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Abstract; At present, the research on drought resistance of different poplar varieties mainly focuses on
using traditional measurement methods to obtain morphological structure and physiological and
biochemical phenotypic parameters to analyze the drought resistance of poplars. The method of
determining the drought stress level of poplars based on phenotypic parameter indicators extracted by
multi-source imaging sensors is relatively rare. In order to clarify the phenotypic mechanism of poplar
drought resistance, screen drought-resistant tree species and clarify the drought resistance level of
poplars, taking water-loving and drought-resistant varieties of poplars of different genders as the research

objects, gradient drought stress treatment at the seedling stage of poplars was conducted. The phenotypic
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data of poplar canopy temperature parameters and color vegetation index were obtained by thermal infrared
and RGB multi-source imaging sensors, and a multi-task classification model based on 1DCNN was
established to divide the two classification tasks of poplar seedling variety drought resistance level and
drought stress level, so as to explore the influence of poplar gender and growth days on the response
mechanism of poplar drought stress. The results showed that compared with the traditional machine
learning algorithms SVM, RF and XGBoost, the proposed 1DCNN multi-task classification model
achieved the best classification accuracy in the two tasks of poplar variety drought resistance classification
and individual drought stress classification, with classification accuracy rates of 81.8% and 62.3%
respectively, using the four features after dimension reduction of 27 groups of data variables as model
variables. After introducing the sex and growth days of poplars as the input variables of the model, the
classification accuracy of the drought resistance and drought stress levels of poplar seedling varieties was
significantly improved, and the accuracy of the 1DCNN multi-task classification model in the two
classification tasks was 93.5% and 76. 6% , respectively, and the classification accuracy of the model
was improved by 11.7 percentage points and 14. 3 percentage points, respectively. The research results
showed that it was feasible to obtain multi-source phenotypic data through thermal infrared and RGB
imaging sensors and establish a 1DCNN multi-task classification model to realize the evaluation of poplar
drought stress level. At the same time, it was showed that the sex and growth days of poplars as model
input variables can effectively improve the classification accuracy of the model, which can provide ideas
and methods for screening poplar drought-resistant varieties.

Key words: poplar; drought stress; CNN; plant phenotype; multi-source phenotypic data; multi-task
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Tab.3 U(X/) values, weights, D and comprehensive evaluation of different poplar varieties

i PCI PC2 PC3 U(X,) U(X,) U(X,) D s g

SY -1 -0.488 2.13 1. 908 0. 443 1 1 0.737 1

NL - 895 0.765 1.26 -2.452 0. 647 0.776 0 0.526 3

NL - 3804 2.943 -1.76 0.739 0 0.732 0. 651 2

QY -3.220 -1.63 -0.196 0.0327 0.517 0.135 4

A 0.473 0.284 0.243

8 0
g
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Fig.5 PCA analysis result graphs
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Tab.4 Accuracy comparison between 1DCNN and

RF, SVM, and XGBoost %

i T L 55 Lk T 50 55

A UESS i A NS i 4

e % e R e % HEAf %
IDCNN 83.5 81.8 81.7 62.3
RF 100 68.8 100 45.5
SVM 78.3 76.6 48.7 31.2
XGBoost 100 62.3 100 44.2
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Fig.6 1DCNN, RF, SVM and XGBoost test set confusion matrices
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Tab.5 Model accuracy with different input

variables %

RS T G S

] A ;;‘I B IR WA WIZME MR

R E B
RF 100 68.8 100 45.5
L SVM 78.3 76.6 48.7 31.2
4TS 4 XGBoost 100 62.3 100 44.2
I1DCNN 83.5 81.8 81.7 62.3
o RF 100 83.1 100 53.2
AT + SVM 91.3 85.7 56.5 37.7
# }EJ’/IJ * \ 6 XGBoost 100 77.9 100 45.5
£ KA 1DCNN 90. 4 93.5 73.0 76.6
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Fig.7 Confusion matrices of test set of IDCNN multi-task classification model before and after adding gender and planting days
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