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ABSTRACT 
 
Chlorophyll meter (CM) has been commonly used to non-destructively 
estimate crop leaf chlorophyll concentration, and indirectly estimate crop N 
status. Dualex 4 is a newly developed leaf fluorescence sensor that can 
estimate both leaf chlorophyll concentration and polyphenolics, especially 
flavonoids. The ratio of chlorophyll and flavonoid concentration, which is 
termed N balance index (NBI), has been reported to more sensitive to crop N 
status than SPAD meter readings. The objective of this study was to compare 
the accuracy of Dualex 4 sensor and chlorophyll meter SPAD-502 for 
estimating the N nutritional status of rice in Northeast China. A field 
experiment involving five N application rates (0, 70, 100, 130, 160 kg N ha-1), 
two cultivars (Longjing 21 and Kongyu 131) and three replications was 
conducted in Jiansanjiang, Heilongjiang Province, China in 2013. The 
preliminary results indicated that both instruments could explain over 80% of 
variation of leaf chlorophyll concentration. The new index NBI 
(Chlorophyll/Flavonoid) did not significantly improve the accuracy of 
estimating leaf N concentration as compared with SPAD meter. More studies 
are needed to further evaluate the Dualex 4 leaf fluorescence sensor for 
estimating rice N status and determine its potential benefits over SPAD meter. 
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INTRODUCTION 
 
Leaf chlorophyll (Chl) content is key indicator in rice N status, since 

rice plant allocated about 65-70% of nitrogen to leaf and more than 80% of 
leaf nitrogen to chloroplast (Mae and Ohira, 1981). The Minolta SPAD-502 



(Minolta Camera Co., Ltd., Japan) chlorophyll meter is one of the widely used 
tools. It measures leaf transmittance at two wavelengths in the red (around 660 
nm) and near infrared (around 940 nm), and then uses a conversion equation to 
determine leaf greenness (Minolta, 1989). Dualex is a newly developed 
leaf-clip meter that uses leaf chlorophyll fluorescence to measure leaf 
polyphenols (Phen). Studies showed that combined index of SPAD and Phen 
was more accurate in determining plant N status (Tremblay et al., 2012). 
Newest version of Dualex, Dualex 4, has added a new index to measure leaf 
chlorophyll concentration.  

So far, studies about Dualex were all concentrated on wheat and maize, 
but no studies reported are based on rice. Therefore, the objective of this study 
was to evaluate the ability of Dualex sensor in estimating the N nutritional 
status of rice and compare the estimating accuracy with chlorophyll meter 
SPAD-502. 

 
MATERIALS AND METHODS 

 
Two experiments were carried out in experimental station of China 

Agriculture University in Jansanjiang, Heilongjiang province.  
Experiment 1 was a calibration experiment with 220 rice leaves (total 

seven dataset) sampled at three growth stages in 2013. These leaves came 
from five rice cultivars, i.e. Kongyu 131 (KY131), Longjing 21 (LJ21), 
Longjing 31 (LJ31), Longjing 36 (LJ36) and Longjing 40 (LJ40). Three key 
growth stages selected were mid-tillering (MT), panicle initiation (PI) and 
stem elongation (SE). KY131 sampled at all three growth stages, LJ21 
sampled at stem elongation, and other cultivars sampled at panicle initiation. 
Rice leaves were carefully chosen to ensure a color range from light green to 
deep green. Ten readings acquired by using SPAD-502 and Dualex from each 
leaf were averaged as an estimation of leaf chlorophyll content. After that, we 
used a disc of 5 mm diameter to collect 10 leaf discs evenly along the leaf 
blade, which were later analyzed for leaf chlorophyll concentration (Arnon, 
1949). 

Experiment 2 was an N rate experiment with five N rates (0, 70, 100, 
130, 160 kg N ha-1) using a randomized block design with three replicates. 
Each treatment was also applied 50 kg P2O5 ha-1 and 105 kg K2O ha-1. Two 
rice cultivars Kongyu 131 and Longjing 21 were used in this experiment. 
Meter readings were taken from first newly and fully expanded leaves of 20 
rice plant in each plot at three growth stages (panicle initiation, stem 
elongation and heading stage). After measurement, three hills of rice (each had 
4-6 rice plants) were sampled to determine rice leaf nitrogen concentration 
using standard Kjeldahl method. 

 
RESULTS AND DISCUSSIONS 

 
Meter readings and chlorophyll concentration 



 
Relationship between meter readings and laboratory-determined 

chlorophyll concentration of all leaves is presented in Fig.1. Both SPAD and 
Dualex 4 show a good linear relationship with chlorophyll concentration. The 
coefficient of determination (R2) for the fitted models are 0.827 and 0.865, and 
URRW�PHDQ�VTXDUH�HUURU�DUH�������ȝJ cm-2 DQG������ȝJ cm-2, respectively. From 
Fig.1, we can see that SPAD has a better performance than Dualex in 
chlorophyll estimation. The R2s of linear models of SPAD are more significant 
and RMSE are much smaller. Despite these differences, Dualex is also a good 
index in non-destructively estimating rice leaf Chl concentration. 

 
Fig 1. Relationships between meter readings and chlorophyll concentration  
 

Meter readings and leaf nitrogen concentration 
 
Meter readings were influenced by rice cultivars and growth stages. At 

each growth stage, meter readings (SPAD and Chl) showed a significant 
relationship with leaf nitrogen concentration. The R2 ranged from 0.553 to 
0.838 for Dualex (Chl) and from 0.499 to 0.839 for SPAD-502 (SPAD). The 
estimation of Flavonoids (Flav) showed a significant negative relationship 
with leaf nitrogen concentration at Stem Elongation and Heading stages but 
not Panicle Initiation stage. Besides, new index NBI (Chl/Flav) did not 
improve the relationship with leaf nitrogen concentration. Combined all the 
datasets, SPAD, Chl and NBI showed significant positive relationship with 
leaf N concentration and Flav negatively correlated with leaf N concentration. 
Flav can only explained 17.2% variation of leaf N concentration (Fig.2). 



 
Fig. 2. Relationships between different meter readings and leaf nitrogen concentration 

 
CONCLUSION 

 
The preliminary results indicated that both instruments could explain 

over 80% variation of rice leaf chlorophyll concentration. Rice cultivars and 
growth stages influenced their ability to estimate leaf N concentration. Across 
cultivars and growth stages, Dualex 4 and SPAD meter-based indices only 
explained about 30% of variation of leaf N concentration. Although flavonoid 
was negatively correlated with leaf N concentration (R2=0.172, p=0.0002), the 
new index NBI did not significantly improve the accuracy of estimating leaf N 
concentration as compared with SPAD meter. More studies are needed to 
further evaluate the Dualex 4 leaf fluorescence sensor for estimating rice N 
status and determine its potential benefits over SPAD meter. 
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