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Crop nitrogen content diagnosis and yield estimation in
ground cover rice production system based on hyperspectral data

SONG Hong-yan, HU Ke-lin® , PENG Xi

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract In order to establish the model for crop nutrient diagnosis and yield estimation in ground cover rice production
system (GCRPS) by spectral technique, the hyperspectral technique was applied to explore the canopy spectral
features at the jointing and heading stages in GCRPS, and the relationships between crop spectral indices and rice
nitrogen (N) contents as well as grain yields at five different rates of N fertilizer (0,60, 120,180 and 240 (N) kg/hm?)
were determined in the middle and lower reaches of the Yangtze River. The results showed the changing trends of the
canopy spectral under different N fertilizer levels were similar at the jointing and heading stages, both showing a
decreasing trend at visible band and an increasing trend at the near infrared waveband with the increasing of N fertilizer
rate. The rice N contents had a close correlation with the ratio of vegetation index (RVI) and the green difference
vegetation index (GNDVI) derived from the sensitive wavebands of 552 and 890 nm. The determinant coefficients (R?)
of the regression equations for rice N contents ranged from 0.730 to 0.808 and the R? for rice yield estimation equation
using RVI at the jointing stage reached to 0.724. We concluded that the established regression equations in this study
can be used to estimate rice N contents at the key rice growth stages and grain yield in study area.

Keywords rice; ground cover production system; spectral analysis; nutrition diagnosis; regression model
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Table 1 Spectral vegetation indices and
their calculation methods

CRIE L] G 4 H HHE AR
Index types  Spectral indices Calculation equations
ZE A B DVI-1 NIR—R™”
e %k DVI-2 NIR—G"**
L {8 A B RVI-1 NIR/R""1
55 RVI-2 NIR/G"!
VA — Al A Bt NDVI (NIR—R)/(NIR+R)"*
iR GNDVI (NIR—G) /(NIR+G) ™

G HBOL P B WK 520~600 nms R SHLLGIE B KN
630~690 nm; NIR S IT£LAM I B . P K 760~900 nm.,
Note:G is 520— 600 nm as green band; R is 630—690 nm as red
band; NIR is 760—900 nm as near infrared band.
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Fig.1 Rice canopy spectral reflectance curve in various nitrogen levels
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x2 KEEBEERHESEMEZESEN
XSS (n=15)
Table 2 The correlation analysis of rice canopy spectral

reflectance and plant nitrogen content (n=15)

AH W P /nm fﬁaé%’:%ﬂ(
Growth stage Wavelength Correlation P
coefficient
552 —0.523" 0. 045
674 —0.674" 0. 006
1 780 0.793* 0. 000
890 0.792" 0. 000
950 0.776™ 0.001
552 —0.738" 0.002
674 —0.701" 0.004
) 780 0.768" 0.001
890 0.786" 0.001
950 0.799™ 0. 000

o ox FORTE AR X [H] 0. 05 KFCREE) I EAHK; «x R
TE B AR X R0, 01 7K F ORUID 14 5 25 A1 6
Note: * Significant at the 0. 05 level; ** Significant at the 0. 01

level.
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Table 4 Regression equations of plant nitrogen content to spectral indices during rice jointing and heading stage (n=15)

HEEF M i FE 4L BT 2 70 5 75 & R v R
Growth stage Spectral indices Model types Regression equations R square

DVL1 4 y=0.0152x+0. 411 0.705 28.7 0. 000

“kzma y=1E—042*+0. 003x+0. 67 0.724 14.4 0. 001

DVL2 & y=0.016x+0. 445 0.731 32.6 0. 000

Zk I y=1E—04z%40.006x40. 637 0.743 15.9 0.001

RV E2qs y=0.0252x+0. 679 0.684 26.0 0. 000

- i/ 25N y=—0.0012*+0. 048x+0. 531 0.709 13.4 0.001

wn R y=0.0972x+0. 457 0. 799 47.7 0. 000

vtz Zxzaisk y=—0.0032% +0.142x+0. 323 0. 804 22.5 0. 000

NDVI R y=2.268x—0. 811 0. 653 22.6 0. 000

ik Zzais y=6.961x" —8.703x+3.438 0.702 12.9 0. 001

GNDVI 4 y=2.346x—0.551 0.773 40.9 0. 000

RN y=4.7132%—3.971x+1.513 0. 808 23.2 0. 000

DV &k y=0.0162+0. 18 0. 644 23.5 0. 000

“kzms y=0.00 022% +0. 0022 +0. 467 0. 646 11.0 0. 002

— E2qis y=0.016x+0. 246 0. 659 25.1 0. 000

ZIR T y=0.00 022> +0.000 6x+0. 526 0.662 11.8 0.001

RVLI R y=0.0092+0. 615 0. 703 30.7 0. 000

A “wEuA y=—2.9E—052*+0.011x+0.594 0.705 14.3 0.001

RVL2 A y=0.0442+0. 480 0.730 35.1 0. 000

ik Zzais y=0.0022" 0. 016x+0. 588 0.737 16.8 0. 000

NDVI A y=1.7552—0. 719 0.529 14.6 0. 002

—Wwzm y=12.1712*—19. 1462 +8. 184 0.636 10.5 0.002

GNDVI i y:1.’546x—0. 326 0.629 22.0 0. 000

e/ & 2 F: y=17.0252" —8.785x+3. 418 0.714 15.0 0.001

T By SR FOLE R BORR W 2 R & i 0

Note:x and y represent the spectral vegetation index and plant nitrogen content (%) respectively.

Table 5 Regression equations of grain yield and spectral indices at the stages of jointing and heading (n=15)

£S5 KEFAREBHABEFENLEEHHEIETHE(n=15)

EE W et JE D o - B
Growth stages Spectral indices Regression equations

DVI-1 y=—0.008x"+0. 113x+4. 817 0. 520 5.9 0.018

DVI-2 y=—5E—42*+0. 125x+4. 904 0.532 6.3 0.015

- RVI-1 y=—0.008z" +0. 4092 +4. 966 0.714 13.8 0.001

wHH RVI-2 y=—0.0852"+1.631x+2. 367 0.724 14.4 0.001

NDVI y=10. 2542* —4.153x+4. 964 0.702 12.9 0.001

GNDVI y=—2.3122*+14.4752—0. 226 0.693 12.4 0.002

DVI-1 y=0.001x*+0.006x+6. 084 0.401 4.0 0. 046

DVI-2 y=0.0012*—0.001x+6.475 0. 393 3.9 0. 050

- RVI-1 y=—0.0012*+0.116 x+6.482 0. 307 2.7 0.111

RVI-2 y=—0.0072"40. 361x+6. 005 0. 302 2.6 0.116

NDVI y=71.9292* —113. 9172 +52. 517 0.273 2.3 0. 147

sNDVI y=144,592x" —57. 0562 +25. 768 0. 315 2.8 0.104

T My S ARG 4 RO AR RS 77 i ¢/hm?

Note:X and y represent the spectral vegetation index and rice yield (t/ha) respectively.
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