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Background and Objectives: 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




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 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.
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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.
Dy: no stress condition, D;: moderate stress, D,: severe stress.

Y



AEXA g D)Low:} AR 2,92 le&g ui cblas le.éw.@”a

(Sl s s 8 el e e VY Sl
Lol el 5 SKidsise Slosast
S5 el s s (F0) was e 13 Sbceu Sada
bad g 23S 0T JWs @ 5 J sk s o SC25
J\M\&FUMaLSJ.Z))oM;L;}IAL“JS
o 3 S Ol o,d JalS S sl S50 3
o078 e polis & g s S o (A
SalS OF a3 a5 it olS sl 5 Ad, sl
S sl Ltu;)\ ole ghdy il gla el
B ] (Y’_\) JJ\} JL.:J 4.; b 45[-»\7 J]a_g 9 4.':').3 o
Sl colke Sl ol sy @l

ASL e Bl b s g 53 eeslo st

Sl ks

Steam diameter
(mm)
O L N W b U1 O N

DO

5 el DA s s e el

el 5 eglosy il Giale glajles il
Jair mha 53 0l s el Sis is
s &S 55 Gose 0o Gl s e Lo S
L S prelest ] Gl Jol S
Ao s S dlazl mhas 3wl e el
oS o S 25 (Y i) Al Sl e
YNA 5 ONA Ol a4 o 4 ale Jld Ol
Mﬁuﬂjb%“JJﬁmmu@:Cj@ﬁMﬁ
53 ek L) s el A S5 Oy e L
inle sl Ls Bl b Ol (St b S

L Ses 28 0o kuld g eglogn oa

=B0
& Bs-47

D1

P
Drought stress levels

(S i il s 53 Wl by eeglagy ] Giabe 51— K3

A 55Dy (kb e 25 Dy (25 Og Dy

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.
Dy: 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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Table 4. ANOVA results for the effects of experimental treatments on the content of nutrients and yield of tomato.
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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.
Dy: 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.
Dy: no stress condition, D;: moderate stress, D,: severe stress.
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