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Abstract

Introduction

The use of medicinal plants and their products has been expanded significantly in various countries.
Sage, scientifically known as Salvia officinalis, is a valuable medicinal plant belonging to the mint
family. Sage leaves contain various types of flavonoids and phenolic compounds and possess
important medicinal properties such as antioxidant and anti-inflammatory activities. Additionally,
sage leaves and flowering tops are used in food processing and perfumery. Some compounds present
in sage essential oil, such as 1,8-cineole, borneol, camphor, and thujone, exhibit antimicrobial,
antioxidant, memory-enhancing, anti-Alzheimer's, and anticancer properties. The application of
biofertilizers not only plays a crucial role in increasing the yield of medicinal plants but also affects
the quality of active compounds. One of the strategies in sustainable agricultural systems to enhance
soil fertility is the minimal use of on-farm inputs, including biofertilizers, and their combined
application with organic and chemical fertilizers. Furthermore, nutrient management is a vital factor
in successful cultivation.

Materials and methods

A factorial experiment based on a randomized complete block design with three replications was
conducted in the 2021-2022 growing season at the Research Farm of the Forest and Rangelands
Research Institute of Iran to evaluate the effects of chemical and biological fertilizers on the
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percentage and composition of sage essential oil. Treatments included a control (no fertilizer),
chemical fertilizers (150 kg/ha phosphorus from triple superphosphate and 300 kg/ha nitrogen from
urea), and inoculation with mycorrhizal fungi (Funneliformis mosseae and Rhizophagus irregularis)
and phosphate-solubilizing bacteria (Pseudomonas fluorescens strain 187).

Results and Discussion

Results showed that the application of chemical fertilizers significantly affected the yield and
percentage of essential oil compounds including alpha-pinene, camphene, 1,8-cineole, alpha-thujone,
and beta-thujone, as well as the total of hydrocarbon monoterpenes, oxygenated monoterpenes, and
oxygenated sesquiterpenes. The yield of compounds such as alpha-pinene, 1,8-cineole, alpha-thujone,
beta-thujone, and camphor was also significantly affected. The highest percentage of alpha-thujene
(% 0.25) were obtained in the treatment with both urea and phosphate fertilizers. The highest
percentage of linalool and camphor yield was obtained in the treatment with biofertilizers. The highest
essential oil yield with averages of 97.57, 97.07, and 89.27 kg/ha belonged to the treatments N300P0
* Funneliformis mosseae + Rhizophagus irregularis+ Pseudomonas fluorescens strain 187,
Pseudomonas fluorescens strain 187 * NOP150, and Funneliformis mosseae + Rhizophagus
irregularis + Pseudomonas fluorescens strain 187* NOP150, respectively."”

Conclusion

The results of this study indicated that sage, due to its abundant aerial biomass production, requires
adequate fertilization to achieve high yields. However, the essential oil percentage of this plant was
not affected by environmental factors such as fertilization and seemed to be more controlled by
genetic factors. This finding can significantly contribute to the selection and introduction of cultivars
with high essential oil percentages in the future. Furthermore, by combining chemical and biological
fertilizers, it is possible to effectively influence the percentage and quantity of major essential oil
compounds in sage and achieve the production of higher quality plants with a higher percentage of

specific compounds.
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D= dry material weight

Formula2:W =(F*M*11/100) +D
W=0Optimal weight after drying

F= wet sample weight

M= humidity rate based on wet weight
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Formula 1:4 = (BfD) * 100

A= moisture content based on wet weight (%)
B= moisture weight
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Table 1. Physicochemical properties of experimental soil
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Table 2. Variance analysis of the effect of different types of fertilizers on the percentage, yield and composition of Sage essential oil
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$0.v DF pz:(zﬂ:::e chisleir;tlgl Thl(:j_ene Pir::ne Camphene Piri;ne Myrcene Terpihene Cyr‘:ene Limonene Teerihene Terpinolene mrgggx Ci1n‘98<;le Linalool Thl(j}_one Thqu_one Camphor  Borneol
Block 2 0.023™ 897.7™ 0.023™ 1.52" 391" 0.15™ 1.98" 0.006™ 1.54™ 0.77™ 0.9™ 0.015™ 0.15™ 3.86" 0.8™ 0.28" 6.73" 3.13" 0.62™
Chemical 3 0.217" 1532.4™  0.0007™ 29.17 0.48™ 0.043™ 0.66™ 0.002" 0.008"™ 0.056™ 0.001" 0.001" 24.68" 221" 0.007™  48.21" 10.6™ 63.65" 0.7
Biological 4 0.071™ 39282 0.002" 3.7 0.11" 0.11" 0.42" 0.0009™  0.009™ 0.23™ 0.0001™ 0.003™ 30.56™ 20.29™ 0.01"™ 3646 1248”7  18.887 0.8
Ch*Bio 9 0.015"™ 295.5" 0.02" 18.7" 0.19" 0.19" 0.86" 0.009™ 0.014" 0.01"™ 0.016™ 0.005™ 44.27" 2278  0.004™  48.78"  17.58" 58.14™ 247"
Error 30 1.99 9.471 0.002 0.88 0.107 0.107 0.45 0.0003 0.005 0.3 0.004 1.17 0.42 0.44 0.003 0.35 0.29 0.44 0.26
%CV - 25.9 26.1 28.8 17.7 23.1 23.1 28.7 16.1 19.2 28.6 21.5 46 4,02 5.94 18.1 458 8.39 3.89 5.7
" * **significant at the 5% and 1% probability levels, respectively

Continuation of Table 2. Variance analysis of the effect of different types of fertilizers on the percentage, yield and composition of Sage essential oil

SOV DF ool U oytine e s 0ol O vnatool JOERE TR oo e oee e yen
Block 2 0.05"™ 0.81"™ 0.19" 0.08™ 9.16™ 0.03™ 2.96™ 0.028™ 49™ 3730355™  1984242™  6390002™  127636358™  5611622™ 21542543™
Chemical 3 0.56™ 13.63" 0.134" 0.75%* 1.1" 0.05™ 1.08" 0.081" 2.03" 11320557 3934528"  36010357" 13593834" 18596560  128079436™
Biological 3 0.24" 3.97 0.128" 0.13™ 0.37" 0.014" 0.07™ 0.027™ 0.18™ 42998974 69381517 71966290  445255426™ 35817943 124259856
Ch*Bio 9 1.3” 20.39™ 0.51" 0.77" 2.30" 0.07" 2.49™ 0.109™ 45" 10725666~  2117785™ 13307669 47621186™ 8389584™ 58505169
Error 30 0.1 0.51 0.041 0.69 0.27 0.004 2.36 0.001 0.59 1824268 1127442 4898740 43894796 1911915 10253348
%CV 27.03 3.94 5 49 21.8 17.9 29.9 10.04 29.8 28.9 28.5 28.8 26.4 28.06 26.9

™ * **significant at the 5% and 1% probability levels, respectively
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Table 3. The effect of chemical fertilizers on the average of some attributes of Sage essential oil

Chemical fertilizers Essential ol Linalool Camphene a-Thujone
percentage yield yield
Kg ha % % g ha' g ha'
NOPO 0.80b 0.29b 2298b 20494b
NOP150 0.99ab 0.34a 3660a 38013a
N300PO 1.09a 0.31ab 2850ab 27121a
N300P150 1.08a 0.29b 2690b 24646ab

The same letters in each column indicate the absence of significant differences between the means.

Table 4. The effect of biological fertilizers on the average of some characteristics of Sage essential oil

Biofertilizers Linalool Ca;r:zlhdene
B % g ha*
Control 0.27b 1823b
Funneliformis mosseae + Rhizophagus irregularis 0.32ab 2844a
Pseudomonas fluorescens strain 187 0.34a 3564a
Funneliformis mosseae + Rhizophagus irregularis+ Pseudomonas 0.3ab 3266a

fluorescens strain 187

The same letters in each column indicate the absence of significant differences between the means

5 O s-WT 5 AW Jls 0581 Gla o Ssipe DLS 5
s gme e Scwen  a-Pinene yield o5 5 m
Sote (Sen Jr A S 5L il s Sl sl
Ol Ll gme (e alaly ld g, 8- 6l oS 5 L5 Sls gme
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NGV L) EEe Y G ) ;:m.‘..a Cd g 58—l
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-Ad 5 Shee T o Rhizophagus irregularis
Pseudomonas fluorescens s N300PO L s J stow
on ) Jel ml e lae o i strain 187
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SLS5 sad 5 el (e Gl (S
Monoterpene « Terpinolene ,is0:uST clgy 5550

b g ol gxe oie  Seeen 1,8-Cineole. hydrocarbons
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Table 5. Comparison of the average interaction effect of treatments on the average of some attributes of Sage (Salvia officinalis) essential oil

2 3 4 5 8 9 11 12 13 14 16 17
i - a- a- - . . Monoterpene 1,8- a- -
treatment -I(;cr)?ja; IcE)islsil?(tell?jl Thujene  Pinene Camphene Terpinene CyrEr)1ene y-Terpinene  Terpinolene hydrocarFt;ons Cineole  Thujone Tht?jone
kg ha™ % % % % % % % % % % %
ChiB1 11 3401h 0.17b 3.27h 4.92hc 0.16b 0.42bc 0.34hd 0.18g 14.54g 7.86i 38.52¢ 5.5hi
ChiB2 12 37.41h 0.24a 6.7d 4.58cd 0.13c 0.36de 0.41a 0.27a 18.78d 11.79d  43.41q 5.91fg
Ch1B3 13 65.1e 0.24a 9.26b 3.79%yg 0.17ab 0.36de 0.36b 0.18g 19.71c 12.03dc  40.03d 5.37ij
ChiB4 14 8051hd 0.14f 9.44de 4.17df 0.05ef 0.37de 0.19g 0.16i 16.04e 12.07dc  32.97j 5.76hg
Ch2B1 21 52.35¢f 0.12de 2.9h 3.64fg 0.04-f 0.37de 0.25f 0.22d 12.68i 15.47b  35.4%h 3.931
Ch2B2 22 87.24ac 0.1le 3.06h 3.86eg 0.12c 0.31f 0.28ef 0.17h 12.34i 9.77g 35.11i 5.05jk
Ch2B3 23 97.07a 0.14cd 4.95f 5.02bc 0.13c 0.25g 0.3de 0.21e 16.59¢ 10.86e 32.911 6.37e
Ch2B4 24 89.27ab 0.25a 11.38a 5.31ab 0.17ab 0.42bc 0.42a 0.22¢ 24.84a 10.83e  35.59h 12.34a
Ch3B1 31 43.15gh 0.25a 2.1i 3.89¢eg 0.18a 0.4bd 0.40a 0.27a 11.36j 9,48gh  43.64a 7.5d
Ch3B2 32 59.3ef 0.12de  3.85g 4.23df 0.12c 0.35ef 0.30de 0.24b 14.73¢ 12.3c 37.83f 4.2l
Ch3B3 33 82.45bc  0.14cd 3.16h 4.94bhc 0.06de 0.54a 0.31ce 0.15j 16.58e 18.35a  32.21Kl 6.11ef
Ch3B4 34 97.57a 0.14cd 4.97f 2.91h 0.13c 0.31f 0.35bc 0.24b 13.62h 10.29f  41.52b 4.89k
Ch4B1 41 51.62/gf 51.62gf  6.04e 4.37ce 0.12c 0.43b 0.31 cde 0.23c 16.66e 9.15h 40.96¢ 5.33ij
Ch4B2 42 62.93e 0.23a 8.72¢c 5.8a 0.07d 0.34ef 0.31ce 0.16i 21.33b 10.48ef  32.53k 10.36b
Ch4B3 43 77.75dc 0.13d 4.76¢ 3.61fg 0.06de 0.38ce 0.30ed 0.19f 14.55¢g 10.58e 37.43g 5.88fg
Ch4aB4 44 77.75dc  0.16bc 5.22f 3.73gh 0.12c 0.35ef 0.34hd 0.22d 14.57g 7.16i 39.75d 8.56¢

The same letters in each column indicate the absence of significant differences between the means.
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Continuation of Table 5. Comparison of the average interaction effect of treatments on the average of some attributes of Sage essential oil

Y55

18 19 20 21 22 23 24 25 26 27 28 29 31 33 34
Tre Oxygenate ) Sesquiterp o Oxygenate a- 18 B-_ Camph

treatm at Camph Borne Thym d Caryophyll  Humule ene Spathule Caryophyll Viridiflo d Pine Cineo Thujo or
ent cod or ol ol monoterpe ene ne hydrocarb nol ene oxide rol sesquiterpe ne -Ie ne yield

e nes ons nes yield yield yield

% % % % % % % % % % % g/ha g/ha g/ha g/ha

chiBl1 11 19.25d 1.75cd 1.69b 75.13e 1.62a 1.57de 3.19 0.5% 2.6b 0.63b 3.82b 10789 26779 18469 6652f
ChiB2 12 13.11j 1.2¢ 0.50f 76.23¢ 0.63h 0.77j 1.4e 0.24f 0.759 0.18j 1.17f 2559 4424f 22179 4839g
CchiB3 13 14.64i 1.54d 0.56ef 74.51f 0.84g 0.84ij 1.68¢ 0.24f 0.93g 0.21i 1.38f 61720  7886de  3540e 9515de
ChiB4 14 18.09¢ 4343 2.56a 76.02de 0.86fg 1.25gh 2.12d 0.37¢ 1.72cd 0.45¢ 2.45d 5187c  971%bc  4637d 14566¢
Ch2B1 21 21.49¢ 1.97¢ 0.97d 79.57ab 1.2cd 1.67cd 2.87bc 0.40de 1.59de 0.46e 2.45d 1531fg  7908de  2067g 11317d
ch2B2 22 25.02a 2.59b 1.66b 79.80a 1.03¢ 1.34fg 2.37d 0.45¢ 1.76¢d 0.49d 2.7d 267le  8518cd  4429d 21851a
ch2B3 23 23.39b 1.93¢ 1.3c 76.18dc 1.08de 0.99i 2.19d 0.3% 1.84cd 0.27h 2.5d 4801c  10532b  6253b 20774a
Ch2B4 24 11.45k 1006e  0.62ef 72.24h 0.51i 0.93] 1.44e 0.15g 0.98fg 0.23i 1.36f 10156a  9669bc  11010a  10216de
Ch3B1 31 8.721 0.95¢ 0.27g 70.86i 0.39j 1.14h 1.52¢ 0.13g 0.85g 0.27h 1.25f 901g 4015f 3161ef 3783g
ch3B2 32 16.96f 2.01c 1.13dc 74.73ef 1.08de 2.32a 3.52a 0.41ce 3.3a 0.62b 433 2276ef  7343de  2540fg  10056de
Ch3B3 33 17.09f 1.79cd 1.14dc 77.03b 0.97ef 1.3g 2.27d 0.25f 1.31ef 0.30g 1.86e 2625¢ 15250a 5158cd 14211c
Ch3B4 34 16.99f 172cd  0.71le 76.45¢ 1.36b 1.75¢ 3.15b 051b 2.67b 0.54¢ 3.72b 4848c  10064b  4768d 16577h
Ch4aBl 41 16.42g 1.86¢d 0.72¢ 74.71ef 1.25bc 1.46ef 2.73¢ 0.45¢ 1.7¢d 0.45¢ 2.6d 3116de  4682f 2710fg 8435ef
ChdaB2 42 16.19g 2.33b 0.96e 73.159 0.78g 0.84ij 1.62e 0.3% 1.61de 0.36f 2.36d 5500bc  6617e 6476b 10145de
Ch4B3 43 18.27¢ 1.85cd 1.18c 75.76d 1.09de 1.93b 3.06b 0.44cd 2.89b 0.68a 4.01ab 3719d  8447cd  4581d 14130¢
Ch4B4 44 15.76h 1.75cd 1.15cd 74.44fF 1.57a 2.b 3.51a 0.61a 2c 0.67a 3.28¢ 3624d 4854f 5835bc 11093d

The same letters in each column indicate the absence of significant differences between the means.
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Table 6. Correlation of the effect of different types of fertilizers on the composition of Sage essential oil

a-Thujene a-Pinene  Camphene  B-Pinene  Myrcene  o-Terpinene p-Cymene  Limonene  vy-Terpinene Terpinolene  1,8-Cineole

yl y2 y3 v4 y5 y6 y7 y8 9 10 11
yl 1
y2 0.25™ 1
y3 0.29" 0.23™ 1
y4 0.46™ 0.19™ 0.32* 1
y5 0.46™ 0.05™ 0.41%* 0.49%* 1
y6 0.56" 0.13™ 0.06" 0.35% 0.20"™ 1
y7 0.49” 0.07™ 0.41%* 0.75%* 0.46%* 0.25™ 1
y8 0.27" 0.10™ 0.31* 0.39%* 0.06 ™ 0.19"™ 0.61%* 1
y9 0.66" 0.13™ 0.31* 0.74%* 0.39%* 0.51%* 0.9%* 0.65%* 1
y10 0.50” -0.09™ 0.01" 0.52%* 0.31* 0.52%* 0.50%* 017" 0.64%* 1
yll 0.08"™ 0.09"™ 0.13™ 0.27™ 0.32* -0.43%* 0.24™ 0.22"™ 0.05"™ 0.10™ 1
y12 0.49” 0.12" 0.34* 0.77%% 0.39%* 0.41%* 0.87%* 0.68%** 0.92%* 0.52%* 0.11™
y13 0.29° -0.10™ -0.2851 0.02 "™ 0.01™ 0.51%* 0.03* -0.23 "™ 0.18"™ 0.62%* -0.4%*
y14 0.52" 0.54™ 0.41%* 0.29* 0.32* 0.30* 0.25™ 0.29* 0.34* 01" -0.2"™
y15 -0.42" -0.25™ -0.03"™ -0.09 ™ -0.28* -0.36* 0.09 ™ 0.08™ -0.1"™ -0.33* 0.09 ™
y16 -0.33" 0.05™ -0.09 ™ 0.02 "™ -0.33* -0.41%* 0.12"™ 0.16™ -0.04 ™ -0.3* 0.11"™
y17 -0.20"™ -0.08"™ 0.23"™ 0.17 "™ -0.06™ -0.17"™ 0.38%* 0.44%* 0.25™ -0.1"™ 0.10"™
y18 0.00™ -0.14"™ 0.18 "™ 0.53%* 0.07™ 0.12"™ 0.48%* 0.21"™ 0.44%% 0.27"™ 0.00"™
y19 -0.09"™ -0.24"™ -0.09 ™ 0.29% -0.02"™ 0.00"™ 0.46%* 021" 0.35* 0.33* 0.05"™
y20 -0.16™ -0.17"™ -0.01™ 0.02" -0.18 "™ -0.15 "™ 0.16 ™ -0.04 "™ 01" 00"™ -0.32%
y21 -0.15™ -0.18™ 0.04 ™ 0.18"™ 0.01™ -0.05 "™ 0.31* 010™ 0.19™ 0.16 ™ -0.06 ™

y22 -0.29" -0.31* -0.15™ -0.09 ™ -0.16 ™ -0.20 "™ 0.19"™ 0.03"™ 0.07"™ 0.02"™ -0.28*




Continuation of Table 6. Correlation of the effect of different types of fertilizers on the composition of Sage essential oil

oy oot Gl S D 31wy 0L, Kas 50305 ole

(E)

o-

Linalool Thl(j}-one B-Thujone  Camphor  Borneol ~ Thymol Caryoréhyllen H:rr]r;ul Spathulenol Caryg)p()ifzj)éllene Vmg;ﬂor
12 13 14 15 16 17 18 19 20 21 22
y12 1
yl3  -0.01™ 1
y14 0.28" -0.16™ 1
yl5  0.13™ -0.54" -0.44™ 1
yl6  0.06™ -0.48" -0.15™ 0.44™ 1
yl7 040" -0.42” -0.04"™ 0.47” 0.60" 1
yl8 057" 0.001" -0.09" 0.34" 0.06™ 0.50" 1
yl9 0407 0.11™ -0.14"™ 0.21™ 0.11"™ 0.25™ 0.67" 1
y20  0.18™ -0.04™ -0.24"™ 0.53" 0.27™ 0.46" 0.62" 0.40" 1
y21 0.34" -0.05™ -0.18"™ 0.38" 0.48" 0.66" 0.63" 0.49” 0.65" 1
y22  0.13™ 0.04™ -0.23™ 0.30" 0.25™ 0.43" 0.45™ 0.65" 077" 0.74” 1

", * **significant at the 5% and 1% probability levels, respectively

FFA
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