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Article History ABSTRACT 

Received :  1 February2025 Measuring chlorophyll content in plants is one of the main points that has never 
been ignored in various plant biology and agronomy research studies. Chlorophyll 
content is a parameter of growth and development, diagnosis of nutritional status, 
and response to environmental conditions. This study aimed to compare and 
determine the relationship between SPAD-502 chlorophyll meter readings and 
chlorophyll content obtained from acetone extraction followed by 
spectrophotometry measurement. Various leaves with different colors and 
thicknesses were used to determine the reliability of SPAD readings across diverse 
morphological traits. The results showed higher SPAD readings in leaves with a 
greener color. SPAD value was found to have a good linear relationship (r 0.8 and 
R2 0.64) and a positive correlation with total chlorophyll content, though variations 
due to leaf thickness suggest the need for correction factors. Furthermore, SPAD 
has potential as a rapid, non-destructive tool for monitoring plant health and 
nutrient status in agriculture, plant breeding, and horticulture. This tool can 
contribute to optimizing crop yield and managing fertilization practice, especially 
where the maintaining leaf integrity is essential for both commercial and aesthetic 
value. Species-specific calibration models are recommended to enhance 
measurement accuracy. 
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INTRODUCTION 

Plants, as the first trophic level in energy flow 

of ecosystems, play an important role in 

photosynthesis, which is required for growth, 

development, and reproduction. Environmental 

conditions greatly influence photosynthesis and its 

efficiency, with high temperatures and water 

availability being key limiting factors that can 

restrict and reduce plant productivity (Chanaphai et 

al., 2023). One of the most critical components of 

photosynthesis is chlorophyll, a green pigment that 

plays a major role in capturing sunlight energy.  

Measuring chlorophyll levels in plants is 

essential for understanding plant health and 

productivity. Accurate information regarding plant 

chlorophyll levels can help identify plant nutritional 

conditions, diagnose plant stress, monitor plant 

health, and optimize cultivation practices to 

increase crop yields and product quality (Oliveros et 

al., 2021; Wang et al., 2023). Because leaf greenness 

is often correlated with nitrogen content, given that 

approximately 70% of a leaf’s nitrogen is contained 

in chloroplasts, chlorophyll content serves as a 

useful indicator of a plant’s nutritional status 

(Ghosh et al., 2023; Khoddamzadeh & Souza Costa, 

2023; Wicharuck et al., 2024). Moreover, 

chlorophyll levels have an impact on the 

development and quality of fruit and seeds 

containing embryos, which are crucial for plant 

propagation and food security (Pallavolu et al., 

2023). Consequently, breeding programs and 

genetic engineering efforts often aim to enhanced 
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nutrient-use efficiency, making chlorophyll 

assessment vital in plant science. 

Traditionally, chlorophyll quantification relies 

on chemical extraction followed by 

spectrophotometric measurements (Tan et al., 

2021). However, this method is destructive, time-

consuming, and the use of chemicals potentially 

affects the environment (Wicharuck et al., 2024). 

The use of non-destructive plant  chlorophyll-

measuring tools, such as SPAD (Soil Plant Analysis 

Development), has emerged as an alternative and is 

now the most widely used tool that allows direct 

and rapid measurement of plant chlorophyll levels 

and provides reliable results (H. H. Lin et al., 2020; 

Zhang et al., 2022). Recent studies have validated 

the accuracy of SPAD readings by comparing them 

to spectrophotometric measurements, hyperspectral 

imaging, and reflectance spectrum analysis (Hu et 

al., 2024; Oliveros et al., 2021; Wang et al., 2023).  

Despite its advantages, the relationship 

between SPAD readings and spectrophotometric 

chlorophyll content remains variable across 

different plant species and leaf characteristics. 

Variations in leaf thickness, morphology, and 

species-specific characteristics can influence the 

accuracy of SPAD reading. In the thick, waxy leaves 

of Arabica coffee, SPAD has been utilized for 

monitoring  nitrogen status (Wicharuck et al., 

2024). Meanwhile, in other thick-leaved species like 

orchids, SPAD has been used to estimate 

chlorophyll content or to measure chloroplast 

movement induced by blue light, but without 

correlation analysis with the extracted chlorophyll 

content (Banjare et al., 2023; Cho et al., 2024; Ko et 

al., 2020; Lin et al., 2019). Therefore, in this study, 

we aimed to determine the relationship between 

SPAD-502 chlorophyll meter readings and 

chlorophyll content measured via UV-vis 

spectrophotometry. Here, we extend the use of the 

SPAD across multiple ornamental plant species 

with different leaf characters and develop predicted 

equations to provide a reference for the rapid, non-

destructive estimation and determination of 

chlorophyll in batch samples. 

 

MATERIALS AND METHODS 
This study was conducted from August to 

October 2024 at the Laboratory of Plant 

Physiology, Faculty of Biology, Universitas Gadjah 

Mada, Yogyakarta, Indonesia. The material used in 

this research consisted of six species of ornamental 

plants planted and grown in the areas around the 

Faculty of Biology (7°46′10″S 110°22′44″). The 

research methods included leaf sampling, SPAD 

measurement, chlorophyll extraction and 

measurement, and data analysis. Sampling was 

carried out in the field using a purposive sampling 

method, considering the different colors and the 

thickness of leaves. 

In SPAD measurements (Konica Minolta 

Sensing, Inc., Tokyo, Japan), five SPAD readings 

were taken from each leaf. The average reading was 

presented as the SPAD value. Immediately 

following SPAD measurement, the leaves were 

extracted for chlorophyll measurement using a 

spectrophotometer. A total of 100 mg of leaves was 

ground with liquid nitrogen in a mortar and pestle, 

and then 10 ml of 80% (v/v) chilled acetone was 

added. The samples were kept in the dark for one 

hour at 4° C, followed by filtering with filter paper. 

The absorbance was measured using a 

spectrophotometer (simpliNano, Biochrome) at 645 

nm and 663 nm, and chlorophyll content was 

determined by the method of Arnon (1949) as 

shown in the equation below  and expressed on 

fresh weight (mg g-1). Leave analysis was also 

carried out by making anatomical preparations from 

fresh samples. Digital images of anatomical sections 

were captured using a microscope and OptiLab 

Advanced Plus (Miconos) then followed by 

measurement of the leaf tissue thickness using 

image analysis software of image raster. 

 

Chl a (mg g-1) = [(12.7*A663) - (2.69*A645)] x 

V/1000 x W 

Chl b (mg g-1) = [(22.9*A645) - (4.68*A663)] x 

V/1000 x W 

Chl Total (mg g-1) = [(20.2*A645) + (8.02*A663)] 

x V/1000 x W 

 

Note: 

A = Optical density at the respective wavelength (nm) 

V = Final volume of chlorophyll extract in 80% acetone 

W = Fresh weight of the tissue extracted 

 

Statistical analysis was carried out to evaluate 

the differences between groups using Analysis of 

Variance (ANOVA) and continued with the Duncan 

test (p<0.05) for significance. The analysis was 

performed using IBM SPSS Statistics 21 (IBM 

Corp., Armonk, NY, USA). Regression analysis was 

conducted to determine the relationship between 

chlorophyll levels measured by spectrophotometer 

and SPAD values. The significance of the 

correlations between measurements was determined 

by Pearson's correlation. The simple regression 
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equation (Y = a + bx) was used with the 95% limits 

of confidence. The SPAD value was the independent 

variable, and the chlorophyll content was the 

dependent variable (Ates & Kaya, 2021; Li et al., 

2020; Ruiz-Espinoza et al., 2010). 

 

RESULTS AND DISCUSSION 

The use of SPAD to measure chlorophyll 

content was adapted and compared to the 

conventional method of chlorophyll extraction 

followed by spectrophotometric measurement. 

Several leaf plants were used in this study (Figure 

1). Among the leaves of orchids, Dendrobium hybrid 

(a) is greener than Dendrobium sp. (b) and 

Dendrobium fimbriatum (c). The leaves of Dendrobium 

hybrid and Dendrobium sp. are thicker than 

Dendrobium fimbriatum. In addition, the leaf surface 

of Dendrobium sp. exhibits a purple color. In 

Bougainvillea spectabilis, leaves in (d) are greener and 

older than in (e), which are younger leaves. In 

Euodia ridleyi, the leaves in (g) are dominant in 

green, while (h) are dominant in yellow. The cross-

sections of these leaves are presented in Figure 2. 

Table 1 shows the result of both measurements 

of chlorophyll content. In SPAD measurement, the 

results indicated that leaves with a greener color 

had a higher value of SPAD unit.  Dendrobium hybrid 

had higher SPAD values compared to Dendrobium 

sp. and Dendrobium fimbriatum. A similar pattern 

was depicted from the SPAD values between 

Bougainvillea spectabilis, where leave (1d) was 

greener than leaf (1e). Moreover, a clear comparison 

showed in the leaves of Euodia ridleyi, where leaves 

the leaves predominantly green in color (1g) had 

significantly higher SPAD values than the yellow 

leaves (1h). 

According to Table 1, the total chlorophyll 

content measured by spectrophotometer ranged 

from 0.32 to 3.52 mg g-1. In a comparison among 

the orchids, Dendrobium sp. had the lowest 

chlorophyll content and showed no difference from 

the yellow leaves of Euodia ridleyi (1h). Dendrobium 

hybrid had higher chlorophyll content than 

Dendrobium fimbriatum. However, both orchids 

showed insignificantly different from the green 

leaves of Euodia ridleyi (1g). Bougainvillea spectabilis 

(1d) had the highest content of chlorophyll in both 

methods of measurement and showed no significant 

difference with Dracaena fragnans. This pattern of 

chlorophyll content is also observed in seasonal 

color changes, where chlorophyll content tends to 

be higher in deeper green leaves in June than in 

April (Li et al., 2020). 

Correlation relationships between SPAD and 

spectrophotometer measurement were analyzed, 

and the results are shown in Table 2. The data 

showed significant (p < 0.05) linear correlations 

between SPAD values and chlorophyll content. 

Based on the equation, the regression coefficients 

(0.033; 0.011; and 0.044 in Chl a, b, and total, 

respectively) were positive, meaning that the 

direction of influence of SPAD on 

spectrophotometer value was positive. The 

correlation coefficients (r), which represent the 

degree of association between SPAD values and 

chlorophyll content, were found in 0.77 – 0.80 with 

a high level of significance (p < 0.01).  In this study, 

a significant coefficient determination (R2) was 

obtained in 0.63 (Chl a), 0.60 (Chl b), and 0.64 (Chl 

total), meaning that SPAD values affecting 

spectrophotometer results were around 60%. 

Among Chl a, Chl b, and total chlorophyll, the 

highest values for both (r) and (R²) were observed 

for total chlorophyll. Studies quantifying the 

relationship between chlorophyll concentration in 

leaves and SPAD readings usually describe the 

relationships as linear (Kumar & Sharma, 2019; 

Ruiz-Espinoza et al., 2010).  

Research by Oliveros et al. (2021) found a 

linear model of the relationship between chlorophyll 

content and SPAD chlorophyll meter in three 

sugarcane cultivars under two different fertilization 

rates. A linear correlation was also found between 

SPAD and nitrogen concentration in grape leaves, 

which reflects the chlorophyll content, and it was 

stated that an SPAD chlorophyll meter could be 

appropriate for estimating nitrogen contents in 

grapevine leaves (Ates & Kaya, 2021). Measurement 

by Li et al. (2020) that used two methods of 

chlorophyll extraction showed a linear fit between 

SPAD and the actual chlorophyll content, with the  

relationship being stronger when chlorophyll 

content was expressed in area than in weight. The 

positive relationships observed in this study align 

with majority of reported studies that use linear 

regression to quantify the relationship between 

SPAD readings and chlorophyll content. 

Regardless of the linear and positive 

relationship found in this study, it was noted that 

the results in orchid leaves showed different 

patterns. In orchids, high SPAD values were not 

proportionally followed by high chlorophyll content 

obtained by spectrophotometer measurements. 

Dendrobium sp., which has thicker leaves and a 

greater SPAD value, showed a lower total
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Figure 1. Various leaves samples with different colors. Dendrobium hybrid (a); Dendrobium sp. (b); Dendrobium 
fimbriatum (c); Bougainvillea spectabilis (d, e); Dracaena fragrans (f); Euodia ridleyi (g, h). Bar = 5 cm 
 

 

 

Figure 2. Cross section of various leaves used for chlorophyll measurement. Dendrobium hybrid (a); Dendrobium sp. 
(b); Dendrobium fimbriatum (c); Bougainvillea spectabilis (d, e); Dracaena fragrans (f); Euodia ridleyi (g, h). Bar = 1 mm. 

 

Table 1. Chlorophyll content measured by SPAD reading meter and spectrophotometer 

Code Sample SPAD* 
Chlorophyll (mg g-1) 

Chl a* Chl b* Total* 

1a Dendrobium hybrid 58.25 ± 5.24e 0.75 ± 0.07b 0.35 ± 0.01b 1.10 ± 0.08b 

1b Dendrobium sp. 34.32 ± 7.93c 0.18 ± 0.02a 0.11 ± 0.04a 0.29 ± 0.05a 

1c Dendrobium 

fimbriatum 

31.36 ± 1.68c 0.65 ± 0.08b 0.19 ± 0.08ab 0.84 ± 0.12b 

1d Bougainvillea 

spectabilis 

71.35 ± 2.48f 2.56 ± 0.24d 0.96 ± 0.06d 3.52 ± 0.20d 

1e Bougainvillea 

spectabilis 

48.90 ± 1.53d 1.78 ± 0.25c 0.67 ± 0.27c 2.45 ± 0.50c 

1f Dracaena fragrans 64.95 ± 6.34ef 2.58 ± 0.39d 0.62 ± 0.08c 3.20 ± 0.39d 

1g Euodia ridleyi 18.37 ± 0.90b 0.73 ± 0.05b 0.20 ± 0.05ab 0.93 ± 0.09b 

1h Euodia ridleyi 4.43 ± 0.32a 0.21 ± 0.05a 0.11 ± 0.04a 0.32 ± 0.08a 

Note: * Means within columns followed by same lowercase letters showed no differ significantly at p < 0.05 using 

Duncan test 
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Table 2. Relationship between chlorophyll content measured by spectrophotometer (Y) and SPAD reading (X) in 
various plants 

Components Simple regression 
Correlation coefficients (r) Coefficients of 

determination (R2) 

Chl a Y = 0.033x -0.209 0.79* 0.63 

Chl b Y = 0.011x -0.042 0.77* 0.60 

Total Chl Y = 0.044x -0.249 0.80* 0.64 

*Correlation is significant at 0.01 level of probability 

 

chlorophyll than Dendrobium fimbriatum. These 

results are likely affected by leaf thickness. The 

precision of the measurement can be influenced by 

various factors, including the growth stage, leaf 

thickness, leaf position, measurement points on the 

leaf, moisture content, cultivar, year, and genetic 

variations (Chang & Robison, 2003; Yuan et al., 

2016). Thicker leaves in orchids tend to have a 

larger volume or greater mass from the same leaf 

area compared to thinner leaves, which may result 

in lower chlorophyll content values obtained by 

spectrophotometry. Specific Leaf Weight (SLW), 

the ratio of leaf area to leaf dry weight and an 

indicator of leaf thickness, was reported as an 

important factor affecting chlorophyll content. 

Adding the SLW factor in multiple regressions 

resulted in an increase in correlation and 

determination coefficients compared with those 

values shown in the simple regression equation of 

SPAD and chlorophyll content (Ruiz-Espinoza et 

al., 2010; Yuan et al., 2016). Additionally , research 

conducted by Jinwen et al. (2009) on rice leaves 

with different thicknesses found that chlorophyll 

content was significantly correlated with leaf 

thickness based on leaf area compared to fresh 

weight. Thicker leaf, which is induced by high light 

intensity, has higher chlorophyll a/b ratios and 

chlorophyll content per unit area, but lower 

chlorophyll content per unit weight or volume.  

Chang & Robison (2003) noted that in 

converting SPAD values to chlorophyll 

concentrations, different formulas need to be 

formulated for different species. Their research 

comparing the SPAD value with the percentage of 

nitrogen as a result of nitrogen fertilizer treatment 

on various plants showed that the slope of the linear 

regression curve was significantly different between 

species. It was also found that adding a water 

content component to the linear regression 

equation could increase the coefficient of 

determination between N concentration and SPAD. 

To increase the accuracy, the SPAD measurement 

must be calibrated for each cultivar and species  

 

(Oliveros et al., 2021; Zulkarnaini et al., 2019). 

Moreover,  several other studies report on 

nonlinear relationships between chlorophyll 

concentration and SPAD values (Sim et al., 2015; 

Wakiyama, 2016). 

Non-destructive methods based on the 

absorbance and/or reflectance of light by the intact 

leave, typically produce a chlorophyll index value 

that expresses relative chlorophyll content rather 

than absolute chlorophyll content per unit area or 

concentration per gram of leaf tissue (Ruiz-

Espinoza et al., 2010). Despite the need for further 

investigation, the results show that SPAD could 

indicate relative chlorophyll content, especially in 

applications where precise values are not essential 

or for ornamental plants that require aesthetic 

maintenance. This method would be particularly 

useful for researchers or producers in identifying 

the senescence, a symptom of foliar nutrient 

deficiencies and decreased chlorophyll content. 

 

CONCLUSION 
The results of SPAD showed that leaves with a 

greener color had higher scores than leaves with a 

less green color. SPAD value showed a positive and 

linear relationship with the actual chlorophyll 

content from the manually extracted method of a 

spectrophotometer, but leaf thickness has to be a 

correction factor. Calibration for each cultivar and 

species is also needed to increase its accuracy, as leaf 

chlorophyll content is affected by environmental 

factors, leaf traits, and crop nutritional conditions. 

Furthermore, as a valuable non-destructive tool for 

chlorophyll estimation and nutrient assessment in 

batch samples, SPAD is beneficial in monitoring 

horticulture, ornamental plants, and urban 

landscaping, where maintaining leaf integrity is 

crucial for aesthetic and commercial value. It 

provides a simple and rapid for assessing plant 

health in these settings while preserving foliage 

quality. 
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