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Hyperspectral Monitoring of Sugar and Nitrogen Ratio in
Peanut Leafat Canopy Scale

ZHANG Xiaoyan' LIU Feng' SUN Jiabo' WU Zhengfeng® NIU Luyan' RUAN Huaijun'
(1. Institute of Scientific Information, Shandong Academy of Agricultural Sciences, Ji’nan 250100, China
2. Shandong Peanut Resarch Institute, Qingdao 266100, China)

Abstract; Carbon and nitrogen metabolism of plants reflect the physiological status and growth vigor,
which is the physiological basis of peanut yield and quality formation. Therefore monitoring the ratio of
sugar to nitrogen in real-times important for growth diagnosis and nitrogen management for peanut plant.
The main purpose of this study was to establish a quantitative model for monitoring the ratio of sugar to
nitrogen in peanut leaves, through analyzing the relationship between the ratio of sugar to nitrogen and the
canopy hyper-spectral parameters. The experiment was carried out on peanut variety NO. 1. Different
nitrogen level treatments were applied, and canopy hyper-spectral parameters were collected in different
growth stages of peanut. Then the regression model of canopy hyper-spectral parameters and leaf ration of
sugar to nitrogen was established The results showed that peanut leaf sugar to nitrogen ratio was in the
dynamic change pattern of “high-low-high-low” within the growth process. And from seedling to pod,
peanut leaf sugar to nitrogen ratio for all N treatment group was lower than the control group, and in the
peanut harvest period N treatment, it was the opposite. The most suitable period for monitoring hyper-
spectral parameter of leaf sugar to nitrogen ratio is seedling stage to full fruit maturity stage. Flowering
and knit stitch stages vegetation index and the ratio of sugar to nitrogen correlation reached a significant
level, and in these two stages, the regression equation established by DVI was more reliable. The R’
value of it was 0. 866 ~0.993, and S, value was 0. 026 ~0. 083. After the peanut pod, using the EVI to
establish regression equation is more reliable. The R* value was 0. 893 ~0. 927, and S, value is 0. 054 ~
0. 082. It is found that the characteristics DVI and EVI have the best performance, which could be used
to monitor the ratio of sugar to nitrogen in the early and late growth stages reliably.

Key words: peanut; hyper-spectral remote sensing; sugar to nitrogen ratio; monitoring model
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Tab.1 List of hyper-spectral parameters

e S 2R MRS SCHR K R
RVI(A;,2,) L (A8 Bl A B RA/(RA,) [17]
DVI ZEH A LR B RAy - RA, [18]
NDVI A — b A+ 5K Ryig = Rpoa/ (Ryig + Rieq) [19]
EVI S g TR R gk S Bk 2.5(RX; =RA,)/(RA; +6.0RXA; =7.5Ry,p +1) [18]
VARI_green BUR A FE B (Rsg0 = Rz0) / (Rsgp + Rgzo + Ryso) [20]
VARI_700 PR A B 5 Bk (Ryp0 =1.7Rg0 +0. TRys0 )/ (Ryg9 +2.3Rg70 = 1. 3R 5 ) [20]
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Fig.2 Changes of nitrogen, soluble sugar and sugar to nitrogen ratio in peanut leaves at different stages
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Tab.2 Correlation coefficients between sugar and
nitrogen ratio and characteristic spectral parameters

of peanut leaves at different stages

1 KM/
il 2%
30 50 70 100

RVI 0.822* 0.684" 0.706 " 0.910 "
DVI 0.724" 0.618" -0.880" 0.213
NDVI 0.828 " -0.614" 0.644" 0.903 **
EVI 0.708 " 0.634" 0.706 " -0.226
VARI_green -0.201 -0.614" 0. 140 0. 609 "
VARI_700 0.716" 0. 603" 0.828 " 0. 594

T s RIRTE 0.01 K4 B EAH K, = 2R 0.05 K25
Li-PS

FE R ARMEIRZE 5 T3 3, B E , T4 H A [
F 75 B DA Z 306 R BRI o AR AL T £
568 )22 O 1 1Y L A 4 i A0 2 1M 4 e ORI IE —
UL R EEL KT RO N K&k ]
S b B BN SRR, R, TE AR AR
KB FFAE T £ 199, R DVI 57 9 8115 Jy & 5 A i)
5L, RN E RBC(RY) B ARAEIR2E (SO KL, R* N
0.866 ~0.993,S, # 0.026 ~0.083, 44K )5
1, R FE R e R R B BV g ST ] )9y AR B AT
R 0.893 ~0.927,5, J7 0.054 ~0.082, 74
AT JFAE T £ It SR B, VARI _green
H1 VARI_700 A8 8 2 B3 7 19 111 U5 Jy i ] 3 4 4%
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Tab.3 Quantitative relationship between sugar and nitrogen ratio (y) and canopy hyper-spectral

parameters (x) in peanut leaves

e K% /d IR E 314 w5 5 A2 R Si
RVI y = —8.557 +1.322x - 0. 047« 0. 837 0. 036
DVI y= -8 117 +41.401x — 48. 149x° 0. 866 0. 026
NDVI y= -4.333 +5.855x% 0. 648 0.034
0 EVI y= = 16.479 +44.902x -29. 1964 0. 861 0.025
VARI_green y= -10.56 -26.789x — 15. 819" 0.949 0.016
VARI_700 y= —21.896 +157.003x —271. 978" 0.817 0.030
RVI y = —0.049x +0. 004> 0.995 0.083
DVI y=1.219x - 0. 118x* 0.993 0. 085
NDVI y =0.526 +0. 0. 35%” 0.373 0. 089
>0 EVI y = =22.58 +43. 689x - 20. 366x° 0.527 0. 094
VARI_green y= -9.342x - 23. 136x° 0. 990 0.010
VARI_700 y =6.569x - 10. 9637 0.991 0. 094
RVI y =6.781 —=0.731x +0. 02247 0.794 0. 089
DVI y =13.948 —38.315x +27. 6494 0. 866 0.072
NDVI y =517.572 - 865. 355x +359. 344’ 0. 804 0. 087
70 EVI y =30. 615 —57. 18x +27. 303" 0.873 0.070
VARI_green y= —1.419 +8.2024° 0. 665 0. 092
VARI_700 y= —3.35+7.679x° 0.989 0.110
RVI y =24.725 - 2. 4x +0. 062« 0. 841 0.121
DVI y =96.95 —415. 49x +451. 961> 0.361 0.244
NDVI y = —14.338 +19.395x" 0.722 0. 131
100 EVI y =25.006 —576. 67x +341. 362" 0.927 0. 082
VARI_green y= —23.971 —59. 947> 0.991 0. 202
VARI_700 y = —3.28 +34.333° 0. 464 0.182
RVI y=1.828 0. 167x +0. 01247 0.797 0.074
DVI y =8.285 —51.739x +94. 567> 0.952 0. 036
NDVI y= -0.617 +2.895x" 0. 841 0.054
130 EVI y=6.42 —21. 182x +21. 348 0.893 0.054
VARI_green y= —2.415 -26.967x - 46. 696" 0.731 0. 086
VARI_700 y= —5.417 +32.463x —38. 221" 0.549 0.111




) TRIGEHE 45 TR RO BB AR I bR R v ol i e 197

2.4 HENERANKSKEE

R Y 25 G FroB R L A Y i) T 1 A
P, R ST 8 36 5 X 3R g ST ) ] A T R Ay
Sl AT I, LAOOE I 5 A U 2 ) R AR Y Oy 22
(Root mean square error, RMSE) “”i‘%ﬁﬂ‘ﬁﬂﬂ‘] |
5 EE , RMSE /)N, 450 3 fy J0000 A B2 8 &, I 2 0L
IE SR UME Z 18] /Y 1 15 FR 18, DL B 3 i s A
RURHULA BRI AT 5 I SR R WY, A6 A &)
WEN 25501 56 2 06 1% 2 % DVE 5 it J7 B L 2 18]
B B AR S A S R BLA #) 0. 866 LI, i H.

207 4=0.8183x+0.2491 o
1.8 R=0.6714
16 R,=0.2002
1.4
m 1.2
= 1.0
L
0.6
0.4

0.2
1 1
0 0.5 10 L5 20
SEHE
(a) DVI

B 5 52 08 22 5 4/, LA T 48 RY = 0.671 4,
R, =0.200 2, {56 B, A5 7Y 70 0 1 A X 5% 22 88/ . AE
AL UG RIS 8 EVE 5 R A A O
PR, R B AE 0. 87 LA b, i 4 9 A7 B U
HME RS R =0.516 1,R, =0.078 7, Zify
Ay BT AEAE W B SR L A A e R A A 50 AR, R
B DVI Al EVI 2 A8 2 FR 1R S 3 2 50CR I fe g, Tl
I RANE 4 fiR . JE T OGRS Ob I S 4L, T
X AR AR I B 2L ELBR B0 2E AT B B AT R A

T .
200 20.7142:+0.4686
R=0.5161 < o
18-  R=0.0787
o 16
=
Eatb
12F
Il /| Il |

Il
1.0 12 1.4 1.6 1.8 2.0
S
(b) EVI

B4 e B LB EME S S 2 ] B L%

Fig.4 Comparison of simulation value soluble sugar to N ratio and measured soluble sugar to N ratio in leaf peanut
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