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Shoot beetle damage to Pinus yunnanensis monitored by infrared thermal imaging at needle
scale

WANG Jing-Xu, HUANG Hua-Guo", LIN Qi-Nan, WANG Bing, and HUANG Kan
Key Laboratory for Slviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China

Abstract

Aims To explore the feasibility of thermal infrared technology for monitoring the shoot beetle damage to
Yunnan pine (Pinus yunnanensis), the relationship between temperature and biochemical and/or physiological
factors of healthy and damaged shoots of Yunnan pine was analyzed.

Methods The temperatures were extracted with the software FLIR-TOOLS from the thermal images of damaged
shoots. The temperature differences between damaged shoots and healthy shoots (AT) in the same thermal image
were analyzed. The relationships between AT and physiological and biochemical parameters were used to clarify
the mechanism that caused needle temperature increase with infested duration.

Important findings Results indicated: (1) The chlorophyll and water content of damaged shoots decreased with
the infested duration, and the chlorophyll content decreased faster than water content; (2) The net photosynthetic
rate (P,), stomata conductance (G;) and transpiration rate (T;) also decreased with infested duration, and the tem-
perature difference between needle and atmosphere (AT,.,) increased with infested duration; (3) AT reached the
maximum at 14:00 to 15:00; the temperature differences of lightly-infested, mid-infested and heavily-infested
needles reached 0.6, 0.7 and 2.5 °C, respectively; (4) A strong negative correlation was found between AT and G,
water content. Our study concluded that the water imbalance of damaged needles caused needle temperature
changes. Therefore, thermal infrared technology could be applied to monitor shoot beetle damage of Yunnan pine
at different stages.

Key words thermal infrared; needle temperature; stomata conductance; leaf water content; pest monitoring
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Fig. 1 Location of the plots of Pinus yunnanensis in South-
western China.
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Table 1 Statistics for the forest structural parameters of plots (n = 34)
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1307C

18°C

E2 FIHFLIR Tools#H = BIFASH IR . A, FEREZFHEIHRIAE B BT WG K . B, ERZ 2 AT RS AT e RO AL
SR C, BEEEE HRAE RN T WOC B . D, B2 32 T AT A A R BEAS OISR R
Fig. 2 Utilizing FLIR Tools to extract the temperature of the needles of Pinus yunnanensis. A, Visible image to show heavily-
infested and healthy shoots. B, Thermal infrared image to show heavily-infested and healthy shoots. C, Visible image to show
lightly-infested and healthy shoots. D, Thermal infrared image to show lightly-infested and healthy shoots.
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Table 2 Parameters, instruments, measurement intervals of the observation and their purposes
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Analyze diurnal changes of leaf temperature at
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2h SRR AN ) S S BB i FE 28 £
Explain leaf temperature changes at different dam-
aged stages
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Fig. 3 Chlorophyll content (CCL) and water content (WCL)

(mean + SD) of damaged needles of Pinus yunnanensis changed
with duration.
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Fig. 4 Spectral curves of needles of Pinus yunnanensis
changed with damaged duration.
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Fig. 5 Visible images to show damaged shoots at different
stages of Pinus yunnanensis. The top images are side view; the
bottom images are top view.
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Fig. 6 Correlation of normalized difference vegetation index (NDVI) with leaf chlorophyll content (CCL) and the correlation of
normalized difference water index (NDWI) and leaf water content (WCL) of Pinus yunnanensis. Error bar indicates standard deviation.
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Fig. 7 Daily changes of net photosynthetic rate (P,), stomata conductance (G;), transpiration rate (T,) and temperature differences
between leaf and atmosphere (AT,.,) of damaged needles of Pinus yunnanensis at different stages.
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Fig. 8 The diurnal changes of temperature differences be-
tween damaged shoots and healthy shoots (AT) of damaged
needles of Pinus yunnanensis at different stages.
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cates standard deviation.
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