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Fig. 1. Procedure for screening microorganisms to mitigate chilling stress in plants.
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Table 1. Analysis of differences in damage reduction and promotion of regrowth by applying
microorganisms (T1-T10) before and after chilling stress, and spectral prediction results

Inoculation before chilling stress Inoculation after chilling stress
TRT Relative Growth Rate (%)
Damage ratio (% Prediction® - Prediction’
* o Height Stem width Plant pf0j ected
area
CK 0.0¢! 9.4de 49.2a 72.0a 161.3a 61.6a
CKT 31.1be 35.6abe 20.6e 48.6¢ 82.0d 51.5¢d
CKW 4.8de 6.2e 26.2de 48.2¢ 98.7bed 50.0d
T1 36.7abe 41.7ab 31.8cd 55.5be 99.4bed 52.6cd
T2 29.0c 37.5abc 37.3bc 51.3be 109.2bed 54.6be
T3 32.2bc 31.7abe 29.2d 54.2bc 108.1bed 55.0bc
T4 52.0a 44.8a 26.7de 51.7be 83.4cd 53.6bed
15 35.7abe 41.8ab 27.3de 52.1be 97.7bed 54.9be
T6 48.1ab 453a 28.6d 49.9be 83.3cd 49.9d
T7 20.1cd 23.6¢cd 32.9¢cd 53.6be 110.9b 54.0bed
T8 32.6be 29.4abc 32.8cd 58.5b 92.3bed 53.5bed
T9 24.8cd 27.1be 42.6ab 54.9bc 145.5a 59.9a
T10 21.1ed 29.2abc 42.2ab 57.8b 110.8be 57.3ab

' Means within each column followed by the different letter(s) are significantly different at P<0.05 by LSD test.
* The prediction is the damage trait prediction from multispectral imaging results and vegetation index.
* The prediction is the relative growth rate prediction from multispectral imaging results and vegetation index.
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Table 2. Analysis of differences in damage reduction and promotion of regrowth by applying
microorganisms (T11-T22) before and after chilling stress, and spectral prediction results

Inoculation before chilling stress Inoculation after chilling stress
TRT Relative Growth Rate (%)
Damage ratio (% Prediction® - Prediction’
* o Height Stem width Plant moj ected
area

CK 0.0d! 26.6d 54.4ab 110.0a 159.6ab 60.8bc
CKT 84.0a 69.3abc 47.6b 90.8abe 119.0b 59.9¢
CKW 4.0d 24.0d 57.5ab 81.6bc 178.7ab 62.6abc
TI1 76.0ab 72.2a 54.0ab 100.4ab 168.9ab 63.5ab
T12 80.0ab 61.1abe 53.0ab 95.6abc 154.9ab 63.4ab
T13 66.0abe 65.4abe 54.4ab 89.6abc 160.7ab 61.2bc
T14 72.0abc 70.1ab 53.8ab 89.1abce 142.5ab 59.7¢
T15 60.0abe 66.9abe 52.6ab 92.0abe 119.2b 61.6abe
T16 54.0be 61.9abe 55.8ab 81.0bc 176.3ab 64.7a
T17 70.0abc 61.5abe 58.2ab 96.4abe 173.0ab 62.8abc
T18 72.0abc 59.0b¢ 57.0ab 84.7bc 158.6ab 62.2abe
T19 74.0ab 67.6abe 56.4ab 94.7abe 122.7b 62.4abc
T20 68.0abc 70.4ab 43.2b 74.4¢ 135.2ab 64.0ab
T21 44.0¢ 57.5¢ 53.7ab 85.7bc 184.9ab 64.0ab
122 76.0ab 66.4abe 67.9a 85.0bc 218.3a 62.6abc

' Means within each column followed by the different letter(s) are significantly different at P<0.05 by LSD test.

* he prediction is the damage trait prediction from multispectral imaging results and vegetation index.
* The prediction is the relative growth rate prediction from multispectral imaging results and vegetation index.
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Table 3. Analysis of damage reduction and spectral prediction from applying microorganisms (T23-26)
and their filtrates before chilling stress

TRT Inoculation before chilling stress
Curled leaves (%) |Waterlogged leaves (%)| Dropped leaves (%) Prediction”
CK 0.0¢' 0.0e 0.0b 20.8d
CKT 80.1a 60.0a 8.5ab 49.5ab
CKW 0.0¢c 15.0de 0.0b 27.9¢cd
123 48.3b 28.3cd 6.7b 24.1cd
T24 61.1ab 52.4a 10.0ab 41.6abc
T25 51.9b 30.9bed 6.9b 32.2bed
T26 65.4ab 46.1abc 83ab 37.7abed
T23-DE 63.3ab 50.0ab 6.7b 53.5a
T24-DE 58.3ab 46.9abce 20.2a 49.9ab
T25-DE 47.4b 42.6abe 10.6ab 38.4abcd
T26-DE 63.3ab 51.5ab 0.0b 48.2ab

' Means within each column followed by the different letter(s) are significantly different at P<0.05 by LSD test.
? The prediction is the damage trait prediction from multispectral imaging results and vegetation index.
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Table 4. Analysis of regrowth rate and spectral prediction results by applying microorganisms (T27-29)
and their filtrates after chilling stress

Inoculation after chilling stress
TRT Relative Growth Rate (%) Biomass Trait (g)
. . Plant projected Prediction”
Height Stem width area Shoot FW Root FW Shoot DW Root DW

CK 47.5ab} 79.7ab 85.0¢c 13.65a 30.58a 238a 2.66a 93.20a
CKT 46.6ab 68.4c 105.1be 10.76be 19.80bed 1.84be 1.63d 59.94¢
CKW 44.8ab 82.4a 113.6bc 12.26ab 24.62bc 2.11ab 2.12be 74.33b

127 48.2ab 70.2be 112.3be 10.51be 18.80d 1.65¢ 1.67¢d 47.28d

T28 48.3ab 71.3bc 116.9bc 10.54be 19.90bed 1.72¢ 1.63d 46.38d

129 41.5b 70.0bc 129.2ab 10.05¢ 19.51cd 1.69¢ 1.69bed 4941d
T27-DE 52.1a 68.5¢ 166.8a 10.69be 20.24bed 1.71¢ 1.55d 60.96¢
T28-DE 46.8ab 68.4c 141.5ab 10.88be 25.24ab 1.81bc 2.16b 66.79be
T29-DE 50.7a 71.6bc 156.9a 10.17¢ 18.57d 1.63¢ 1.54d 51.72d

' Means within each column followed by the different letter(s) are significantly different at P<0.05 by LSD test.
* The prediction is the relative growth rate prediction from multispectral imaging results and vegetation index.
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ABSTRACT

Global climate change has led to frequent extreme weather events, posing new challenges to
agricultural production. This study has investigates the use of agricultural microbes to reduce chilling
stress and enhance the regrowth after stress in tropical fruit trees such as papaya. Two approaches
were tested: application of various functional microbes for a period of time before chilling stress to
mitigate plant damage, and application for a period of time after stress to promote plant recovery.
Through this screening process, four microbial strains were found to have the potential to significantly
reduce plant chilling damage; three strains showed efficacy in plant recovery from chilling damage.
The results further showed that the effectiveness of these approaches varied, with live microbes being
more effective than their filtrates in reducing plant damage. This study demonstrates that agricultural
microbes can assist alleviate environmental stress and recommends further research to optimize the

applications of microbes under chilling stress.

Keywords: Chilling stress, Spectral imaging analysis, Seedling stage, Extreme weather
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