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Abstract

To identify the optimal testing location and color feature parameters for rice leaf color, and to con-
struct a relationship model between color feature parameters and SPAD values, a chlorophyll meter
(SPAD-502 type) was used to obtain the SPAD value of leaves and the RGB value of color space ob-
tained by a smartphone to analyze the relationship between SPAD values at various test positions of
leaves and the relationship between color feature parameters and SPAD values. The results showed
that the correlation coefficient between the average SPAD values at the middle 1/2 and upper and
lower 3cm of rice leaves and the average SPAD values of the entire leaf was the highest. The average
value, standard deviation, and coefficient of variation of SPAD values on both sides of rice leaves are
as follows: smooth side > rough side, smooth side < rough side, smooth side < rough side, with a close
1:1 relationship between the front and back sides. The correlation between the color feature para-
meter G-B value and SPAD value is the best, and a functional relationship model is constructed, Yspap
= -0.4541X¢.g + 64.4618 (n = 48, df = 45, R2 = 0.7475, F = 133.2052, p < 0.01). In summary, color rec-
ognition devices based on smartphones can provide a new method for monitoring rice nitrogen nu-
trition, replacing expensive, cost-effective, and cumbersome instruments.
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1. 518

283K TH(SPAD-502) HI T-PRIg I i 4 2 AN & i, EMZ I EI IR R E TR0, R ek b
BT 7OREMIBE T[], ZERIESE2RH, A 2R ACGHAT IR ER, — @ ZE R AL iiEs:, (|
W e AR A KRE A AL IR A T 22 5. B R RAF[3]IA Y, BRESKAEH IR 1/2 Ak e friil
BALE; EHREMAIONREERI 13 kb #EBeZAFE[SIMIA N, ARKFEM g Bl EA . 1k,
Peng “5[6] LIKAEMJEEE 1/2 4 K2 EF 3 om LB TR ACE B R i (¥ SPAD BT 2{E s ARk e =5 [7]00
WOAKREM 12 A RT3 Ak HARERIN 1/3 ALIT-E{E AT DGR EE it i) SPAD fE. A ALERTIT
SPAD THIMGKRE AL B, =z G0 PE H BRI A B AL, Tt AHRE M P i E
HIZE R . Yuan 45[8]. FEASEOIWITCRI, KAEH TP SPAD (A P25t . ik, 7ERIFIKREH
BHATRRE RSN, AMUEEREM KR EAL R e s, RN IE =% e - i) 22 57

BIR SPAD THERIE IS WOKFERUE FRF0, (HEHAEN S &S MO AR, BRIESEBL a1
FIN 523 7 — g2 Bl PRt —LemisiEAE SPAD AU BAM) EITRE T —EHIWEIE, W BEs5[10]38 1%k
FTHINLBE . AR L[S HPFBEA JERRAE[12]38 ] A doR (i i AT U2 R W, Bite 2 17] RGB
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{65 SPAD EH VMG, BEARERIHNL. FFHEES—EFEE LR ILE SPAD X, (BRIRTEAEIASY
IR BRAFEB B B R BRSBTS I, RN . v, AT AT A= T
FURIEE b, IRZOKREH ORI R, /TR RE FHLH Bt 2 [H] RGB {55 SPAD fHNIR &,
DA 3] — AR (R0 REHER KR G775, KR G R B A AT AT FE3R AR S -

2. MMEHE
2.1 RERIT

AARIG T 2022 FE7E 5L/ A BT B IR R 204 (107°43'58.90"E,  26°59'44.59"N) 11y 45 fIEL /7 g e o
HEAT . BRI EL AR 2105 (U)IASGST RN IR AT A ). Q fit 6 5 (FPrh—FL A IR A H) 2 4
ARSI A
22. MERBSF*

2.2.1. 7KIBM B SPAD {EROMIE

SPAD 18 il 2 1 F H1 H 4% Minolta 47 ] SPAD-502 U243 2511, T Z23411(2022 4 7 F 24)3H4TI5E .
M H R () FRARG0AT 22 57 HTo HR B 1) 6 7OUKRE 25, B8R 4 7 i) SPAD {H - 6 I35 [Hi(SB, Smooth
side back), W& KR 12 4 K (50 AR K AR BERG 3 em ib. HLTEER) 12 () e
1/4, TR SPAD {#; St IEH (SF, Smooth side front), &K 1/2. FEEH 1/2 KILEZ A L
T 3cm Abffy SPAD 18 HUKEMI T [fi(RB, Rough side back), M HK R 12, TR 12 RILBEZ A K LT
3cm 4bH) SPAD . SB HIR/KFER eI, HARAKRZS T X6 KM SF R s/KFE Fv S e rul
IKFERE IR B AR AEROIRZS N RS RB Ron/KFam s e /K FEE bk F AR AR KROIRAS TR KHb T

2.2.2. Bii%3 (8 RGB {HAYIREX
FIFHFHL R BRI APP OF 3. MREE)SER TAEFS, SErfllE/KFEm 7 SB KL 1/2, %
B 12 FILEZ AN BT 3 em 4 Fi =5 7] RGB (red, green, blue)f .

3. RS54
3.1. RIEMR ML EATE

3.1.1. KIEHRKE LM EiHE

H7¢ 1 A7, M SPAD fH ALK, 2 AN5Fh SPAD B2 hiafE > HEAE > HRME,
B R B . MAHE RECKE, TARAL A SPAD 18 5% A i) SPAD 1B RIHH 5 R H0H GRS %
K. AN SRR MM, X Q6 5, HEfIE > Mk > Mk WE A 2115, F
FIALE > rFE > mhge; 2 ANEFIRIN 3 ML A I E AR R T AL S teAh, 2 SRl hr
A SPAD {H 5% i SPAD fE ISP IMEAE ¢ RIS E , A REAITE 0.9 DL EIIAH HE 1 AT SPAD
BEHORIHR] 3 /MRS SPAD Bk, b BAhE] 3 AN T SPAD SO REUR K, HAE N
0.9629. 0.9549. %g I, WEFEM A1 12 K Z AR EF 3 em A AE R H AR e E .

3.1.2. KIEM A ELHERTE

f72 2 A%, X Q It 6 5 i Flt SPAD 1 « AR 22 8 5 RE K/ IMIF 43 5y SF = SB > SR, SF = SB
<SR. SF<SB<SR. X'H&M 2115 fl' SPAD {A. rifiZ. 57 REHIK/NIGT 535318 SF>SB > SR,
SF<SB <SR. SF<SB<SR. H% SF. SB. SR [J SPAD 1. #rifi%. LR RHIHH—E £ R, 1M SF
5 SB MZE RN, 1 SF. SB 5 RB ZRHUK. Htl, TEMIE I Rk B M7 5 o
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Table 1. Distribution characteristics of SPAD readings at different testing sites of different varieties
= 1. AEGMAEMR LS SPAD H M SR m

SPAD fi HHR R H(r)
MEAE
Q6= HAER 2115 Q6% HAER 2115
A HRAL P SPAD 13K 42.3 40.0 1.0000™ 1.0000™
HE] 1 /M7 A SPAD 24 43.2 40.5 0.9415™ 0.9123™
i iE] 3 /M7 T3 SPAD 4K 43.2 40.6 0.9629" 0.9249™
M3 1AM SPAD B 41.6 40.2 0.7246™ 0.8541"
3 3 AN S35 SPAD 248 42.0 39.7 0.8632" 0.9065™
2R 1AM A SPAD 3245 385 38.2 0.8214™ 0.7821"
2R 3 ML ST 1Y SPAD %k 40.3 39.4 0.9298™ 0.8876™

VE: R EEEAN SB OGRS TH) M SPAD AR, r KA FMNRAL A1 SPAD 155 4 #B7 5 SPAD {E A K R %L,
n=24, FREFEKF, TRRIWEZKT.

Table 2. Comparison of mean, standard deviation, and coefficient of variation for different leaf sides and faces

=2 NER, HEMFEHE REE TRAKER

\ Q6= HAEH 2115
MR AT

mean S cv% mean S cv%

SF 43.2 49 11.4 40.9 2.9 7.0

SB 43.2 49 11.3 40.6 3.0 7.4

RB 42.1 5.6 13.2 40.3 3.8 9.5

E: SB RGN, SFRAOCHEMIER, RB RSN

T30 UK O R R AT (1] 1), S 2 /4 (0 ) SPAD {E A 1:1 5k R(Q L6 5+ y = 0.9989x,
n =24, df = 23, R?=0.9984, F = 14130.3432, p < 0.01; P& 2115: y =0.9919x, n = 24, df = 23, R* = 0.9992, F

=31547.4383,p<0.01), I ERIERAPE . 2 F, MERESOCEMNE, LFHEXEIEEH.
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Figure 1. Functional relationship of SPAD on two sides of different varieties
1. NEI&H 2 T SPAD {ERIRH X &
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3.2. KiBMH B ES 8 RGB {5 SPAD EiEHXH

f7 3 k0, 2 4S5 R SPAD fH 5B RHIEIE bR Ry G I R/ BUERHETEFs B 2 EAX
MEEAS SRR, W Q R 6 5, HHIRRECK/MIF A, R-B>G-B=(R-B)/(R+B) =R/B > HAfth; XHAEF
2115, MR AREHK/DIFF A, G-B>G-B>R/B> HAth; M2 ANSFEAEKRE, HXREINFA,
G-B > G/(R+G+B) > G/B > HAth. £i I, BiRHES4 G-B &G SPAD fHIN&mAESHL, I SPAD
B 5HESES R EE R (K 2), Yepap = —0.4541Xgs + 64.4618 (n = 48, df = 45, R* = 0.7475, F =
133.2052, p < 0.01).

Table 3. Correlation coefficients between SPAD values and color feature parameters
3 3. SPAD E 5 B FHES HAIHEX R

LB
BUERFIE S5
Q1L 65(n=24) A 2115(n = 24) VR A (n = 48)
-0.17 -0.77" -0.14
G -0.48" -0.79” -0.62"
0.64™ 0.09 0.37"
R+G -0.36 -0.79” -0.46™
R+B 0.32 -0.50" 0.13
G+B 0.09 -0.62™ -0.25
R-G 0.73" 0.66™ 0.59"™
R-B -0.92™ -0.80" -0.40™
G-B -0.89™ -0.83" -0.84"
R+B+G 0.01 -0.69™ -0.24
R/(R+G+B) -0.81" -0.72" 0.05
GI/(R+G+B) -0.82" -0.54" -0.76"
B/(R+G+B) 0.87" 0.71" 0.63"
(R-G)/(R+G) 0.60" -0.20 0.41™
(R-B)/(R+B) -0.89" -0.75" -0.42"
(G-B)/(G+B) -0.86" -0.68™ -0.73"
R/IG 0.59"™ -0.21 0.42"
R/B -0.89™ -0.76™ -0.45™
G/B -0.87" -0.70™ -0.74™
T TRRBERT, TRARWEE KT
4. g

FEN KRGy KR AL E I, EARAEATUONER R 13 R RENNEMLE: ZN
BB IR 30%4L R i TN EAL E ; #me Z AR [5] WA A R A [ - A die (A iR A
[7) s PR B S [ 71T FUR WK ARE M LR 172 Ak B2 13 BE A2 1/3 AN 2 T RE AR BE it (9 SPAD
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RN A, A KR s O ER 3 em AR — B

60 7% e

58 Jun Fink
s 64.46179 + 1.98565
56 M E:ES 0.45412 £ 0. 03935
549’
] s x

210.89274
-0. 86457
0. 74748
0. 74187

50
W
5:46-_
%44-_
I 42
7l 40 7
=387
4T 36
3R 34 1

32

30

28

26

20 25 30 35 40 45 50 55 60 65 70 75 80
BUERFESHG-B

Figure 2. Univariate linear function relationship between color feature parameter G-B and SPAD value
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T BIPANIAS X FR b, ZEARSE[OIF R R B, JKAE R el SPAD & & TRREU; Yuan %5[8]4F
FRM, KFEM A PSR R AR ER S R AR RS & LA & SPAD fH & 5 T 1A BT &5
ARWFFEFR, KFE R P SPAD B FIME . drifEZE . B F /IR A8, Jaigil > RS, b
O < KRS, el < KDREM, IEFFMEL 115K, S2A%. Yuan S0 50— A AXHFR 45 R
—5.

MBS 10T T 45 5% W], Bty & R/B. R-B 5 SPAD M2 [ (B UIAHG: FNVEELE[11]. 22N
MAEF[12]#8# Ry G, B 4r &5 SPAD fHZ MK RHE REE . AR ER, G-B. R-G. R-B.
R/B. G/B. G/(R+G+B). B/(R+G+B)%Hi i 245 SPAD (HR W E M IL(K 3), SMHENE. INEE
S5, FEWIPIR S AT LA B 6 2 A E R T SPAD {E I A4 R —3. My ikt R4 R 524
W NRIKDTLBIZN 31, HaEER a 5HGER b th4h 3:1 [14], 4K a (EH AR SR E K
w, Bt N (B) S (G)th, HANIAFE S G-B 5 SPAD i KM M il . Ik, % G-B AfktE
ERERHE S 4L

5. &g

AR KRG €0 ) B FE 7 B O I 172 2 B R 3em 4, BFEX D IEWH: SNBSS
K G-B, FHE 2 ANEAEEA, Yepap = —0.4541Xgp + 64.4618, R?=0.7475". FHEeFHA &L
PEL SERFSEHb. PEMTELE . THAESRK. RIS, AW RAE F BRI S S, WU E
EERE . MR B AL AESS KRG AT RS SR I
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