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Abstract

Streptomyces thermocarboxydus is a thermotolerant actinomycete with plant growth-promoting potential. This study investigates the heat tolerance mechanisms of S. 
thermocarboxydus isolate S3 and its ability to enhance the growth of kale (Brassica oleracea var. sabellica) under high-temperature conditions. S. thermocarboxydus isolate S3 can 
grow at a maximum temperature of 45°C and promote kale growth under heat stress. Kale seedlings treated with S3 spore suspension exhibited significantly higher growth parameters 
than the control group (P<0.05) in terms of height (20.3±1.2 cm), root length (23.6±2.2 cm), and fresh weight (4.01±0.4 g). S. thermocarboxydus isolate S3 reduced the accumulation of 
H₂O₂ in kale under heat stress. Furthermore, whole-genome analysis identified genes associated with heat tolerance and plant growth promotion. 

Objective 
Extreme heat stress poses a significant challenge to crop 

production, affecting plant growth and yield. Streptomyces 
thermocarboxydus isolate S3, a heat-tolerant plant growth-
promoting bacterium, has shown potential in enhancing stress 
resilience and improving kale cultivation. This study explores the 
heat tolerance mechanisms of S. thermocarboxydus isolate S3 and 
its role in promoting plant growth under high-temperature 
conditions, offering a sustainable approach to improving crop 
productivity in changing climates.

Introduction 

• To study heat tolerant ability of Streptomyces thermocarboxydus isolate S3
• To study heat tolerance related mechanisms by whole genome analysis 
• To study ability of Streptomyces thermocarboxydus isolate S3 to reduce heat-induced stress in kale

Methodology 

Part 1 : Heat tolerance assay of 
S. thermocarboxydus isolate S3   
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S3
ISP2
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14 days

Part 2 : Production of plant growth promoting 
substances in vitro

RT
14 days

45 ºC
14 days

12,000 rpm
 15 min. 4 ºC

S3 cell
0.1 g

S3 + 0.1% w/v TCA 
0.1 ml

 (cold condition)

12,000 rpm
 15 min. 4 ºC

Supernatant 0.5 ml +  10mM PPB 
0.5 ml + 1M KI 1 ml

OD 390

Part 3 : Potential of S. thermocarboxydus isolate S3 to promote growth of kale under heat 
stress

Kale seeds + S3 Watering
14 days

“Deep water culture” 
hydroponic system 

Culture at RT , under 
heat stress condition

30 days

Harvest Kale, 
measure growth 

parameters 

Kale 
10 g

Add 10 ml. 80% Acetone,
 incubate in dark for 48 hr.

OD 480, 663, 645

Part 4 : Whole genome analysis using 
RAST annotation server
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Part 1 : Heat tolerance assay of S. thermocarboxydus isolate S3   

Room temperature 45 ºC 50 ºC 55 ºC 60 ºC

Fig. 1 Range of temperature that S. thermocarboxydus isolate S3 can grow

Part 2 : Production of plant growth promoting substances in vitro
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Fig. 2 Hydrogen peroxide production of 
S. thermocarboxydus isolate S3 

Fig. 3 IAA production of S. thermocarboxydus 
isolate S3 

Part 3 : Potential of S. thermocarboxydus isolate S3 to promote 
growth of kale under heat stress

Part 4 : Whole genome analysis using 
RAST annotation server

Conclusion 

S3
RT

DW
RT

S3
HS

DW
HS

Fig. 5 Kale’s growth in room temperature and under heat stress

Fig. 6 Genomic insight into heat tolerance and plant growth 
promoting of S. thermocarboxydus isolate S3 by using RAST

Streptomyces thermocarboxydus isolate S3 revealed that this strain can withstand high temperatures while still promoting plant growth under heat 
stress conditions. S3 was found to produce various growth-promoting substances, such as IAA, siderophores, and phosphate-solubilizing compounds, even 
under high-temperature stress. Additionally, it can produce stress-protective compounds like hydrogen peroxide, proline, and sugars, which help safeguard 
cells from heat-induced damage. Experimental results in plants grown under high-temperature conditions showed that the use of S3 significantly 
enhanced growth compared to the non-inoculated group, leading to increased plant weight, length, chlorophyll, and carotenoid content. These findings 
suggest that Streptomyces thermocarboxydus isolate S3 has great potential in enhancing plant heat tolerance

This research was supported by Assoc. Prof. Dr. Wasu Pathom-aree, the team in the 2806 lab, and Department of Microbiology, Faculty of Science, Chiang Mai 
University.
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Fig. 4 Proline production of S. thermocarboxydus 
isolate S3 
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