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Estimation of rice leaf nitrogen content based on sun induced chlorophyll

fluorescence

ZHANG Xiaowei,ZHOU Lei,DING Jianxi,ZHAO Ning,CHI Yonggang *
College of Geography and Environmental Sciences, Zhejiang Normal University, Jinhua 321004, China

Abstract: Nitrogen is an important component of chlorophyll and serves as a constituent element for various enzymes in
plant photosynthesis. Traditional nitrogen content measurement is destructive, while solar-induced chlorophyll fluorescence
(SIF) offers the possibility of directly detecting leaf nitrogen content from space. In this study, rice was chosen as the
experimental subject. A model for estimating leaf nitrogen content was constructed based on canopy solar-induced
chlorophyll fluorescence (SIF) data, vegetation physiological parameters, and canopy structural characteristics. The study
also discussed the contribution of various indicator elements to the model at different growth stages. The results showed that
(1)SIF and its indices, vegetation physiological parameters, and canopy structural values after flowering were smaller than
before flowering, and the various indicators were influenced by temporal changes and nitrogen application control; (2) The
best fit for the content of nitrogen based on mass (N, ) was achieved with solar-induced chlorophyll fluorescence (SIF),

chlorophyll content (C, ), and the fraction of SIF photons escaping from the canopy (f..) (R*=0.675), indicating that
SIF, C,, and f

ab ? esc

(3) SIF was the most important indicator for estimating N__  before

mass

can effectively indicate N ;
flowering, while C_ and f._ were the most important indicators after flowering. Thus, phenology affects the estimation of leaf
nitrogen content, a multi-angle model is needed for satellite-derived leaf nitrogen content. These findings can provide a basis

for inferring regional cropland leaf nitrogen content and ecosystem productivity based on satellite-derived SIF.
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Table 1  Analysis of Variance for Different Time Periods and Nitrogen Controls
R RBE H H B2 HHE B i Eta “FJ7
Effect Degrees of freedom  Error degrees of freedom  Significance level Partial eta squared
TS Different flowering periods 7.000 78.000 <0.001 0.667
A& 35 Different nitrogen control 14.000 158.000 0.008 0.166
AEIVTRI & AN ] 42 il
Different flowering periods and different 14.000 158.000 0.119 0.117

nitrogen control
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Table 2 The goodness of fit of different measurement factors with nitrogen content in the whole period
S!S PRI A o WA (R) FAS R PR AEE(R)
Independent variable Dependent variable Fit degree(R?) Independent variable Dependent variable Fit degree( R*)
C,, SIF, f... N s 0.675 Cy, SIF, fi. Niea 0.543
C,,, SIF, NIRy mass 0.527 C, , SIF, NIRy area 0.405
Cops SIF > fse N s 0.662 Coys SIF eaa > fse Noea 0.543
Cy» SIF 04, NIRy N s 0.520 Cy» SIF 04, NIRy Noea 0.415
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Fig.4 Linear relationship between 5 measurement factors ( fluorescence, physiological, and structural ) and leaf nitrogen content based
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Table 3  The goodness of fit of different measurement factors with nitrogen content before flowering
1At s WA | Bk RS WA (R
Independent variable Dependent variable Fit degree(R?) Independent variable Dependent variable Fit degree( R*)
Cays SIF, fe Ninass 0.610 C,,, SIF, f.. N ea 0.268
C,, , SIF, NIRy s 0.558 C, , SIF, NIRy area 0.169
Cap s SIFas fese Nass 0.501 Coys SIF a > fse N e 0.258
Coys SIF a4, NIRy N s 0.417 Cy» SIF 4, NIRy Nyea 0.115
F4 HHETRANEEFERSENEEMSEAME
Table 4 The goodness of fit of different measurement factors with nitrogen content after flowering
AR A it Wi (R | st WA (R
Independent variable Dependent variable Fit degree( R*) Independent variable Dependent variable Fit degree( R*)
C,,, SIF, f... N s 0.768 Cy, SIF, fi. Nyrea 0.557
C,,, SIF, NIRy N pass 0.777 C,,, SIF, NIRv area 0.565
Cuy> STFyieiq s fuse N s 0.763 Cays SIF g > fose Norea 0.566
C,,» SIF 4, NIRy N pass 0.78 Cy s SIF 4> NIRy N e 0.578
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Fig.5 The importance of indicators (fluorescence, physiological, structural) under different growth stages after max normalization
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