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Estimation of Potassium Content in Potato Leaves Based on
Canopy Spectrum and Coverage
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Abstract: Leaf potassium content ( LKC) is an important indicator to characterize the potassium
nutritional status of crops, and efficient and accurate acquisition of potato LKC can help precision
agriculture fertilization management. The aim was to improve the accuracy of potato LKC estimation by
combining vegetation indices (VIs) and vegetation cover (FVC) extracted from RGB images during the
critical fertility period of potatoes. Firstly, VIs and FVC were extracted from the RGB images of potato
tuber formation stage (S1), tuber growth stage (S2), and starch accumulation stage (S3). Then the
correlation between VIs and FVC and potato LKC was analyzed for each fertility period separately.
Finally, the correlation between VIs and FVC, and LKC was analyzed by using a support vector machine
(SVM) , least absolute shrinkage and selection operator regression ( Lasso) , and ridge regression used to
construct the estimation model of potato LKC. The results showed that the accuracy of potato FVC
extracted based on RGB images was high, and the first two fertility periods were higher than that of the
third; the estimation of potato LKC using VIs was feasible, but the accuracy needed to be further
improved ; and the combination of VIs with FVC can improve the estimation accuracy of potato LKC. The
research result can provide technical references for crop growth and potassium nutrient status monitoring.

Key words: potato; leaf potassium content; canopy cover; RGB image; canopy spectral features
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Fig.2  Flowchart of UAV RGB image preprocessing
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Tab.1 Vegetation indices used

Vis Fik Vis Fiksk SCHk TS
R 16 1F 21 4 4 4 16 B (MGRVT) (g -r)/(g+r) [12]
G 21 5% W5 Ml bk 46 B (RGBVI) (& -br)/(g +br) (12]
B U5 —fk 22 5 4 bk 15 4% (NDI) (r-g)/(r+g+0.01) [12]

r

g
b

g+b
g-b
r—>b
r+b

r/g

R/(R+G+B)
G/(R+G+B)
B/(R+B+6G)

(r-g-b)/(r+g)

Hb T TH S AR 8 HL(GLA)

F (O A e 5 (CIVE)
(g=b)/(r-g)
LR IE L (EXG)

LI E(EXR)

LT 4k 45 B (EXGR)
IH—1k 22 53 46 5L (IKAW )
L1 G AH PR EL(GRVI)
KA BASCH B 46 B (VART)

(2g-r+b)/(2g+r+b)
0.441r -0.881g -0.3856b +18.787 45
(g-b)/(r-g)

26 -b-r
1.4r-g
EXG - EXR
(r=0)/(r+b)
(g-r)/(g+r)
(g-r)/(g+r-b)

[12]
[12]
[12]
[11]
[11]
[11]
[11]
[11]
[11]
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Fig.4 FVC fitting analysis of potato at different fertility stages

2.2 HEEXMESH

Ko E3 MEFMMEN Vs 58481
S I 2 LKC AT AR M 73 BT, 23 30l 45 B AN [R] 2R
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0.82.0.78 F10.74, 355 0. 01 F6KF. S2 et
GH(g-b)/(r—-g)5 58 % LKC AR E MK, H
& VIs #5082 LKC R 0. 01 /K7 B A G,
5585 LKC AH ¢ FR 8048 XHE & KA ET 6 4> Vs
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Tab.2 Correlation coefficient between vegetation index and LKC in three growth periods of potato

Vis SUMGEHRE  S1,95% BAEXE  S2AHGCRE  S2,95% EfFIX[H S3MIKARE  S3,95% B AiX Il
R -0.53™ (-0.70, -0.30) -0.52" (-0.86,-0.29) -0.76 (-0.86, -0.61)
G -0.29" (-0.53,-0.01) -0.16 (-0.45,0.12) -0.36" (-0.58,-0.09)
B -0.44™ (-0.64,-0.18) -0.54™ (-0.89,-0.32) -0.65™ (-0.79, -0.45)
r -0.82" (-0.89,-0.70) -0.75* (-1.26,-0.69) -0.72* (-0.83,-0.55)
g 0.61™ (0.40,0.76) 0.70 " (0.58,1.15) 0.62"" (0.41,0.77)

b -0.34" (-0.56,-0.07) -0.59" (-0.96,-0.39) -0.48 (-0.67,-0.23)
g+b 0.82 (0.7,0.89) 0.75™ (0.69,1.26) 0.72™ (0.55,0.83)
g-b 0.52™ (0.28,0.70) 0.65"" (0.49,1.06) 0.57*" (0.35,0.73)
r-b 0.27 (-0.01,0.51) 0.42 (0.16,0.73) 0.13 (-0.15,0.39)
r+b -0.61" (-0.76,0.40) -0.70 " (-1.15,-0.58) -0.62™ (-0.77,-0.41)
r/g -0.71" (-0.83,-0.54) -0.75™ (-1.26,-0.69) -0.68 " (-0.81,-0.50)
EXG 0.61™ (0.40,0.76) 0.70 " (0.58,1.15) 0.62 " (0.41,0.77)
EXR -0.73 ™ (-0.84,-0.57) -0.78 (-1.33,-0.76) -0.69 ™ (-0.81,-0.51)
EXGR 0.69 " (0.51,0.81) 0.75 ™ (0.69,1.26) 0.67 " (0.48,0.80)
IKAW 0.08 ( -0.20,0.35) 0.53* (0.30,0. 88) 0.35" (0.08,0.57)
GRVI 0.71* (0.54,0.83) 0.76 * (0.71,1.28) 0.68* (0.50,0.81)
VARI 0.72 (0.55,0.83) 0.75 (0.69,1.26) 0.68 (0.50,0.81)
(r-g-b)/(r+g) -0.83" (-0.90, -0.72) -0.55™ (-0.90, -0.33) -0.70 ™ (-0.82,-0.52)
MGRVI 0.71™ (0.54,0.83) 0.76 ™ (0.71,1.28) 0.68 (0.50,0.81)
RGBVI 0.56 * (0.33,0.73) 0.67* (0.52,1.10) 0. 60 ** (0.39,0.75)
NDI -0.71* (-0.83,-0.54) -0.76 % (-1.28,-0.71) -0.68 ™ (-0.81,-0.50)
GLA 0.78 " (0.64,0.87) 0.81" (0.84,1.41) 0.71" (0.54,0.83)
CIVE -0.74™ (-0.84,-0.58) -0.79 ™ (-1.36,-0.79) -0.69 ™ (-0.81,-0.51)
(g-b)/(r-g) -0.17 ( -0.43,0.11) -0.22 ( -0.51,0.06) ~0.42* (-0.63, -0.16)
FvC 0.717 (0.54,0.83) 0.627 (0.44,1.01) 0.56 ™ (0.33,0.73)

T RoR 0.05 K BFHEA R, s FIR 0. 01 KV B F PR BAF X AR T 0 MR R IEAG , B R XA/ T 0 U Feom S 56, Hoflb =

AR

FIKAW R IR 0. 05 KF i PEAHSE, Ha Vs &5
S TKC Y2 MN 0.01 KB EMMEL, 5T
By LKC AH G 3 Hods X 85 5 KT 5 4> Vs 43 5
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#a S E Ak 0.76.0.72.0.72.0.71 #10.70, }T
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LKC A5 2 54 XHE 5 510 0. 71.,0. 62 i1 0. 56,1
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BRVEI I — I BBURME R 0. 5, 4 SR UM 0. 54, FE 5
R C W — U 0,45, 2 JR B Ry 0,49,
Lasso [A] I FT04 0] 15 2 %5 — Wi S0 % P R 4 Jm) S0k P
HKTF 0.5, Lasso [0 5 FnIE [\ 9 XF 2 %L alpha #f 4
R U

1.0r
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0.8 [ —Krigss
4 06T
F 4t
02
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Fig.5 Sensitivity analysis of model parameters
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53 512K F SVM Lasso [1] 5 FU& [m] )5 3 B 7 44 g
S5 LKC ARG SEASTRY , (AR 460 25 2R a3k 3 Mk 4
Firs. SR 3 MK 4 ZRT A3 D AEF BN IR
HASE 7 TR AL R 0. 60 ~ 0. 71, B3 R {5 [l
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90.49 ~0.76, KB ik ny VIs fefE — & B F R
e oy 25 2 LKC R0 . S1 By Bt SVM | Lasso F1I4 [1] 15
A R4y 9k 0.71.0.69 Fi1 0.67, RMSE 43 % Jy
0.35% .0.35% H10. 63% ; B 1F R* 4354 0.76 0. 75
M10.73, RMSE 43 %1% 0.33% .0.36% 1 0.59% .
S2 B LA R* 435K 0. 70 0. 68 F1 0. 61, RMSE 4y
Bk 0.39% . 0.40% FI 0.65% ; B WF R> 4 51| K
0.66.0. 64 F10.51, RMSE 435/ 0.36% .0.35% Fi
0.52% , S3 HrBr B R 4354 0. 68 0. 64 F10. 60,
RMSE 435124 0.27% .0.30% F1 0.33% ; B iiF R* 4y
Bk 0.64.0.61 F1 0.49, RMSE 43 51 34 0.34% .
0.36% #10.31% . 3 A F W AR50 IE 1 45 2R 3R
WY B3 A0 5 A ST FI S2 By Be i Al SRR LTS3 B
Bto X SVM  Lasso & [ 15 3 Ff g AR 7 7%, A A
HF WA R SVM FT Lasso fifi B85S A8 F 04 1151 05
3 INEKMEIMAEDRE LKC HHEERL

Tab.3 Comparison of potato LKC estimation results

of three methods in three growth periods
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Tab.4 Comparison of potato LKC verification results

of three methods in three growth periods
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Fig.6  SVM modeling and validation effects at different fertility stages
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