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Abstract In view of the problem of environmental pollution and cost increase caused by excessive nitrogen fertilization
application of double-cropping rice, field experiments on nitrogen gradients of different varieties were conducted in
Jiangxi in 2019. Digital camera was used to measure images of early rice canopy, and different color parameters and
characteristics of the nitrogen nutrition indexes of early rice were investigated. A monitoring model of nitrogen nutrition
for early rice was established. The results showed that the differences of color parameters of images under the same
nitrogen fertilizer treatment of different varieties were small. The digital image parameters at jointing stage were
sensitive to nitrogen nutrition indexes. The model construction results showed that the model constructed between INT
and the nitrogen nutrition indexes (R?) had the largest coefficient of determination, and the model displayed the best
prediction effect with R? of 0.895 7 and 0.924 7, respectively. At the same time, the results of multiple regression

analysis and BP neural network analysis confirmed that the prediction results were good. The results obtained from
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prediction tests showed that the variety has little effect on the construction of the model. The leaf nitrogen content

(LNC) model constructed with BP neural network analysis and the leaf nitrogen accumulation (LNA) regression model

constructed with INT as the sensitive color parameter had the best effect, while the multiple regression analysis method

had poor result. In conclusion, the early rice canopy RGB color space sensitive parameters have a good correlation with

nitrogen nutrition indicators, which meets the needs of nitrogen nutrition non-destructive monitoring and diagnosis.
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Table 1 Image characteristic value and calculation methods
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Parameter Method of calculation Reference
ZoLAR AL NRI NRI=R/R+G+B
gothr L NGI NGI=G/R+G+B
W AR AL (5 NBI NBI=B/R+G+B [16]
G L E 5% GDR GDR=G/R
Sl L2 E IR GMR GMR=G—R

if R=max H=(G— B)/(max—min) X 60
{0 if G=max, H=120+ (B—R)/(max—min) X 60 77
Hue if B=max, H=240+ (R—B)/(max—min) X 60
if H<0,H=H+360

e ¥ — 1k 38 % NDI NDI=(R—G)/(R+G+0.01) [18]
B INT INT=(R+G+B)/3 [14]

T R.G 1B (N GBI 41 2% (0 % 1P 39 1L

Note: R, G and B values are the average values of the red, green and blue colors extracted from the

image.

1.3 BEEFREMRHIERE

58T MR AR IUR AP 25 /08 X 38 IR 3 ] Y
R AR 4 B ARG AR R AR B 0 70 OO K RE S AELRR 23 B
Hyit RS AR AE 105 C R T 30 min, 80 CHE+
48 h ZAE 5 FRoiE L oR B E FOE DI K RS A
Rk B CLNC) ., #E 1 i 5k R b R/ /2 &
(LNA), LNA/(g/m*) =M B E/% X it -+
Y/ (g/m*).

1.4 HEKESHH

M Adobe photoshop 7. 0 {4 545 5 KK
M5y ), E— 2 ia F O O B AR SR B R I £
KA, HAbEE AL 35 43 R ] Microsoft Execl
2007, SPSS 17. 0 Fil Matlab 7.0 #47,
1.5 HEENKE

BRI 1 AR B 50 HHE R A A, 5 2
A 8 B TSRS 56 . R bR R



28 S R EE I N A N i 4

2020 4 55 25 &

R*. ¥ )7 MR % 22 RMSE F1AH % ¥ 5 M i %
(RRMSE) > PF Al 182 84 (1 2 22 1 - RMSE #1 RRMSE
(B /I Tk I ASE UL 5 SO0 AL %) — S50 e g o DA A
R AL 445 S A M T

RMSEz\/}qXZ(P,—O,)z (D
i=1
RRMSE — RMSE/ 0, X 100% (2)

A g BRI LA 50 B AR s Py o A8 280 J0
O; SRy SME s O,k 2008 1218

2 HBREHW
2.1 AEEEAKFTELEEHERBERIERTL
FHE

AN [t 7K AP T AN ) A 1 3K A G108 IR I 2
AR IES A 22 5 (8 Do i1 a4 d N
[Fi] — &b FAS [6] f Ff K R LNC ) 75 4 {4t 35—

i m— AT A AR LB R LNC 22 75 5 ¥
i, Hidr . NO AT N1 4B R KRS LNC b5 £ & #
M 35 Z W9 /N s N2 Fi N3 H R LNC M 4 BE ] % 4%
R SR S BE A A E S W N .
— KRR R AR R 2 AT IR B (B 2) i
& 2 a] LLE L, KA LNA {4 B %5 2E B W9 2R b
. B N3 AbFE AN HoAh b FE () LNA (¥ 2 il 3
IR BN To00G 15 B 7K R AN (] it b 1 it R0 B
RAMBRBERA 25 BEARTA B,
550 BECNOD) AH LY o 43 BE 4519 99 22 R 400 L il A 000
ASE B R Ak B A AR R & o B T
7.41% .22, 64% ., 32. 55% . 38. 71% . 99. 17% A
28.37%.77.17% .83.06%.120. 95% ,147.51% ., 2%
S 3 . AN [R) it AE Ak PR S EOK RS LNC fiT LNA 1
225 AR AR Bt IE 5 10 TG 1 o A A o K R I R R

5.
OciNo [CINI
N, HciN2 EICIN3
4t | o\ EIC2N0 EC2NI
N
1\ 4 C2N2 C2N3
£ ¥
B
&2 N )
S RlEE & I
: N =
3 7L
lF |
N S
N =/E
N =
U\ ) Bt e : = =i i‘
0 3 s ; =i 22l =F. 'l
SrBEN Y AR it R
Tillering stage  Joinling stage Booting stage  Heading stage Full heading stage

EF W Growth stage

Cl: g R 17;C2. KM 1735 NO ATt 28 s N1 ZAEE & 2 75 kg/hm? s N2 M ] i 24 150 kg/hm? ;

N3 FALHE 4 225 kg/hm? . T,

C1, Zhongjiazao 17; C2, Changliangyou 1733 NO, no nitrogen; N1 ,nitrogen application rate 75 kg/hm?; N2,

nitrogen application rate 150 kg/hm?; N3,nitrogen application rate 225 kg/hm?. The same below.
1 AEEEHEBHRRRETUHE

Fig. 1 Characteristics of LNC in early rice leaves at different growth stage
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Fig. 2 Characteristics of LNA in early rice leaves at different growth stage
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Table 2 Correlation coefficient between rice canopy color parameters and plant N-nutrition at different growth stage

ZH B S 73 BE ] P 1 RE I il 1l 10 FF R
Parameter Color parameter  Tillering stage  Jointing stage  Booting stage = Heading stage Full heading stage
J R 0.772" 0.598 0.736" 0.717" 0.236
R A
G 0.124 0.724" 0.172 0.790™ 0. 046
LNC
B 0.746" 0.510 0.911™" 0.882" 0.913™
/: o R 0.637" 0.732" 0. 389 0.722" 0. 397
R R AR
G 0.598 0.841" 0. 406 0.840™ 0. 156
LNA
B 0.428 0.596 0.621 0.953™ 0.882"

e L oex A3SIERRTE 0.05 F1 0. 01 KFTF B3,

Note: * and %% represent significances at the 0. 05 and 0. 01 levels, respectively.
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Table 3 Effects of different nitrogen application levels on color parameters of digital cameras

. . 73 BEH) P
i AL Tillering stage Jointing stage
Varity N treatment
R G B R G B
NO 133.09 ¢ 144.22 b 81.08 ¢ 107.52 d 199.15 ¢ 134.32 ¢
N1 136.17 b 140. 90 ¢ 92.97 b 116.19 b 209.80 b 142.16 a
C1
N2 141.92 a 143.67 b 91.28 b 113.44 ¢ 207.62 b 138.55 b
N3 142.25 a 147.10 a 95.66 a 156.13 a 225.77 a 139.44 b
NO 130. 89 ¢ 135.56 ¢ 91.44 ¢ 112.58 d 201.54 ¢ 117.47 d
N1 132.33 ¢ 135.79 ¢ 91.61 ¢ 119.98 b 211.36 b 131.41 ¢
C2
N2 137.21 b 137.51 b 95.73 b 117.91 ¢ 211.61 b 134.59 b
N3 142.93 a 139.80 a 100. 29 a 126. 80 a 218.0 a 146.94 a

T R B /NE TR R R IR E] 0. 05 (122 57 i K F

Note: Different lowercase letters within the same column indicate significant differences at the 0. 05 probability.
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Table 4 Multiple linear regression analysis between image color parameters and nitrogen nutrition indexs

B Lo m R X e WEER
Parameter Multiple regression equation Adjusted R*
- H A&k LNC= —16.597—0.234 X B—22, 728 X NGI+43.574 X 0.977 0. 955 0. 844
LNC NBI+0. 111 X Hue+0. 229 X INT
AR EE PNA=804.969+6.685XB+124. 189 X NGI—2 116. 798 X 0.949  0.901 0. 654

LNA NBI—1. 78 X Hue—5. 82 X INT
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