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Background and Obijectives: Drought, as an uncontrollable stress factor,
impacts nearly all stages of plant growth, either directly or indirectly. The
genus Streptomyces is one of the most well-known groups of
actinobacteria, with a remarkable ability to thrive in both saline and arid
soils, often found in association with plants native to dry and wet
environments. Given this, the present study aims to evaluate
exopolysaccharide production by actinombacteria isolates under both
normal and drought conditions (induced by polyethylene glycol 6000),
select the most effective isolate, and assess its impact on growth,
physiology, yield indicators, and phosphorus and potassium concentrations
in the tomato variety Y (Lycopersicon esculentum) under drought stress.

Materials and Methods: In this study, the growth and exopolysaccharide
production of five Actinobacteria isolates were evaluated under moisture
levels of 0, -0.29, and -0.73 megapascals, at three incubation times (7, 14,
and 25 days) under laboratory conditions. The superior isolate was selected
for the pot experiment, and its growth-promoting properties, including
phosphate solubility and indole acetic acid production, were assessed. The
pot experiment was conducted as factorial design arranged in completely
randomized design with three replications. The experimental factors
included Streptomyces (inoculation Bs-47, no inoculation BO) and moisture
levels: 80-90% available water (no stress, D0), 45-60% available water
(moderate stress, D1), and 20-30% available water (severe stress, D2).
After the plant growth period, growth parameters, physiological indicators,
nutrient uptake, and tomato yield were evaluated.

Results: According to the results, isolate 47 recorded the highest
production of exopolysaccharides under drought stress levels of -0.73,
-0.29, and 0 megapascals, with respective amounts of 4.26, 6.18, and 8.5
grams per liter after 25 days of incubation. The analysis showed that the
percentage of total carbohydrates increased with the incubation period and
drought stress levels in Streptomyces isolate 47. However, in isolates 16
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and 91, total carbohydrates decreased under severe stress at -0.73
megapascals with increasing incubation time. Sequencing results of the
selected isolate 47, which exhibited desirable exopolysaccharide production
and growth-promoting characteristics, indicated the highest homology
with Streptomyces chartreusis, and it was registered in the NCBI database
under accession number KJ152149. Infrared spectrum analysis of the
exopolysaccharide produced by the superior Streptomyces isolate showed a
diverse pattern of absorption peaks ranging from 3450 to 820 cm™,
confirming the polysaccharide nature and strong intermolecular and
intramolecular interactions within the exopolysaccharide chains. Drought
stress led to a reduction in growth characteristics, physiological traits, and
phosphorus and potassium concentrations, while increasing leaf proline
levels and antioxidant enzyme activity in the plant. Greenhouse monitoring
results showed that under relatively severe stress (45-60% of available
water), inoculation with Streptomyces increased aerial biomass (by 35.4%),
root biomass (by 30.7%), stem diameter (by 30.6%), chlorophyll index
(by 12.3%), relative water content of leaves (by 6.68%), phosphorus
concentration (by 19.04%), potassium concentration (by 28.23%), and
yield (by 155.3%) compared to the control (without inoculation).
Inoculation with Streptomyces under relatively severe and severe stress
showed a reduction in catalase enzyme activity by 19.4% and 16.6%, and
in superoxide dismutase enzyme activity by 12.5% and 11.6%, compared
to the control (non-stress conditions).

Conclusion: The results indicate that inoculation with Streptomyces,
possessing desirable traits such as exopolysaccharide production and other
growth-promoting characteristics, creates favorable conditions for the
plant. By enhancing water retention and improving nutrient uptake in the
root environment, it reduces drought stress and maintains the plant’s
physiological stability under stress conditions.
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Table 1. The results of exopolysaccharide production of actinibacterial isolates at different levels of drought stress.
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Table 2. Quality measurement results of exopolysaccharide produced by selected actinobacterial isolates at
different levels of drought stress.
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Figure 1. Fourier infrared spectrum of exopolysaccharide of actinobacterium isolate 47.
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Table 3. The results of variance analysis of the effect of experimental treatments on growth and physiological
indicators of tomato.

2 _
_— - S -
28 8 F ac = = 8 98
@ =) £ % g < 1S 1S N £ ] \g
NE&s =x%9 = £ 3 g 338 e T ;9 D2
REE o 2 Y o 7 8 N2 &w 3 3 Joa B It 3
jEB S I lﬁh Qj'— £ @ SN K — ) 2
. 8 E . £ 2 2 £ 20 = 3 E 2 £ 3 E 7 0O 5 9O
185 55 28 9§ 33 78 4§ L5 12 3 bo
P @ = ‘N O o =] 8 o v
g2 "8 5 % s & - e JE sz
= ‘S K] w = S S S = 8
RN @ = 78 @ 2 g Y 2
25 3 g = 7]
S S o
w0
- - - x - x x - o lo sz ol
22.116 19.95 0.003 271.98™ 114277 114.76 2.332 1.175 5.82 1 TR
streptomyces
ok ok ok ok ox ok ok ox ek 5(:)‘ S
3027.74 239.2 0.12 24355 520557 273.04 15.33 5.23 31.72 2 o
Drought Stress
e
343" 28377 0.0023"  150.7" 19.8” 2.91" 0.21™ 0.24™ 0.94™ 2 e
Streptomyces x
Drought stress
ot
0.3 1.61  0.0000006 1.51 1.59 1.22 0.041 0.022 0.18 12
error
Dl S o
212 6.76 0.43 2.44 5.39 7.41 5.08 12.11 9.71 i

C.V (%)

Glaalir Lzl ol (K e S olS g5, » St

5 Pseudomonas resinovorans S4R2.6
sls S5 aauly « Ensifer adhaerens S1B1.5
Seldsdal 055 M5 Jol2) gddy S e
St 033 Sl e (8L L5581 5 a
Tobw 3 5 ole Lla sl el 5 el

S e gla Shs Lol ol ol Sax i

)Y

‘4....4”) &.\.&-Q)j GL’Q R B w.»;;v.h

o

ARVAIY-AIFE RN SOV WSS AP AN
wlie i 35U ey 5 (YA 0L 5 o>
Ls.\..::‘) wa 6L“u§ji) J»JL\.«A‘ B QJ\-\:JL;)L\A‘J\?' JSJJ
b sS0 pd ilise Lol 12 s (g el 25 L Jas



Ol g (313108 Lo [ s paserg oyl pesn logy ] 38k 565U (om0

orelosy i) Gaalier L Soale a5 anils Ol OB S Jelse Olge a1y el BL s
Al Al Sadd sl My Gl S bl 5ol Gl sy alanly 4 olS A, sl el
5 aday Jsb ol cww Wsls 1, 5Lwls>-ACC 5 5 JNYY) W s Olge olS 53 LA ols

() A (S par 8 alsn ol o3 i S P Sl G ep 0 (YA OKes

RSP PO S SV T N 705 WA K Ca ey gt 00

9 a =B0
8 t Bs-47
- 7
%
& s
3\ gﬁ 5
2 828 4
157 d
4 <
y @ 2
1
0
DO D1 D2
R

Drought stress levels
"S—:} U:""-" s C‘,]d.a BL L}'l‘JA €|J.1| 03§ ) u““t’“j“.‘;’}“:""/g}"}“ih ;‘—Y JSJ
ks Dy (S s 5 Dy (i 09 Dy

Figure 2. The effect of Streptomyces (Bs-47) inoculation on shoot biomass at different levels of drought stress.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 3. The effect of Streptomyces (Bs-47) inoculation on root biomass at different levels of drought stress.
Do: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 4. The effect of Streptomyces (Bs-47) inoculation on stem diameter at different levels of drought stress.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 5. The effect of drought stress levels on root volume.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 6. The effect of Streptomyces (Bs-47) inoculation treatment on root volume.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 7. The effect of Streptomyces (Bs-47) inoculation on plant chlorophyll index at different levels of drought stress.
Do: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 8. Effect of Streptomyces (Bs-47) inoculation on leaf proline accumulation at different levels of drought stress.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 9. The effect of Streptomyces (Bs-47) inoculation on the relative water capacity of leaves at different
levels of drought stress.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 10. The effect of Streptomyces (Bs-47) inoculation on the activity of leaf antioxidant enzymes:
a) superoxide dismutase enzyme, b) catalase enzyme at different levels of drought stress.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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Figure 11. The effect of Streptomyces (Bs-47) inoculation on the content of nutrients a) phosphorus and
b) potassium in leaves at different levels of drought stress.
Do: no stress condition, D,: moderate stress, D,: severe stress.
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Figure 12. The effect of Streptomyces (Bs-47) inoculation on fruit yield at different levels of drought stress.
Do: no stress condition, D;: moderate stress, D,: severe stress.
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