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Estimation of Potato Plant Nitrogen Content Based on UAV Multispectral
Vegetation Indices and Texture Indices

Yang Fuqinl Feng Hao> Sun Chenmingl Liu Yang3 Feng Haikuan* Ren Jianqiang5
(1. College of Civil Engineering, Henan University of Engineering, Zhengzhou 451191, China
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State Key Laboratory of Efficient Utilization of Arable Land in China, Beijing 100081, China)

Abstract; Nitrogen is a critical nutrient element for crop growth, and its accurate monitoring is essential
for optimizing fertilization and improving yield. Aiming to develop an approach for estimating potato plant
nitrogen content (PNC) by using unmanned aerial vehicle (UAV)-based multispectral imagery and its
change characteristics, multispectral images were acquired during three key growth stages: tuber
formation, tuber growth, and starch accumulation stage. The gray-level co-occurrence matrix ( GLCM)

method was applied to extract texture features from the multispectral images. Optimal vegetation indices
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were selected to construct texture indices based on vegetation indices, and the correlation between the
vegetation indices, texture vegetation indices and plant nitrogen content was established. Three types of
input features, i.e., the vegetation indices, texture vegetation indices and a fusion of vegetation indices
and texture vegetation indices were used to build and validate estimation models for PNC at each growth
stage. Three regression algorithms were compared: artificial neural network, multiple linear regression
and partial least squares regression. Model performance was evaluated using the coefficient of
determination (R’) and root mean square error ( RMSE). The results showed that during the three
growth stages, the correlation between vegetation indices and plant nitrogen content reached a highly
significant level (P < 0.01) ranged from 0.374 to 0.848, while the correlation between texture
vegetation indices and plant nitrogen content ranged from 0.625 to 0.855, indicating that texture
information improved the correlation. The potato plant nitrogen content model constructed by using fusion
of vegetation index and texture vegetation index as input features outperformed the model built by using
vegetation index and texture vegetation index alone. The highest R’ and the smallest RMSE values for
calibration and validation across the three stages were 0. 859 and 0. 228% , respectively, demonstrating
that the fusion approach significantly enhanced model accuracy and stability. Compared with multiple
linear regression and partial least squares algorithms, artificial neural networks had the highest accuracy
in estimating nitrogen content in potato plants. When using vegetation index, texture vegetation index,
and fusion vegetation index and texture vegetation index as input parameters, the average calibration R’
and RMSE obtained by ANN were 0. 806 and 0.231% , 0. 681 and 0.300% , and 0. 836 and 0. 221% ,
respectively, in three critical stages. The proposed method, which integrated multispectral vegetation
indices with texture features and employed ANN modeling, provided a reliable and efficient approach for
rapid inversion of potato nitrogen content. This technique can support precision fertilization management
in potato production.

Key words: plant nitrogen content; potato; UAV remote sensing; vegetation index; texture feature
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S THAB DY AR H LA K Rl A B BOR S 4R
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Tab.1 Band parameters of multi-spectral camera

I Bt Pl P K /nm it 9/ nm
% GRE 550 40
4T RED 660 40
ZI i1 REG 735 10
i 414k NIR 790 40

Location of study area and layout of experimental plots

B 1E U £t 52 12 3 A F] Agisoft PhotoScan
Professional {4 H, 1) I Hi 1 42 i) A 6 5248 147 %
FrORIE , 3T 8% 4 05 2 R R 50 X BT E SR
( Digital orthophoto map,DOM) , ¥4t ¥ F 145
AF ENVES. 1 3 R U 5 Be i SO R AR, 4
il B A /0N DX X, A3 B g v A N
DXTE A P B 71 B 5 36 i Jm o HoAE 45 /N IX AR
PR BT WO R R
1.3 3 T X0 ) 4 8 %% BX

o A DX A P 3 T AR R B AR K oK 1Y
3 RRIhES AR IR, 25 RN E ZE 43 B U 40 i) A 4R 4%
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FIRGBE R 0.01 g 9 K7 F5 & 4L T )5 #9 it 1 ot & 1



517 M

BRI & BT IO ANLZ G B R ORI SRR B T A bR AL A Y 5 ik 147

R, PR E AL e T B /S
R 2R AES R T SR AR A Y
M,y Coue + My Core
M, +M
A Coye—— SR SRR AT 705, %
M ——HEF )5 i i i kg/hm?
Cone—— SR E T R AR5, %
M, ——25F i &t  kg/hm’
Coye— M BR800 8, %
1.4 HEHEBHIEE
ABIFTE e R 22 O 1% e B S S AR AR R I ek
ARLR A ) 18 AN B 48 81 ( Vegetation index, VI)
HEAT T % SR AR B Ak R, HL A LU A B9 2
(RVID) -3 B AR AR A (SAVD) ' BICHE ] 26 b
B 5 A (MSR) | & i Be I — 1k 22 {16 9% 45 %K
(GNDVT) A4k 4 38 3 15 48 9 35 £ (OSAVI) [ IH— 1k
TS B(NDVD) 7 AR 2R B 1 B0 (NLL) 24 (i ke
A B (DVI) | IH— (b 22 S g s B (RDVD) 1 4
218 LA R 4 B (RGRI) 77 5 (5 L {1 4 4% 95 5K
(GRVI)"™" JH— {420 2% 5} 4 B 46 B (NGRDID) 27 |
1 3 S R R (LCD) ™ A — 1k 2 S 20 o
fERC(NDRE) ™ 9 — 4k 22 43 K P4 K (NDWD) = |
CHE A I 2R I S 45 0 (MCART) A Bl 02 U 98 4K
(PSRD) FI&t 8454 (G1) ™
1.5 Ztika IR EREL
FIAH ENVI 5.3 Jx B 3 A= 46 BF ( Gray-level co-
occurrence matrix, GLCM ) %} £ Y6141 & 4030 iF
ZUHN 4 AP B AT SOBARFAE B B A 4507 1) 1
B R/ 3 x 3 458 4 DBy 8 DEUHURRIE
5390 & ¥ {E (mean ) | J5 2% (variance, var) | [d] it 1
(homogeneity ,hom ) | %}t B ( contrast, con) | #H 5 4
(dissimilarity, dis) | 1§ J& 4 (entropy, ent) . — fjr 4E
(second moment, sec ) Fll 4 5& ¥ ( correlation, cor) ,
B B SO AR I RE I 550 IR AR LRI B0 B A% T
i 22 51 AR A BL R W5 e, 22 O B SCHVARRAE FT LA
R RS R A2 U B U R AR A
R [R] BE B S0 PR AR E AE 98 38 %X ( Texture vegetation
index, TVI) o #2445 A 9 35 205 A8 Ak 205 B A DG 1
i 1B 1 AH DG R 1 6 AN AE B s B, R B B B A
i AN [] F 80 $HLA B 4 5K
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S5, DT S B PR A e Y I 5 5 R IR R B
BT R 2R T S RO R, B
HA 85 14 v i e o
1.7 BEEMNIER

K H P22 Z % ( Coefficient of determination, R*)
) J5 #1524 ( Root mean square error, RMSE) fE hy
ST A R R A e ARG B 1 T 4 A L R T
1, WAL ARAR JUL 45 HOR # 4, RMSE 30 0, 35
P 5000 45 R S S A

2 EHRES

2.1 ERERESSAIEEEEHAXESHT
2 M TR CRS RS R R 00 S0 A e
TEBRZEIE ) A8 A8 B R bR R S AR A B TR
BEMKE(P <0.01) , & R B 0.374 ~0. 848 {1
FEL P, S 5 O A 45 002 MCART, fE e 254
TN E Ky AR ], LCT A NDRE 5 4 #k Al & f 1y

R2 HEEEHSOREEMEIENEXRH(n=48)
Tab.2 Correlation between vegetation index and

potato nitrogen content(n =48)

LRI B iR PP I RIS TE M BRI
RVI 0.714* 0.762 0.570 **
MSR 0.703 * 0.760 ** 0.575"
GNDVI 0.748 ** 0.812* 0.713 "
NLI 0.691* 0.761* 0.579 *
SAVI 0. 685 * 0.750 * 0.578 **
RDVI 0. 686 ** 0.751* 0.578 ™
0SAVI 0. 680 ** 0.746 ** 0.576 **
DVI 0. 693" 0.757* 0.577 "
NDVI 0.675* 0.742* 0.578 **
RGRI 0.594 * 0. 680 ** 0.324"
GRVI 0.774 ™ 0.818 ** 0.710**
NGRDI 0.591* 0. 664 ** 0.322"
LCI 0.512* 0.001™ 0.173"
NDRE 0.374 0.131M 0.178"8
NDWI 0.750 ** 0.812* 0.713 "
MCARI 0.848 ** 0.759 * 0.514*
PSRI 0. 669 * 0.509 * 0.480 "
Gl 0.594 * 0. 680 ** 0.324"

T o8 0,01 ARPRF, + KR 0.05 KNS KIRA
., TR,
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BA RPN R FM (P <0.01) o fEdR2EH KM,
TEHAR B SR A & A AR TR E A IC (P <
0.01) ,#H3C R EAE 0. 509 ~0. 812 JE N, HHE R A
AR O PE U B A B AR B GRVIL 7EVE R R
191, #E B 45 % NGRDI,RGRI #l GI 5 #f #k & & i ik
B FHIC (P <0.05) , Ho A 9 48 805 AR A0S
AR E T WA G (P <0.01), A O &R B A
0.480 ~0. 713 JEFIPN, Herp S AR R 20 & A0 e 1 i
WM B EOR GRVIL L2558 3 AT
B T K005 A0 R AL B B9 R O R B, I GNDVI
GRVI . NDWI,RVI ,MSR #1 DVI VE & T 25 248 4k &
A S
2.2 gEEREHNMEREEKEASENEX

4 53 47

R A5 A B A8 K055 AR PR R e A DG B 2 A G
PR 6 A4S AE ¥k 35 8 GNDVI, GRVI,NDWI, RVI,
MSR I DVI, #l H % 3 Be 4l &+ 2 % #H #4652
GNDVI.GRVI NDWI RVI . MSR Fi1 DVI 3 &~ [&] #%
SUMM AR R, R 3 B T R A SCH R B S R
PRA i s PR OC R B, RT LU Y 96 28 A £
PR B SR A S IR TR B EFAM (P <
0.01) , 258 B0 AH G 1 fi v 1Y 280 B A 1 48 50k
GRVI(NIR-mean, GRE-cor) , H.{E & 0. 822, HeZ2£4
IR OC 1 A e 1) SCBILAE B 4R $0CH GRVI(NIR-con,
GRE-var) , H{f 24 0. 855, ¥& #y A1 22 A OC M o 1=
Y & PR AH 9% 45 40 - GNDVI( NIR-dis, GRE-mean) £/l

3 gEAEBEHSIRNEEKRESEMNHEXME(n=48)
Tab.3 Correlation between texture vegetation

index and potato nitrogen content(n =48)

A H 8 T B4 B AHIC R B
GNDVI( NIR-dis, GRE-cor) 0.819 ™
GRVI(NIR-mean, GRE-cor) 0.822 ™

e NDWI( GRE-cor, NIR-con) 0.809 ™

RER DA RVI( NIR-mean, RED-cor) 0.800 ™
MSR ( NIR-mean, RED-cor) 0. 800 ™

DVI(NIR-con, RED-mean) 0.748 ™
GNDVI(NIR-con, GRE-var) 0.846 ™
GRVI(NIR-con, GRE-var) 0.3855 ™

e NDWI( GRE-var,NIR-con) 0.845 ™
REHKI RVI(NIR-con, RED-ent) 0.798 ™
MSR (NIR-con, RED-ent) 0. 800 ™

DVI(NIR-var, RED-ent) 0.796 ™

GNDVI( NIR-dis, GRE-mean) 0. 680 ™

GRVI( NIR-dis, GRE-mean) 0.679 "

o NDWI( GRE-mean, NIR-dis) 0. 680 ™
ERERY RVI(NIR-con, RED-ent) 0.627 ™
MSR (NIR-con, RED-ent) 0.630 ™

DVI(NIR-con, RED-ent) 0.625 ™

NDWI( GRE-mean, NIR-dis) , H:{& ¥4} 0. 680,
2.3 EFAEASHNEREEKAIERE

L) # 9% #5 %0 GNDVI, GRVI NDWI RVI MSR
DVI, e 25 I 1 99 20 B A% 4% 5 20 GNDVI ( NIR-dis,
GRE-cor ) ., GRVI ( NIR-mean, GRE-cor ), NDWI
( GRE-cor, NIR-con) ,RVI( NIR-mean, RED-cor) .
MSR ( NIR-mean, RED-cor) ,DVI ( NIR-con, RED-
mean ) , B 22X 1 K W) AE 9k 78 %t GNDVI ( NIR-con,
GRE-var) .GRVI( NIR-con, GRE-var) \NDWI( GRE-
var, NIR-con) .RVI(NIR-con, RED-ent) MSR( NIR-
con, RED-ent) . DVI( NIR-var, RED-ent) , JE #3 fH &
] 48 95 8 % GNDVI ( NIR-dis, GRE-mean) ., GRVI
( NIR-dis, GRE-mean ), NDWI ( GRE-mean, NIR-
dis) . RVI ( NIR-con, RED-ent ), MSR ( NIR-con,
RED-ent) .DVI( NIR-con, RED-ent) , L K 5 #% 5 %
B SO AE 1 4R BOh B A, R PLSR (ANN Al
MLR 533 ¥4 S A bk 8L & fE B, 45 2 0 3k 4 TR,
MERRT LUE H, DIAE B Bl & S0 A B 46 508 S
S BSR4 S PR R e B RU A fE ( PLSR O
P R*F1 RMSE 4 0. 747 1 0.275% ,ANN -1
AR RPFI RMSE Sy 0. 836 1 0.2219% ,MLR - 4t
BLE R*Fl RMSE 7 0. 827 1 0.269% ) , L4 A1 8% 5 %k
WA S Bk Z (PLSR - #5 #B ) R I RMSE Sy
0.715 F1 0.316% , ANN ¥ € #5 (1) R* I RMSE k
0.806 F1 0.231% , MLR V-] & #i f§ R* 1 RMSE ¥y
0.792 F1 0.283% ) , & B AE 9Y 15 50A i A = Bl i 22
(PLSR E¥ 445 R*F1 RMSE 4 0. 682 F1 0. 298% ,
ANN ¥ #E R 9 R* F1 RMSE 5 0. 681 F1 0.300% ,
MLR SE¥ 8% R* fil RMSE Sy 0. 693 F1 0.385% ) .
HEIE W0, FH ANN 5 vE A g ) S8 S AR AL & 1
B R HBORE EE (R* 439914 0. 833.,0. 769 #01 0. 859) {f: T
H MLR (R* 43 %I 24 0. 828 .0.754 F1 0.844) J7 ¥ K&
PLSR ( R* 43 5124 0.753 0. 706 F10.765) J7 i, He2k
B, LS AR B 4R B AT DY 4 £ & SO g R
Bl A S 80, 1 MLR Jr i 2RO B (R4 51K
0.820 F10. 863) ;T ANN(R*43514 0. 808 F10. 851)
A1 PLSR (R 43514 0.759 F1 0.774) Jrvk. LIAE 48
BOh i A 280 FHOANN 5 35 8 B RS B (R
0.819){i: T MLR(R*>} 0.796) 1 PLSR ( R* 3} 0. 704 )
Tiido VERMITR M, LI B4R 8O A WG Bl & S0
TS B i A S50, ) ANN 7 5k ERORS B2 (R 43 51
7 0.766 F1 0.797) fit T MLR ( R> 43 %I Sk 0.752 Fi
0.775) #1 PLSR(R* 43 %1124 0. 689 #10. 703) J5 ¥, AL
HAE W HE B B A S 80, T PLSR J vk BEBORS ) (R
7 0.581) ff; T ANN (R* 4y 0.467) F1 MLR (R* Wy
0.505) ik,
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R4 FAEEBRERITLE (n =48)
Tab.4 Comparison of results by different models (n =48)
HZE T I LRI TE M LR
Bk 28 jeigi Lisang j2ig i Lisang jeiyi B iE

R’ RMSE/ % R? RMSE/ % R? RMSE/% R? RMSE/% R? RMSE/ % R? RMSE/ %

VI 0.753 0.320 0.703 0.299 0.704 0.322 0. 655 0. 321 0. 689 0. 306 0.658 0.306

PLSR TVI 0. 706 0.334 0. 699 0.404 0.759 0.282 0.676 0.336 0. 581 0.278 0.534 0.423

VI+TVI 0.765 0.282 0.732 0. 400 0.774 0.271 0.737 0.347 0.703 0.273 0.679 0.357

V1 0. 833 0. 246 0.717 0. 549 0.819 0.197 0.571 0.388 0. 766 0.251 0.577 0.266

ANN TVI 0.769 0.292 0. 544 0.510 0. 808 0.267 0.554 0.352 0. 467 0.340 0. 449 0.275

VI+TVI 0.859 0.228 0.799 0.254 0.851 0.227 0. 689 0.289 0.797 0.207 0. 696 0.206

VI 0. 828 0.356 0.741 0.599 0.796 0.262 0.617 0. 360 0.752 0.230 0.471 0.755

MLR TVI 0.754 0. 409 0. 498 0.520 0. 820 0.321 0.573 0.429 0. 505 0.424 0. 447 0.292

VI+TVI 0.844 0.239 0.798 0.255 0. 863 0.286 0. 681 0.677 0.775 0.282 0. 635 0. 260

T VIR AR AR L, TV R R SUBAE A8 2, VI + TV R HLBE P8 5 + SO B 4

3 g

BT TE AL 22 D't 3% A Bl i IR S0 A
FRRCHEAT SR AR R S AL . SRR R A
WA K5 SRR B A A R RS B 350 T —
REAEASE L 3 TR O Al 4 AR I T S A O RO
TS, BRSO s R SR SO
e e J2 B B IR W B 7 AR TR M M B R o T S0 R A
FRECPR L T Eh % M s W SO AR R RE S B AR
JGIE] F) 23 8] HE A R il 4t i b oA LB RS K B 32
B a5 e = A5 A S P K RO IS AE B (AR R
o) S [AARAE () BREE K ) 0 B AN , A R TR A TR
— {5 BRI BR A o P R Bl R A ) R B A A B

T TE R I R B T R 4 i RS R Rz AL fig
03,3 5 AT AR Ok 2 WUWF S A58 B BT

S A Bl

a7 PR K R L e I B, T A A R B
T 8, T b TAT UL £ 22 65 2 e HE AT K AR R B
R T 20— TG A BLIE A S A e
2 DV A T M 4 2 B TR U iE 52, 0 B 5O 3 5 R
(1) 2B 45 B 5 3k 5 4 AT () £ T 485 ) 3% 3

TERS B A gl 7 T, B 58 & BN T R 2 W 4%
(ANN) f it 50K B2 18 T 2 o028 1 01 19 ( MLR ) 70
/NS ]I (PLSR) |, B K15 45 [0l 151 J7 7 B AT 4 75)
] B ) B SO B R 5 (EL S TR R R R DI 1
R R 2 1) 5 2 0 AR 2R VR BB L LA R O i 8
3 W1 A 1) 2o 7R B e I L, AS R 5 R L BL 8 2 ) 2
Y LU 345 o 25 B0 G SRS B8 AR AL 6 MR 4 . Zhang
xR A NG BRI A O 5 S0 B F 2 ) A
TE ZR 058 B G F , 15 55 14 28 Mk [0 09 o LA 56 4 35 4
HNTE ., 5 XA %5 R A R L
(SVR) Mtk , ANN HA7 53 Ay Al £k PEWe 5 8 7 o

Bl R AR S 3 4R T A UK B RS A AE —
E R SR R B R A AR T ) A2 R bR A 2 A
HETT S ER IR, O3 WA R 2 T A e 22 o AR
WF9E BB T 2063 K SCHRRAE , R oK I 51 A
WSS Ry ) 80R HBOL S
5 (LiDAR ) $od 0 OO i 00 = e 254 15 8., DLk
— A T B T R M DA [ BRI R BT Y
el

&t

(1) R T AHLT- 5 48 3 £ 0615 15 3%, 3R
T O 3 A A F W £ AR, LR B A
B0 B AR A B0 LA I Tl A R A BORT S0 B A
Bl A 250, R -l ANN MLR i1 PLSR #4 & T 5
Y AR PR R A A BB, R ST A A
& BOM SUERFE B A T4 28 00 265 108 A7 5 4 A R R
Fr AR T O A R A PR T R S
i v i A A5 R (R R S

(2) Dh B A B 25 08 I 30T | B 25 3 K 300 R0 T
FRZ I K B4 12 35 40 OC (P < 0. 01) Y A Bl 48 %5 5 4
HRA S E M SCETE 0. 374 ~0. 848 Z Ji] L3k )5 1)
S HEAR B R A0S A R A R OE MR 0. 625 ~
0.855 =il

(3) il 45 L Bl 8800 50 0 R 6 BT L) R 5 4R
AT (R B A E L3 A G HE AR B ANN My 2
(18 T SR R R o A ARG B e R, R 2K ) A
BRI 3IE (1 R A1 RMSE 43 %1 & 0. 859 ,0.228% F1I
0.799 0. 254% ; He 25 4 K 0] £ 55 0 46 3iF 19 R® AN
RMSE 435 %7 0. 851 .0.227% F1 0. 689 .0. 289% ; ji&
3 A 2 R B UE 19 R AN RMSE 43 4]y 0. 797 .
0.207% #1 0. 696 .0. 206% .
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