
Effects of Hot Spring-Derived Photosynthetic Bacteria on Growth and 
Quality of Chinese Kale (Brassica oleracea var. alboglabra) Seedlings

➢ To evaluate the potential of photosynthetic bacteria from San 
Kamphaeng hot springs to promote Chinese kale seedling growth, 
nutrient uptake, and photosynthetic pigment accumulation.

B: Efficiency of photosynthetic bacteria in promoting the growth of Chinese 
kale seedlings

dilution :1,000photosynthetic bacterial 
Five isolated from hot spring areas

 at San Kamphaeng hot springs, 
Chiang Mai, Thailand. 

PSB treatments: H1, H2, H3, 
H4, H5

PSB application every 7 days

Treatments : Control
Without PSB

A: Screening of photosynthetic bacteria from hot spring

Figure 1. Effects of PSB isolates on the growth performance of Chinese kale seedlings at 7, 
14, 21, 28, and 35 days after inoculation (DAI).

Table 1. Effects of PSB on nutrient uptake and photosynthetic pigments of Chinese kale 
seedlings  

Note: * significant difference at p<0.05

➢ H3 enhanced Chinese kale growth and nutrient uptake.
➢ H2 increased photosynthetic pigment accumulation. 

➢ Both isolates show potential as microbial bio-stimulants for 
sustainable and climate-resilient crop production. 

➢ Further field validation is needed

This research work was partially supported by the Soil Microbiology 
Laboratory Soil Science. Department of Plant Science and Soil Science, 
Faculty of Agriculture, Chiang Mai University, Thailand

References
Winogradsky S.N. 1952. Microbiologie du sol, Problèmes et méthodes; cinquante 
ans de recherches (Soil  Microbiology: Problems and Methods, Fifty Years of 
Investigations). House of the Academy of Science of USSR, Moscow. 861 p.

Objective

Materials and methods

Rattanaphon Chaima1, Phanumat Ainta1, Nichakarn Pota1, Tawanchai Khuendee1, Narin Iamthongin1, 
Yahaya Riko Yunusa1, Nuttapon Khongdee2, Yu-Ting Wu3, Toungporn Uttarotai2, Nilita Mukjang4 and Yupa Chromkaew1*

1Chiang Mai University, Dept. of Plant and Soil Science, Thailand
2Chiang Mai University, Dept. of Highland Agric. and Natural Resources, Thailand
3National Pingtung University of Science and Technology, Dept. of Forestry, Taiwan
4Chiang Mai University, Dept. of Biology, Thailand

*Corresponding email: yupa.c@cmu.ac.th. Graphical abstract

Introduction

Conclusions

Figure 2. Pearson correlation matrix of growth, 
nutrient uptake, and photosynthetic 
pigments in Chinese kale seedlings.

Figure 3. PCA biplot of growth, nutrient uptake, 
pigments, and soil properties under 
PSB treatments.
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H1     H2      H3     H4     H5

San Kamphaeng Hot Springs, 
Chaing Mai, Thailand

white solution into orange solution

(14 Day)

Hot springWinogradsky’s column
 water and mud/moist soil from the source,

incubated 4 weeks, 
direct light at room temperature 

➢ Hot springs are extreme environments 
that select for microorganisms with strong 
stress-adaptive traits. 

➢ Microorganisms from hot springs may 
possess thermotolerance and unique 

metabolic capabilities that could support 
plant performance under environmental 
stress. 

➢ Photosynthetic bacteria (PSB) are 
promising microbial bio-stimulants that 

can enhance plant growth, nutrient 
uptake, physiological performance and 
improved tolerance to environmental stress.

Results

(A) plant height (B) root length

(C) fresh weight (D) dry weight

Experimental design: RCBD, 6 treatments × 4 replications
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