b

] b
A

¥ o5k
Spectroscopy and Spectral Analysis

A Vol. 40, No. 12, pp3692-3698

December, 2020

ETESAEXE-RIRAENHERIATAEU I T ESREET

ARACITIE A2t R 22 B K B A 5 A B L A A E M EALRE . HHh K& 130024

M E ORBEEAPRIUR, HERIOCRMY LM E U A Y E B R EE T Bz . B AN
S UL (LI el BF 58 £ % T8 B 7 - 800 % 82 M 8 R 9 e i RS AL RO B2 R o XTI 23 I L =2 | &%
B R AR NI R RN L A BE B i ik WL 5 30 OGS i R R B0 AT 2 MR A f
ST A L[RRS4 5 3 O R I AR K U I R B 5 A I R Y 2w S R0 A . S5 ORFRWT. =
TP 9EEIETE AR A AR, ELIIN K T30S 5 M X8 D7 6 A 09 B0 A% 52 e 98 e 38 2 A 9¢ 0 2 R/ . 1R A
AEX 7 o7 A b S W R TUA 55 98 6 B 8L Foss / Foao OB BN RY . ARG LB R® 5 RMSE, AR J5 3 /1 4
2257 S [F] I BIF 53X = I Floss / Fouo (L5 WL O 00 £ 5 8 A S 07 (62 Ay » L1 9 R 5 8 38+ T DA Afg S 1o —
FAEBE Fogs /Foo 5K T A B FH WA LKER . B BATEXT 3 T Y 09806 IF S it 28 R 5647 i
PR+ I3+ B AL 2 25 (8] X R B SEE M IR BE . BFFERMT . WOEHE 5 i SR 9O6 0 B 35 i e ik 4
WL TR AR 5 A BB AF AR B R O S i Ak 3O i RO T A 3 AN R AR RS . B X R TR A
Bl S A TR 9 B 9 e i 4R JBE 56 AR Y B0 [ A RS AL . R AR O 3 AT A A S A () 38 B9 i i AT

BERMELR,

KEW BOLIE R GER ZAEGE;
hE SRS P407.2 XEkFRIRAS: A

5l

Tl

IR, 40 38 5 1 ) A B2 0T 5 A 4 3 BT 9T 1Y
FEEFBRNZ . WRIFF PO A A et %
JEHY PRI 7 1 B S ML S W 2E . BBl 9 IR T 2 4R
BCHOETE SIS R VOUME T EIEGAE A IRIFTE T XA
RIEFRTCHI o 3 B 2R I7 3% QA5 226 3 1 2 B A
WOLTE STOCH AR . B A & e, IR R
BRI PO 5, H R AR 52 40 B B 1R 52w 1 4
R T TR B B S I OE I S R
FOCHA (LIF) & — B AR 5 A 1y (38 T B, H 4375 3010
=,

UEAER s BFFEN Bl i LIF 552 AR X AR 0% 25 I 9038 2 1
WR . ETENITOLE AR R ZAYUE] A 4% 35858 42 16 /9 iR
I\ A 43 25 R0 AR O 2 RE M A O iR TR B AR T
Chappelle 4 F| ] LIF £ AR )25 R R T H A4 I ALK 23 A

W B
E2WA:

2019-10-25, 83T HEA: 2020-03-10

41571115) % Bl

PEZ B A MK —. 1996 4R A, FRALIIE A 2 i BB 2 2 e A0 L F 50 A=

* 1 TR R A

e-mail: hany025@nenu. edu. cn

WIS R iRk L
DOI: 10. 3964/j. issn. 1000-0593(2020)12-3692-07

B DL KRB W Y. A, R E R A
LIF SR 4T T 548 Y W38 A 56 R 9 wF ™™, 2011 4F,
Pandey Z5BF 5% T /N [a] e BE (50, 100 A1 200 ppm) Y 4 5 X %
SR MR VOB .

UEAh, BR TR A B R A A R R AN, WFE R R
HEM S RTICE ZAN R R, i, ZmED . K
oo WOGRE  REMESEER., BN TR, FE2HRE
82 A BEAR I v B0 M RS ny SE g 2 rp o [l I,
R 22 R 2RI ST R BT, BRI R T LA R W L 2R
ARAEN L BHRL A 2 A0 H BR A B A O A K R
MR S, o R I B 3B R B R Y & R s D i ) 48 18Ry 5 B %
MY 5L K S A T AR AE Y R E A Y — b
GECECOEIERE

HRAE LA A SCk 25, B o8 A B 38 B2 R R 4 ok BF 5%
CATHEIEHE . ORI G 98 (LIF) 5 4 B 15 B R IR 15
BMEETIRMAZ I, Bk, A SR A #OoE & =R
PR EGFE R, HESEMNMmERFR . K

rh o B R L AR 45 2 9 H T S 3% F O H (2412018ZD012, 2412018QD019) . [H 5 A SR Bl 44 3L 4 1 H (41301364, 41630749,

e-mail: haotyll4@nenu. edu. cn



%12 )

S 5 6 2 M 3693

F AR IR (G B BT M 2 A B2 LIF 1952 Wi R 3% 5 AR B fi
PR BZ (Dop) AR AL AL

1 SEHsy

L1 &M

A UK S 8 e 5 o LB DL Y Sk R AE W AE D E ST 42
PR SR SR B2 SRR AT N AR AL R A
Belbel o e EABLIA SR e A AR A5 M . B LCaub Al o) 4R
YO ENTR I T N RREE 1Y . AT B I 25 4 22 S R B AL
BRI 50 4k T BT B B 1) 3 R R R D R A e R A
EARIC. BA LRI B THAEW E AT AT, AR
SO0 1A 2R LA T s 1) g R () AR oK R % 52 A0 TR A O TR
(6], DLy Ab i R A B 24 W 5 i i A2 AL

B1 B=Z(a), &F(b). EHMERZ( )M AEBBEW
Fig. 1

Internal structure of leaves of Chlorophytum comosum
(a), Epipremnum aureum (b), and Sansevieria tri-

fasciata (¢)
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Fig. 5 Fluorescence intensity change of three plants at different Relative Azimuth Angles (RAA)

in the 685 nm (a) and 740 nm (b) band
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Fig. 6 Multi-angle spectral spatial distribution of the three plants in the bands of 685 nm and 740 nm

(a,b): Chlorophytum comosum; (c,d): Epipremnum aureum; (e,f): Sansevieria trifasciata
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Laser-Induced Chlorophyll Fluorescence Spatial Variation Distribution
and Model Establishment Based on Multi-Angle Spectroscopy and
Polarization Spectroscopy

HAO Tian-yi, HAN Yang” , LIU Zi-ping, LI Zi-ying, ZHAO Yun-sheng, NIU Hao-fang, YAO Hai-yan
Key Laboratory of Geographical Processes and Ecological Security in Changbai Mountains, Ministry of Education, School of

Geographical Sciences, Northeast Normal University, Changchun 130024, China

Abstract According to the current research status, chlorophyll fluorescence is one of the important means of plant physiology
research and plant remote sensing research. Previous studies on laser-induced fluorescence (LIF) have mostly used vertical
directions, and less consideration has been given to the effects of multi-angle and fluorescence polarization. In this paper,
Chlorophytum, Green radish , and Phnom Penh Tiger Piran were used as research objects, and multi-angle and polarization
observation methods were used to analyze the laser-induced chlorophyll fluorescence spectra, and the models were established.
At the same time, the spatial distribution of laser-induced chlorophyll fluorescence intensity and degree of polarization was
plotted in polar coordinates. The results show that the shapes of fluorescence spectra of the three plants were different, and the
changes in the Viewing Zenith Angles and Relative Azimuth Angles affect the fluorescence intensity and fluorescence parameters.
The mathematical regression models of Viewing Zenith Angles and fluorescence parameter Fgs; /F;,, were established at Relative
Azimuth Angles. According to the comparison of R* and RMSE of different models, the Relative Azimuth Angle of 225 is the
best angle to study the relationship between Fyg; /Fry and Viewing Zenith Angles for these three plants at the same time. The
regression coefficient is significant, which can accurately reflect that Fy; /F7y has a significant correlation with Viewing Zenith
Angles. In addition, we also performed polarization observations on the laser-induced chlorophyll fluorescence of the three plants
and calculated the corresponding fluorescence polarization in the 2nx space. The studies have shown that the laser-induced
chlorophyll fluorescence spectrum has significant polarization, and the Viewing Zenith Angles, Relative Azimuth Angles, and
band information have different effects on laser-induced chlorophyll fluorescence polarization spectra. The mathematical
regression models were established for the relationship between the fluorescence polarization at 685 and 740 nm for different
plants. The regression coefficient is significant, which could accurately reflect the significant correlation between the fluorescence

polarization at 685 and 740 nm.
Keywords Laser-induced chlorophyll fluorescence; Multi-angle information; Fluorescence parameters; Degree of polarization
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