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Table 1- Means of precipitation (mm) during the months of experiment
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Table 2- Some physical and chemical soil properties of experimental site

Culaa Gisre B yd b el

T ] .
9 81 “(” ‘x:)s Js EVT L REP) PRWICIWE) ol g9 o Fe
- - o
cdl del  uies j owd) N (wep)  (elsest) (o2 (flstst)  (Plas)  (Ple) (Pl
Texture H . Organic i i
P (% »  cabon Total P(Avail K(Availab ~ Fe Zn Cu Mn
EC (%) N able) le) (ppm) (ppm) (ppm)  (ppm)
(ds.m™) (%) (ppm) (ppm)
5 9 3.7
7.29 1.087 1.82 0.165 160 1049 15.034 1.284 .
Sandy loam 9 6.304
aialosl ol 53 23lEiwl 3590 CawgneS 5059 (ot howd Cluogad -V Joua
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Table 4- Means comparison of some measur ed character s of sage under different irrigation regimes and fertilizer treatments

(0 sl) £li5 ! (oo slw) (295 5o 5 3 s L (U2 52 o) Suiis 3,Sdos
Plant height Canopy diameter Leéf area I ndex Dry matte{ yield
(cm) (cm) (t.ha™)

)l»._J 2012 2013 2013 2012 2013 2013 2012 2013 2013 2012 2013 2013
Treatment  Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep.
‘5}"—5‘.‘ * Kk * k% *k*k * k% * k% * k% *k*k * k% *k*k * k% * k% * k%
Irrigation

I 20068 2514  3558° 33.24° 31.15° 37.89° 1.372 1.08 2.37% 2.336° 2.179°  3.971°

I2 23.07° 1919  29.06° 27.09° 2518° 31.44°  083° 0.73° 1.84° 1.335° 1.222°  3.090°

I3 1641°  14.09° 21.11° 16.49° 13.69°  19.40° 0.36° 0.32° 1.09° 0.600° 0.528°  1.833°

355 * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k%
Fertilizer

Fo 17.68°  14.96°  2322° 17.21° 15307  21.71¢ 0.59° 0.50° 1.43¢ 0.945° 0.831°  2.389¢

Ur 22.83°  19.09° 28.22° 26.31° 2358°  29.10° 0.81° 0.71° 1.76° 1.447° 1191°  2.955°

\Y 24.74° 2102  30.46° 27.70° 26.00° 32.30° 0.95" 0.77° 1.87° 1.582° 1268°  3.138°
NFB 21.88° 1834  27.56¢ 26.28° 2412° 29.37° 0.75¢ 0.63¢ 1.75° 1.219° 1.052¢  2.931°
V+NFB  27.11% 2394° 33.39% 30.54° 27.70°  35.40° 1172 0.94% 2.04% 1.925% 1571*  3.409°
Tffl;a;lso)::(' * k% * k% *k*k * k% * k% * k% *k*k * k% *k*k * k% * k% * k%
fertilizer

11xFo 2397% 20207 3027 23.33° 20.83° 29.67' 0.97" 0.77° 1.89% 1583 1.287° 3.171¢
1,xUr 29.07° 2483  3517° 34.67° 32.60° 38.07° 1.37° 1.24° 2.46° 2.686° 2.065° 4118
[1xV 31.40° 2697° 3753 3553° 3413° 4067 1.50° 1.07° 2.48° 2.461° 1775°  4.152°
1,xNFB 27.90° 24.10c 3397 34.67° 32.40°  37.50° 1.26¢ 0.95¢ 2.36° 2.078" 1588%  3.953°
IXV+NFB 3298  29.60°  40.97° 38.00* 35.77%  4353° 1.76 1.37° 2.66% 2.872° 22722 4.460°
1,XFo 17.80' 14.30"  23.63 16.97" 1517  23.00" 0.60 0.549 155" 0.907 0.896°  2.587"
1 ,xUr 2313 19.17¢ 2897 28.47¢ 25.80°  30.80% 0.80" 0.67' 1.85' 1.208° 11317 3,093
[,V 2463° 20619  31.03° 28.93¢ 28.40°  34.60° 0.91° 0.79° 1.92° 1.527" 1.323°  3.218°
1,xNFB 21.80° 1763  27.50° 28.67¢ 26.40" 31.33° 0.73 0.70' 1.79° 1.173° 11777 2.990°
IxV+NFB  28.00¢  24.23° 3417  3243° 3013 3747°  111° 0.95" 2.13° 1857°  1585"  3.560°
13%Fo 1127 1037 1577 11.33 990  1247¢ 021" 019 0.84" 0.344' 0309  1.410"
[sxUr 1630 1327 2077 1580"  12.33* 1843 0.27 0.23 0.99 0449 0379 1654
[axV 1820 1550  22.80 18.63° 1547 2163 0.45¢ 0.47" 1.22 0.757 0.705"  2.043
15xNFB 1593  1330"  21.20 15.50' 1357  19.27 0.24"™ 0.23 1.11¢ 0.405 0392 1851
IxV+NFB  2037" 18.000 25.03" 21.20' 17.20"  25.20° 0.62 0.51%" 1.32 1.046" 0.856°  2.206

oyd pylie S e )3 Iy gixe

kK

***:Sgnificant at P < 0.001
Al o0 0 gl 53 yless (yn b ixe glds pae il gt b )3 S gy (s (o Sike
Means with the same letters in each column indicate no significant difference between treatments at the 5% probability level.
B Cagloy 10p3 Ae Bpaca 31y )l N3 iy dnings Bos )3 odlitl B gl 1) Fo e Sl (sl 12 iyt Bae 3 o3lial LB gl doyd Fr s | g 53l 11
0395 038 s (5331 (Slais Sl + Cangea 039 IVHENFB 5 cusgiaS 05 1V o9l Sluowd 355 TUT 0058 B pumo pite o iyt os )3 oali
11: irrigation after depletion of 40% available water, | irrigation after depletion of 60% available water, |3: irrigation after depletion of 80%

available water. Fy: no fertilizer, Ur: urea, V: vermicompost, NFB: nitrogen fixing bacteria (Azotobacter+ Azospirillum+ Pseudomonas) and
V+NFB: vermicompost + nitrogen fixing bacteria
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Table 5- Means comparison of some measured character s of sage under different irrigation regimesand fertilizer treatments

(30,3) uilus! las (20,3) g W (342,3) Jgiimw 891 (323) ;5005
(Essential ail content) a-Thujone 1,8-Cineole Camphor
(%) (%) (% (%)
o 2012 2013 2013 2012 2013 2013 2012 2013 2013 2012 2013 2013
Treatment Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep.
Ls)lﬁ"i * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k%
Irrigation
I1 0.49° 1.12° 1.07° 2793 2369° 29.18°  8.66° 7.38° 8.58° 18.72° 16.48°  19.77°
I, 0.97 242 2190 34122 31777 3578° 1297 1138  13.34% 24.81% 2214 26.69°
[ 0.78° 2.18° 195° 2906° 2673 3323° 1037° 1025° 10.79° 23.88° 20.40°  23.96°
Q,S * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k%
Fertilizer
Fo 0.66 ¢ 1.60° 142° 29657 2741° 3268° 1023°  9.66° 10.85° 22.16° 19.65°  23.42°
Ur 0.73° 1.85¢ 165 3028 2727 3275 10319 968  10.93° 22.33¢ 19.67°  23.48°
\% 0.77° 2.01° 1.86°  3067° 2742*° 3275 1089° 967  1093° 2260°  19.68°  23.49°
NFB 0.74° 1.90° 175°  30.25° 27.42°  3270° 1074  9.66° 10.87° 2256°  19.66°  2347°
V+NFB 0.84% 2.15% 2012 3100° 2745 32777 11177 9707  10.95% 22.71% 19.69°  2351°
=9;.xé)bii *kk *kk * k% *kk *k*k * k% *k*k * k% * k% *k*k * k% *k*k
Irrigationx
Fertilizer
11xFo 0.37 1.01m 094" 26347 2375° 2913 74§ 7.35f 854" 18.63 16.45°  19.72
I 3xUr 0.49 1.09 1.06* 28'?‘59 2333 29199 875  7.41de  8.60° 18.78 16.50°  19.79°
11XV 0.51' 1.15 113" 2820 2376° 29200 877i 7.39de  8.60° 18.7% 16.47°  19.78%
1,xNFB 0.50 1.114 1.03¢ 2819" 2378  2015%  8.76i 7.37€f 8.56" 18.69" 16.48%  19.76"
1:XV+NFB 0.55" 1.24 119" 2847¢ 2381° 29.21f 9.56¢ 7.42¢ 8.61¢ 18.79 16.50°  19.80°
1 ,xFo 0.89¢ 197" 173" 3401° 3175° 3573 1267 11.37° 13.27° 24.60° 2212° 26.64°
[,xUr 0.93° 2.38¢ 2119  3407° 31774 3580° 1274 11.39® 1337 24.89° 2213° 26.70°
1,xV 1.00° 257 232°  3411® 31777 3581* 1326° 11.37* 1338 24.83° 2214°  26.70°
1,xNFB 0.93° 2.45° 222° 34090 3175 31.75° 12.89° 11.36°  1330° 24.73° 2213 26.68°
I,xV+NFB  1.10° 2,712 256  3432* 31.79° 3583° 1329*° 1141* 13.39% 25.00° 22160  26.73
13xFo 0.70° 184 1.59° 28.61eh 2673 3318° 1054 1025° 10.74 23.24 2038 2391
IxUr 077 2088 179 2837 o672 mas 943 1025 1082% 2331 2038°  2396°
13V 0.80° 2.31° 2138 2070° 2674 33259  10.65° 10.26°  10.81° 24.25° 2043 2398%
1sxNFB 0.78 215 198°  2847%  2673° 3321 1057 1024°  10.76 24.27° 20388  2397*
IxV+NFB  0.87° 2.50° 226  30.20° 26.76° 3327° 1066° 10.27°  10.84° 24,23 20.42°  23.99

Kkk

Loy ol S o 3 ) (et
***:Sgnificant at P < 0.001
il (0 70 g 53 Wjlosd o Jbine SgldS pis ks (5t 2 53 oSy By b oSk
Means with the same letters in each column indicate no significant difference between treatments at the 5% probanitity level.
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1,2 irrigation after depletion of 40% available water, 1,: irrigation after depletion of 60% available water, 5: irrigation after depletion of 80%
available water. Fy: no fertilizer, Ur: urea, V: vermicompost, NFB: nitrogen fixing bacteria (Azotobacter + Azospirillum+ Pseudomonas) and

V+NFB: vermicompost + nitrogen fixing bacteria
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S g CeS «Sid 3 Slas (glidy Oluogas polae yil38l . o _ . .

’ ) TEyEE R 0% )SI salde (pyid 93500 (S aw 5 (55 Hlab (gliS)l) (o)

g2 b Lo uiomed A5 odbline uwgie (i 50 bl CudS 5 CueS



YOV . imirn i g 05 0 ,5os 33 (359 5 3 (umt 3 (G005 gy 509 il (s

Cadls pr ilises oo 53 (5355 S )losd 9 (5Ll ilites (Slaes 5, Cod (5 po b (5 51T Ol (B (Lo duamlile T Jguta
Table 6- Means comparison of some measured char acter s of sage under different irrigation regimes and fertilizer treatments
in different harvest times

gyl ) 295 b oasld Suis 3,Slos PRV W ART ogre W ks A 5 ) s
)L%; ();‘ubb‘") ();‘ ‘j)'.’ @a.m ()l&h » u:") (Mﬁ) . (.»o)a) (.»o)a) (M)A)
Treatment rf)eliar;]tt dci::l{r]wcc’a[t)gr Leaf area Dry ;:r;lzztter Esgﬁgttl;l]ton a-Thujone  1,8-Cinecle ~ Camphor
9 Index yee (%) (%) (%)
(cm) (cm) (t.ha™) (%)
‘s)lﬁ"i * %%k * k% * k% * k% * k% * k% * k% * k%
Irrigation
I 29.93° 34.097 1617 2.7022 0.89° 26.93° 8.21° 18.32°
I, 23.77° 27.90° 1.12° 1.882° 1.86° 33.89° 12.56% 24.56°
I3 17.20° 16.53° 0.59° 0.987° 1.64° 29.68° 10.47° 22.75°
"95 * k% * k% * k% * k% *k* *k* * k% * k%
Fertilizer
Fo 18.62° 18.07° 0.84° 1.388° 1.23° 29.91¢ 10.25° 21.74°
Ur 23.41° 26.33° 1.10° 1.865° 1.41¢ 30.10° 10.31¢ 21.83°
\Y; 25.41° 28.67° 1.20° 1.996° 1.55° 30.28° 10.50° 21.92%
NFB 22.59° 26.59° 1.04° 1.730 1.46° 30.12° 10.42° 21.90%
V+NFB 28.152 31.21° 1.38% 2.3022 1.66% 30.41° 10.61° 21.972
Ll
I:T,slgxa‘tsl:)n.x * %%k * k% * k% * k% * k% * k% * k% * k%
Fertilizer
1,xFy 24.81° 24.619 1.21° 2.0149 0.78 26.41" 7.79% 18.27™
[,xUr 29.69° 35.11° 1.69° 2.956° 0.88" 26.99° 8.25i 18.36
[1xV 31.97° 36.78" 1.68° 2.796° 0.93 27.05 8.25i 18.32
I,xNFB 28.66"° 34.86° 1.53° 2.540° 0.88" 27.04' 8.23] 18.31'
I, xV+NFB 34.51° 39.10° 193 3.20° 0.99 27.16' 8.53h 18.36¢
1,%Fo 1858 18.38 0.89° 1.463 1.53° 33.83° 12.44d 24.45°
1 ,xUr 23.76' 28.36' 1.11f 1.811" 1.81¢ 33.88° 12.50c 24.57°
1,xV 25.42° 30.64° 1.21° 2.023' 1.96 33.90* 12.67b 24.56°
[,xNFB 22.319 28.80' 1.07' 1.780" 1.87° 33.86% 12.52¢ 24.51¢
1, xV+NFB 28.80% 33.34¢ 1.40° 2.334° 2.12° 33.08% 12.70a 24.63
13xFg 1247 11.23¢ 0.41¢ 0.688" 1.38" 29.51° 10.51f 22,51
1axUr 16.78 15.52 0.49 0.827™ 1.549 29.43¢ 10.17g 2255
13V 18.83 18.58 0.71 1.168 1.75° 29.90° 10.57e 22.89°
13xNFB 16.81) 16.11 0.53 0.883™ 1.64' 29.47° 10.52f 22.87"
1,xV+NFB 21.13" 21.20" 0.82" 1.369" 1.88° 29.08° 10.59¢ 2291
w‘bf’ulﬂ)‘ * k% * k% * k% * k% *k* *k* * k% * k%
Harvest time
Septﬁ’; R, 28 25,617 0.86" 14240 0.75° 3037 1067 2247
1331;‘“*"' - 1%’" 1047° 23.34° 0.71° 1.183° 1.90° 27.40° 9.67° 19.67°
Septﬁ’s R s 2888 2058 177 2.964° 174 273 10912 2347

Loy i S o 53 )l gne K

***:Significant at P < 0.001

il o0 /0 paw 53 b jlass oy Jb dre glis pae (Sl et b )0 Sy ey gl sl Sile
Means with the same letters in each column indicate no significant difference between treatments at the 5% probability level.
5 o3l B Cogoy 1uoyd A e 5l ()l 113 ity drgi Bas y oalital BB Cogby dop> Fo Bpna I L syl 1l ity drsgi Bes y edlitul BB Cugby doyd ¥ Bpan il )bl i1
0395 038 S (5331 (slais S + CungeaS 019 IVHENFB 5 cugiaS 05 1V oyl (Sliosd 358 TUT 068 o pite tFp iy dnsgs 30e
11 irrigation after depletion of 40% available water, |,: irrigation after depletion of 60% available water, I3: irrigation after depletion of 80% available
water. Fo: no fertilizer, Ur: urea, V: vermicompost, NFB: nitrogen fixing bacteria (Azotobacter+ Azospirillum+ Pseudomonas) and V+NFB:
vermicompost + nitrogen fixing bacteria
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I ntroduction

Sage is a popular medicina plant which is widely used in food and pharmaceutical industries. V ermicompost
are a rich source of macronutrients, micronutrients, vitamins, enzymes and plant growth promoter hormones.
Therefore, the use of vermicompost in sustainable agriculture, in addition to increasing population and activity of
beneficial soil microorganisms, causes the rapid growth of medicinal plants. The uses of bacteria (Azotobacter,
Azospirillum and Pseudomonas) as a bhiofertilizer have causes increasing the efficiency of nitrogen and
phosphorus fertilizers and improving the growth of several crops. Drought stress is one of the most important
environmental stresses that affect the growth and yield of plants. Management of nutrients in plants, especially
during drought conditions and to assess this management on quantity and quality of sage medicinal plant is very
important. Limited information are available about the response of sage under water deficiency conditions in
different fertilizing systems, so the aim of this research was to study the growth, yield and essential oil
production of Sage under different irrigation regimes.

Material and Methods

Field experiments were carried out at the field research station of Faculty of Agriculture of Tarbiat Modares
University in Tehran, Iran during two growing seasons (2011-2012 and 2012-2013).

The experiment was laid out in split plot based on randomized complete block design with three replications.
Three irrigation levels including irrigation after depletion of 40% available water (11), irrigation after depletion
of 60% available water (12), irrigation after depletion of 80% available water (13) as the main plots and five
different soil fertility systems including control (no fertilizer) (FO), chemical fertilizer (urea=150 kg/ha™) (Ur),
nitrogen fixing bacteria(Azotobacter+ Azospirillum+ Pseudomonas) (NFB), vermicompost (8 t/ha”) (V)
vermicompost + nitrogen fixing bacteria (V+NFB) as sub plots were alocated. A TDR probe (Time-Domain
Reflectometry, Model TRIME-FM, England) was applied to measure soil water content. Essential oil extraction
was subjected to conventional hydro distillation using a Clevenger-type apparatus in accordance. Essential oil
analysis was performed using a TRACE GC (ThermoQuest-Finnigan) equipped with a DB-5 fused silica column
(30 m x 0.25 mm, 0.25 um film thickness). GC-MS analyses were carried out on a TRACE M S (ThermoQuest-
Finnigan).

Results and Discussion

The highest plant height, canopy diameter, leaf area and dry matter yield were obtained at no stress and
V+NFB in al three harvests. Also, the maximum essential oil content and essential oil compounds were obtained
at moderate stress and V+NFB in all three harvests. Among the three times harvest, the highest plant height
(28.84 cm), canopy diameter (29.58 cm), leaf area (1.77 m.m-2) and dry matter yield (296 g. m-%) were observed
at third harvest time. The maximum essential oil content (1.90%) was obtained at second harvest time and the
highest a-thujone (32.73%), 1, 8- cineol (10.91%) and camphor (32.47%) were observed at third harvest time.
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Reduction in the morphological characteristics and dry matter by increasing drought stress could be the result
of a preferential allocation of biomass production to the roots or a reduction in chlorophyll content and
photosynthesis efficiency.Positive and synergistic effects between vermicompost and bacteria can increase
bacteria activity in the soil and rhizosphere through mechanisms such as production of growth hormone which
increased root growth. Increasing in essential oil concentration under water stress could be due to the fact that
plants produce high terpene concentrations under water stress conditions and low allocation of carbon to the
growth, therefore can be a trade-off between growth and defense. Vermicompost and nitrogen fixing bacteria
by providing more uptake of phosphorus and nitrogen increase the essential oil content.

Conclusion

The results showed that drought stress reduced the growth characteristics (height, canopy diameter and leaf
area), and the highest amounts of essential oil content and quality were observed in moderate stress. In addition,
vermicompost + nitrogen fixing bacteria treatment was the best fertilizer combination among all treatments in
increasing the growth characteristics, dry matter yield, and essential oil quantity and quality.

Keywords: Drought stress, Essential oil, Organic nutrition, Soil fertility



