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Abstract

Bachground and objective: Deficiency or excess of any growth factor leads to
morphological, anatomical, physiological, and growth disorders in plants. Drought stress means
a lack of water in the plant. This situation occurs when the amount of transpiration exceeds the
amount of water absorption. Low irrigation (watering less than the optimal water requirement of
the plant) is a strategy to save water, but it affects the plant at a particular stage of growth or the
entire season. Biofertilizers develop the root system, changing host plant water relations and
plant metabolism. They also activate the defense system, improving access to minerals and
tolerance to drought in the host plant, making it environmentally friendly and natural. To
manage the prevailing water crisis, one should look for solutions such as reducing water
consumption and stopping irrigation at all stages of growth. This is without harming the plant's
final performance. In addition, due to the importance of medicinal plants and increasing their
biomass, biological fertilizers and the adjustment of drought stress effects have a special place.
This experiment was carried out to investigate the effectiveness of Satureja bachtiarica Bunge.
against dehydration at different stages of growth. It also investigated the consumption of
mycorrhizal fungi and growth-stimulating bacteria to manage plant production with high quality
and quantity.
Methodology: The experiment was carried out in the form of split plots in the form of a
randomized complete block design in three replications in the research farm of Islamic Azad
University, Tabriz branch, in 2018. The main and sub-factors were included in 4 water stress
(I1: without stress, 12: cut irrigation in stem elongation stage, 13: cut irrigation at the budding
stage and 14: cut irrigation at 50% flowering stage) and 5 biofertilizer levels (bl: without
inoculation, b2: inoculation with Funneliformis mosseae, b3: inoculation with Rhizophagus
irregularis, b4: Funneliformis mosseae + Rhizophagus irregularis and b5:
Azosprillium+Pseudomonas+Azetobacter), respectively. The harvest was in full flowering stage.
Results: The comparison of the average of irrigation interruptions showed that the most number
of leaves, stem diameter, canopy extent, root weight, leaf yield, flowering stem vyield, and
flowering branch yield belonged to the irrigation interruption at the 50% flowering stage.
Inoculation with Funneliformis mosseae mycorrhizal fungus achieved the highest leaf yield
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(912.06 kg/ha), flowering stem vyield (1071.25 kg/ha) and flowering branch yield (1983.32
kg/ha) in inoculation with Azosprillium + Pseudomonas + Azotobacter was observed. The
highest percentage of essential oil was found in inoculation with Funneliformis mosseae with an
average of 1.76%. The maximum average yield of essential oil at 30.50 kg/ha was observed in
the inoculation treatment with Azosprillium + Pseudomonas + Azotobacter. The results of the
comparison of the average of the interaction effect showed that the maximum height of the plant
and the number of inflorescences with an average of 61.72 cm and 30.46 per plant were found
in the interaction effect of the treatment of interruption of irrigation at the stemming stage and
inoculation of Rhizophagus irregularis + Funneliformis mosseae, which is about 31 and 39 The
percentage increased compared to their lowest value. Stopping irrigation in the budding stage
xFunneliformis mosseae had the highest percentage of essential oil with an average of 2.33%.
Stopping irrigation in the stemming stage xRhizophagus irregularis had the lowest essential oil
percentage. The highest leaf yield (1212.83 kg/ha), flowering stem vyield (1494.75 kg/ha),
flowering branch yield (2707.58 kg/ha) and essential oil yield (44.39 kg/ha) in the interaction
effect of cutting x Azosprillium + Pseudomonas + Azotobacter irrigation was observed at the
50% flowering stage, which increased by 70, 82, 81 and 87% compared to the lowest ones.
Conclusion: The correct management of soil fertility, improvement, and maintenance of soil
fertility in modern agricultural systems will provide the nutrients needed by the plant and thus
enhance the yield. Therefore, in recent years, many studies have been conducted on biological
fertilizers. Mycorrhizal fungi are essential factors in the stable plant-soil system, which coexists
with more than 85% of plants._Drought stress is one of the most influential environmental
factors in plant growth and causes morphological, physiological, and metabolic changes. In
addition, biofertilizers increase plant access to nutrients and produce and direct hormones
involved in the growth of the root environment. They also increase stress tolerance and enhance
yield. Considering the arid and semi-arid conditions of the country and the increase in demand
for medicinal plants and Satureja bachtiarica spices, it is recommended to stop irrigation at the
50% flowering stage and use Azotobacter, Azospirillium, and Pseudomonas biofertilizers to
obtain the maximum yield of leaves, flowering branches, and essential oil.

Keywords: Drought stress, Mycohrriza, Pseudomonas, Azetobacter, Azosprillium, essential oil
yield.
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Table 1. Physicochemical properties of experimental soil

Texture pH EC (dS.m?)

Organic matter

K (mg.kg?) P (mg.kg™)

(%)

Sandy-Loam 8.9 11.67

0.67 214 166
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Table 2. ANOVA of irrigation stop and biofertilizers effects on some Satureja bachtiarica characteristics

M.S.
S.O.V. d.f. Plant Number of  Internode Stem Canopy Number of Inflorescence
height leaves length diameter diameter inflorescences length
Block 2 76.09" 80000™ 81.76™ 082" 90.15™ 80.90" 20.65™
'"'gat('l‘;” SOP 3 169.07"  5382514™ 145" 1.45™ 6380.74™ 79.28" 32.32"
Main error 6 1.47 6000 1.76 0.04 60.95 0.90 0.65
B'Of?g)'"zer 4 49317 2464454  254.36™ 1.74™ 7490.84™ 10277 69.30™
I x B 12 35617 2113391 14.03™ 0.57™ 6745.97™ 26.94™ 14.56™
EXpe;gf”“a' 32 162 6000 1.76 0.04 10.15 0.90 0.65
C.V. (%) - 1259 11.25 5.41 17.22 1091 13.92 14.24
M.S.
S.0.V. d.f Root . Leaf Flowering Flowering Essential oil Essential oil
Root weight - . branch .
length yield stem yield vield percentage yield
Block 2 2055~ 2052™ 200666~ 201500~ 76.00" 0.72" 1807
'"'gat('lc;” P 3 69.10" 66.20™ 451949™ 1161657  169.08™ 0.09™ 735.12"
Main error 6 0.55 0.52 666.67 1499.99 1.47 0.00 0.07
B'Of‘(*g)'"zer 4 118177 53.14™ 116074™  243778"™  493.17" 0.61™ 139.45™
I xB 12 2224 18.03™ 161312  231625™ 35.61™ 0.41™ 29277
EXpeer:?;f”“a' 32 055 0.52 666.67 1500 4166.67 0.00 0.07
C.V. (%) - 1393 550 16.43 14.28 13.89 1167 10.02

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 3. Means comparison of irrigation stop effects on some Satureja bachtiarica characteristics

Plant height Number of Internode _Stem C_:anopy _ Number of Inflorescence
Treatment (cm) leaves.plant™t length diameter diameter inflorescences. length (cm)
mm mm cm plant
. lant-L
I1 50.17° 3874.61° 25.682 3.01% 94.22¢ 26.832 18.63°
I2 53.442 2666.53¢ 24.39b 2.44¢ 96.22° 25.46° 21.252
Is 47.59¢ 3251.49¢ 24.66° 2.88° 108.02° 22.04¢ 17.88°
l4 45.69¢ 3943.942 23.28° 3.152 138.90° 22.56° 18.70°
. . Flowering Flowering N Essential oil
Treatment Root length Root Welght Leaf ylild stem yield branch yield ESSEF(])tIal oil yield
(Cm) (gplant ) (kgha ) (kghal) (kghal) (/O) (kghal)
I1 19.95% 12.79¢ 808.19° 938.01° 1746.20° 1.54¢ 25.840
I2 19.79° 10.54¢ 525.494 538.91¢ 1064.41¢ 1.51¢ 16.20¢
I3 20.432 13.77° 733.53¢ 923.80° 1657.33° 1.65° 25.52¢
l4 15.79° 15.582 940.64° 1216.242 2156.89? 1.672 33.30%

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
11: without stress, I2: irrigation stop at stem elongation stage, s irrigation stop at budding stage, and la: irrigation stop at 50% flowering stage.
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Table 4. Means comparison of biofertilizers effects on some Satureja bachtiarica characteristics

Plant

Stem

Canopy

Treatment height Number of Internode diameter diameter Number of Inflorescence
g leaves.plant?  length (mm inflorescences.plant®  length (cm
(cm) (mm) (cm)
B1 41.984 3433.39P 21.03¢ 2.46° 94,794 21.314 18.11¢
B2 43.08¢ 3179.63¢ 18.57 2.48¢ 97.86¢ 21.38d 15.80¢
Bs 54,752 3199.69¢ 28.342 3.322 124.078 28.142 19.93°
Ba 55.672 3138.92¢ 29.192 3.090 115.17° 24.58¢ 19.41°
Bs 50.64° 4218.102 25.39b 2.99b 114.80° 25.70° 22.332
Flowerin . L
Treatment IEHO(;L Root weight Leaf yield g stem b'r:;?]\'cvﬁ ”;:3 d Essential oil Esser;;:gl oil
9 (g.plant?) (kg.ha't) yield v (%) yield,
(cm) (kg.ha')) (kg.hat) (kg.hat)
B1 16.09¢ 11.74¢ 737.17° 862.10°¢ 1599.27¢ 1.49° 24.97¢
B2 15.394 10.394 650.51¢ 766.144 1416.65¢ 1.24¢ 21.39¢
Ba 21.692 13.80° 701.89¢ 783.514 1485.404 1.762 23.344
Ba 22.242 15.712 758.20° 1038.20° 1796.40° 1.742 25.87°
Bs 19.45° 14.22b 912.06% 1071.25% 1983.322 1.742 30.502

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
B1: without inoculation and inoculation with Bz: Rhizophagus irregularis, Bs: Funneliformis mosseae, B4: Rhizophagus irregularis + Funneliformis mosseae, and Bs:
Azosprillium + Pseudomonas + Azotobacter.
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Table 5. Means comparison of irrigation stop x biofertilizers interaction on some Satureja bachtiarica

characteristics

Pl_ant Number of Internode _Stem C_:anopy Number of Inflorescence
Treatment height 4 diameter diameter . 4

(cm) leaves.plant length (mm) (mm) (cm) inflorescences.plant length (cm)
1 x B1 44.25M 4573¢ 22.28f 2.92cde 86.68! 23.89¢ 17.49M
11 x B2 46h 4212¢ 18.35" 2.64¢f9 97.87" 28.65° 16.65Il
I1x Bs 54.50¢de 2178.59" 33.482 2.63¢f0 84.041 26.08¢ 19.69¢f
1% Ba 51.83f 2798.22k 26.96% 3.29% 96.17" 26.36° 17.9790
1% Bs 54.30¢de 5611.26° 27.34% 3.58° 106.369 29.17% 21.35%
I2 x B1 48.589 2518.37'm 22.05f 2.20M 82.141 22.19¢f 21.89¢
I2 x B2 43,83 2232.38" 19.549" 1.96' 70.481 18.66" 17.211
I2 x B3 56.00° 3143.91N 25.17% 2.60%9 116.77¢f 29.95% 20.18¢%f
I2x Ba 61.722 2479.03™ 29.290¢ 2.810f 115.20f 30.462 19.16%
I2x Bs 57.08° 2958.96/ 25.91¢ 2.61¢0 96.51" 26.07° 27.80?
I3 x B1 40.42) 2644.03' 20.92f 2.389n 86.541 20.299" 16.671
I3 x B2 42,75 3051.251 25.574% 2.44f9 101.239" 18.90" 14,54
I3 x B3 53.750%f 4144.17% 29.14k¢ 3.62° 126.95¢ 26.38° 21.02¢de
I3 x Ba 52.58¢f 3247.25%M 30.66° 3.11« 121.63¢% 20.319" 17211
I3 x Bs 48.479 3170.76" 25.09¢% 2.85% 103.789 24.33¢ 19.99¢f
I3 x B1 34.67% 4002.14f 18.879" 2.369" 123.82¢ 18.87" 16.391
I3 x B2 39.75) 3222.909" 18.899" 2.90¢% 121.88¢% 19.32" 14.81%
I3 x B3 54.75¢¢e 3332.08¢ 25.57% 4432 168.542 30.16% 18.84fn
I3 x Ba 65.58" 4031.19¢ 29.86° 3.18« 127.69¢ 21.221 23.30°
l4x Bs 4272 5131.41° 23.25% 2.91¢de 152.57° 23.25¢% 20.19¢f

. Flowering
Root Root weight Leaf yield Floweltlng branch Essential oil Essential oil
Treatment  length I 1 stem yield - o - 1
(cm) (g.plant™) (kg.hat) (kg.ha!) yield (%) yield (kg.ha)
' (kg.hat)

1 x B1 20.25¢ 13.47¢ 963.48¢ 1129.81¢ 2093.29¢ 1.24% 27.18"
11 x B2 13.75M 12.20f% 958.91°¢ 1107.20¢ 2066.11¢ 1.431 33.51°
1 x B3 18.56¢f 5.69) 359.05) 365.38 724.43i 1.18' 6.42"
I1x Ba 22.36° 13.70¢% 577.26" 708.179 1285.439 2.12° 23.53k
1% Bs 24.85% 16.53° 1182.232 1379.51° 2561.74° 1.76f 38.57¢
I2 x B1 15.539 9.07f 494.221 499.331 993.55 1.619 17.62°
I2 x B2 15.43¢ 5.69 255.96K 264.10k 520.06* 0.98m 5.70°
I2 x B3 25.56° 12.41°f 565.10" 475.291 1040.391 1.33i 11.809
I2x Ba 23.85° 14.88< 731.52f 869.21 1600.73f 1.76f 25.23
I2x Bs 18.25¢f 10.66" 580.68" 586.279 1167.32" 1.89¢ 20.68™
Is x B1 16.039 11.09¢" 560.80" 687.279 1248.079" 1.619 22.07'
Is x B2 17.66 11.819" 711.481 849.67 1561.15f 1.421 26.18"
I3 x B3 25.14% 16.66" 830.54¢ 1030.71¢ 1861.25¢ 2.332 34.63¢
I3 x Ba 24.14P 16.01b¢ 892.32¢ 1227.22° 2119.544 1.55" 26.35!
I3 x Bs 19.22¢ 13.30¢f 672.529 824.11f 1496.63f 1.34i 18.36°
l4 x B1 12,57 13.33¢f 930.18¢ 1132.00¢ 2062.18¢ 151" 33.02f
l4 x B2 14.759" 11.88¢" 675.679 843.60 1519.27f 1.14! 20.20"
l4 x B3 17.51° 18.042 1052.86° 1262.67° 2315.53¢ 2.20° 40.53°
l4 x Ba 18.62¢f 18.252 831.70¢° 1348.19° 2179.89¢ 153" 28.369
l4x Bs 49.159 16.42° 1212.832 1494.752 2707.582 1.99¢ 44392

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
11z without stress, I: irrigation stop at stem elongation stage, I3: irrigation stop at budding stage, and l.: irrigation stop at 50% flowering stage; Bx: without inoculation and inoculation with B»:
Rhizophagus irregularis, Bs: Funneliformis mosseae, Ba: Rhizophagus irregularis + Funneliformis mosseae, and Bs: Azosprillium + Pseudomonas + zotobacter.
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