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Development of early diagnostic techniques of a soil-borne tree disease
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To develop an early detection method for root infectious diseases, we
conducted studies on fungal quantification, stress response evaluation, anatomical observations,
on-site disease diagnosis methods, and characterization of affected trees. We developed a fungal
quantification method using quantitative PCR and discovered that stomatal and chlorophyll
fluorescence responses to fungal increase occurred earlier than visible symptoms, varying by tree
species.

Physiological and anatomical experiments showed these responses precede water transport inhibition.
We also applied the LAMP method for rapid disease diagnosis successfully. Trees in affected areas
exhibited larger Leaf Mass per Area (LMA) and tended to have stomatal closure, similar to trends
observed in indoor inoculation tests. These findings suggest the potential for early disease
detection through leaf characteristics.
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Parameter Species std.error T-value p.value
Leaf mass per area (g m?) E. zollingeri -1.3579 0.8640 -1.5716 0.1265ns
S. wallichii -0.5432 0.3605 -1.5068 0.1483 ns
D. racemosum 0.6223 0.4928 1.2627 0.2193 ns
Total non structural carbohydrate (g g*) E. zollingeri -0.0028 0.0031 -0.8937 0.3786 ns
S. wallichii -0.0004 0.0021 -0.1956 0.8470ns
D. racemosum 0.0022 0.0015 1.4202 0.1690 ns
Sugar (g g*) E. zollingeri 0.0019 0.0010 1.9254 0.0637.
S. wallichii -0.0007 0.0009 -0.8269 0.4186 ns
D. racemosum 0.0019 0.0007 2.5579 0.0176*
Starch (g g%) E. zollingeri -0.0047 0.0036 -1.3048 0.2019ns
S. wallichii 0.0003 0.0021 0.1424 0.8883 ns
D. racemosum 0.0003 0.0019 0.1555 0.8778 ns
Water potential at predawn (MPa) E. zollingeri -0.1430 0.0659 -2.1716 0.0421 *
S. wallichii -0.0052 0.0085 -0.6072 0.5542 ns
D. racemosum -0.0429 0.0336 -1.2757 0.2203 ns
Water potential at daytime (MPa) E. zollingeri -0.0589 0.0644 -0.9153 0.3709 ns
S. wallichii -0.0132 0.0228 -0.5794 0.5722 ns
D. racemosum -0.0252 0.0300 -0.8400 0.4133 ns
Xylem water potential at daytime (MPa) E. zollingeri -0.1021 0.0649 -1.5743 0.1311 ns
S. wallichii -0.0096 0.0234 -0.4082 0.6898 ns
D. racemosum -0.0382 0.0300 -1.2759 0.2202 ns
Soil-to-leaf hydraulic conductance (mmol m? s* MPa™) E. zollingeri 0.2761 0.4266 0.6473 0.5256 ns
S. wallichii 0.0339 0.0855 0.3972 0.6977 ns
D. racemosum 0.0883 0.1908 0.4628 0.6498 ns
Leaf hydraulic conductance (mmol m? s* MPa) E. zollingeri 0.8345 2.3613 0.3534 0.7279 ns
S. wallichii 0.5984 0.5855 1.0221 0.3254 ns
D. racemosum -0.5421 0.4022 -1.3479 0.1965 ns
Mass-specific root hydraulic conductance (kg s* MPa* kg?) E. zollingeri -0.0009 0.0012 -0.7461 0.4643 ns
S. wallichii -0.0001 0.0001 -1.3107 0.2126 ns
D. racemosum 0.0000 0.0000 -0.7673 0.4541 ns
Stem-specific hydraulic conductance (kg s* m* MPa) E. zollingeri -0.0282 0.0289 -0.9759 0.3408 ns
S. wallichii 0.0081 0.0243 0.3341 0.7436 ns
D. racemosum 0.0036 0.0087 0.4212 0.6792 ns
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Parameter Species std.error T-value p.value
Maximum transpiration rate during daytime (mmol m? s*) E. zollingeri -0.1868 0.0946 -1.9750 0.0638.
S. wallichii 0.0291 0.0491 0.5920 0.5640 ns
D. racemosum -0.0637 0.0463 -1.3759 0.1878 ns
Stomatal conductance (mol m? s*) E. zollingeri -0.0043 0.0040 -1.0894 0.2903 ns
S. wallichii 0.0025 0.0013 1.9405 0.0659.
D. racemosum -0.0017 0.0006 -2.9890 0.0058 **
Ratio of stomatal conductance E. zollingeri -0.0555 0.0203 -2.7386 0.0135*
S. wallichii 0.0082 0.0119 0.6921 0.4964 ns
D. racemosum -0.0087 0.0080 -1.0833 0.2879 ns
Stomatal opening index (Fs:Fo) E. zollingeri -0.0313 0.0365 -0.8585 0.4019 ns
S. wallichii 0.0177 0.0125 1.4180 0.1709 ns
D. racemosum -0.0198 0.0083 -2.3773 0.0245*
Mean leaf temperature at daytime ("C) E. zollingeri -0.1106 0.1762 -0.6273 0.5383 ns
S. wallichii -0.2832 0.1047 -2.7041 0.0133*
D. racemosum -0.1206 0.0755 -1.5973 0.1214ns
Maximum quantum yield of photosystem Il photochemistry (F.:Fm) E. zollingeri -0.0118 0.0081 -1.4500 0.1643 ns
S. wallichii -0.0019 0.0028 -0.7055 0.4882 ns
D. racemosum -0.0067 0.0028 -2.3823 0.0242*
Quantum yield of electron transport (®I1) E. zollingeri -0.0051 0.0199 -0.2553 0.8014 ns
S. wallichii 0.0099 0.0058 1.6938 0.1051ns
D. racemosum -0.0076 0.0045 -1.7010 0.1000 ns
Electron transport rate (ETR, mol e- m? s%) E. zollingeri -5.3238 4.1366 -1.2870 0.2144ns
S. wallichii -0.5137 1.2250 -0.4193 0.6792 ns
D. racemosum -3.5424 1.0548 -3.3584 0.0023 **
Photochemical quenching (qP) E. zollingeri -0.0016 0.0214 -0.0746 0.9413 ns
S. wallichii 0.0064 0.0050 1.2873 0.2120ns
D. racemosum -0.0050 0.0055 -0.8965 0.3776 ns
Non-photochemical quenching (NPQ) E. zollingeri 0.0019 0.0918 0.0207 0.9837 ns
S. wallichii -0.0955 0.0368 -2.5940 0.0169*
D. racemosum 0.0175 0.0293 0.5968 0.5554 ns
Normalized difference vegetation index (NDVI) E. zollingeri -0.0014 0.0045 -0.3069 0.7629 ns
S. wallichii 0.0014 0.0011 1.2043 0.2419ns
D. racemosum -0.0018 0.0011 -1.7306 0.0945
Photochemical reflectance index (PRI) E. zollingeri -0.0021 0.0032 -0.6624 0.5171ns
S. wallichii 0.0009 0.0011 0.8079 0.4282ns
D. racemosum -0.0010 0.0005 -2.2022 0.0361*
Plant senescence reflectance index (PSRI) E. zollingeri 0.0010 0.0012 0.8581 0.4035ns
S. wallichii -0.0003 0.0003 -1.0057 0.3260ns
D. racemosum 0.0005 0.0002 2.3064 0.0287 *
Anthocyanin reflectance index (ARI) E. zollingeri 0.0000 0.0000 -1.4398 0.1692 ns
S. wallichii 0.0000 0.0000 2.7940 0.0109*
D. racemosum 0.0000 0.0000 5.0408 0.0000 **+*
SPAD value E. zollingeri 0.1100 0.4953 0.2221 0.8257 ns
S. wallichii -0.0609 0.4490 -0.1356 0.8936 ns
D. racemosum 0.2230 0.2241 0.9952 0.3300 ns
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