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Chlorophyll Fluorescence Characteristics of Soybean
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Abstract: Hyperspectral crop reflectance data for detecting plant pathological stress are vital for precision crop protection. To
analyze the correlation of photosynthetic pigments, chlorophyll fluorescence parameters and spectral reflectance under root rot
disease stress, taking soybean as material, the differences under different extent root rot stress were discussed. The results
showed that photosynthetic pigment concentrations ( chlorophyll a, chlorophyll b, carotenoid, total chlorophyll and chlorophyll/
carotenoid ) and fluorescence parameters decreased with increasing degree of disease stress. The reflectance of near-infrared re-
gion and depth of normalized reflectance also appeared similar result. In addition,the amplitude of red edge decreased and the
red edge position moved to blue band under disease stress compared to health plants. The correlations between spectral charac-
teristics , chlorophyll fluorescence parameter and photosynthetic pigment concentrations were significant except position and am-
plitude of green peak and MCARI. This provided an insight for choosing appropriate spectral characteristics and fluorescence
parameters to monitor soybean root rot status by following the dynamics of photosynthetic pigment concentrations.
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Table 1 Summary of hyperspectral parameters and definition
240 AR EZ BTN
Parameter Formula Reference
LT 31§ {8 The maximum amplitude of red edge, (DA,) 680 ~ 760 nm {15 il I — B 8o i e K [17]
L1310 % Red edge position, (A,) 680 ~760 nm {11 [l PN — sl o fe KABXT R (R [17]
LRI IZ 13 The reflectance of green peak (R, ) 510 ~560 nm {5 Fl P 45 KOG 2 4 % [17]
LRI B Green peak position( A, ) 510 ~560 nm {5 [ PR AT S 50T R 1 3 1 [17]
SEF R ARG 223850 Structure insensitive pigment index ( SIPI) (Rsop = Ruys )/ (Rgoo-Rego ) [18]
FALSAT Wi HE %K Photochemical reflectance index( PRI) (Rs3; = Rs39)/ (Rs3; + Rszo) [19]
TH P 3 % ] 5T %3550 Plant senescence reflectance index( PSRI) (Rggo — Rso0 )/ Ris0 [20]
Iiﬁ Tﬁfl\{‘;}/fqﬁzfiﬁd%%ﬁﬁ Modified chlorophyll absorption in reflec- Rogy — Rery) —0.2(Rogy — Regy) X (Rogg/Rery) o1
77 24 H B 5 3K Simple ratio index ( SRI) Ryoo/ Rego [22]
9 —4k 2% T 485 Normalized difference index( NDI) (Rgpy — Rego )/ (Rggp + Rego ) [22]
B 1F JH— A4k 2% 54550 Modified normalized difference index( mNDI) (R3s0-Raos )/ (Rasp + Rygs —2Rys ) [22]
SR EE RS EL Green normalized difference vegetation index( GNDVI) (Rgoo-Rss0)/ (Rggo + Rssp) [21]

R:Reflectance 45 G R, F#/RAEIAS x nm Ab 1956385 5 53R

R stands for reflectance; R, is the spectral reflectance in x nm.
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Table 2 Photosynthetic pigment concentrations in soybean subjected to different degree of root rot

HIZR 2 LA, R AR B o o 15 A A A J vy ™ B

b3 E - 42 b FsUins o B RN s VESIE NN
Treatment Chlorophyll a/mg-g ™! Chlorophyll b/mg-g~'  Total chlorophyll/mg-g ™! Carotenoid/mg-g ™! Chlorophyll/ Carotenoid
CK 2.79 +0.024 aA 0.75 +0.011 aA 3.54 £0.034 aA 0.74 +0.004 aA 4.79 +£0.024 aA
Bl 1.46 +0.046 bB 0.41 +0.010 bB 1.87 £0.057 bB 0.47 £0.012 bB 3.94 £0.018 bB
B2 0.33 +0.008 ¢C 0.10 +0.005 ¢C 0.43 +0.011 ¢C 0.26 +0. 005 cC 1.65 +0.024 ¢C

AFEIRNG FBE4>HZRTE0.01 F10.05 K FRy2EREE, FHE,

Different capital and lowercase letters are significantly different at 0. 01 and 0.05 probability levels, respectively. The same below.
2.2 IREBHRIME TRKEM B 5SEFFIENEL CK, ELFif 17 72 B2 A4 i 2 f2 2% IR, BL 5 B2 4b
W 3 FIE 1 FR e E R GAREEAR I o8 BRRIZER R ULRR I 9200 2 B0 AR B R &
HZH Fo/Fm Fo'/Fm' (NPQ PSI ¥ B AR T AR A BT G ELAT AT
R3 ARAEERBRTTAEHEAMAHERRASHEL

Table 3 Change of fluorescence parameters of leaves in soybean subjected to different degree of root rot

AP M2 Z5¢ 62 % Chlorophyll fluorescence parameters

Treatment Fv/Fm Fo'/Fm' NPQ PSII
CK 0.799 +0.014 aA 0.589 +0.031 aA 1.803 £0.10 aA 0.182 +0.016 aA
Bl 0.641 +0.027 bB 0.473 +0.025 bB 1.067 +0.09 bB 0.130 +0.023 bB
B2 0.523 +0.023 cC 0.403 +0.014 cC 0.809 +0.012 cC 0.114 +0.013 cC
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Table 4 Correlation between spectral characteristic parameters, fluorescence

parameters and photosynthetic pigment concentrations of soybean

24 W% nHEE D Kl E e T AS
Parameter Chlorophyll a Chlorophyll b Carotenoid Total Chlorophyll Chlorophyll/ Carotenoid

DA, 0.984 " * 0.984 " 0.982" " 0.984" " 0.944" "

A, 0.702" 0.697 " 0.707 " 0.701 " 0.612

R, -0.254 -0.248 -0.260 -0.253 -0.135

A, -0.598 -0.602 -0.585 -0.599 -0.701"

SIPI -0.909 " * -0.912"* -0.903 " " -0.910" " -0.952""

PRI -0.937*" -0.936"" -0.937*" -0.895"" -0.895""

PSRI -0.835"" -0.839" " -0.829*" -0.836"" -0.893""
MCARI -0.470 -0.463 -0.479 -0.468 -0.299

SRI 0.899 "~ 0.900 " * 0.892"" 0.899" " 0.945" "

NDI 0.849 "~ 0.852"* 0.841"" 0.850" " 0.919 "~
mNDI 0.944" 0.941" " 0.943 " 0.943 " " 0.885" "
GNDVI 0.925** 0.923** 0.922** 0.924" " 0.881""
Fv/Fm 0.952"* 0.951** 0.954 "~ 0.952** 0.902 " *

Fv'/Fm' 0.981 " 0.979 " * 0.983 "~ 0.980" " 0.906 " *

NPQ 0.961 "~ 0.959 "~ 0.965" " 0.961" " 0.851""

PSII 0.900 " * 0.896 " * 0.902 "~ 0.899 "~ 0.781"

T, T ERRTE0.05 F10.01 KR

*, " " mean significance at the 0.05 and 0.01 probability level, respectively.
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