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Spectroscopy and Spectral Analysis
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Table 1 The classification norm of potato growth stage
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Table 2 The definition of spectral parameters
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Fig. 1 Flow chart of parameters selection based on variance

analysis combined with variable reduction algorithm
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Fig. 2 Statistical box line graph of chlorophyll

content of potato growth stage
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2.2.1 SRR H £ 5 PR AL A 6T S 507 R R AR K 22 180 34 7 7 0 3 T 22

Sr TG S Bl A WA A K ) 2 S A A5 OR
W 3 iR, LRIERIE L, AANE L. BRE V.M

Sty M4 AR 14 A2 80 oAb A K =2 ) A7 75 18

R3 EMERHZENFTEI LRI

Table 3 Result of variance analysis between four growth stages

SR AE 250 M1 M2 M1 M3 M1 M4 M2 M3 M2 M4 M3 M4
LRI E R, * * * 0.441 5 * *
LR Ly % % * x % x
LA IRAE R. * * * 0.219 4 * M
AN HE L, * * * * * *
LLIMEAE Ve * * * * * *
FAR VL A= O 0.690 7 * * 0. 068 1 * %
WA IRAE Ve * 0.484 1 M M * M
WAL Ly * 0.472 1 * M x %
WA Ape 0. 059 * % 0.9 * %
LN Ase * * * * * *
Ry /R, * * * 0. 2636 * *
(R;—R.)/(Ry+R,) * * * 0.258 3 * *
A/ Ape 0.259 8 * * 0.291 3 * *
(Are—Ap) /(A A1) 0.167 9 * * 0. 488 * *

. O * " P-value<<0. 05, AIEE L EEER

2.2.2 RAAKRBLAERERES R R BN
DA S [ Az 100 25 4% 38 5 22 S 31 o 5 2 8000 43 B 45 SR
FAPIR, B S FZR 4 WA E A K IE K, SEiEE
R,(—0.735 1~—0.650 9) @& F Kk, M2 5 M3 [6)JC i &
P2 Sy GRIENIE L, 76 551. 2~554. 4 nm BW£L# . i R
FAKMZ 7 B 25, A4 KE R (—1.049 6~
—1.013 9 @k B/, M2 5 M3 Rl JC i & 22 55 48107
B L, 7E 670.9~674.2 nm WEH 8. W HARAKEZ
[ fF7E B 22 5. I IRE V.. (0. 059 8~0.049 9) i fhk -

Wb, AARFARBZ NEERFEEES: 2l E L1
719.7~714.0 nm B E K B E K BH KR, M1 5 M2,
M2 1 M3 Z [ o FME2ER, (H M4 aihifi® L. (714.0
nm) 6 /N T H A A . 5 H A AR KBS L, M1 3 08 1E
Vi (0.011 20, ¥ i i B L. (524.6 nm) 5 M3 # V..
(0.011 3), Ly, (524. 0 nm) Rl ;s FEX MBS T,
AR ML R M3 Z [ TG E 2 . HoANER 4 R, 1EiX 8
MHIEMESHT . Ma 5 HAb = A E K2 0¥ 7

F4 FEEKEEGMEESHEITO

Table 4 Statistical of spectral position parameters at different growth stages

LRUENE{E R, BRUE(IE L,  AFWMHER ABME L ANEEV. ZHME L. BEHEE V. ELMHE L.
M1 —0.735 la 551. 2a —1.013 9a 670. 9a 0.059 8a 719.702 7a 0.011 2a 524. 608 la
M2 —0.707 7b 551. 8b —1.026 7b 671. 5b 0.051 5b 719. 662 5ab 0.012 4b 525.975 Ob
M3 —0.714 3b 553. 8¢ —1.020 9b 672.7c 0.052 2¢ 718. 325 0b 0.011 3a 523.975 0a
M4 —0. 650 9¢ 554. 4d —1.049 6c 674. 2d 0.049 9d 714.012 5¢ 0.013 9¢ 522. 100 Oc

I ORI B )G FEA R FRTEROCIE S BT« A A KW 2 [AETE 2 35 1 22 57 (P-value<C0. 05) . 3 5 F13% 6 5t AH 1A

2.2.3 ARAAKRMBAERELEEREABIFIE

WA R A K00 5 T A S H R 25 R i s R 3k
SR, BEEARKBIER, D8 %550 i 0 m A A
(0. 199 3~0. 285 3) A7 B U Ky a¥, (Hig M1 5§ M2, M2
5 M3 Z BT EE.EZER, T M4 1) A, 0. 285 30)iE KT
HfhAKE, 5SHM = ARKBZESEEREEZER: B
LLNTEA A (2. 089 0~1. 963 3) Fifi & AE 1< 1 14 4E < 3% ¥ Uik
AN T EERFE AR Z MAEREEZER. BRE 5o
VIEWM A E I M4 i m R A B B R T HA = A4 K
.

%5 FREKHXEERS BT

Table 5 Statistical of spectral area parameters
at different growth stages
WA Ape ZLIATH R A
M1 0.199 3a 2.089 0Oa
M2 0. 217 8ab 2.085 6b
M3 0.218 8b 2.038 0Oc
M4 0. 285 3¢ 1. 963 3d
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2.2.4 FTEARPLHAETZE SNBSS IE

DU AT ) Az K 01 35 A B0 3 R 25 S A T A SR 3k
6 iR . Re/R, FI(R, —R,)/(R,+R,) Bl £ 11 4 K 3
RN EH, M2 A M3 Z (A TR EMEE R A/A.
A=A /(A A B AE K 2 KR K2 B
P, H M1 5 M2, M2 5 M3 ZRIEBEEESR.

F6 TREEKHGEERBERSHSIT
Table 6 Statistical of spectral vegetation index

parameters at different growth stages

Re/R: (Ry—R.)/(Ry+R:)  Are/Ape (Are=Ape) /[ (Are +Ape)
M1 0.725 2a —0.159 8a 10. 720 5a 0.826 2a
M2 0.690 Ob —0.184 9b 10. 147 5ab 0.811 6ab
M3 0.700 0b —0.177 5b 9. 785 6b 0. 806 5b
M4 0.621 8¢ —0. 236 3¢ 7.372 Oc 0.746 7c

2.3 BEFFENMETERIAEHRESHANE SR

AW FT R R 5 28 43 BTk 245 5 AR b vk X 14 Ao
T 2 BORR A SR AT 07 3 000 Ak . 16 Y % D 4% 2 A K U 0 BT R K
SH 14 TS E T35 P-value [ INFR 7 Fis, L%
SHU P—value (BN, b 340 50 Az 4 10 00 BTk 2 B K. e JR
P35 B 10 AT 2 B S R B Ay AR RE L 25 R
M7 R,

RT RIEBHESHHERLER

Table 7 Selection result of spectral parameters

T RRE S 8 V-5 P-value i AR
LRIEIEAE R, 0.007 4 J
SR E Ly 1. 58X 10710 N
LA RAE R: 0.039 4 J
LRPE L, 0.007 0 J
LN IRAE Ve 0. 006 1 J
LN E Lee 0.128 2
WA MR Ve 0.083 7 J
WAL E Lue 0.078 6 J
WA Ase 0.164 8
LR A 0.007 7 J
R,/R. 0.044 6 J
(R, —R,)/(R,+R,) 0.043 7 J
Ave/Ape 0.093 6
(Are —Ape) /(Are +Ave) 0.110 2

e @ 4 AR A KPP HEAT Iy 22 50 A 3L 6 41, “F- 34 P-value J2&
R —ASHN 6 4TME .,  FRAE RS,

ANTR) A A 1 2 ) TG S 2 2 S RO B S B S R Ik
8 FrR, AR iR e 7 AR Y] IR 0 6 2 2 1k 22 v
TGS B R T AE A K 22 (8 4 70 2 35 1 22 S ) i 2
AR B UL O 22 43 BT 45 A A8 e U 2D B 1 O 3 SEURROL
WSHCEA R . ATLLAE . M2 R M3 2 ) 00 2 3 1 22 S
WG S BB E L 6 ). 5EE G AT R as R —
B, ATRES B M2 R M3 2 JA) R AR T Al A K A

AN
Mo

2.4 ETRUSHNSREEYERBANEEHAR

XA A 314 DA K-S SR IR 3 ¢ 1 iy Lb 4l
R U A i 45 . YIERAE 240 A REA, DULAE 74 K
A, KUk A 10 NGRS S BUE i AR R, @ B A
KM SVM FIJIEE R, BT S8 FIREE RN gy 1,425 8,
TETSHC 2y 53.251 2. d 2 4, I I 25 48 30 50 2 R
100% , W3 58 34 5 3k 94. 59 % (70/74) , Tl&l 6 s . H
N FE T UL 1 S BOPE SRy s A AR R T ) SVML ) S B A g
B — B LR B A K.

xk8 AEAEKHELEBEEMHERNAES ST
Table 8  Statistics of spectral parameters with no significant
difference during the growth period
KA B 10 M AZE R
M1, M2
M1, M3
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Fig. 6 Comparison chart between actual growth stage

and identification results of the test set
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1E M2 T M3 HR ALy 38 Rt i N F (e 28) Pk
BEFROB, BB AR, R IR RS A T
% (HRIEE 20 22 5 1 R W B s TR M4 Iy b o
B BB R SR A A W L )R S
BOR L A E R AR KR 22 . BT )
BG5S oAb = A A R BT
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A i BT AR B W B AR R HERE . SR
L, FIZLANE L B, LU E LB R Wihm
BAGEHTIE R, L0 T B A BN A/Au F A —
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Abstract In order to satisfy the field management requirement, the research was conducted to indicate the optimizing parameters
and identify the growth stage based on the canopy spectral response of potato plants. Aiming to the four growth stages of
potato, tillering stage (M1), tuber formation stage (M2), tuber expansion stage (M3) and starch accumulation stage (M4) , 80
sample plots were divided in the potato field. The 314 groups data of canopy spectral reflectance were collected by ASD Hand-
held2 portable spectrometer. The potato leaves were collected synchronously in per sample plot to determine the chlorophyll con-
tent. After spectral pretreatment, the spectral reflectance changes of potato crop at different growth stages were analyzed. The
spectral response parameters of potato growth stages were selected according to the “peak-valley” reflectance characteristics. A
new algorithm was proposed to select sensitive spectral response parameters based on the variance analysis combined with varia-
ble reduction (VACVR) method. The Kennard-Stone (K-S) algorithm was used to divide the all samples into training sets and
test sets. The identification model of potato growth stages was established by the support vector machine (SVM) method. For
spectral reflectance, the standard normalized variable (SNV) was used for spectral pretreatment. Based on the qualitative analy-
sis of the canopy reflection characteristics change trend as potato growth stage progress. the 14 spectral response parameters, in-
cluding the 8 position parameters, the 2 area parameters and the 4 vegetation index parameters, were selected combining with
spectral “peak-valley” characteristics and the dynamicspectral response of potato growth stages. The K-S algorithm was used to
divide the overall sample according to 3 ¢ 1 into a training set (240 samples) and a test set (74 samples). In general, the canopy
spectral reflectance varied with the growth stages progress. In the range of 400~500 and 740~880 nm, the spectral reflectance
decreased. In the range of 530~640 and 910~960 nm, the spectral reflectance increased. In the range of 530~640 nm, the can-
opy average spectral reflectance of the M2 and M3 growth stage were very close. The canopy average spectral reflectance of the
M4 growth stage was significantly different from that of the other three growth stages. The average chlorophyll content in-
creased from M1 (28.12 mg+ L ') to M2 (31.04 mg « L™ '), reaching a maximum in the M2 growth stage. And the average
chlorophyll content of M3 (22.00 mg * L™ ') and M4 (15.36 mg *+ L. ') reduced successively. With the progress of the growth
stage, the green peak position and the red valley position gradually red-shifted, the red edge position gradually blue-shifted, the
blue edge area gradually increased, the red edge area decreased gradually, and the ratio and normalized ratio of red edge area to
blue edge decreased in turn. According to the VACVR algorithm, 10 sensitive spectral response parameters were selected to es-
tablish the SVM identification model. The identification rate of the training set was 100% , and the identification rate of the test
set was 94.59% (70/74). Therefore, the model can identify the potato growth stage to support the water and fertilizer manage-

ment in the potato field.
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