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Abstract

To assess the effectiveness of plant growth-promoting bacteria (PGPB) on the agromorphological characteristics of
Lemon balm under drought stress in the second year of cultivation, an experiment was performed in the form of split
plots in randomized complete block design with three replications. The first factor includes three levels of drought
stress (full irrigation, 75% and 50% of full irrigation) and the sub-factor was inoculation with PGPB in 5 levels
including control (no bacterial inoculation) and inoculation with four bacterial species (Azospirillum, Bacillus strain A,
Bacillus amyloliquefaciens and Streptomyces rimosus). Based on the obtained results, the effect of different levels of
drought stress on all investigated traits was significant. Bacterial treatment showed a significant effect on the number of
sub-branches, leaf area index, stem dry weight, percentage and yield of essential oil and biological yield in the first cut
and leaf dry weight in the second cut. The interaction effect of stress and bacteria was significant only on the number of
branches in the second cut. With the increase in the intensity of drought stress, a decreasing trend was seen in all the
analyzed traits including in plant height, number of sub-branches, leaf surface, stem and leaf dry weight, percentage and
yield of essential oil and biological yield while inoculation of the plant with Azospirillum, Streptomyces rimosus and
Bacillus amyloliquefaciens bacteria caused a 10-20% increase in the studied traits compared to the control. Overall,
bacterial treatments reduced the adverse effects of drought stress on the studied traits. According to this research, in
order to improve the quantitative and qualitative yield and some agromorphological characteristics of Lemon balm
under drought stress, inoculation of the plant with Azospirillum, Streptomyces rimosus and Bacillus amyloliquefaciens
bacteria is recommended.
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Introduction

Lemon balm (Melissa officinalis L.) is one of the herbaceous perennial medicinal plants that has a variety of uses.
Nowadays, due to the increasing popularity of medicinal plants, the area under these plants’ cultivation continue to
increase. However, problems such as drought stress limit the development of these plants’ cultivation. Plants respond to
water deficit stress at morphological, biochemical and physiological levels and use different adaptation mechanisms to
withstand drought stress. Plant growth promoting rhizobacteria (PGPRS) are soil bacteria that can increase crop plant
growth and protect them against biotic and abiotic stresses through different mechanisms. In this regard, this study was
designed and conducted to investigate the effectiveness of plant growth-promoting bacteria (PGPB) on the
agromorphological characteristics of Lemon balm under drought stress in the second year of Lemon Balm cultivation
under water deficit stress.

Materials and Methods

This experiment was performed during 2019-2020 growing season at the research field of the faculty of agricultural,
Shahrekord University in the form of split plots in randomized complete block design with three replications. The first
factor includes three levels of drought stress (full irrigation, 75% and 50% of full irrigation) and the sub-factor was
inoculation with PGPB in 5 levels including control (no bacterial inoculation) and inoculation with four bacterial
species (Azospirillum, Bacillus strain A, Bacillus amyloliquefaciens and Streptomyces rimosus). The amount of
irrigation water was calculated using plant water requirement. In order to apply water stress, a moisture meter (Delta-T,
SM-150T) was used to measure soil moisture content and the plants were irrigated when the respective MAD threshold
was reached. Leaf area was measured with Digimizer software. After harvesting, first the plant height was measured
and then the number of main and sub-branches was counted and the leaf dry weight, stem dry weight and biological
yield were determined. The essential oils were extracted by hydro-distillation method using a Clevenger equipment.
SAS software implemented for statistical analysis and the means were compared using LSD test.
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Results and discussion

The results showed that the effect of different levels of drought stress on plant height, number of sub-branches, leaf
area, stem dry weight, leaf dry weight, essential oil percentage, biological and essential oil yield was significant.
Bacterial treatment showed a significant effect on the number of sub-branches, leaf area index, stem dry weight,
percentage and yield of essential oil and biological yield in the first cut and leaf dry weight in the second cut. The
interaction effect of stress and bacteria only on the number of branches in the second cut was significant. With the
increase in the intensity of drought stress, a decreasing trend was seen in all the analyzed traits including in plant height,
number of sub-branches, leaf surface, stem and leaf dry weight, percentage and yield of essential oil and biological
yield while inoculation of the plant with Azospirillum, Streptomyces rimosus and Bacillus amyloliquefaciens bacteria
caused a 10-20% increase in the studied traits compared to the control. The highest essential oil yield, in both cuts was
observed in inoculated treatment of Bacillus amyloliquefaciens.

Conclusion

The results of this study showed that increasing drought stress causing significant reduction of all studied traits.
However, bacterial treatments reduced the adverse effects of drought stress on the studied traits compared to non-
inoculated at all drought stress levels. Among these bacterial treatments, Bacillus amyloliquefaciens had the most effect
in improving the adverse effects of stress in all investigated traits and both cuts. According to this research, in order to
improve the quantitative and qualitative yield and some agromorphological characteristics of Lemon balm under
drought stress, inoculation of the plant with Azospirillum, Streptomyces rimosus and Bacillus amyloliquefaciens bacteria
is recommended.
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Table 1: Mean comparison of main effects of drought stress and bacterial inoculation on plant height, number of sub-branches, leaf area index, stem dry weight, leaf dry weight and
biological yield in each cut

S5dgm 3 ,Shee bl 0 Slos Sy S g il 25 (g Slaasls slass

. S glis )l
. - . _ (0o,0) (bl 2z 0 - B _ . ) g g,
(e 2 £7) (Grerie s £7) Essential oil (rerte 2 %) (pie o o) Trohe 94>L.., =7 (o5l
Biological yield Essential oil yield percentage (%) Leaf dry weight Stem dry weight Leaf area index Number of sub- Plant height (cm) B
(@m?) @m?) (g.m?) (g9.m?) branches Treatment
Vor Vo Vo Yoer T Vo T VYo Yo Vo T Vo T Vo Yo Vo
Cut2 Cutl Cut 2 Cutl Cut 2 Cutl Cut 2 Cutl Cut2 Cutl Cut 2 Cutl Cut 2 Cutl Cut 2 Cutl
466.80*°  582.77° 1.49352 0.89142 0.320? 0.152° 327.60*° 34471  139.20*  238.05° 543 4.21° 18.97*  123.26° 47.56°  49.86% J‘l_s ‘s)L”'
Full irrigation
354.50°  465.85 1.32552 0.8381° 0.3742 0.178* 257.33°  282.24*  97.16° 183.60° 3.83° 3.60° 13.16°  96.30°  43.14°  46.08° B )bl oo VO
Lo Drought
75% full irrigation
stress
1 .
240.17¢  356.22° 0.9057° 0.5441° 0.376% 0.152° 180.17¢ 225.51° 60.00° 130.71° 3.12¢ 3.09¢ 7.38° 77.08° 31.50°  41.02° Jo ‘S)L""_ M)b b
50% full irrigation
320.57¢  430.05° 1.0423° 0.5741°¢ 0.331° 0.134° 231.33° 262.63° 89.24° 167.41° 3.32° 3.26° 10.37° 85.28° 30.06°  44.42% U&’Lﬂl
Contro
378.81*  498.52% 1.37312 0.87292 0.365%® 0.172%® 273.16% 298.612 105.642 199.902 4.45% 4.06% 14.84*  115.73*  42.93*  47.06° BE.ICIIIUS .
amyloliquefaciens L
il
348.83°  459.56" 1.2225° 0.7075° 0.359% 0.154% 251.25%  280.75%®  97.57%® 178.81%  3.83® 3.57° 11.86° 9455  40.22®  45.62* Bacillus strain A =St
Bacterial
inoculation

366.25®  470.03% 1.2897*  0.7909®  0.358%® 0.168%  265.44*  287.28® 100.81* 182.75%  4.60° 3.68% 14377 99.71°  41.33® 45.13"  Streptomyces rimosus

354.64%  483.23% 1.2801% 0.8439° 0.3712 0.174°  253.98%®  291.49% 100.66® 191.73®  4.33* 3.61° 14.40°  99.13°  40.13"  46.04* Azospirillum

25,105 20,0 O Jlas ! mhans 58 (6 lo sire glas LSD (9031 (bl 5 0l S jiiie By G JBlas glylo a5 Slo nSibie gt o 0
In each column, means followed with at least one similar letter(s) don’t have significant differences at the 5% probability level based on LSD test
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Table 2: Mean comparison of main effects of drought stress, bacterial inoculation and cut on plant height, number of sub-branches, leaf area index, stem dry weight, leaf dry weight
and biological yield

Sy ofles il 8 Slee ol oy Sp SEE B Bl Sz 039 iy £lis)
_ _ - ~ = . § claasls olows 9 ) R
(@rie 05 (mrie e (aoy9) (o= 3 05 (Brre e Spghe el “Scl\f st fsub (o L) Soss
Biological yield  Essential oil yield Essential oil Leaf dry weight Stem dry weight Leaf area index urgrazrc?\e:u : 'M‘sd Treatment
(gm? (gm?) percentage (%) (gm™) (g.m?) Plant height (cm)
468.28° 0.7579° 0.161° 284.15% 184.12% 3.64° 98.88? 45.65 iR
Cutl Res
. Cut
353.82° 1.2416° 0.357° 255.03° 98.78° 413 13.17° 40.73° Vo
Cut 2
524.78° 1.1925° 0.236° 336.15% 188.63* 4.82 71.12° 48.71° J‘l_s @L”'
Full irrigation
410.17° 1.0818? 0.276° 269.79 140.38 3.71° 54.73 44.61° S5 @L’*_‘ 20 vo S
75% full irrigation Drought stress
298.20¢ 0.7249° 0.264%® 202.84° 95.35¢ 3.11° 42.23° 36.26¢ B bl oo 0
50% full irrigation
375.31° 0.8082° 0.232° 246.98° 128.32° 3.29° 47.83¢ 41.74° sals
Control
438.66° 1.1230% 0.269° 285.89* 152.77% 4.26° 65.28° 45.00% Bacillus amyloliquifacienc
LS il
404.19° 0.9650° 0.257% 266.01% 138.19% 3.75% 53.21% 42.92% Bacillus Strain A Bacterial
inoculation
418.14% 1.0403% 0.263? 276.36% 141.78%¢ 4.14° 57.04° 43.23% Streptomyces rimosus
418.93® 1.0620% 0.273* 272.73? 146.20% 397 56.76° 43.08% Azosprillum

35,05 30,0 O Jleisl mhans 58 (518 sire gl LSD g3 (bl il S jtiie By G JBlo sl)ls a5 Sla Sk (gt o 50
In each column, means followed with at least one similar letter(s) don’t have significant differences at the 5% probability level based on LSD test
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Table 3: Mean comparison of interactional effects of drought stress and bacterial inoculation on plant height, number of sub-branches, leaf area index, stem dry weight, leaf dry
weight and biological yield in each cut

Se3elger 3 Slos ool 0 Shoe bl as Sp SEE B Wlo Si3 59 laasls slaws iy £lis)
- - - - - . w2 g5,
(@rere 3 05 (@rere 05 (aoy9) (s 2 05 (reie e Spghe wla =5 (e i)
Biological yield (g.m2) Essential oil yield Essential oil Leaf dry weight Stem dry weight Leaf area index Number of sub- Planf;eﬁt ) Sl
(gm? percentage (%) (gm?) (gm? branches g Treatment
Viz Yoz Viz Yorr Yo VYo Yo Vo Yo Vo Yo VYo Yo VYo Yo Vo
Cut 2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut 2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl
40489°  554.22° 11890 07086b  (og5 0128 28222° 33385 12267° 22037 412 372 1567 10813  4667°  48.60° Control
519.11°  629.63° 1.7668 LOTIZ 0340 0169 36033 36733 14978 26220° 5970  451* 2287 13433  4980° 5133 Bacillus Ui
amyloliquefaciens S
1.3991% 7657 . .
447.78® 559572 399 0765 0317°  0.136® 313.11° 334.67° 13467° 224.89° 502  409°  1653° 119.47°  4627°  49.47°  Bacillus strain A b
ab ab Full
480.89°  568.59° 16030 09332 0.334*  0.164% 33511° 338.96° 14578% 220.63®  6.10°  4.47°  1847° 123.87°  47.07° 4953 S“fiﬁg?a’sces irrigation
ab ab
48133  601.85° 15097 09722 0317°  0.161% 33822a 348.74° 143.11° 25311 597° 428"  21.33°  13053"  48.00°  50.40° Azospirillum
b b
330.83°  411.93° 11383 05827"  ggam 01420 243330 24717° 8850a 16476° 337 332  1140° 7933 4093  44.60° Control
a a -
374.44*  500.82° 14518 09798 3ggr 0104 26861° 30228° 10583a 19854  411°  417F  1380° 117.07° 4493 4833 Bacillus 2o YO
amyloliquefaciens L
a a Sowe
358.06®  472.69% 13374 08430°  ga74 0177  26000% 28202 9806a  18978"  350°  346°  1227°  9613%  43.80°  46.20°  Bacillus strain A s
ab a
373000 475.74% 13247 08364 (3540 0176 27389° 29511° 100.00a 180.63°  417° 362  1540° 10367 46.60°  46.87° Strfif:;rg‘a’sces 75% :‘_U”
Irrigation
1.3753° 9485 iy
335.28°  468.06® 8753 09485 04100  0202° 24083° 28376° 94.44° 184320 392 3452 1293  8533%  4LATF  46.40° Azospirillum
a b
226.00°  324.00° 0.7997 043" ga54 0133  16844* 20689° 5756 117.41° 248"  274° 406"  6840°  2960°  40.07° Control
0.9007% 0.5617% i .
24289 36511 0368  0.154* 18156° 22622° 61.33° 138.89° 329  35la  7.86°  9580°  3407° 4153 Bacillus 2oy b
amyloliquefaciens L
a ab SHwe
240670 346.44% 0.9312 05137 0.387°  0.149° 180.67° 224.67°  60.00° 12178 319®  317°  6.80°  69.07°  30.60®  41.20° Bacillus strain A L
94142 60312
244000 36578 09 0603 0.387° 0165 187.33 227.78° 56.67°  138.00°  354° 296"  9.26°  7160° 3233  41.00° S”fiﬁ’;gg}’sces 50% :‘}J“
Irrigation
24733 379.78° 0-9554 06110° 386 0160 18289° 24200° 6444a 13778  312%  311° 893  BL53 3003 4133 Azospirillum

In each column, means followed with at least one similar letter(s) don’t have significant differences at the 5% probability level based on LSD test
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