077/escs.2023.4769.2066. (In Persian with English
abstract)

42. Walpola, B.C., Yoon, M., 2012. Prospectus of phosphate solubilizing microorganisms and phosphorus availability in
agricultural soils: a review. Afr. J. Microbiol. Res. 6, 6600—6605. http://dx.doi.org/10.5897/AJMR12.889.

43.Wei, Y., Zhao, Y., Shi, M., Cao, Z., Lu, Q., Yang, T., Fan, Y., Wei, Z., 2018. Effect of organic acids production and
bacterial community on the possible mechanism of phosphorus solubilization during composting with enriched
phosphate-solubilizing bacteria inoculation. Bioresour. Technol. 247, 190-199.
https://doi.org/10.1016/j.biortech.2017.09.092.

44.Yazdanpanahi, F., Sanikhani, M., Kheiry, A., Rabbi Angourani, H., 2024. Effect of phenylalanine and gamma-
aminobutyric acids on morphophysiological characteristics of Dracocephalum moldavica L. under salinity stress. Plant
Process. Function. 13(62), 33-50. http://jispp.iut.ac.ir/article-1-2025-en.html. (In Persian with English abstract)
45.Zhou, C., Chu, L., Xie, Y., Li, F., Xiao, X., Ma, Z., Wang, J., 2017. Bacillus licheniformis SA03 confers increased
saline—alkaline tolerance in chrysanthemum plants by induction of abscisic acid accumulation. Front. Plant Sci. 29(8), 1-
17. https://doi.org/10.3389/1pls.2017.01143.


https://escs.birjand.ac.ir/?_action=article&au=25276&_au=Vafa++Torfi&lang=en
http://dx.doi.org/10.5897/AJMR12.889
https://doi.org/10.1016/j.biortech.2017.09.092
http://jispp.iut.ac.ir/article-1-2025-en.html
https://doi.org/10.3389/fpls.2017.01143
http://dx.doi.org/10.47176/jspi.16.4.21661
https://jspi.iut.ac.ir/article-1-1704-fa.html
http://www.tcpdf.org

