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Abstract; Timely and accurate grasp of crop plant nitrogen content ( PNC) information is helpful to
monitor crop growth and realize the scientific management of farmland nitrogen fertilization. Based on
this, taking unmanned aerial vehicle (UAV) as the platform to obtain digital images of potato budding,
tuber formation, tuber growth, starch accumulation, and maturity period, and the PNC, plant height,
and the three-dimensional coordinates of the ground control point (GCP) were measured. Secondly, the
digital orthophoto map (DOM) and digital surface model (DSM) of the test area were generated by
combining the digital images of UAV in each growth period with GCP. Then, the correlation analysis
between the H

ground were carried out, and the image variables with good correlation were selected as the input

and the constructed image variables of each growth period with the PNC measured on the

dsm

parameter of the potato PNC estimation models with the H Finally, based on the image variables and

dsm *

image variables combined with H three methods of multiple linear regression ( MLR), error back

dsm 2
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propagation ( BP) neural network, and Lasso regression were used to construct the PNC estimation

models of potato at each growth stage. The results showed that the H, extracted based on DSM had a
high degree of fit with the measured H ( R* was 0.860, RMSE was 2.663 c¢cm, and NRMSE was
10.2349% ). Adding H,, in each growth period can improve the accuracy and stability of estimating

potato PNC. The effect of PNC estimation model constructed by MLR method in each growth period was

better than that of BP neural network and Lasso regression. Therefore, the research result can provide a

technical reference for the efficient and non-destructive monitoring of potato PNC status.

Key words: potato; plant nitrogen content; plant height; unmanned aerial vehicle; digital image;

canopy spectral characteristic

0 3|

LS ERES 4 RIREEY, K HiEw
U 2 e [ A0 R £ 22 A ML B2 5 S s . R R R e
Ty A R R ) R R R A ) R I B
B T JEL A 0 1 A T SR, S 3B PR R 2R U Ok i
JI B FR TS S R YT IR R g DRI, K I o o b
12 D2 A Rk A & & ( Plant nitrogen content, PNC)
PR, Xt 6] 45 B e 5 1) H) S 0 S LA T
o AEGEH) PNC I Jy 3 32 B S 1 ] BORE: 0 52 %
FMRARLS & X Bl 32 A A 2k, H
LA W5 P R T RS L e S L T AR Ok L I
ONHILRE G AR T R R S W A gy B A 2 B4R
T AR T B

FIRT, LG AL 38 BT & W 000 7 4 2 £k 2 8k
PEAR AL RS BT mOCHE L 200 i A BT M HL
A RO RS AR RE AR OB A
(H LA 4 5 5, B3R b B4 2 B4 T EL o e T Pl
PR e 7 Y MRS AR LG RS A 3 A
B, {8 25 (8] 3 % 38 0, BCHE Ak 3L a7 5 L R AS IR e
Qi )RR B A B 6 A WLBCRS 14 W 0/ 0 e A
WL SR T FE A H e ED . k(6 -8]
WF5E W, )6 A ML BT 5 1% RE A 25 3 s 00 £ 4
(958 2R TS (L AE A — R, U 1% 10 i
R A B R R A AR R 05 R R
AU S TR A 3 S 5 )

e i A — b B S AR 0 1 A KR
FeRm " SBR[ - 14 THFSE R, bk T LU T
4 - A By i 0 RLHE R A5 4, FL S AR Y
FUE FRAROUAEAE — 52 BIE R L SR, 148 95 A BF 5 3iE
b e T AR A R R ARG W

b ACUT AN N EIEE G, DR %S
A AR T SR R RO A, T AR IR A
AR RERBR R H,, 454 M T S2 ) PNC KON
R JH 3 Ry v Al 2 45 A E 0T B9 PNC A 558 3 O 3
e S e/ =D oK e o - YNGR E A TR S
TR A 7 v, o T Y R U R A T 0 R

il

FE.
1 fhEERET

1.1 RIEi&it

T 2019 AEAETL 5T T B X/ 1 LA R 5K i
AV WY 7R T 3L Hi (40°10734"N ,116°26739"E ) 44
Bl L HOF R o M B Ak 36 m, 4R 1R
10°C A2 ¥ T FE 1 180 d, A fige 286 AU J2 LAY (1% 12 T Y
P I A Bt e 2 A o 3k SR BN X B 1
PEF 2 Pl R B ) A S SRR (3 5 (Z1) fh g8 3
(Z2) )M i f o el X st q) 43 48 A4~ /NIX,
FEA/INX 32.5m* (5 m x6.5 m), ot 5 H 35 55 fF it
XN X)) VAR E X (S X) ML X (K
X)L, AR X 3 REE, 700l # 47 A W] 9% B A
F(DRZED) e A3, Hop N X 3 Fiok
S (TO: 60 000 #f/hm®, T1: 72 000 #k/hm’, T2:
84 000 #k/hm’,S [X 2% 4 Fh sk F (NO:0 kg/hm®,
N1. 244.65 kg/hm’, N2. 489.15 kg/hm’, N3:
733.5 kg/hm*) ,K [X 4L % 3 F /K F (KO :0 kg/hm?,
K1:970.5 kg/hm” ,K2:1 941 kg/hm?) . Fy 45 1 3k 15
TR A7 B PRIETC AMLAR RS B A58 /D X
S 37 A b ¥R T 11 /4> b 17 4% 7] 55 ( Ground control
point, GCP) , JfF| H] &K FE () GPS Il %€ % GCP 1y
=Yty HARM RIS B T (N XF S X3
i K1 AREE k1 ~ k11 g b 7 45 11 050 FFR o
1.2 ihEEHIERE

b TR 5B 4 % T I U0 3 I 1) S ke
i H AT PNC, Hov H B & 7 128 - B A/ X3 X
HARRMEM AR 4 bR, E R SEBCEREE [ RIR
AN T B FE R IF 0 5, I 4 DL 4 BRAE AR B P 1Y
i BEAE A /N DX S R . S S PNC Y e
T35 AR BRI/ X BE B 3 bR H AT 3R M i A
WRAE I AEAS g HZE w3 8, JHIE K BE i, 105°C R i
0.5 h, [ 7 80°C -4 2 1H 51 it , 19 B AE A T o it
SR 5 R BIL IR B 2 25 Fn 3R o B 2 /&
IR SR & LT W PNC, AR N
c - c M, +C,M,,

PA M,, +M,,

x 100%



204 &l #Hl

L

2022 4

115°30'40"E 117°19'40"E ,//
T T i
= =
= o™l
N T
= [ 1
3 g
= &
& z
o )
=L liE
< =
N N
=) o k N D
« 0 60 90 N
e Wik [ Jdesth [ &P |
| L
115°30'40"E 117°19'40"E

1 Eh B A B X K B i

Potato field location and experiment design
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Tab.1 Digital image variables related to nitrogen
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Fig.2 Comparative analysis of extracted and

measured plant heights of potato
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Tab.2 Correlation of image variables with PNC in different growth stages
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Tab.3 Comparison of PNC estimation results of three methods in different growth stages

MLR BP #ft 25 1) %% Lasso [1] 5
EHEW B AR RMSE/  NRMSE/ RMSE/  NRMSE/ RMSE/  NRMSE/
% % % % % %
— AR AR 0.435 0. 608 16. 676 0. 409 0. 629 17.716 0. 427 0.614 16. 835
WARAE W + H 0. 438 0. 606 16. 633 0. 428 0. 626 17.315 0. 429 0.613 16. 824
e WAR A 0.738 0.313 9.933 0.738 0.329 10. 551 0.717 0.326 10. 340
B A BT E v Hy, 0.770 0.293 9.304 0.769 0.297 9.514 0.723 0.322 10. 226
e HARE R 0. 804 0. 266 9.985 0. 802 0.270 10. 126 0.741 0. 306 11.474
HREMER AR + H 0. 809 0.263 9. 860 0. 807 0. 265 9.944 0. 744 0. 304 11.412
wpRR %,1%5% 0. 622 0.303 10.128 0. 619 0.312 10. 424 0. 596 0.317 10.570
FARAE R + H 0. 651 0.292 9.734 0. 627 0.301 10. 066 0. 623 0. 305 10. 186
- WBRA 0.521 0.356 13. 602 0.382 0.417 15.935 0.396 0. 400 15.318
A AR + Hy,,, 0. 557 0.342 13.072 0.552 0.362 13.829 0.434 0. 610 16.739
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Tab.4 Comparison of PNC validation results of three methods in different growth stages
MLR BP i 25 o] 4% Lasso [A] 15
EEW A " RMSE/  NRMSE/ RMSE/  NRMSE/ RMSE/  NRMSE/
% % % % % %
. . WAR A 0.251 0. 688 17. 601 0.227 0.730 18. 662 0.270 0. 655 16. 824
WG R +Hy, 0. 301 0. 657 16. 803 0.316 0.651 16. 660 0.338 0.619 15. 535
s RARAE b 0.709 0.320 9.613 0. 698 0.368 11.907 0.706 0.277 9.786
HEH B AR + H, 0.753 0.298 8. 961 0.714 0. 363 11.904 0.725 0.277 9.551
Y WAR A 0.701 0.338 12.312 0. 690 0. 347 12. 658 0. 705 0.328 11. 407
WARAERE +H,, 0.703 0.327 11.958 0. 697 0.324 12. 625 0.710 0.326 11.295
e AR 0. 604 0.213 7.730 0. 487 0. 290 10. 558 0.538 0.242 11.223
ERBRN WARAL & + H, 0. 632 0.212 7.720 0.534 0.237 8. 620 0.574 0.222 10. 985
- . 2 %5% 0. 406 0.341 12.224 0. 420 0. 345 12. 343 0. 295 0.391 14. 840
AR AR+ H, 0. 498 0.332 11. 884 0. 428 0. 345 12. 341 0.327 0. 626 15.419
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Fig.3 Modeling and validation effects of MLR method with image variables combined with H
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