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ABSTRACT

Satureja sahandica is one of the endemic Iranian medicinal plants which, has application in pharmaceutical,
food, cosmetic and sanitary industries and has high agricultural importance due to its high tolerance to drought
stress and production capacity in rainfed areas. In order to investigate the changes in the physiological traits of Satureja
sahandica, this research was carried out in two years under field conditions with split plot design in three replications.
Drought stress considered as main slot at four levels (full irrigation and interupted irrigation at shoot, budding and 50%
flowering stages) and inoculation with mycorhiza as sub plot at four levels ( non-use of bio fertilizer (control), Glomus
intraradices, Glomus mosseae, and Glomus mosseae + Glomus intraradices). The results showed iteraction effect of year *
drought stress * mycorrhiza at 1% level on peroxidase and polyphenol oxidase and percentage of essential oil was
significant. Mean comparison of traits showed that catalase, superoxide dismutase, peroxidase and total phenol were the
highest in the second year. The highest amount of chlorophyll b, total chlorophyll, malondialdehyde, soluble sugar was
obtained in drought stress at stem elongation. The highest superoxide dismutase, proline, and total phenol belonged
todrought stress at 50% flowering. The highest percentage of essential oil (1.87%) obtained in use of both species of
mycorrhiza. So using bio fertilizers can reduced effects of drought stress.

Keywords: Antioxidant enzymes, essential oil percentage, proline, Satureja sahandica, soluble sugar.
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Table 1. Physical and chemical properties of soil from the depth of 0-30cm

TNV Organic carbon  Organic matter EC pH Sand Silt Clay K (av.)
(%) (%) (%) (ds/m) (%) (%) (%) (mg/kg)
11.8 0.96 1.60 1.13 7.48 41 33 26 198

P (av.) Fe Mn Cu Zn N Bulk density (Bd) PWP (15bar)  FC (0.33bar)
(mg/kg) (mg/kg) (mg/kg) (mg/kg)  (mgrkg) (%) (g/em’) (%) (%)
11.2 131 10.82 0.56 0.62 0.08 1.76 12.21 2341
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Table 1. Results of combined variance analysis effect of drought stress and mycorrhizal fungi on physiological traits
of Satureja sahendica Bornm.

Mean Square

Source of variation df Protein  Catalasse WP MU porosidase CNIOrOPhyIl- Chiorophyll-— Chlorophyll- . g
dismutas a b total
Year 1 123ns  0.009" 8568 0.001™ 0.102ns 0.3227 0.050ns 0.021ns
Erorr (year) 4 019 0.0006 1920 0.00006 0.014 0.001 0.008 0.003
Stress 3 22737 0172" 207507 0.023™ 0.519™ 0.070™ 0.97" 0.04™
Year Stress 3 0.009ns 0.00001ns 15.97ns 0.005™ 0.013ns 0.0003ns 0.002ns 0.000003ns
Erorr (a) 12 075 0.0001 261.86 0.0004 0.017 0.002 0.04 0.001
Mycorrhiza 3 7407 0.13™ 369330™ 0.054™ 0.313™ 0.070™ 0.73" 0.137"
Year xMycorrhiza 3 0.004ns 0.000006ns  128.02ns  0.000006ns  0.009ns 0.00009ns 0.007ns 0.00001ns
StressxMycorrhiza 9 135" 0.04™ 21382" 0.002"™ 0.046™ 0.010ns 0.096™ 0.013"
YearxMycorrhizaxStress 9  0.01ns 0.000006ns  148.06ns 0.002™ 0.016ns 0.0003ns 0.005ns 0.000003ns
Error 48 032 0.0005 1224 0.0004 0.014 0.011 0.021 0.004
Cv% 18.40 11.40 12.56 19.90 13.32 26.57 10.62 15.79

Aibos woy ) g0 mhaw jo e pxe Dol 9925 5 Hlo cixe D9l Dgus aies ylis o a4y sk
ns,*, **: non-significant, significantly different at 5 and 1 %, respectively;

g9 % ds
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Continued Table 1. Results of combined variance analysis effect of drought stress and mycorrhizal fungi on
physiological traits of Satureja sahendica Bornm.

Mean Square

s . . Total Malon- Polyphenol Soluble Essential oil
ource of variation d.f. Proline . :

phenol dialdehyde oxidase sugar percentage
Year 1 0.240” 9.21™ 0.290 0.002" 0.107" 3.46™
Erorr (year) 4 0.011 0.328 0.024 0.0006 0.026 0.90
Stress 3 173" 2.594™ 0.690” 0.261" 0.363" 0.68"
YearxStress 3 0.00000001" 0.144™ 0.0001™ 0.007™ 0.001" 0.11"
Erorr (a) 12 0.002 0.009 0.086 0.001 0.009 0.26
Mycorrhiza 3 1.05™ 736" 0.950" 1.019™ 0.076™ 041"
YearxMycorrhiza 3 0.000002"™ 0.010™ o 0.006™ 0.0004™ 0.49™
StressxMycorrhiza 9 0.272™ 0.56" 0.182" 0.273™ 0.067" 0.86"
YearxMycorrhizaxStress 9 0.000002"™ 0.20™ 0.071"™ 0.088™ 0.0003ns 0.94”
Error 48 0.008 0.24 0.160 0.001 0.017 0.18
Cv% 10.64 11.73 22.75 12.48 16.06 25.74

Al do ;0 Vg 0 mhaw 1o o sixe Dgldl S99 g 0 sixe Dgldl Seu oaims LS s g 5 NS
ns, *, **: Non-significantly difference and significantly different at 0=0.05 and a=0.01 probability levels, respectively.
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Table 2. Mean comparison effect of year on physiological traits of Satureja sahendica Bornm.
Year Protein Catalase  Super oxid dismutase  Peroxidase Chlorophyll-a Chlorophyll-b Chlorophyll-total Carotenoid
(mg/g.f.w.) (unit/mg.pro) (unit/mg.pro) (unit/mg.pro)  (mg/g.f.w.) (mgl/g.f.w) (mg/gfw)  (mg/g.fw.)
First year 2.99a 0.20b 268.98b 0.09b 0.87b 0.34b 1.37a 0.43b
Secondyear  3.22a 0.22a 287.88a 0.10a 0.94a 0.46a 1.41a 0.46a
s 3o )0 0 Jletiz | mlaw )0 ls gixe glas W36 eiw o )0 S e By S Bl s sl Sl
Means in each column with same letters are not significant at probability level of 5%.
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Continued table 2. Mean comparison effect of year on physiological traits of Satureja sahendica Bornm.

Year Proline Total phenol Malon- dialdehyde Polyphenol oxidase Soluble sugar Essential oil
(ug/g.fw.) (mg/g.f.w.) (ug/g.fw.) (unit/mg pro) (mg/g.f.w.) percentage
First year 0.80b 3.92b 1.70a 0.26a 0.79b 1.49b
Second year 0.90a 4.54a 1.81a 0.25a 0.86a 1.87a

s 3 )0 0 Jleis | e )0 lo gixe glas W36 et o )0 S e By S Bl s sl Sl
Means in each column with same letters are not significant at probability level of 5%.
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Table 3. Combined mean comparison effect of drought stress on physiological traits of Satureja sahendica Bornm.

Drought stress Protein C_atalase %TE;LZQS Pe;roxidase Chlorophyll-a  Chlorophyll-b Chiorophyll- Carotenoid
(mg/g.fw.) (unit/mg.pro) (unitfmg pro) (unit/mg.pro)  (mg/g.f.w.) (mg/g.f.w.) (mglg.fw) (mg/g.f.w.)
without stress 1.73c 0.09c 177.39d 0.07c 0.97a 0.34b 1.12d 0.38b
no irrigation in the stem elongation stage 401a 0.29a 246.96¢ 0.13a 0.98a 0.47a 1.59 0.48a
no irrigation in the start of blooming stage 3.38b 0.22b 290.13b 0.11b 0.98a 0.38b 1.48b 0.46a
no irrigation at 50% flowering stage 3.31b 0.22b 399.27a 0.07c 0.68b 0.41b 1.38¢ 0.45a

s 3o )0 0 Jleis | mhaw )0 lo gixe @glas W36 eiw o )0 S e By S Bl sl sl Sl
Means in each column with same letters are not significant at probability level of 5%.
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Continued Table 3. Combined mean comparison effect of drought stress on physiological traits of Satureja sahendica

Bornm.
: Total Malon- Polyphenol o
Drought stress ( Pr/O“fn\?v) phenol dialdehyde oxidase Sg}lqut;le fs\ljvg;i r Esesri:tr']?; Oe”
HO/gIW. (mg/g.f.w.) (ng/g.fw.) (unit/mg pro) 991w P 9
without stress 0.58¢c 3.75b 1.68ab 0.18¢c 0.68c 1.63b
No irrigation in the stem elongation stage 0.82b 4.43a 1.89a 0.27b 0.98a 1.50b
No irrigation in the blooming stage 0.79b 4.25a 1.55b 0.40a 0.83b 1.91a
No irrigation at 50% flowering stage 1.22a 4.47a 1.89a 0.18¢c 0.79b 1.67ab

i 2o )0 O Jlaisl mdaw (o lo g Dglas a8l gt ja j0 S e B> S Jlas o)l e Sl
Means in each column with same letters are not significant at probability level of 5%.
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Table 4. Combined mean comparison effect of mycorrhizal fungi on physiological traits of Satureja sahendica Bornm.

— —~ —~ © o \
- =} [} [} _ = = =) =)
c3 gs S35 £5 I T=F 3B_F B:
. D 3 > o= o k=) L < ST - S«
Mycorrhiza ISR =R 52 E X E S S o SE€o L5
£§ 8% BBt Gz (8 GE :°E 5B

c c c =2 -

= 5 "o 5 a5 5= 5< S < [ORS)
Control 3.67a 0.32a 450.67a 0.16a 1.004a 0.45a 1.52a 0.51a
Glomus intraradices 2.37c 0.16b 167.51d 0.04d 0.74c 0.32b 1.14c 0.36b
Glomus mosseae 3.34b 0.17b 281.84b 0.11b 0.96ab 0.42a 1.49ab 0.50a
Glomus mosseae+ Glomus intraradices 3.05b 0.17b 213.72¢ 0.07c 0.92b 0.40a 1.41b 0.400b

s 3o )0 0 Jleiz | mla 1o )l pire @glds W36 eiw 2 )0 S e By S Bl sl sl Sl
Means in each column with same letters are not significant at probability level of 5%.
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Continued Table 4. Combined mean comparison effect of mycorrhizal fungi on physiological traits of Satureja
sahendica Bornm.

Mycorrhiza Proline Total phenol ~ Malon- dialdehyde  Polyphenol oxidase ~ Soluble sugar  Essential oil
(ug/g.fw.)  (mg/g.fw.) (ug/g.f.w.) (unit/mg pro) (mg/g.f.w.) percentage
Control 1.15a 5.04a 1.95a 0.53a 0.90a 1.62ab
G. intraradices 0.68d 3.81b 1.51c 0.09d 0.80b 1.65ab
G. mosseae 0.82b 4.03b 1.69bc 0.11c 0.83ab 1.57b
G. mosseae+ G. intraradices 0.76¢c 4.03b 1.87ab 0.30b 0.76b 1.87a

s 3o )0 0 Jleizl mhas )0 o gixe Dglds W36 aiw 2 )0 S e By S Bl sl sl Sl
Means in each column with same letters are not significant at probability level of 5%.
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Table 5. Correlation between measured physiological traits of Satureja sahendica Bornm
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ns, *, **: Non-significantly difference and significantly difference at 5 and 1 7., respectively.
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Figure 1. Effect of bio fertilizers on proline content of Satureja sahendica Bornm.
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Figure 2. The effect of bio fertilizers on the amount of soluble sugars of Satureja sahendica Bornm.
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