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Table 1- Chemica and physical properties

S oS

gos  SLed T us o QOINC Ll odadB ciel

(dgm) EC (%) N ppm P ppm K ppm
0-30 oy 7.2 11 0.91 0.06 10 150 Yearl Jqof Jlw
0-30 oy 7.3 1 0.89 0.05 11 148 Year2 pg Jo

Table 2 - Chemical characteristics of sperber culture medium

Compounds  &lus 5 Amount used (g.1™) ool 3 590 e
Glucose  j54l5 10
Yeast extract oo o las 0.5
CaCl, 0.1
MgSO,.7H,0 0.25
Cay(PO,), 25
Agar 51 15
Distilled water  ,lio o 1000 ml

SLeels -ACC 51 0 g gty azyo =Y Jgo
Table 3- Grade of ACC-Daminase enzyme production capacity

ACC (59, aidly alsy SIS o3luil
Colony size grown on ACC

$bwelo—ACC sy olys 42,0
Production Power Degree -

ACC s95 2 6L wd) ol
Bacterial growth rate on

ACC Daminaz
Like theﬁ;éz?ﬁéglgr:‘y Iﬁ:ég&ib: control NoO growth wis, oygus 0
One-third th:g;;;ﬁh)eé gJTlgno)’}|;1|tT1§p;§tive control Low growth s wi, +1
Two-thirds trfg;zﬁc? tﬁlfcﬁﬁjy'ﬁ T% E):)SitiVe control Medium growth fuwgie uit +2
Like thgﬁeﬁ%ﬁoﬁ Tﬁ;g;:\;: control High growth sb; wa, +4
Codo walls o (SIS o3l 51 s T00 Much Growthst; sees y

Excessive colony in positive control
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Table 4- Compound analysis of variance of traits of peppermint in two crop years

S Slos .
a0 . Jow 2L
ti 29l S S oolo ol Jow o o
SO.V. &°D Dry matter Essence Menthol Essential 9
df ' NUE
yield
Year  Jl 1 790513.2 ™ 0.335"™ 92.01™ 1651 ™ 636.3""
R(Year) (Jw) ol 4 177743.0 0.605 19.86 240.71 3.54
Stress s 2 2884280.8"™ 0.191 "™ 1121"™ 379.15™ 207.5"™
Stressx Year i X Jlw 2 340556.4 " 0.029 ™ 14.88 ™ 136.94 ™ 17.58 "™
Residudl a T stas 8 13079.2 0.035 9.154 3175 11.84
Bacteria s st 5 218063.0™ 0.163" 4023" 171.76 ™ 4551 ™
AL X Jlo s
Stressx Y ear 163419.4"" 0.031" 7.008" 81.13™ 3573"
SASL X S 10
StressxBacteria 70235.0™ 0.027 "™ 2754" 43.07"™ 28.78 "™
S5 X X Jlus 10
StressxBacteriax Y ear 70508.2" 0.011"™ 3.736"™ 32.43" 14.33"
Residual  Js slbs 60 7372.34 0.0097 2.292 7.80 6.27
CV. () &y sy 45 6.6 7.4 10.1 6.1

S e el s o0 S Jliol mha 5ol gixe > o,y ol mhw (o ls gt
*: Significant at 5%; **: Significant at 1%; " Non-significant

-¥F Jous anlol
Table 4- Continued

o axyp b el b ol iz gier i phed il
SOV, sol3! yhnd poww 2} [ ou ol i
df PUE KUE N uptake P uptake K uptake
Year Jtw 1 354581.3" 119.3™ 2949 0.056 " 6.66""
R(Year) (Jlw) Sols 4 9647.7 1.566 0.004 0.0024 0.025
Stress i 2 2071886 12.03™ 1.019™ 0.0349™  0.797™
Stressx Year s X Jlw 2 620.0™ 15.38™ 0.208 ™ 0.0025™  0.992"
Residual a T glas- 8 1868.5 4.029 0.084 0.00073 0.277
Bacteria ¢ ysb 5 49600.9 " 23.6™ 0.201" 0.0066™  0.934™
AL X Jl 5 8564.1 " 8.116 " 0.169 " 0.0027 0.373"
Stressx Year
StressxBacteriag sk X i 10 39357.7" 8.814"™ 0.143"™ 0.0087 " 0.346 ™
@A X G 10 8536.8" 6.754" 0064~  00018"  0285"
StressxBacteriax Y ear
Residual s slas 60 2419.7 1.90 0.24 0.00048 0.071
CV. (1) &l pudi g i 9.1 6.1 6.23 1.1 5.09

Gl g yuf s o0 S Jloiol s jo s e . ooz Jlio! mhaw jo s g c
*: Significant at 5%; **: Significant at 1%; " Non-significant
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Joie 5 ilol 0oy (99,8 il g Jlo Jlie J1 (rS0los anslio -0 Jour _
Table 5-Comparison of the average interaction effect of year and microbial inoculation on the
percentage of essence and menthol

Jl 29550 il il g
Year Microbial inoculation Essence (%) Menthol (%)
aali- 1-Control 1.45 18.06
Al + 939y 00 udgi-Y _ 2-Manufacturer of siderophore+ 153 19.27
S a4y oo geusu 8] isolate of drought tolerant enhancer
| wlis + Goxe Olwd ouils Jo-Y - Mi +i
Co o aan npance € 148 18.88
Y4Y sl oS 5 -F 4-Combination 2 + 3 1.52 19.81
Sl (29550 095-0 5-Commercial microbial fertilizer 1.64 19.14
132 5950 - 6-Mycorrhiza 155 21.26
aali-) 1-Control 1.23 17.99
Ala2 + 989 jhw 003 adgi-Y  2-Manufacturer of siderophore+ 154 2296
(St & Joox g0 isolate of drought tolerant enhancer
S wlas + Soxe Olaud culls Jo-Y - Mi +i
S A PRSI G et O A Kl 2089
Y4Y sl oS 5 -F 4-Combination 2 + 3 1.36 2154
Gl (2950 355-0 5-Commercial microbial fertilizer 1.59 20.42
1329520 - 6-Mycorrhiza 142 23.70
LSD 0.14 2.32

5l (gl sire gles o LD jlade ay s (650t W a5 Slo o Silee (i ,o 50

In each column, the means that have a greater difference than the LSD value have a significant difference.

Jsiie 8o 2 (g19,500 el 5 G5 JliLe Sl (5 S0ls dglie —F Jour
Table 6-Comparison of the average interaction effect of stress and microbial inoculation on the

percentage menthol
G S el Jyio
Stress Microbial inoculation Menthol (%)
anli-) 1-Control 2111
ol Bl rlaz + 5989 0 03T wlgi-Y 2-Manufacturer of siderophore+ isolate 23.03
Cad ol B (S 4y Joox of drought tolerant enhancer :
<<y ol dlaz + Jaxe Wliwd ouiis J>-¥  3- Mineral phosphate solvent + isolate of 2238
50% crop S 4 o drought tolerant enhancer '
capacity Y4Y Golow Sy ¥ 4-Combination 2 + 3 25.08
Gl (29,500 9950 5-Commercia microbial fertilizer 18.88
132 5950 —% 6-Mycorrhiza 23.00
aali-) 1-Control 16.79
ol 38l asla + 5989 0 oS udgi-Y 2-Manufacturer of siderophore+ isolate 19.40
Cad b Y S dy Jox of drought tolerant enhancer :
<=lys ool B alaz + Jaxe Gliwd euiis J>-¥  3- Mineral phosphate solvent + isolate of 20.98
70% crop S &y o drought tolerant enhancer :
capacity Y+Y 5yl oS5 -F 4-Combination 2 + 3 17.27
6l (29,500 0950 5-Commercial microbia fertilizer 21.86
1325950 —# 6-Mycorrhiza 23.42
aali-) 1-Control 16.18
ol 38l asla + 5989 0 0uiS udgi-Y 2-Manufacturer of siderophore+ isolate 20.90
S g Joox of drought tolerant enhancer )
Jols’ 55kl okl arlaz + gamo Gliwd 0uiiS J>-¥  3- Mineral phosphate solvent + isolate of 16.29
Full irrigation S 4y Jox drought tolerant enhancer :
Y+Y ol oS 5 -F 4-Combination 2 + 3 19.67
S (295w 5950 5-Commercia microbial fertilizer 18.60
1325950 -# 6-Mycorrhiza 21.02
LSD - 1.74

5l (gl sme Dgles wiylo LED jlake ay s (550t WS oS olapnSilee (ygiw ,o 50
In each column, the means that have a greater difference than the LSD value have a significant difference.
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Table 7-Comparison of the average interaction effect of year, stress and microbial
inoculation on the some traits

Jrd 2,5 ol

» (529554 il o il S oole & Shos '“:hfao?;ﬁ:u
\‘(J cor St% ‘Microbial Nitrogen Essence Dry matter yield conversion
inoculation ‘gf);‘i‘é?;ﬁg;‘ yeal ql (kg hat) effici ency
(kg ka) (kg ha®) (kg ka)

1 45.18 82.3 1590.0 678.4
e 2 45.84 95.6 1604.4 750.9
sl 3 4429 93.0 1592.3 665.4
53;:;’;@" 4 4218 94.1 1616.8 635.7
5 4373 103.9 1571.0 613.1
6 4291 98.1 17403 678.4
1 46.23 98.9 1688.4 769.2
byl 1Y 2 47.39 109.9 1740.6 630.3
) gl el 3 4113 1123 17595 546.4
year 1 73;&;23" 4 4221 1154 18343 444.4
5 45.36 1325 1805.3 708.2
6 44.78 1181 1702.9 500.0
1 40.83 1106 1919.7 615.8
2 38.91 128.3 19716 4338
Jol5 (55 3 43.99 1245 2016.4 630.3
irigation Full 4 133 1442 2026.4 582.8
5 41.93 140.0 2016.4 4338
6 40.60 1351 1969.3 4615
1 44.07 745 1516.1 732.3
e 2 41.27 104.9 17753 587.0
sl 3 40.74 97.8 1570.3 552.7
53;:‘;;@" 4 37.73 97.9 17720 500.6
5 30.92 107.7 1485.1 460.3
6 38.42 102.0 1574.9 558.4
1 42.92 88.2 1655.7 620.4
o B LY 2 37.68 124.9 21885 4717
Y J 700‘2“3@ 3 34.01 1215 20385 3195
year2  capacity 4 4385 1106 16635 463.3
5 4279 142.4 1850.1 552.4
6 38.82 128.7 19512 462.4
1 44.19 86.7 1625.0 470.4
2 20.08 157.2 2702.9 274.0
JoU (55 3 34.05 137.7 2471.9 463.2
Full irigation 4 35.60 1555 2328.9 4505
5 33.07 170.6 2647.7 3638
6 33.24 1536 2427.9 4128
LSD f 2.89 111 140.2 56.8

5l (gl sme Dgles (iylo LSD jlade a4y s (5500 WS a5 SlopnSilos (5w jo 50
In each column, the means that have a greater difference than the LSD value have a significant difference.
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Table 7- Continued

il iy oo 21,18 )
Jls = (195520 Potassium conversion 039y ey i
Year Stress Microbial effici ency Nitrogen (%) Potash (%) Phosphorus (%)
inoculation (kg ka’)
1 1590.0 221 4167 0.149
2 1604.4 219 4333 0133
<o) b sB 10 3 1592.3 2.26 4433 0.151
50% crop
capacity 4 1616.8 2.37 4.133 0.157
5 1571.0 2.30 4267 0.167
6 17403 234 4433 0.149
1 1688.4 216 4200 0130
2 1740.6 211 4433 0.159
VUle b BBy 3 17595 243 4.200 0.189
year 70% crop
1 capacity 4 18343 237 4300 0.227
5 1805.3 221 4433 0.142
6 1702.9 2.24 4367 0.200
1 1919.7 245 4.000 0.163
2 1971.6 257 4.267 0.233
Jols 6y 3 2016.4 228 4333 0.159
irigation Full
irigation Fu 4 2026.4 242 4500 0172
5 2016.4 2.39 4100 0233
6 1969.3 246 4333 0.220
1 1516.1 227 4120 0137
2 1775.3 243 4602 0171
<o) S sB T8 3 1570.3 246 4737 0.181
50% crop
capacity 4 1772.0 2.65 4533 0.201
5 1485.1 253 4077 0218
6 1574.9 263 4698 0.180
1 1655.7 233 4.488 0.162
2 21885 2.66 5.414 0215
USSR NAR
Y Jl 70% crop 3 20385 2.94 5.106 0316
capacit
yex pactty 4 1663.5 2.30 4.229 0.217
5 1850.1 234 4878 0.181
6 19512 258 4775 0217
1 1625.0 2.28 3.683 0215
2 2702.9 3.46 5392 0375
Jols 6, 3 2471.9 2.95 4939 0.219
Full irigation 4 2328.9 2.82 5.305 0.224
5 2647.7 3.06 5.620 0.282
6 2427.9 301 5580 0.244
LSD - 140.2 0.17 03 0.025

Ayl &_;)la.sum gl 5, ls LD laie 4 s S i J).L‘;f;\ as G‘L:au_.iL:.a O B 0

In each column, the means that have a greater difference than the LSD value have a significant difference.
Manufacturer of siderophoret isolate of drought tolerant  Sus 4 Jooo soanl33l alax +,58g 00w oarsS” adgs -2 « Control wale-1
-4 Mineral phosphate solvent + isolate of drought tolerant enhancer iz a Joss soanl3l alaz + Saxe Slaws sass J> - 3 . enhancer
Mycorrhizal;, ;5. -6 . Commercia microbial fertilizer v 5,50 355 -5 . Combination 2 + 3 ¥+Y ks o5 5
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Abstract

The aim of this study was to investigate the effect of microbial inoculation
on nutrient efficiency and quality of peppermint under drought stress in 2 crop
years 2017-2018 and 2018-2019 in the Agricultural Research Center of Sarableh
city located in Ilam province. This experiment was performed as a split plot in a
randomized complete block design with 3 replications. Experiment with 2
factors, including drought stress in 3 levels of full irrigation (control), 70 and
50% of field capacity in main plots and growth-promoting bacteria and
mycorrhizain 6 levelsincluding 1-control, 2-solute isolate Siderophore solvent +
drought tolerant enhancer isolate, 3- mineral phosphate solvent isolate + drought
tolerant enhancer isolate, 4- siderophore solvent isolate and drought tolerant
enhancer isolate + dissolution isolate Mineral phosphate and isolates were
increased by drought tolerance, 5-nitroxin commercial fertilizer and 6-
mycorrhiza in subplots. The results of this study showed that most menthol
essential oil in the combined treatment of siderophore soluble isolates and
drought tolerant isolates + mineral phosphate soluble isolates and drought
tolerant isolates and stress 50% of field capacity 24.2% was obtained compared
to the lowest amount, ie control and full irrigation; Showed a 26% increase. At
all levels of microbia inoculation except microbial fertilizer, the highest essential
oil was always obtained at a stress of 50% of field capacity. The highest yield of
peppermint essential oil was obtained in the treatment of commercial microbial
fertilizer in the second year at the rate of 139.2 kg.ha™. Microbial inoculation
under stress at 50% of field capacity caused a 21% increase in dry shoot yield
compared to the same level of stress in control. Growth-promoting bacteria and
mycorrhizae increase quantitative and qualitative yield and increase the
efficiency of nitrogen and phosphorus, which can have a significant effect on
reducing costs and maintaining the ecosystem of agricultural systems.
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