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Fig. 1 Location of study area and sampling collection points
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Table 1 Statistics of nutrient contents in soil samples
e — %/J\{%/ %kﬁf ﬂ‘]{ﬁi T/ﬂﬁ%/
(gekg™) (gekg ) (gekg ) (gekg M)
A MR 80 2.138 5.517 3. 364 0.535
3 80 0. 452 0.988 0.682 0. 087
# 80 1. 875 2. 240 2.036 0.062
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Fig. 2 Soil spectral reflectance curves and its transformations
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Fig. 3 Correlation coefficient curves of soil element content and spectral reflectance
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Table 2 Maximum correlation coefficients and sensitive bands

P, ek AL IE X

R R Ig1/R (1gl/R)’
SO —0.678 0.796 0. 656 —0.778

A B Xof I 39 B 600 1370 600 1140
U BB 95 85 82 101
IO —0.452 0. 637 0.458 —0. 688

BICR o7 % B 440 1390 440 690
BRI B K 11 38 13 82

IO 0.428 —0. 436 —0.429 0.553

DT X 7 % B 450 1650 700~710 980
AR e B A 23 5 26 51
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Table 3 Comparison of estimation accuracies
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Hyperspectral Estimation of Soil Nutrient Content in the Black Soil
Region Based on BA-Adaboost
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Abstract Organic matter (OM), phosphorus (P) and potassium (K) in black soil play a crucial role during crop growth.
Studying the distribution of nutrient elements in black soil and carrying out quantitative calculation of element content is of great
significance to the scientific management of black soil and environmental protection. Based on 80 black soil samples collected
from Nehe city, Heilongjiang province and hyperspectral measured data, the correlation between 4 forms of spectral reflectance
including original., first differential., absorbance transformation, and first differential of absorbance and soil OM, P, K contents
were calculated, and the correlation coefficient method was used to extract the sensitive bands. For the optimization of parameter
values in the machine learning model, the bat algorithm (BA) was introduced and combined with Adaboost model. Using BA to
optimize the two important parameters of Adaboost, namely, maximum iterations n and weak learner weight reduction factor v,
selecting CART decision tree and determination coefficient as the weak regression learner of the model and objective function
value of the parameter optimization respectively, the BA-Adaboost model was constructed for estimating soil OM, P, K
contents. The results showed that the BA-Adaboost model could quickly search the optimal global parameters, and the accuracy
and reliability of the Adaboost were improved significantly after BA optimization, where the prediction accuracy of OM was the
highest among the three nutrient elements. And determination coefficient and root mean square error were 0. 864 and 0. 152 g *
kg ! respectively, which were improved by 14. 2% and 25. 4% compared with before optimization. Therefore, the constructed

BA-Adaboost model has potential in the hyperspectral estimation of soil element content and is an efficient estimation method.

Keywords Black soil region; Soil nutrient content; Hyperspectral estimation; Bat algorithm; Adaboost model
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