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Calibration Method of Leaf Wetness Sensor in Irrigated Citrus Orchard
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(1. College of Electronic Engineering, South China Agricultural University, Guangzhou 510642, China
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Abstract; Leaf wetness duration is one of the important input variables of plant disease model, which is
related to the infection of many leaf pathogens and affects the infection and development rate of
pathogens. The leaf wetness sensor can realize real-time and automated monitoring, and since the leaf
wetness duration is affected by the interaction between the environment and plants, it needs to be
calibrated in citrus orchards under irrigation. Citrus in growing season was used as experimental material
to study the calibration method. The angle of the leaf wetness sensor was 30°, and two methods were used
to determine the dry-wet threshold of the sensor: drip water to the sensor by pipetting gun and sprinkle
irrigation facility to the sensor. The monitoring effects of sensors in different positions of the citrus canopy
were compared, and the effects of rain and no rain conditions on the monitoring effects of the sensors were
studied. Finally, the neural network model was used to verify the rationality of the threshold. The results
showed that the leaf wetness sensor obtained a dry-wet threshold of 270 mV in the irrigation environment.
At this time, the monitoring effect of the sensor was the best, and the error was within 2 h. By comparing
with the prediction results of the neural network model, it was confirmed that the monitoring effect of the
sensor was good under this threshold. The sensor located at the bottom of the citrus canopy had the highest
monitoring accuracy, which can reach 0.95. The monitoring effect of the sensor was better in no rain
condition than that in rainy condition. Overall, the calibration method of the leaf wetness sensor can be
used to monitor the leaf wetness duration of irrigated citrus orchards, which met the requirements of the
citrus disease early warning system.
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Fig.2 Position of leaf wetness sensors in citrus canopy
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Fig.4 Comparison results between daily LWD and sensor

measured values when threshold was 284 mV
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Tab.3 Regression analysis of daily LWD sensor detected

value and measured value under three thresholds

TR AR IR A " /h e w MAE/ RMSE/
H/mV i h h
LWS_1 1.04 0.88 0.88 0.96 0.90 2.50 2.96
LWS2 1.16 0.19 0.94 0.97 0.94 2.05 2.44
LWS 3 0.8 1.76 0.79 0.94 0.83 3.74 3.99
284 LWS_4 0.92 1.94 0.84 0.95 0.87 2.84 3.57
LWS5 0.92 0.34 0.74 0.92 0.79 4.15 4.14
LWS 6 0.98 -0.44 0.96 0.99 0.97 1.23 1.64
SEYH 0.98 0.78 0.86 0.96 0.88 2.75 3.12
LWS_1 1.01 -0.19 0.89 0.97 0.92 2.18 2.60
LWS 2 1.03 -0.14 0.97 0.99 0.97 1.47 1.49
LWS 3 0.85 1.44 0.79 0.94 0.83 3.71 3.93
274 LWS_4 0.86 1.80 0.83 0.95 0.87 3.06 3.64
LWS 5 0.89 0.01 0.77 0.93 0.82 3.94 4.0l
LWS_ 6 0.90 -0.85 0.90 0.96 0.91 3.00 3.16
SEE 0.92 0.35 0.86 0.96 0.89 2.89 3.14
LWS_1 0.96 -0.50 0.88 0.96 0.90 1.45 2.92
LWS 2 0.99 -0.32 0.94 0.98 0.95 1.10 1.89
LWS_3 0.8 0.99 0.82 0.95 0.86 1.84 3.12
270 LWS_4 0.86 1.74 0.82 0.95 0.86 1.77 2.78
LWS_5 0.87 -0.02 0.76 0.93 0.81 2.23 3.39
LWS 6 0.87 -0.95 0.87 0.95 0.89 2.03 3.68
SEHE 0.90 0.16 0.85 0.95 0.88 1.74 2.96
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Tab.4 Analysis of monitoring results of leaf wetness 20+ ) _ 201
sensors in different positions of citrus canopy é 15k . i:g 15t : :
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SEHIME 0.88 0.59 0.21 0.88 E 10r . 4 % 0p e
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LWS_3 0.88 0.62 0.26 1.07 Fig.7 Comparison results between daily LWD
LWS.6 0.93 0.7 0-17 112 measured values and predicted values of models
A A 0.91 0. 69 0.16 0.94
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Tab.5 Regression analysis of daily LWD measured values and predicted values of models
%] a b/h R? W D MAE/h  RMSE/h F. Cy F By
RH 0.78 1.02 0. 88 0.91 0. 89 3.11 3.14 0. 88 0. 67 0.30 1.33
DPD 0. 88 0 0.92 0.93 0.90 2.62 2.89 0. 89 0. 67 0.28 1.27
CART 0.83 0 0.95 0.96 0.92 2.29 2.77 0.91 0.73 0.23 1.24
BPNN 0. 89 -0.58 0.96 0.98 0.96 1.87 2.29 0.93 0.78 0.19 1.22

P 3R 4 mfE ER I I 45 K 53 5 BPNN (1)
WO 25 2R, N F, KRR, AR G TE B {H 270,274,
284 mV i B -4 F. 43 %4 0.94 ,0.91 A1 0. 88,
BPNN /i F, 4 0. 93, FI {5 & 48 76 B {H 270 mV i} %
P s N R BRSOk B A% R g 7E 19 {270, 274,
284 mV B By F 34 Cy, 45 4 0.79.,0.69 F1 0.59,
BPNN () Cy, 2Ry 0. 78, JL-F Fl 4% JE& 2% 7€ B {E 270 mV
IR N F L R AR AR 7E BB 270 274 284 mV
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Fig.8 Comparison results between daily LWD and

sensor measured values under rainy condition
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Fig.9 Comparison results between daily LWD and

sensor measured values under no rain condition
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Tab.6 Regression analysis of daily LWD and sensor

measured values under different weather conditions

KRR AL MAE/ RMSE/
a b/h  R? 14 D

RO 5 h h
LWS_1 0.91 2.84 0.81 0.93 0.84 2.43 3.98
LWS 2 1.14 0.52 0.89 0.94 0.89 1.99 3.29
LWS 3 0.73 4.77 0.79 0.91 0.81 3.16 4.93

HWKR LWS 4 0.76 4.82 0.82 0.91 0.83 2.78 4.82
LWS 5 0.84 1.96 0.56 0.8 0.65 3.67 5.23
LWS 6 1.02 -0.73 0.99 0.99 0.99 0.73 1.06
SEHME 0.90 2.36 0.81 0.92 0.84 2.46 3.89
LWS_1 0.95 -0.24 0.95 0.96 0.94 0.47 0.54
LWS2 1.02 -0.66 0.98 0.95 0.94 0.59 0.62
LWS 3 0.99 0.31 0.99 0.99 0.98 0.28 0.31

TR LWS 4 1.01 0.22 0.99 0.99 0.99 0.25 0.28
LWS5 1.06 0.97 0.92 0.78 0.75 1.14 1.20
LWS 6 1.09 1.05 0.93 0.72 0.69 1.28 1.34
SEHIE 1.02 0.28 0.96 0.90 0.88 0.67 0.72
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