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Abstract
Background and Aims: Phosphorus plays a crugial role in the grogwth of medicinal plants. Phosphate-solubilizing
bacteria (PSB) improve phosphorus uptake, while ylalanin ively influences plant metabolic pathways. This
study aimed to evaluate the effects of growth-promoting RSBiand foltar application of phenylalanine on growth
characteristics, photosynthetic pigments, and essential oil ¢ of Salwia viPgata under greenhouse conditions.
Methods: The experiment was conducted in a factorial, ona corﬁetely randomized design with two factors: nine
bacterial species (Pantoea agglonierans, Bacillus pumilus, Bacillus licheniformis, Bacillus megaterium, Bacillus subtilis,
Pseudomonas fluorescens, Pseudo as putida, Enterobacter cloacae, Rhizobium meliloti) and a control, and three
concentrations of foliar-applied pheny g/L), with four replications.

Results: The interaction between ®acteri ad a significant effect on all measured traits at the 1%
probability level. The highest plant he root weight were obtained with P. putida combined with
foliar application of 2 g/L phenylalanin&, Application of B. licheniformis with 200 mg/L phenylalanine increased leaf
relative water contefif\(45:6%), chlorophyll a(50.0%), chlorophyll b (39.6%), total chlorophyll (35.9%), and carotenoids
(39.4%) compared with the or phenylalanine). The highest essential oil yield (1.18 cc per pot) was
observed in the P. esc
Conclusioms Thes
application

indicate that application of B. licheniformis and P. fluorescens, together with foliar
00 mg/L, can effectively enhance essential oil yield and photosynthetic pigment content,
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Tablel. Physical and chemical characteristics of the planting substrate

Potassium (K) Phosphorus (P) Nitrogen (N) vj S Organic carbon EC_ S Sl calua pH
(mg/kg) (mg/kg) (mg/g) %) (dS/m)
0
120 244 0.57 1.5 1.2 7.5
.
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Table 2. Analysis of variance of the effects of phosphate-solubilization bacteria and foliar application of L-Phenylalanine on Plant hei
and width, Stem diameter and Rood fresh and dry weight of Salvia virgata

t, Shoot fresh and dry weight, Leaf length

Mean Squares

A |
Shoot fresh

Root dry weight ~ Root fresh weight ~ Stem diameter ~ Leaf width  Leaflength ~ Shoot dry weight wei

1.54™ 37.94™ 2.06™ 0.67"" 4.45™ 36.05™ 409.07" 9 Phosphate solubilizing bacteria

1.83" 45.11™ 1.17" 0.28" 2.35" 5.69" 14.81" 2 Phenylalanine

0.27" 6.86™ 0.75™ 0.73™ 1.83" 17.39™ 359.52"  313.55™ 18 Phosphate solubilizing bacteria* Phenylalanine
0.07 2.09 0.22 0.07 0.44 2.96 61.09 16.36 60 Error

12.97 13.05 27.48 19.62 15.88‘{ 24.5 24.59 17.92 cv

ns

sl doy3 ) 50 Jbblcjla.wﬁ)lsd'\u

ns, * and ** stand for non-significant and significan

- R TR
cts at 5 1% probability levels, respectively.

NVT b b shoe 5 Slind o diS o by S e slacs S 3 il ls 50T ¥ J g

Table 3. Analysis of variance of the effect$of phosphate-soluNi‘(:p bacteria an 1ar application of L-Phenylalanine on Relative water content (RWC), Chlorophyll a,

Chlgrophyll b, Total chlotgphyll, Carotenoid and essential oil content of Salvia virgata
- an Squares
df
Essential oil content Carotenoid T?Chl h Chlor 11b Chlorophyll a RWC
0.006™ 0.0070® 0.13" 0.05™ 0.10™ 116.80" 9 Phosphate solubilizing bacteria
0.001™ 0.02" 0.05™ 218.37" 2 Phenylalanine
0.001™ 0.02" 0.04™ 97.01™ 18  Phosphate solubilizing bacteria* Phenylalanine
0.00001 0.003 0.005 34.44 60 Error

26.74 S.N 7.03 19.36 8.76 11.18 cv

sl 2233 ) 50 Jlazl gl 53 s me S Sl s 5w T

* and ** stand for significant effects at 5 and 1% probability levels, respectively.
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Table 4. Comparison of the mean interactive effect of phosphate-solubilizing bacteria and L-phenylalanine foliar application on Plant height, Shoot fresh and dry weight, Leaf length and width, Stem
diameter and Rood fresh and dry weight of Salvia virgata

Root dry weight ~ Root fresh weight ~ Stem diameter Leaf width Leaflength ~ Shoot dry weight ~ Shoot fresh weight  Plant height henylalanine Phosphate solubilizing
(g/pot) (g/pot) (mm) (cm) (cm) (g/pot) (g/pot) (cm) (mg/1) bacteria

3.94+0.14% 19.7+0.72¢¢ 1.75£0.17"  2.45+0.14%"  7.75+0.14 10.72+0.73% 43 5+7.51%4 0
4.09+0.10°¢ 20.4+0.53%¢ 2.19£0.02% 2.85+0.08*¢  6.75+0.14%¢ 12.73+0.47%¢ 48.748.32"" 100 Pantoea agglomerans
4.58+0.187¢ 22.9+0.89*¢ 2.18£0.07"  2.80£0.11"  7.00£0.00™¢  14.46:+0.001*¢ 51.7+1.30>" 200
4.03+0.19°° 20.2+0.95% 2.25£0.26"  3.43£0.01%°  7.25+0.14%¢ 12.32+1.84°¢ 56.0+ 0
4.16+0.17>¢ 20.1+0.85 1.910.01% 2.05£0.03  6.60+0.23"¢ 15.01+0.41°¢ 51.5+1.44¢ 100 Bacillus pumilus
4.57+0.14*4 22.8+0.73*4 2.50+0.17° 2.15+0.20°  6.75+0.43>¢ 13.53+0.06%° 56.5+1.44% 200
4.24+0.20%¢ 21.240.98*¢ 1.4140.09*° 2.70£0.17"  7.7540.43*¢ 12.65+1.27°¢ 61.0£1.00¢" 0
4.79+0.07 23.940.38"° 1.67+0.31* 2.25+0.00%  5.75+0.43% 16.11+1.81% 7394£8.23% 48.3+1.45M 100 Bacillus licheniformis
4.06+0.10> 20.3+0.52%¢ 2.77£0.59* 2.40£0.34  6.50£0.29" 19.19+0.41° 87.2+1.88 70.0+1.15%¢ 200
422+0.23%¢ 21.1+1.14% 2.55£0.63"  2.95£0.00°  8.35:0.00* 11.11£1.97>F 50.5+8.95F 65.5+2.60" 0
4.13£0.16> 20.6=0.80> 150500037 225:0.03%  6.85:0.08 0.94+0.60%" 49.7+2. 74> 59.6+2.73% 100 Bacillus megaterium
4.74+0.20 23.7+1.03*¢ 2.25£0.13"  2.65£0.20°"  7.25:0.00%¢ 14.68+1.05%/ +4.76 59.5£3.75" 200
4.34+0.28%¢ 21.7+1.40% 1.3240.001°° 2304029  6.85+0.84>¢ 02,020 62.6+4.26"¢ 0
432+0.11%° 21.6+0.54% 2.54+0.29"  3.45+0.00*°  8.50+0.00® 49.7+5.34" 68.3+0.33¢ 100 Bacillus subtilis
4.73+0.17*4 23.6+0.84*4 2.61+0.10* 3.75+0.00* 9.20+0.81? 54.5+7.22b< 61.0+1.15¢h 200
3.8240.07%F 19.12£0.37¢F 1.95£0.005®  2.60+0 5.90+0.17% 71.045.48° 59.041.73%h 0
4.98+0.08 24.9+0.44% 2.51+0.12* 3.35+0.00" 7.40+0.00*¢ 53.0+1.15%F 77.6£0.33% 100 Pseudomonas fluorescens
4.60+0.15%¢ 23.0+0.75%¢ 2.74+0.48" 230040 58.7+0.00> 58.5+0.86%" 200
4.02+0.06%¢ 20.1£0.31¢° 2.36+0.08°  2.60+0.06°" 68.5:5.48"4 53.3+2.607 0
4.27£0.05¢ 21.3+0.27%° 2.57+0. 3.56+0.23% 12.04+0.001%° 54.7+1.15%¢ 69.0£0.00°° 100 Pseudomonas putida
5.13+0.04° 25.7+0.23° 1.63+0.00° 2.95+0.26%¢ 16.00£0.001% 72.7+0.00% 82.6+2.03° 200
4.06=0.10> 20.3£0.51>¢ 269004 75+0.14%F 15.18+0.32%¢ 69.00.86*¢ 61.8+0.83°" 0
4.26+0.13*¢ 21.3£0.66™ 1.97+0,01% 0.17° 10.01=1.65¢ 45.5+0.00° 66.3+1.20>" 100 Enterobacter cloacae
4.62+0.12%¢ 23.1+0.62%¢ 2.05 @ 15£020°"  6.40+0.52"° 11.66+1.78%F 53.020.00>" 53.520.86" 200
4.25+0.25% 213107+ W g 180,68 £0.14°7  6.90+0.34>¢ 10.67+1.33>F 48.5+1.44" 76.3+3.18% 0
4.50+0.10°¢ 22.540.51*¢ .50+0.00*¢ 0+0.00""  5.75+0.43% 9.57+0.82%" 56.2+2.17>¢ 71.2+4.13%4 100 Rhizobium meliloti
4.60+0.18*4 23.0+ 2.75+0.14"  6.00+0.00% 10.45+0.00>" 65.7£0.00*4 51.043.51¢ 200
2.84:+0.068 14.2+0.3 1.90+0.06"  4.65+0.20° 6.10+0.54 27.7+2.45 41.5+4.911 0
2.98+0.03% 14.9+1.53% 2.23+0.14  6.30+0.63"° 7.75+0.60°f 35.2+2.74F 43.620.671 100 Control
3.48+0.17¢ 17.4+0.85%¢ 0.00™°  2.75+0.14™"  5.85+0.08* 11.38+0.28>F 47.5+8.08" 50.0+1.73 200

In each column, means with similar letters are not significantly different (Tukey, P < 0.05).
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Table 5. Comparison of the mean interactive effect of phosphate-solubilizing bacteria and L-phenylalanine foliar appication on Relative water content (RWC), Chlorophyll a,

Chlorophyll b, Total chlorophyll, Carotenoid and essential oil content of Salvia virgat

Carotenoids Total Chlorophyll Chlorophyll b Chlorophyll a RWC (%) Phenylalani Phosphate solubilizing
(mg/gFW1) (mg/gFW1) (mg/gFW) (mg/gFW1) ( bacteria
0.276+0.00P 2.22+0.018% 0.58+0.06*F 1.65+0.0044F 65.9+2.312d
0.391+0.0002¢+ 2.26+0.0003" 0.61£0.008*¢ 1.63+0.004F 64.9%2.02+4 Pantoea aglomerans
0.368+0.007h-" 2.59+0.06% 0.77+0.072 1.81+0.08>F 72.44+1.73% 200
0.395+0.006%" 2.28+0.05¢1 0.70+0.01%¢ 1.57+0.03f 0
0.413+0.0006°4 2.32+0.0441 0.62+0.01%¢ 1.70+0.06F 100 Bacillus pumilus
0.425+0.007% 2.51+£0.006*¢ 0.59+0.002>F 1.924+0.004*¢ 200
0.431+0.005% 2.36+0.03°" 0.66+0.07%4 1.70+0.008°F .62 0
0.409+0.00%-° 2.3400.0024- 0.58+0.0092F 1.76£0.00*f 74.3+1.13%4 100 Bacillus licheniformis
0.453+0.007 2.65+0.04* 0.67+0.0224 1.98+0.092 79.84+0.092 200
0.406+0.005"f 2.32+0.00141 0.73+0.07¢ W o 59+£0.008¢ 63.9+6.17%4 0
0.391+0.004% 2.2140.048 0.51+0.03F .9+0.5124 100 Bacillus megaterium
0.377+0.00&™ 2.09+0.004H 0.47+0.044£ é 3.26% 200
0.395+0.0039-" 2.37+0.02°" 0.49+0.006%f {67. 3.032d 0
0.383+0.002¢ 2.40+0.0003"" 0.48+0.007¢ 72.4+4.16%¢ 100 Bacillus subtilis
0.385+0.004 2.46+0.0224 0.51+0.03F 76.9+3.05%¢ 200
0.353+0.0003™» 2.18+0.021 60.8+7.544 0
0.356+0.0007' 2.07+0.004 63.1+1.49d 100 Pseudomonas fluorescens
0.354+0.003™" 2.20+0.02M 76.2+1.77%¢ 200
0.388+0.014 2.19£0)Q17 1.80£0.03>f 66.8+4.86%¢ 0
0.367+0.006™ 2.4240.04% 1.85+0.07d 68.5+1.85%d 100 Pseudomonas putida
0.381+0.004 2.55+00007° 1.95+0.06% 78.6+1.71% 200
0.372+0.00mn 2.41£0.03f 1.84+0.007¢ 58.1+8.01¢ 0
0.363+0.001i™ 2.43#3*"c 1.8140.04>f 69.2+0.522d 100 Enterobacter cloacae
0.371+0.001h-" W 2.38+0.0003" 0.61+0.04*¢ 1.77+0.02>F 75.9+2.23%¢ 200
0.402+0.0008<8 SAZ:I:0.0]"' 0.70+0.02%¢ 1.72+0.006"f 67.9£0.77%4 0
0.373+0.003 2.26+0.05% 0.43+0.03¢f 1.83+0.04%¢ 69.4+2.16%4 100 Rhizobium meliloti
0.361+0.005i™" 0.49+0.05%f 1.72+0.04f 72.0+3.1824d 200
0.325+0.005° 0.48+0.004" 1.32+0.008 54.8+0.824 0
0.391+0.0044 0.48+0.034fF 1.82+0.008** 59.7+0.47%d 100 Control
0.349+0.13m 0.46+0.01F 1.61+0.06" 69.9+2.6924 200

I Tukey 03031 oolal 2 Ao 3 0 Izt a3 LSSl ls fme gl 355 ooyl 40 O g o )3 il Dy >

In each column, means with similar letters are not significantly different (Tukey, P < 0.05).
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