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Abstract: In order to quickly and accurately obtain above-ground biomass (AGB) , potato was taken as
research object, and the hyperspectral images of unmanned aerial vehicle (UAV) and measured above-
ground biomass were obtained in budding period, tuber formation period, tuber growth period, starch
accumulation period and mature period. Firstly, the canopy reflectance data of potato at each growth
stage were extracted from hyperspectral image. Secondly, the O ~2 order differential ( the interval was
0.2) of canopy spectral reflectance were calculated by fractional differential method. The correlation
between canopy spectral data and above-ground biomass was analyzed, and the first 9 differential bands
with high correlation were selected. Finally, the potato AGB estimation model of the whole, different
varieties, densities and fertilization based on fractional differential spectrum was constructed and
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compared by using multiple linear regression (MLR) , random forest (RF) and artificial neural network
(ANN). The results showed that the order of the maximum absolute value of correlation coefficient in
each growth stage was different, the maximum value in budding stage was 0. 8 order differential (470 nm) ,
the maximum value in tuber formation stage was 1. 8 order differential (710 nm) , the maximum value in
tuber growth stage and starch accumulation stage was 1.6 order differential (718 nm, 722 nm and
766 nm) , and the maximum value in mature stage was 1. 0 order differential (622 nm). The correlation
between hyperspectral fractional differential and AGB was higher than that of integer differential, and
fractional differential can improve the estimation accuracy of potato AGB. Comparison and analysis of
potato AGB estimation models at different growth periods, different varieties, densities, and fertilization
were carried out. AGB estimation by three methods with 9 differential bands as independent variables all
performed best in the tuber growth period. The model obtained by MLR under each condition had the
highest accuracy and the strongest stability, followed by the RF model, and the ANN model had the worst
performance. The accuracy of AGB model constructed by three methods in different growth stages were as
follows: tuber growth period, tuber formation stage, starch accumulation period, budding stage and

mature stage.
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Fig.1 Experimental area and design of potato
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Fig.3 Correlation between original canopy spectrum of potato and AGB at different growth stages
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Fig.6  Correlation coefficient matrix of potato AGB and fractional differential spectrum in different periods
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Tab.1 Comparison of accuracy of potato AGB estimation at different growth stages

- ik HRI(N=32) BE(N =16)
R? RMSE/(kg-hm~?) ~ NRMSE/% R? RMSE/(kg-hm~2)  NRMSE/%
MLR 0.62 255. 44 19. 58 0. 66 212.35 18. 49
AW RF 0.58 270. 93 20. 12 0. 63 229. 01 19.25
ANN 0.44 308. 66 22.13 0.55 247. 69 20. 44
MLR 0.71 157. 45 17.29 0.75 141. 36 16.35
B8 i ) RF 0. 67 182. 83 19. 48 0. 69 170. 11 17.59
ANN 0.58 216. 37 21.56 0.62 195. 89 19.77
MLR 0.76 143.36 16. 67 0.84 94.72 11. 61
Hezshe 1 RF 0.72 135. 06 17.63 0.74 101. 44 14.02
ANN 0.61 160. 44 19. 58 0. 69 159. 09 17.76
MLR 0. 68 225.09 18.26 0.72 197.55 16. 39
TEM LR ] RF 0. 65 235.27 19.25 0.70 233.01 17. 81
ANN 0.52 267. 69 20.24 0. 64 248. 07 19.95
MLR 0. 60 295. 15 19.26 0. 64 273.24 18.31
JREA RF 0.55 317.50 21.56 0.61 275. 40 20. 15
ANN 0.42 349. 38 23.88 0.53 336. 07 22.42

®2 AERMHEHRE AGB EEFELL

Tab.2 Comparison of accuracy of AGB estimation for different varieties of potatoes

ABI(PI,N=14) AE(PL,N=7) AL(P2,N=18) IE(P2,N=9)
HEEM ik @ RMSE/  NRMSE/ ” RMSE/  NRMSE/ ” RMSE/  NRMSE/ ” RMSE/  NRMSE/
(kg-hm~?) % (kg-hm~?) % (kg-hm~?) % (kg-hm~?) %
MLR 0.67  236.03 18.15  0.69  209.63 15.67 0.64 244.89 19.09  0.65 222.06 17. 87
P RF 0.63 252.22 19.22  0.65 234.19 16.97  0.60 262.06 19.19  0.64 236.03 18.24
ANN 0.55  290.63 20.45  0.58  252.89 17.28  0.51  299.51 21.14  0.56 257.22 20.16
MLR 0.72  169. 88 15.35  0.76  144.76 13.63  0.71 171.32 16.27  0.75 165.24 15. 30
LR RF 0.70  174.85 15.57  0.72  169.68 15.18  0.68 180.04 17.44  0.71  170.01 16. 02
ANN 0.63  204.23 16.32  0.68 171.48 15.23  0.60  205.43 17.87  0.63  203.35 17.78
MLR 0.82  94.57 14.26  0.92  76.85 9.33  0.78 121.51 14.48  0.80  110.47 10. 14
KM RF 0.76  103.54 14.58  0.86  79.25 10.17  0.75  122.42 14.70  0.76  118.45 11. 11
ANN 0.66  119.47 15.45  0.79 104.21 11.63  0.61 159.24 17.67  0.71  150.34 13.84
MLR 0.72  207.11 16.45  0.74  149.11 12.82  0.69  207.66 17.09  0.70  203.83 16.27
TEMTREY] RF 0.68 234.19 17.19  0.72  194.19 16.18  0.64 235.02 18.44  0.71  206.05 16.35
ANN 0.58  247.88 18.81  0.65 214.89 18.42  0.56  262.05 19.28  0.66 242.51 18.42
MLR 0.62  286.67 21.34  0.66 263.53 17.88  0.61  290.72 21.76  0.64  268.06 18.02
e8] RF 0.58 294.54 21.55  0.62 270.11 19.47  0.56  300.84 22,22 0.61 274.32 19.72
ANN 0.46  304.23 23.82  0.56  300.53 21.48  0.44 332,03 23.87  0.54  302.71 21.57
x3 AEABEMEHRE AGB HERBEXL
Tab.3 Comparison of accuracy of AGB estimation for different densities of potatoes
- ik : AN lZ,N:f) : IUE(N B,N:j)
R RMSE/ (kg-hm~2)  NRMSE/% R RMSE/(kg-hm~2)  NRMSE/%
MLR 0. 68 231.73 17.08 0. 69 218.84 16.78
B RF 0. 65 248. 56 18.33 0.67 224.45 15.09
ANN 0.57 288.98 19. 94 0. 60 248. 09 18. 46
MLR 0.82 158.31 14. 25 0.85 152. 96 12.94
HELIE RF 0.75 166. 37 15.06 0. 84 166. 01 13.67
ANN 0.65 195.38 15.98 0.72 179. 82 14.37
MLR 0.85 90.91 13.78 0.95 75. 89 8.22
Hezs st K RF 0.78 100. 76 14. 09 0. 87 77.79 9.27
ANN 0. 68 105. 44 15.15 0. 80 104. 16 12.31
MLR 0.74 202. 67 16.26 0.76 183.94 14. 41
TE TR 2301 RF 0.70 220. 15 17.87 0.74 189.79 14. 61
ANN 0. 60 233. 81 18.22 0. 66 213.99 17. 06
MLR 0. 64 254.76 18.19 0. 65 250. 16 17. 94
JEAIH RF 0.59 281.22 20.74 0.63 264. 12 18.12
ANN 0.48 295.21 21.07 0.59 285.48 20. 83
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Tab.4 Comparison of accuracy of potato AGB estimation under different fertilizations
- ik AR (S XFI K X ,N=20) EUE(S XM K X ,N=10)
R? RMSE/(kg-hm?) ~ NRMSE/% R’ RMSE/(kg-hm~2)  NRMSE/%
MLR 0. 65 264. 12 19.53 0. 66 225.92 18.25
WEI RF 0.59 273.97 20. 14 0. 64 245,91 19.02
ANN 0.49 305. 02 21.45 0.55 278.15 20. 57
MLR 0.70 177.74 16.22 0.75 164. 08 16. 04
&N el RF 0. 67 192. 61 17.34 0.72 180. 45 17.22
ANN 0.59 205. 63 18.36 0. 66 204. 88 18.29
MLR 0.77 145.13 16. 03 0.79 122.78 12.71
PSS ] RF 0.74 149.13 15.83 0.74 142.22 13. 89
ANN 0. 60 180. 71 17.93 0.70 154. 41 14. 86
MLR 0.68 218.57 18.05 0.70 213.35 17.22
TEH TR R ] RF 0. 65 236. 46 19.21 0. 69 228.11 17. 67
ANN 0.55 277. 65 20. 21 0.65 256. 68 19. 50
MLR 0. 60 296. 16 20. 01 0.63 271.49 19.31
A RF 0.57 304. 61 21.88 0. 60 285. 61 20. 59
ANN 0. 45 342. 66 24,51 0.52 311.86 22.04
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