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Table 2. ANOVA of gibberellic acid, and phosphorus biological and chemical fertilizers effects on yield, yield
components, and essential oil of Salvia officinalis

Mean squares

Sources of variation d.f. Number of Number of
Plant height branches per leaves per Canopy Shoqt ﬁry Roo_t c:]ry
plant plant area weight weight
Replication 2 0.24074 0.0185 14.018 1.85185 5.752 0.0184
Phosphorus bio-
fertilizer of Barvar-2 1 50.0741* 9.796* 31.129* 0.16667* 3.370* 0.078*
(B)
Triple super phosphate - - . . - -
®) 2 793.352 29.796 30983.35 303.352 1437.05 1.195
Gibberlic acid (GA) 2 141.796** 15.130** 6594.13** 540.685** 442.423** 5.348**
BxP 2 16.796 ns 11.130% 620.351* 102.389** 34.997** 2.656**
B x GA 2 82.574* 7.907* 1334.24* 72.167* 56.205** 1.201**
P xGA 4 54.407 * 2.490 ns 4021.57** 185.518** 92.207** 0.788**
B x P x GA 4 3.129* 5.324 * 1197.46** 61.889** 15.812* 0.699**
Experimental error 34 18.69 2.254 135.018 15.498 5.390 0.173
C.V. (%) - 8.36 9.81 6.09 4.82 4.87 5.99
ns, *, and **: not significant, and significant at 5 and 1% probability levels, respectively.
=Y Jods sl
Continued Table 2. ...
Mean squares
Sources of variation d.f. ; ; o
B'(;i%?écal iizs:cr;tr:?;;él essential oil yield  a-thujone  1,8-cineole  camphor
Replication 2 81203.24 0.0001 2.557 2.0 0.3 0.8
Phosphorus bio-
fertilizer of Barvar-2 1 21233.57* 0.6229** 17.207** 6.7* 1.2* 2.4*
_(8)
Triple super 2 2283290.0%* 1.271% 202.81%* 5.1 0.01* 3.9*%
phosphate (P)
Gibberlic acid (GA) 2 707878.1* 0.6225** 51.707** 7.1%* 1.0** 1.2*
BxP 2 55995.45** 0.1753** 7.978** 2.3* 1.0* 2.3%*
B x GA 2 89928.46** 0.1223** 11.794** 2.7%* 0.9* 1.0*
P xGA 4 147532.5** 0.0275 ns 8.995** 0.3ns 0.7ns 1.0ns
B x P x GA 4 25259.1** 0.0562* 1.739* 1.1* 0.5** 1.6*
Experimental error 34 8624.1 0.0145 0.634 1.0 0.2 0.8
C.V. (%) - 5.88 5.69 7.91 35 4.8 4.6

ns, *, and **: not significant, and significant at 5 and 1% probability levels, respectively.
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Table 3. Means comparison of gibberellic acid, and phosphorus biological and chemical fertilizers effects on
yield, yield components and essential oil of Salvia officinalis

Number

O i [
' per plant

B1 (without phosphorus bio-fertilizer 44,5, 6.48 b 7908b  16463b  1409b  76.08b
of Barvar-2)

B2 (with phosphorus bio-fertilizer of = g5 ;5 , 7482 8315a  187.11a  1654a  87.5a
Barvar-2)

Pl(lOO%SOJSQf gﬁgg;“hrgfgded triple 90414 725a 9517a  22056a  1639a  95.17a

P2 (70% of the recommended triple 74 ¢, }, 6.96 b 7933b  1960b  1567a  79.33b

super phosphate)
P3 (30% of the recommended triple 75 g¢ - 6.67b 69.44c  14706c  1389b  69.44c
super phosphate)

G1 (0 ppm gibberellic acid) 75.80¢c 6.64 b 75.67c¢C 17161c 1456 b 75.67 c

G2 (100 ppm gibberellic acid) 80.47 b 6.72b 81.67 b 191.11b 15.06 b 81.67b

G3 (200 ppm gibberellic acid ) 85.71a 752a 86.61a 209.98 a 16.33 a 86.61 a

P1xB1xG1 90.11abc 7.54 ab 90.33bcd  23067b  17.0bc 520¢

P1xB1xG2 90.41 ab 7.59 ab 9567ab  2220b  150bcd  54.0bc

P1xB1xG3 90.66 abc 7.10 be 97.00ab  234.67ab  1633abc  58.67ab

P1xB2xG1 84.96 d 5.96 def 8767cd  2230b  1433cde  55.33hc

P1xB2xG2 91.77 ab 6.99 be 1003a  22433b  17.67ab  58.33ab

P1xB2xG3 93.78 a 7.95a 94.67 bc 246.67 a 18.0a 62.0a

P2xB1xG1 72.56 gh 581 f 6767efg  160.0de  1333def  55.0bc

P2xB1xG2 73.18 gh 5.91 ef 7233ef  1730c  1333def  49.67 cd

P2xB1xG3 86.58 cd 7.07 be 9133bc  232.67ab  1633abc  5L67c

P2xB2xG1 70.22 hi 6.07 def 67.33efg  1200f  160abc  49.0cd

P2xB2xG2 80.71e 7.15 be 87.00cd  234.67ab  1667abc  53.0bc

P2xB2xG3 91.18 ab 8.03a 9567ab  24267a  1833a  6l57a

P3xB1xG1 65.15 6.38 cde 64679  1320f 1267f  3867e

P3xB1xG2 71.63 ghi 6.63 cde 7067fg  147.67de  1333def  42.33de

P3xB1XG3 77.83 f 7.70 ab 7167efg  166.33cd  1567cde 480 cd

P3xB2xG1 68.14 ij 6.5 cde 66.33fg  143.0 f 130f 30.0e

P3xB2xG2 75.40 fg 6.73 cd 6867efg  1450def  14.33def  49.0cd

P3xB2xG3 79.60 e 7.75 ab 7487¢  4833def  14.33def  53.33bc

In each column, the means with at least one common letter are not significantly different at 5% probability level (LSD test).
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Continued Table 3. ...
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B1 (without phosphorus bio- 3106.50 b 197b 9.50b 19.1b 9.4b 26.8b

fertilizer of Barvar-2)
B2 (with phosphorus bio-fertilizer 3346.16 a 2.33a 10.63 194a 9.7a 2742
of Barvar-2)
Pl(%ﬂgﬁ’fjgsf gﬁgg;”hrzfgded 3616.36 a 2422 13522 193a 9.8a 2744
P2 (70% of the recommended 3144.29 b 2.14b 9.80 b 193a 9.6b 27.1b
triple super phosphate)
P3 (30% of the recommended 2918.36 ¢ 1.90 ¢ 7.14¢ 192¢ 9.3¢ 269 ¢
triple super phosphate)

G1 (0 ppm gibberellic acid) 3031.93¢c 191c 8.24c 19.1b 9.3c 26.8¢
G2 (100 ppm gibberellic acid) 3218.73 b 219D 10.37b 19.2b 96b 27.1b
G3 (200 ppm gibberellic acid) 3428.33a 2.36a 1158 a 194 a 9.7a 276a

P1xB1xG1 3626.20 ab 2.25bc 12.22cd 196¢ 9.6¢C 274c
P1xB1xG2 3604.53 abc 2.26 bc 13.44b 196¢ 9.6¢C 27.6 bc
P1xB1xG3 3626.27 abc 2.32b 13.08 b 19.7b 9.7b 278b
P1xB2xG1 3398.40d 2.27 bc 12.34 cd 19.7b 9.7b 279a
P1xB2xG2 3670.93 ab 2.31b 14.54 ab 19.8b 9.8a 279a
P1xB2xG3 3751.20 a 2.75a 1552 a 199a 9.8a 27.0cd
P2xB1xG1 2901.73 gh 1649 6.47 fg 19.5d 9.6b 27.0 cd
P2xB1xG2 2927.20 gh 1.94 ef 8.22¢e 196¢ 9.7b 27.1cd
P2xB1xG3 3463.33 cd 1.99 def 11.21d 196¢ 9.7b 274c
P2xB2xG1 2808.64 hi 2.07 cde 6.52 fg 19.7Db 9.7a 275¢c
P2xB2xG2 3228.40 e 2.30Db 13.04c 19.7b 9.6Db 27.6 bc
P2xB2xG3 3646.40 ab 2.61 ab 14.59 ab 199a 98a 27.9 ab
P3xB1xG1 2725.73 i 1.43h 489 h 19.5d 94e 26.9 cd
P3xB1xG2 2865.20 ghi 1.90 ef 6.87 efg 19.5d 9.5d 26.9 cd
P3xB1xG3 3113.20 ef 2.02 de 8.20e 196¢ 9.6b 26.8d
P3xB2xG1l 2605.65 j 1.791g 5.76 gh 196¢c 9.5d 27.0c
P3xB2xG2 3016.26 fg 2.06 cde 7.32 ef 19.7b 9.5d 27.1c
P3xB2xG3 3184.0e 2.20 bed 7.89 ef 19.7b 9.6Db 27.1c
In each column, the means with at least one common letter are not significantly different at 5% probability level (LSD test).
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Abstract

To investigate the effects of biological and chemical phosphorus fertilizers, and gibberellic
acid (GAz) on yield and its components, and essential oil of Salvia officinalis L., a factorial
experiment in a randomized complete block design with three replications was conducted in
Ghara Chay region, Markazi province, Iran. Experimental treatments included triple super
phosphate at three levels (100, 70, and 30 % of the recommended amount), phosphorus
bio-fertilizer of Barvar-2 at two levels (application and no application), and GA; at three levels
(0, 100, and 200 ppm). The results showed that Barvar-2, GAs, and triple super phosphate
affected yield and its components, and essential oil significantly. The Barvar-2 application
increased the yield and essential oil percentage by 7.7 and 18.2% compared to the control,
respectively. It also resulted in a slight increase of the major essential oil compounds. Also, the
GA; 200 ppm application increased the percentage and essential oil yield by 23.5 and 40.5%
compared to the control, respectively. The highest biological yield and essential oil yield were
obtained 3751 and 15.52 kg.ha™, respectivley with the simultaneous application of 100% of the
recommended triple super phosphate, Barvar-2, and GA; 200 ppm. The highest a-thujone
percentage (27.91%) as the most important essential oil compound was obtained with the
simultaneous application of 100% of the recommended triple super phosphate, Barvar-2, and
GA; 100 ppm. The combined application of GA; and Barvar-2 reduced the use of phosphorus
chemical fertilizer to achieve better vegetative characteristics, and high yield and essential oil
percentage, so that in many traits the simultaneous application of 70% of the recommended
triple super phosphate, Barvar-2, and GA; did not differ significantly from the 100% of the
recommended triple super phosphate application. Therefore, with the combined use of GA; 200
ppm and Barvar-2, the amount of phosphorus fertilizer consumption could be reduced by 30%
without causing a significant reduction in yield and essential oil of S. officinalis.

Keywords: Essential oil, gibberellic acid, biomass, biological fertilizer, Salvia officinalis L.



