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Introduction
In the conventional agricultural systems, the excessive use of chemical inputs, such as chemical fertilizers,
increased the agricultural productivity. Detrimental implications from intensive farming practices and long-term use
of chemical fertilizers have been well evidenced in the environment and human health. Intercropping systems and
application of organic fertilizers and biofertilizers, including vermicompost and arbuscular mycorrhizal fungi
(AMF), are recommended in developing sustainable agricultural systems. The objectives were to evaluate the effect
of different fertilizer sources on the quantity and quality characteristics of Salvia officinalis L.

Materials and Methods

The experiment consisted of two successive phases at the Miandoab, Iran, in 2019-2020. The first was the
cultivation of spring green manure until the soft dough stage of barley and flowering stage of hairy vetch, then
returned to the soil, and the second phase was the cultivation of the medicinal plant of sage. Two species, barley
(Hordeum vulgare L.) and hairy vetch (Vicia villosa), were used as green manure. In the second phase, a field
experiment study was carried out as a split plot in time based on a randomized complete block design (RCBD) with
16 treatments and three replications. The main plot factor was eight different fertilizer sources, including control
(C), barley monoculture (B), hairy vetch monoculture (V), 75% V + 25% B, 50% V + 50% B and 25% V + 75% B,
AMF: arbuscular mycorrhizal fungus (Rhizophagus intraradices) and vermicompost. Also the subplot factor was
harvesting time (first and second harvest). In AM fungi treatments, 80 g of the soil containing mycorrhizal fungi
hyphae and the remains of the root and spores was added to the soil in planting times. Also, vermicompost (2 t ha)
was applied to the soil before planting. Analysis of variance of the data and mean comparison based on the least
significant difference (LSD) test and interaction effect slicing of different fertilizer sources x harvesting time were
carried out by using SAS 9.3 statistical software.

Results and Discussion
Plant height, number of lateral branches, number of leaves, chlorophyll index, leaf dry weight, stem dry weight,
essential oil percentage, and yield were significantly affected by the interaction of different fertilizer
sourcesxharvesting times. The highest dry matter yield was achieved under AMF followed by 50% V+ 50% B. Also
the highest of chlorophyll index and essential oil percentage of sage in both harvesting time was obtained in 50% V
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+ 50% B. Also, the first harvesting time increased by 33.9, 10.7 and 40.7% of this trait in comparison with the
second harvest. In addition, the maximum essential oil yield was observed in AMF followed by 50% V+ 50% B in
the first harvest. Chemical analysis of the essential oil of sage demonstrated that cis-Thujone, 1, 8-cineole and
camphor were the main dominant components in all treatments. The maximum cis-Thujone, 1, 8-cineole content
was achieved in 50% V+ 50% B and the second harvest. Also, the highest of camphor was observed in 25% V+
75% B treatment and first harvest. The roots of green manure plants can uptake nutrients from the lower soil layers
and transfer them to the aerial parts of the plant. By incorporating green manure, the sage growth characteristics
improved due to increasing soil microbiological processes and releasing of nutrients. Also, mycorrhizal fungus
inoculation enhanced plant performance by increasing available phosphorus and nitrogen. Treating plots with 50%
V + 50% B and AMF increases the essential oil percentage and compounds by releasing nitrogen and phosphorus
into the soil. Also, the higher morphological traits, essential oil percentage, and yield in the first harvest than in the
second harvest can be attributed to a longer growing period and optimal growth conditions (day length, sunlight,
ambient temperature).

Conclusions
Treating plots with green manure and AMF improves the morphological traits, quantity, and quality of sage
essential oil by adjusting the soil's chemical properties. According to the quantity and quality indicators, the
application of 50% V+ 50% B as green manure and AMF can be suggested as an efficient and eco-friendly
agricultural strategy in sage cultivation.
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Il o (09 5 by Jitiygnal 25l (Inasgings))
L a5, NADPH § ATP 3 5l LS 5 4 il clandy
S IS Sl pnd g (i e ol Sl 4 g
{Ormeno & Fernandez, 2012) s_ib o (55908 0dpb sla
S jybodn gy (B 3Ll b Vil s 35 130
dmdg S Gl L oo el 31 g el ]y ol 5l 290 (59 50
e 5 3t slacaled o] 65 & 5 Sy w3l colled
@ axg bbb o Giuli8l ey (Meena et al., 2018) sl
20 b SB jhud 5 (598 Glise Opidie Gl (il > 4
(VO Joda) ais Jols g doyd 00 + Siilo 2o > B juww 365
J2B e nl )3 (IS ye il 5,80es g 20> Rl ol
355 Olyedn gl g g 3 )5 b (img}y )3 Adl e 25
ooll 5, Slae 5 ulwl (a3 WYO/Y 5 AY/Y iol i8] Gu
Oz (Bidgoli & Mahdavi, 2018) a_i ssalie Jaldglas
Cdlad iolidlan 1555500 )8 2,8 b (B pe il 29000
9 uA_'> C.‘am u,wl)B‘ ).sl 2 u.wL.»‘ RV J&M dae 9 d).u.wy'ﬁ
Wy ooy b5 a0 b e 03D s i polie & w i
e (onld )b 5l 52)0Sue )8 b (S e adyy (S jon
Sharifi-) (10 Jgacs) yiusd (o5t dlan 5 Luibul ojles Lol
o ilwl 3, Slas g oy ]38l C>00 (Rad et al., 2017
9 5 Sl g 12ysSee )8 O iitne dlally Cunl 003 (S5
23 3529 ylase 5 (29)1 LS ) (Sl bl g > (&S
Mucciarelli et al., ) cowl o 5,55 15,5 S0 g,L8 3 5,LS
sloul ecel 1,5 S0 slag 8 .(; Copetta et al., 20062003
9 dl Sy (oS g Lo pgygngisd Chale ) (Sl
Slooss JSis donygeygngid (nl &5 298 oo gl SSgoml>
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Table 8- Results of variance analysis (mean of squares) for the effect of different fertilizer sources and harvesting time on

essential oil component (1,8-Cineole, cis-Thujone, frans-Thujone, Camphor, (£)-Caryophyllene, - Humulene, Viridiflorol
and Manool) of Salvia officinalis L.

oo e
Mean of squares

(5]
| owss 25t @ ) <2} 2 ~ iC) 5 2 o
et &b i = .5 S 5 S 35 n° =
5.0V L8 1,\'% 2 w i 25 42 32 38
af 39 aE ok ke FE 55 45 g
R : N N) . © : L N =
=) S 4) 3 4) § © :i) Q 3 5 S5
- )
S - - - * wox x
2 24.68 339.15 4.66 10.08 531 1.05™  0.26™ 5.50
Block
. 3-9; 7 597" 3120"™ 179" 12.81" 1.11m 6.58™ 246 9.72™
Fertilizer (F)
a glbs
14 1.98 5.78 0.45 2.06 0.58 1.15 0.49 111
Error a
UA} 1 7.72" 15.98™ 275"  37.80" 0.31™ 0.49"  1.45™ 4477
Harvesting time (H)
‘”E::f 7 2.84™ 11.38%  1.49m™ 2717 3.82™ 117" 153" 228"
b sl 16 0.64 4.08 1.12 5.39 0.26 0.19 0.12 0.59
Error b
St w2 7.41 68 2081 1583 12.74 887 733 2984
CV (%)
I gime Golds pie g Mo yd gy 9 S e ) JB Gxe S NS o =
™, " and ™: Are significant at 1 and 5% levels of probability and non-significant, respectively.
202 93 02 3 oo Wl (e cp i (V) Jgio) izl 355 @lie 45 5,8 asuie Jlite S 2355y (oieen
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Sy @o38 9 S8 el PobiS o) Job g (b slales 57 il
= b iash sls (Piccaglia et al., 1997) ui oy g5 — o
S g (S p0 5l slaisS > (Wu et al., 2021) | )Sen 4 59
sl calle uisg gl 4o (Singh et al., 2010) )San 4
S3meS1 S igize ) (St ool ol S oS oloxl
9 031> JoSi5 (19ielS 5 (29— (2~ gt Ag))
Sdlo 803 B¢ juw 358 slajlo > laS 5 ol (e C i
1.0 Jols 5> oy YO + Sile 1o pd YO 9 9> dopd O+ +
yind g (339555 yiber (S3L3liT L o (s3gS pl husy o i 4y
Santos ) 45,5 e (S pe (bl CutsS g 4 (VO Jgin)

(Marques et al., 2018

2 sl oD (3 Jgaz) 05 Ly (al33l (s 9 JT 058 @35S
30950 @8 2,0)8 b Jgyolias g oS 5 (e cn i Jol o2
VO + Sisle o> YO (clayloss b (g pld gxe glés a8 del Cwday
S yd cpiored (VY Jods) cuils Sile Lalld culS g g duo)d
sol s Silo a0 395" Jlos )3 Jle lje oyt o 9
203 YWY Jglo «cSiile o 395 3,) 5L & (5o (WY Joo2)
olol SlS 5 (S sk (A Jgia) <l il 38l aald 4 Cos
5 gy Lad gy Jobo e (aome (slanygiSé 18U o
S 6yS 0 ) B oyt g ol 2liE slajles Jio 25 slaysSe
3559 D99 puill SluS 5 ke g g9, 1y (Sl wils o
«oplysosde (Verma et al., 2015; Zheljazkov et al., 2009)
Wob oo JyiS (S ey huy gl bcdglie 4251
Sgbo S (o Jlge g 05 o] Snge U
Gkl 1556500 2,18 4S5 sbay (Morshedloo et al., 2017)
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Table 9- Means comparisons of essential oil component (1,8-Cineole, cis-Thujone, frans-Thujone, Camphor, - Humulene,

Viridiflorol and Manool) of Salvia officinalis L. influenced by different fertilizer resources

oy
$355 Aliseo ol i A gV 29 e g 2988 Apep Wl Jyydbnpy gl
Different fertilizer sources 1,8-Cineole  cis-Thujone trans- Camphor  a- Humulene Viridiflorol ~ Manool
Thujone
355 Spae pic 10.23 27.54 5.00 15.40 4.44 421 3.65
No fertilizer
9 palls et 11.67 30.78 5.06 14.35 6.74 4.01 1.39
Barley monoculture
Sle palls cis 11.36 27.07 5.80 13.64 4.69 5.25 4.66
Vetch monoculture
92 22,3 V0 HSile 2o VO 9.50 20,64 5.23 1657 5.89 5.5 1.63
75% Vetch+ 25% barley
92 dop> b+ Sile a3 e 1223 3358 5.71 13.68 3.78 484 0.84
50% Vetch+ 50% barley
92 323 VB il 0,3 VD 9.54 27.84 5.12 16.86 5.22 5.70 2.33
25% Vetch+ 75% barley
Y oSyl 152550 )8
Arbuscular mycorrhiza| fung| 11.32 31.90 4.07 12.85 5.48 5.60 3.04
(AMF)
“‘“‘9“‘5 9 10.72 29.17 474 13.94 371 441 3.07
Vermicompost
LSD g5 1.742 2.979 0.833 1.778 1.33 0.872 1.305
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Fig. 2- Means comparison effect of intercropping combinations on biomass total incorporated into the soil

Biomass total (ton.ha'?)
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Table 10- Means comparisons of essential oil components (1,8-Cineole, Camphor, Viridiflorol, and Manool) of
Salvia officinalis L. influenced by harvesting time

Cils oloj Jokiams Ag) s5helS Josgki g Jsibe
Harvesting time 1,8-Cineole Camphor Viridiflorol Manool
_ Jlos 10.42 15.55 4.73 2.27

First harvesting
PR O 11.22 13.77 5.08 2.88
Second harvesting
LSD o.05 0.491 1.421 0.220 0.470

v cJ i Ag)) (il SIS 55 50 Cudld pr o 31 b o 5> LiliBee (6395 dabio (s po (SSle) Jillie 51 (B340 90— Y Jguo
5 w20 (Joile 9 Jgyghoss pg colgagud W comldyy 5 sl ool g9

Table 11- Interaction effect slicing (mean of squares) of different fertilizer sources at each level of harvesting time in essential
oil component (1,8-Cineole, cis-Thujone, Camphor, (£)-Caryophyllene, a- Humulene, Viridiflorol and Manool) of Salvia

officinalis L.
oI a5 Mean of squares
Cild g 5 R K
. o5l g Ag) - vy . b 5 5! L R .
Harvesting ‘fjf) J 1"8_ ’ &zis- ) 298 ““(;’_ o OFgead W Jajglo g Joile
time Cineole Thujone Camphor Caryophyllene a- Humulene  Viridiflorol Manool
Jsl o
First 7 5.31" 30.21™ 30.95™ 257 5.28" 2.81" 4.19™
harvesting
£ O
Second 7 3.51" 12.38" 9.03" 2.36™ 2.48™ 1.19™ 7.82
harvesting

ok

I gime Golds pie g Mo yd gy 9 S e ) JB Gxe S NS o L
, " and ": Are significant at 1 and 5% levels of probability and non-significant, respectively.
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Table 12- Means comparisons of interaction effects of different fertilizer resources on essential oil component (1,8-Cineole,
cis-Thujone, Camphor, (E)-Caryophyllene, a- Humulene, Viridiflorol, and Manool) of Salvia officinalis L at each level of
harvesting time

(]
g o N Tgé, 38 27T
Bl <8 %% w2 wv§ 5 IS 53
e 5 a2 4E 7% Y 35 3s
Treatments s g n S & :i): < 2 A 0=
S5 8 © 586 3 s 35
my
3 S0 pic 880 2738 1822 4l 426 308 280
No fertilizer
2 pals cus 114 314 134 3.45 720 436 178
Barley monoculture
Saile Lalls s

10.8 25.75 15.9 2.21 4.98 5.4 4.31
Vetch monoculture

92 209 YD+ K3l 202 VD 939 288 174 455 575 48 187

Jsl o 75% vetch+ 25% barley

i 0+ +Sils o
First g7 Koy Or TS 42)3 1172 33.35 15.6 3.27 276 459 055

harvesting 50% vetch+ 50% barley

93 duo pd YO +Silo o yd YO
25% vetch+ 75% barley

Y Sl 15259500 2,8
Arbuscular mycorrhiza| fung| 12.31 32.12 10.20 4.86 5.24 5.94 1.71

8.99 24.27 20.39 4.97 51 5.80 171

(AMF)
“‘“7‘5 it 9.94 29.75 133 4.08 3.82 3.91 3.43
Vermicompost
LSD 005 1.88 42 4.04 1.23 1.17 101 1.33
355 Spae pic 11.7 27.70 126 4.27 4.61 53 449
No fertilizer
2 oAl e 11.9 30.1 153 4.62 628 366  1.00
Barley monoculture
Sl palls cuis 1195 2839 1138 439 44 514 501
Vetch monoculture
92 2o VO FKile a2 VO 9.62 30.4 157 360 603 569 139
£9S e 75% vetch+ 25% barley
Second 92 2o B+ Sile do> 00 1274 3381 1179 517 48 507 112
harvesting 50% vetch+ 50% barley
92 203 VO £ ik a3 VO 101 314 133 444 53 559  2.95
25% vetch+ 75% barley
)\/5&’1&.)1 152050 z,6
Arbuscular mycorrhizal fungi 10.3 317 155 2.20 5.7 525 437
(AMF)
oz s 115 28.6 146 4.06 3.60 4.9 2.71

Vermicompost
LSD o.0s 1.95 2.54 2.98 0.86 1.67 0.968 1.61
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Table 13- Results of variance analysis (mean of squares) for the effect of intercropping combinations on biomass total of
incorporated into soil

©lapo ke
Ol gty 2slio &3l as Mean of squares
S.0.vV d.f S @ Sl 8397 G § Eg050
Biomass total incorporated into the soil
Sob
Block 2 2.03
Lglsee ws dusz,s _ 4 8.06
Intercropping combinations
= 8 0.373
Error
et 3.96
CV (%)

o> S s pdaws jd o dize -
**: Significant at 1 % levels of probability.
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Table 14- Results of variance analysis (mean of squares) for the effect of different fertilizer sources on soil chemical
properties of the experimental site after application of treatments

©lapo (ke
booiS aslie ) Mean of squares
Ol i 200 ] - - - P .. .
g’g \f’ &l S ol s BB ad 5 gk PO oLy Mo
T d.f OrganicC sty Available P Total N Amount of exchangeable
(%0) pH (mg.kg™) (%0) K (mg.kg™)
s
* 2 0.001 0.096 0.006 0.0004 544.50
Block
bl cutS il gloeuS - . ” - -
. e . SIS 0.071 0.453 146.46 0.0048 41300.02
Different intercropping ratio
> 14 0.002 0.020 2.545 0.0003 885.83
Error
st e 4.59 1.89 7.51 13.06 4.68
CV (%)

o pd S Jloss ! o 55 b ixe -
**: Are Significant at 1 % levels of probability.
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3Ll g (Sofdomg oo il b SB 4 5w 398 b5y
Sge 4 e Gy ol 148 Wb e I SB  lie polie
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; Meena et Amede et al., 2021) 5,5 o aLS 5Ll 4500
Sile s slaseS @l sl o)l L —ime} o -(al., 2018
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(Solangi et al., 2019) wus Hbogls 4 Cows S
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358 &S b 5)i5 SB Glusgas (g9 Lablab purpureus L.
Gl B jiud 5 S (5005 S ) dge 4 i
2 oen (Amede et al., 2021) 4> 5 salds 4y Cu s
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Table 15- Mean comparisons for the effect of different fertilizer sources on soil chemical properties after application of

treatments
e o35 gulo oS oW Cde BB s IS e I iyl
it ; d’l' & OrganicC sl Available P Total N Amount of
Different fertilizer sources (%) oH (mg.kgt) (%) exchangeable K (mg.kg™)
355 Spae pie 0.48 7.2 103 0.07 505
No fertilizer
9 palls s 0.88 7.07 15.1 0.08 509
Barley monoculture
Soile ol i 0.92 7.48 215 0.12 633
Vetch monoculture
92 2o VO F ke a3 VO 0.94 7.51 234 0.14 707
75% Vetch+ 25% barley
g b b i Sile do 3 b 0.97 7.97 342 0.19 853
50% Vetch+ 50% barley
92 222 VO +ila a3 VO 0.82 7.24 198 0.11 549
25% Vetch+ 75% barley
g _@b i 0.90 7.14 243 0.17 694
Arbuscular mycorrhizal fungi (AMF)
“““*“5 it 0.85 8.05 21.3 0.12 635
Vermicompost
LSD o.05 0.07 0.25 2.79 0.03 52.12
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Aoy B lajlos plgi oo adlllas 3)90 (S g (B S paSlS

Crotalaria ) oLl s’ jow clasgS 15l wyp b dmop 5
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oy bl Gl 9 CraS’ (995 9099 LS 9 (b wiia
cstodee Lug) juw 555 5,8 s 45155 (Lippia alba Mill.)
ey peo L Ol 5 (g3 £I5 5 ¥IY Y Ll 8l 4 e
Santos Marques et al., ) 45,5 sald 4 Caws (49)5 9 (yiged
OSes pd oy 3 il Ll bS5 e 3yt (2018
9 jr 95 yida (N yolie (3518 (o yied ) Jdse ol
sl Syl sl SB (Sjglsn 5 (Kb Ll pd 25
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