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ABSTRACT 

Chlorophyll and Nitrogen are related to each other. Estimating one will help to predict the 

other. Many techniques are invented to estimate these two. In many cases evaluation of 

chlorophyll and nitrogen content in plants need to destructive methods, more time and 

organic solvents. Laboratory plant testing was usually time-consuming and high-costing. 

Hence, plant nutrient variability must be measured rapidly and the information made known 

to the farmers before the new season starts. The objectives of this paper was to evaluate the 

leaf chlorophyll content of different leaf colors in crop growth stage to determine leaf 

nitrogen content with non-destructive methods in crop leaves.  SPAD-502 meter and CCM-

200 meter were two reliable measurements for total chlorophyll content and chlorophyll 

content index respectively. Different leaf colors of  three field crops (maize, wheat & barley) 

and one perennial crop(coffee leaves) were selected to compare the performance of a 

handheld SPAD Chlorophyll meter and CCM-200 chlorophyll meter reading for total leaf 

chlorophyll and chlorophyll content index. Leaves were sampled and Chlorophyll was 

quantified using these two methods. Both techniques were compared against nitrogen content 

of leaf analyzed using standard laboratory procedures (Kjeldahl method).Mean comparison 

among  the treatments (leaf colors) explained highly significant difference (p<0.001) with 

those two parameters (SPAD, CCM&N) at both  growth stage. Significant correlations 

(r2=0.74, 0.88, 0.80&0.96 at vegetative and r2=0.93, 0.91, 0.54 &0.74 at flowering) were 

observed between total leaf chlorophyll (SPAD-502 reading) and chlorophyll content index 

(CCM-200reading) as well as (r2=0.96, 0.84, 0.99&0.99 at vegetative and r2 =0.92, 0.86, 

0.82&0.90 at flowering) for both reading with leaf N concentration (LNC) in all crops. From 

the result, the color of crop leaves was closely correlated with nitrogen (N) status and can be 

quantified easily with SPAD-502 meter and CCM-200 meter. The establishment of the 

relationship between SPAD-502 meter and CCM-200 meter reading and N status of leaf were 

important for crop monitoring and N diagnosis in the field at different crop growth stage. 

 

Key words:-Nitrogen, Chlorophyll, leaf color, SPAD-502chlorophyll meter, CCM-200 
Chlorophyll Meter 
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1. INTRODUCTION 
 

 Chlorophyll and Nitrogen are among important components found in plant leaf.  Nitrogen 

deficiency causes lower or unhealthy crop productions (Patane and Vibhute, 2014). From all 

metabolic elements which plants use from soil, nitrogen is needed in the largest amounts 

(Tucker, 2004).  Previous studies e.g. Guendouz et al., (2014), indicated that there are positive 

correlations among N uptake, leaf N concentration, leaf chlorophyll content, and grain yield .The 

concept of using the crop to asses crop N status indicates close link between leaf chlorophyll 

content and leaf N content, because majority of leaf N is contained in chlorophyll molecules 

(Charles et al., 2013).  Chlorophyll and nitrogen (N) status of leaves provide valuable 

information about plants’ physiological conditions (Pal et al., 2012). Nitrogen exists in organic 

and inorganic form and the largest proportions of plant nitrogen content are found in seeds, 

leaves, shoots and roots. 

 

Nitrogen deficiency leads to loss of leaf green color, decrease leaf area and the associated 

photosynthetic capacity of the leaves (Bojovic and Markovic., 2009), which in turn result in yield 

reduction.  Leaf color can be used to indicate the nitrogen status of the plants. For most leaves 

green- color is mainly due to chlorophyll a and b. i.e. foliar chlorophyll content is a good 

indicator of plant N status and photosynthetic capacity of the leaves (Chang and Robison, 2003). 

(Evans, 1989) reported the photosynthetic capacity of leaves is related to the nitrogen content 

primarily because the proteins of the Calvin cycle and thylakoids represent the majority of leaf 

nitrogen and thylakoid nitrogen is proportional to the chlorophyll content (50 mol thylakoid N 

mol ~ Chl). 

Leaf color and chlorophyll content of the leaves can be measured by SPAD chlorophyll meter 

(Mahdi et al., 2012). Chlorophyll concentration is normally measured using a spectrophotometer 

in laboratory. In some remote places, however, it is impossible to collect leaves, preserve, and 

bring them to laboratory to measure their chlorophyll content (Charles et al., 2013). Based on 

this need, measurement of chlorophyll content is observed through its color.  
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N is important for the synthesize of chlorophyll and the proportion of leaf N allocated to the 

chloroplast amountsapproximately 75 %(  Ming Wu et al., 2013).  A positive correlation between 

leaf N or N fertilization rate and chlorophyll content is well documented for a large number of 

plant species and has been investigated for rapid N status determination using chlorophyll meters 

in most major crops (Guendouz et al., 2014).  

 

Chlorophyll content is linked directly to photosynthetic potential and primary production energy 

(Steele et al, 2008). In other word, leaf chlorophyll concentration is an important parameter that 

is frequently measured as an indicator of chloroplast development and general plant health 

(Giovanniet al., 2011).  Leaf chlorophyll content can be analyzed from destructive and non-

destructive measurements. Destructive measurement destroys the sample; require complicated 

and time consuming experiments (Lee and Yaw Chung, 2001). Non-destructive estimation using 

chlorophyll meters is, however, much rapid and is reliable than the destructive approach and is 

potentially used in forest and crop management (Berg and Perkins 2004).The ability of such 

meters to assess both chlorophyll and nitrogen content has also been well established for many 

agricultural species such as cabbage, cotton, pea, muskmelon, corn, wheat, several fruit tree 

species and grasses (Unagaria et al., 2015). 

 

The chlorophyll meter Soil Plant Analysis Development (SPAD-502) and Chlorophyll content 

meter (CCM-200 plus) are among the non- destructive chlorophyll meters that are used in these 

wider applications. SPAD-502 meter is a hand-held device that is widely used for the rapid, 

accurate and non-destructive measurement of leaf chlorophyll concentrations (Qihua Ling et al., 

2000). The meter assesses plant N status, greenness or the relative chlorophyll concentration of 

leaves (Kariya et al., 1982; Torres-Nettoet al., 2005)  by measuring the transmittance radiation 

through a leaf at two wavelengths centered near 650 nm and 940 nm (Pinkardet al., 2006). It has 

been employed extensively in both research and agricultural applications, with a range of 

different plant species. The use of this meter (non-destructive measure) permits repeated 

measurement throughout the growing season. Uchino et al, (2013) has reported that there is a 

strong correlation between SPAD reading and leaf nitrogen concentration (LNC) in various plant 

species including rice, maize and woody plants. 
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The Chlorophyll Content Meter (CCM-200 plus) is a handheld, battery operated instrument 

designed for the rapid, nondestructive, determination of chlorophyll content in intact leaf of 

samples (www.apogeeinstruments.comtechsupport@apogeeinstruments.com). It is far less time 

consuming and allows samples to be monitored multiple times over various stages of an entire 

growth cycle. CCM-200 calculates the chlorophyll content index (CCI), which is defined as the 

ratio of percentage of transmission at 935 nm to 635 nm through leaf tissues (Richardson et al., 

2002). Both instruments are reliable and determine the leaf chlorophyll and leaf nitrogen 

concentration at different phonological stage of crop growth as well as from different leaf color 

to give immediate solution for foliar application or fustigation and side dress of nitrogen 

fertilizer.  

1.2 Objectives of the Study 
 

The objectives of this work were to  

1. Evaluate  chlorophyll contents of different leaf colors by using SPAD-502 and 

CCM-200  

2. Explain the significance of non-destructive measurements of leaf chlorophyll 

concentration over destructive methods. 

3. Identify  the effect of leaf chlorophyll and leaf nitrogen determination of SPAD-

502 and CCM-200 Meter at different crop growth stage 
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2. LITERATURE REVIEW 

2.1 Chlorophyll 
 

Chlorophyll is the green photosynthetic pigment in the cells of plants. It is the pigment that 

allows plants (including algae) to use sunlight to convert simple molecules into organic 

compounds via the process of photosynthesis. Chlorophyll is a driver of the physiological 

function of leaves. Quantifying chlorophyll content can provide information regarding the 

physiological state of leaves. Chlorophyll is a green photosynthetic pigment which helps plants 

to get energy from light. According to Pal et al., (2012) definition, Chlorophyll (Chl), the 

essential green pigment of plants, harvests solar energy and converts it into chemical energy 

through the process of photosynthesis. It is found in crop/plant leaf and recognized by leaf color. 

So that leaf color is usually used as a guide for assessments of nutrient status and plant health. 

The plants use the energy to combine carbon dioxide and water into carbohydrate to sustain their 

life process (Abdul Hakim et al, 2013). Leaf chlorophyll concentration is an important parameter 

that is frequently measured as an indicator of chloroplast development, photosynthetic capacity, 

leaf nitrogen content, or general plant health (Ling et al., 2000). 

Chlorophyll Determination 

Determination of the leaf chlorophyll content is a common procedure for plant scientists. 

Destructive techniques have been traditionally used for the determination of chlorophyll content 

in stands of vegetation (Giovanniet al., 2011). Chlorophyll analysis has been conducted in 

numerous studies due to the importance of this pigment in the physiology of plants (Xueyunet 

al., 2013). Determination of chlorophyll content as an indirect method of estimating the 

productivity of vegetation represents a good way to gain an understanding of the photosynthetic 

regime of plants (Biljana and Stojanovi, 2005). Most of traditional methods of pigment analysis 

(e.g. high performance liquid chromatography (HPLC)) require destruction of the measured 

leaves which are not ideal to obtain long term data (Sims and Gamon, 2002). It is also time 

consuming and expensive to process the samples. Direct and indirect methods can be used to 

investigate primary organic production. Indirect methods are often used in practice for an 

approximate estimate of the value of organic production because it is fairly difficult to employ 

direct methods in plant communities.  
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As indirect methods, it is possible to monitor and measure all phenomena and processes 

correlated with productivity (Aranaya et al., 2003). Analytical techniques used to extract 

chlorophyll from plant leaves are destructive and based on the use of organic solvents.  

Measurement of chlorophyll content with portable meters is an easy way to quantify crop 

nutrient status. In the laboratory, it is commonly determined photometrically following extraction 

of the pigments using an organic solvent, such as acetone or dimethyl formamide (Porraet al., 

1989). While this method is well-established and accurate, it is time consuming, destructive (the 

leaf material must be excised from the plant, and is lost), and necessitates the use of toxic or 

flammable chemicals.  

2.2 Nitrogen 
 

Among agricultural chemicals, nitrogen (N) based chemicals are the most important materials for 

crop growing and on the other hand, the most concerning nutrient element for maintaining clean 

environment (Maleket al,2012). Nitrogen (N) is an essential element for crop growth and its 

accurate assessment in plants is a key to nutrient management. (Xionget al., 2015) report, when 

excessive N fertilizer is introduced to an agricultural system, crops are more susceptible to 

environmental stress and pest pressure, but with insufficient N fertilizer input, crop health and 

productivity suffer Nitrogen is an important and costly input for non-leguminous grain crops and 

producers are applying N fertilizer in large amounts to ensure high yields over a range of 

environmental conditions (Kyverygaet al., 2007).  

Excessive N fertilization may lead to runoff, leaching, and nitrate pollution. A delayed N 

application and the use of remote sensing tools might allow a producer to apply a more 

economically beneficial N rate to their fields. It is the main plant mineral nutrient needed for 

chlorophyll production and other plant cell components (proteins, nucleic acids, amino acids) 

(Rafaelet al., 2013). They argued that, crop yield is affected by plant N status. Thus, the 

optimization of nitrogen fertilization has become the object of intense research due to its 

environmental and economic impact.  Nitrogen is one of the major nutritional elements that limit 

crop yields. Farmers in many parts of the world likely to apply this element in excess amount for 

achieving high yield. 
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Excessive N application Nitrogen is a key component of chlorophyll and, as such, divergent 

levels of nitrogen in any given plant will generally be reflected in the concentration of 

chlorophyll in plant leaves (Donahue et al., 1983),decreased grain yield and increased N loss in a 

wheat-soil system (Wang et al., 2011). 

2.2.1 Nitrogen Determination 
 

The accurate assessment of nitrogen content in plants and soil is a key point to nutrient 

management. Efficient use of N fertilizer has become crucial due to fertilizer costs and the 

impact of excessive N on the environment and diagnostic tools for estimating plant N status have 

an important role in reducing N inputs while maintaining yield (Robert et al., 2011).Nitrogen 

content in the leaf was in relation with colour of leaf (Cabrera, 2004). Nitrogen is a key 

component of chlorophyll and, as such, divergent levels of nitrogen in any given plant will 

generally be reacted in the concentration of chlorophyll in plant leaves (Donahue et al., 1983). 

The most abundant N-bearing compound in green leaves accounts for 30 to 50 percent of the 

total N, and it has absorption features at 1500, 1680, 1740, 1940, 2050, 2170, 2290 and 2470 nm 

(Elvidge, 1990). 

 

According to Westerveld et al., (2007) Nitrogen deficiency results in chlorosis (yellowing) of 

leaves due to a drop in chlorophyll content. Research investigated by (Benincasa and 

Guidici,2002; Richardson et al,2009)  characterize most plants as the nitrogen deficiency initiates 

senescence on the lower, older leaves while the metabolites from the breakdown of their proteins 

and chlorophyll are transported to the upper, younger leaves. Adequate nitrogen also produces 

thinner cell walls in plant leaves; resulting in tender, more succulent plants (Donahue et al. 

1983).Chlorophyll content is approximately proportional to leaf nitrogen content. Nitrogen is 

necessary for the production of protein and chlorophyll and these are essential for plant 

development, yield, post-grazing re-growth and reproduction (Vickery, 1981). 
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Fig.1 Methods for plant nitrogen sensing (Accepted from Rafael et al., 2013) 

 

Methods based on tissue analysis, such as Kjeldahl-digestion and Dumas-combustion, have been 

widely applied to plants due to their reliability in organic nitrogen determination, but they are 

time-consuming and destructive (Rafael et al, 2013).  
 

Several studies have reported the fastest and non-destructive new tools designed for plant N 

status estimation. Optical properties of some leaf pigments, such as chlorophyll and polyphenols, 

have been used as plant N status indicators (Mainardet al., 2008). Some of these tools measure 

leaf chlorophyll content, which is highly correlated to plant N status (i.e., SPAD-502, Dualex, 

Chlorophyll fluorescence) (Rafael et al., 2013). (Unagaria et al.,2015) applied calibration of 

widely used TYS-A (SPAD meter) and CCM-200 (Chlorophyll content index (CCI) meter) 

chlorophyll meters was attempted for chlorophyll estimation in bread wheat (Triticumaestivum 

L.) leaves .Accordingly, the chlorophyll values for the wheat leaves were measured with 

chlorophyll meters and same samples were used in standard photometric measurements in 

laboratory and significant linear relationship with chlorophyll content (R2=0 .92).  
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With functional relationship represented with regression models used to convert the SPAD value 

to actual chlorophyll content for wheat.A determination of the chlorophyll content thus allows the 

N nutrition level of the plant, and indirectly the N supplying capacity of the soil, to be estimated 

(Adrijana et al., 2008). As chlorophyll, nitrogen determination is also similar techniques.  

2.3 Methods of Chlorophyll and Nitrogen Determination 

2.3.1 Destructive methods of leaf chlorophyll and leaf nitrogen determination 
 

Analytical techniques used to extract chlorophyll from plant leaves are destructive and based on 

the use of organic solvents. In many cases evaluation of chlorophyll and nitrogen content in 

plants need sample destructions, more time and organic solvents. The conventional techniques 

for assessing Chl and N status in plants cannot satisfy the requirements of precision farming (Pal 

et al., 2012). Techniques utilized to extract photosynthesis pigments from plant materials are 

based on methods that use organic solvent such as acetone, dimethylsulphoxide (DMSO), 

methanol, petroleum ether and others (Inskeep and Bloom 1985). Acetone 80 % is the most used 

of these solvents. However, these methods require sample destruction. There can be significant 

losses of these pigments during the extraction process and extract dilution that can cause high 

variability in the results.  Using DMSO modified the extraction methodology to eliminate the 

squashing and centrifuge stages. The storage period of these pigments is increased by the use of 

this solvent so that the spectrophotometer analyses did not have to be carried out immediately 

after extraction. In general, traditional methods for chlorophyll and N determination include soil 

testing, plant tissue analysis, and long-term field trials. Although these methods are accurate, 

they are destructive, time-consuming, and expensive. Some destructive methods of chlorophyll 

extraction are listed below. 

2.3.2 Nondestructive methods of leaf chlorophyll and leaf nitrogen determination 
 

Non-destructive optical techniques based on leaf absorbance and reflectance of light by leaves 

has been proven as alternative time-saving and simple techniques to quantify Chl in a number of 

agricultural species. Portable nondestructive meters have been successfully used to determine 

foliar chlorophyll or N of many plants. Chlorophyll meters (e.g., SPAD-502, Minolta, and Osaka, 

Japan) have been used to assess plant N status by measuring transmittance radiation through a 

leaf at two wavelengths centered near 650 nm and 940 nm (Pinkard et al., 2006). The chlorophyll 
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meter readings have been positively correlated with destructive chlorophyll measurements in 

many crop species (Zhu et al., 2012) and considered as a useful indicator of the need of N top-

dressing during the crop growth (Naderi et al. 2012 ).( Nyl  et al.,2012) conducted to determine 

the relationships between a portable chlorophyll meter(SPAD) reading and photosynthetic 

pigments, leaf nitrogen status and chlorophyll fluorescence variables in leaves of jatropha 

(Jatrophacurcas L.) to detect leaf greenness, chlorophyll content, nitrogen content and 

photosynthesis performance respectively and they found good correlations between SPAD 

reading and total N concentration (R2=0.99), as well as with content of chlorophyll a (R2=0.97), 

chlorophyll b (R2 =0.96) and carotenoid (R2=0.75) 

Leaf Color Chart 

One of the recently introduced nitrogen management approach was estimating the leaf nitrogen 

concentration by the measurement of leaf greenness. Yosef (2013) reported that leaf color chart 

(LCC) is an easy-to-use and inexpensive diagnostic tool for monitoring the relative greenness of 

a rice leaf as an indicator of the plant N status. According to this author, Inexpensive leaf color 

chart (LCC) has been proved as a quick and reliable tool to decide the time when fertilizer N is 

needed to be applied for the crop growth. The use of the LCC, farmers can apply N at the right 

time, thereby increasing the productivity and profitability of direct rice and reduction of use of 

nitrogen fertilizer. It is a simple color chart, consists of many shades of leaf color from light 

green to dark green. It is used mainly for Nitrogen estimation. For N estimation, Leaf is cut and it 

is compared with color in the chart. Different species crop uses different chart. This is the easiest 

but also the least accurate method and is suitable for medium area (Patane and Vibhute, 2014). 

Estimating by image processing 

This method is used by capturing leaf image by portable camera and relationships between 

nitrogen content and leaf colors in red (R), green (G), blue (B) and near infrared (IR) are 

examined. Auearunyawat et al (2012) states that, leaf color image and leaf IR image have 

relationships with nitrogen content of sugarcane. This relationship showed the potential value of 

leaf color indices and IR index to estimate nitrogen concentration in two months old 

sugarcane.Yuzhuet al (2011) took color image with a digital camera for nitrogen determination 

in pepper.  
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According to these authors, color images were processed in order to determine the averages of 

the red (R), green (G) and blue (B) colors. There were significant negative relations between 

G/(R+G+B) ratio of coverage image and the indexes of pepper nitrogen status, such as inorganic 

nitrogen in soil, total nitrogen of plant, nitrate concentration of leafstalk and SPAD reading at 

flowering and fruiting stages.Luna et al(2010) reported that, color image analysis provides an 

accurate and quick way for nitrogen estimation and can contribute for early detection of nitrogen 

deficiency in tomato seedlings. But their results showed that color image analysis correlated 

better with the status of plant nitrogen than the SPAD. 

Chlorophyll meter  

Application of chlorophyll meters save time and resources. They quickly estimate the chlorophyll 

content of leaves at  leaf absorbance of two different wavelength regions using two light emitting 

diodes (LEDs)(Giovaniet al.,2011).Chlorophyll meter can conveniently estimate foliar 

chlorophyll and nitrogen (N) contents in many species. There are many types of chlorophyll 

meters which determine chlorophyll concentration of leaves and indirectly nitrogen contents of 

that leaves. Among these Minolta sapd-502 and CCM-200 Opti-Science which are used in this 

study are the most important. Chlorophyll meters are extensively used in agriculture; they 

quickly estimate the chlorophyll content of leaves with a hand-held device that measures the leaf 

absorbance in two different wavelength regions using two light emitting diodes (LEDs). Islam et 

al.(2009) reported that, the relationship between SPAD value and chlorophyll content was very 

close (R
2 
=0.80) at panicle initiation and flower initiation stages for rice crops.  

 

SPAD-502 Chlorophyll Meter 

The SPAD 502 plus Chlorophyll Meter instantly measures chlorophyll content or “greenness” of 

your plants to reduce the risk of yield-limiting deficiencies or costly over fertilizing (Teviset al., 

2014). SPAD readings are calculated based on two transmission values: the transmission of red 

light at 650 nm, which is absorbed by chlorophyll, and the  transmission of infrared light at 

940 nm, at which no chlorophyll absorption occurs (Xiong  et al., 2015).they also reported, a 

close relationship between SPAD value and chlorophyll content per leaf area in both the monocot 

and dicot groups. Variable rate technology for fertilizer application has been developed to reduce 

environmental risks and increase fertilizer use efficiency. For precise application of this 
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technology, it requires an intact determination of plant nutrient status in the field. (Jifon et 

al.,2005) evaluated the utility of two handheld transmittance-based Chl content meters (SPAD-

502, Minolta Corp) one reflectance-based meter (Observer, Spectrum Technologies), in 

estimating Chl and N concentrations in intact leaves of several citrus cultivars and they reported 

that, total Chl determined analytically, correlated well with nondestructive Chl meter readings 

(r2: 0.72 to 0.97; P< 0.0001), but regression models differed among cultivars using the same 

meter and also among meters for a given cultivar. 

 

Sabrina et al .(2009) estimate foliar chlorophyll content of 13 tree species from the tropical rain 

forest in French Guiana and calibrate between SPAD units and extracted chlorophyll values. 

Their homographic model best accurately predicted total chlorophyll content (μg cm−2) from 

SPAD units (R2 = 0.89). Steele et al., (2008) compared the performance of a handheld SPAD 

Chlorophyll meter and a recently developed Red Edge Chlorophyll Index (CIred edge) for 

Chlorophyll estimation in grapevine (Vitisspp.) leaves. Liu et al., (2012) evaluated the utility of 

SPAD-502 chlorophyll meter measuring in Chlorophyll < 300 mg/m2 to inform nitrogen 

fertilization rates of tea (Camellia sinensis L.) at different places and times. They reported that 

SPAD readings could estimate the chlorophyll content of tea leaves regardless of temporal and 

spatial considerations.SPAD reading also indicate N nutritional status, assisting in the adjustment 

of N fertilization during the potato plant cycle (Fabrício et al., 2012). Scientists also investigate 

SPAD values were well-correlated with both total chlorophyll and total N leaf concentration, and 

the regression coefficients were higher when relationships were calculated on a leaf-area basis of 

tobacco (Fabio and Renato, 2009). For relationships, SPAD-total chlorophyll and SPAD-total N, 

the best fittings were obtained with quadratic equations.Earl and Tollenaar (1997) found a close 

correlation (R2 = 0.98) between SPAD readings and maize leaf absorptance in the field, and Dana 

Martinez et al., (2004) compared SPAD readings with “greenness” measurements taken with a 

digital camera during wheat senescence (R2= 0.91). Generally, there is a close correlation 

between SPAD readings and leaf Chl or N content.  
 



 

12 
 

 

Fig.2 The Relationship between Extractable Chlorophyll Content and SPAD Readings in Wheat 
Leaves (accepted from Martínez and Guiamet, 2004) 

 

CCM-200 chlorophyll meter 
The Opti-Sciences CCM-200 Chlorophyll Content Meter is marketed as an instrument that 

provides fast, accurate chlorophyll readings on the intact leaves of plants and crops, without the 

need for grinding or destructive chlorophyll assays. CCM-200 calculates the chlorophyll content 

index (CCI), which is defined as the ratio of percentage of transmission at 935 nm to 635 nm 

through leaf tissues (Richardson et al., 2002) and instance CCI is commonly promoted to 

measure leaf nitrogen content as an indicator of plant nutrient status (Biber et al., 2007) The 

CCM is useful for improving nitrogen and fertilizer management, and is ideal for crop stress, 

leaf senescence, plant breeding, health determination, and other studies (Biber et al., 2007). 

(Palet al., 2012) explained there is a pressing need for non-destructive techniques to estimate 

Chland N content in the leaf of the Damask rose. The regression models were developed with 

destructively measured parameters (total Chl and N) as the dependent variable and a parameter 

derived from CCM-200 as the independent variable (CCI). Ghasemi et al. (2011) conducted 

research work on eight years old Asian pear trees during June 2008 in Tehran, Iran. They 

reported that, there was positive and linear correlation between CCM-200 data and chlorophyll 

a (R²=0.72), chlorophyll b (R²=0.85), total chlorophyll (R²=0.90), and total nitrogen content 

(R²=0.76) in Asian pear leaves. Thus, it can be concluded that, CCM-200 can be used in order to 

predict both chlorophyll and nitrogen content in Asian pear leaves. Mustafa et al (2011) 



 

13 
 

estimated chlorophyll and nitrogen content in Asian pear leaves using chlorophyll content meter 

(CCM-200). They develop regression model, and the results showed that, there was positive and 

linear correlation between CCM-200 data and chlorophyll a (R²=0.72), chlorophyll b (R²=0.85), 

total chlorophyll (R²=0.90), and total nitrogen content (R²=0.76) in Asian pear leaves.  

 

2.4 Types of Crops Used In Research Works 

2.4.1 Wheat 
 

Modern technology of wheat production mainly based on numerous scientific farming measures 

as well as application of mineral fertilizers. According to Bojović and Marković(2009), mainly 

one third of applied nutrient wheat plants are able use during vegetative period. In the field 

practices is very important optimize quantity of fertilizers, decrease expenses of production and 

improve efficiency of wheat plant of nitrogen absorption, accumulation and reutilization. 

Nitrogen content in the leaf was in relation with color of wheat leaf. Deficiency of nitrogen leads 

to loss green color in the leaves, decrease leaf area and intensity of photosynthesis. 

Understanding the processes that govern N uptake and distribution in crops is of major 

importance with respect to both environmental concerns and the quality crop products (Martínez 

and Guiamet, 2003).The chlorophyll index values of wheat estimated by portable chlorophyll 

meters (TYS-A and CCM-200) have statistically significant functional relationship with actual 

chlorophyll content(LUNAGARIA et al.,2015.  

2.4.2 Maize 
 

Maize (Zea mays L.) is one of the most important constitutes one of the major yield limiting 

factors for cereal crops of the world extensively grown in irrigated cereal production. Testing of 

corn leaf tissue to compare leaf nitrogen concentration with critical levels is a well-established 

procedure to document a crop nitrogen deficiency (Schepers et al., 1992). Sawyer et al. (2004) 

reported monitoring the corn plant as a means to determine N status and seasonal availability has 

advantages in that the plant integrates N supply over a period of time, and hence can reflect N 

supply as affected by weather, soil processing, and fertilization. In irrigated corn, there are 

repeated opportunities to apply needed N during the growing season with irrigation water and 

Minolta SPAD-502chlorophyll meters were used to take the readings (Scharet al., 2006). 
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Robert et al.(2011) quantify corn (Zea mays L.) leaf greenness with a digital camera and image-

analysis software and establish the relationship with yield, leaf N concentration, and chlorophyll 

meter (or SPAD, soil plant analysis development) values. They conducted at five sites with N 

treatments ranging from 0 to 336 kg N ha−1. At tasseling, the ear leaf was sampled for color 

analysis and SPAD measurements, and then analyzed for total N. There was a close relationship 

(typically r2 ≥ 0.70) of SPAD and DGCI with leaf N concentration. Within a location, yield 

increased linearly in most cases with both SPAD (average r2 = 0.79) and DGCI (average r2 = 

0.78). Digital-image analysis was a simple method of determining corn N status that has potential 

as a diagnostic tool for determining crop N needs. 
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Fig.3 Relationship in corn between relative dark green color index (DGCI) and 
relative chlorophyll meter (SPAD),soil plant analysis development)right and the 
relationship in corn between relative dark green color index (DGCI) and relative leaf N 
concentration for(left)(accepted from Robert et al.,2011). 

 

2.4.3 Coffee 
 

It is the third important cash crop that targeted for this study. Nitrogen is the key element in the 

realization of the yield potential of both traditional and modern day coffee varieties along with 

mixed crops (Anand and Pereira, 2006). Research conducted in 2003 by Alena et al. (2004) 

established correlation between the photosynthetic pigments content extracted in DMSO, the 

total nitrogen content and the chlorophyll a fluorescence variables with the SPAD-502 readings 

in Coffee canephora Pierre leaves. Their result showed that SPAD-502 has been a good tool to 

diagnose the integrity of the photosynthetic system in coffee leaves and can thus help in the 

advanced interpretations of the photochemical process of these plants.  In addition to this, 

Rodriguez et al, (2009) established correlations among the photosynthetic pigment content, total 

N, and the photosynthetic variables with the SPAD‐502 readings in Coffeea arabica leaves. The 

results showed that all variables decreased with time. However, correlation increased linearly 

with N doses.  
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2.4.4 Barley 
 

The fourth important crops used in this study collection for chlorophyll reading and nitrogen 

determination for the study Barley (Hordeumvulgare L.) is a plant widely distributed and 

cultivated in eastern Asia and used as food stuffs such as bread and cakes (Ikeguchi et al., 2014) 

and also it is one of the major cereal crops that are largely produced in the central and south east 

mid and high altitude areas of Ethiopia with ranked fifth important cereal crop after Teff, Maize, 

Wheat and Sorghum (Kulumsa ARC, 2014). The nutrient profiles of green cereal plants change 

quickly (especially barley and wheat) as they grow, the plant grows, the chlorophyll, protein and 

vitamin content of cereal grasses declines sharply and the level of cellulose (indigestible fiber) 

increases (Perricone,2005). 

 

Barley also used in experiment as target crops to study CCM and SPAD reading at different 

growth stage by using different leaf colors. Lucie et al .(2013) works on qualitative and 

quantitative evaluation of chlorophyll content in food supplement using HPLC and HPTLC in 

barley crop. 
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3. MATERIALS AND METHODS 
 

3.1 Description of the Study Area 
 

 

This study was conducted in three districts of Jimma Zone, South West Ethiopia. The first site 

was Manna Woreda (somodo), where data on wheat and barley were collected.  The second one 

was JUCAVM horticultural farm where data on coffee were collected. The third study site was 

Kersa district, birbirsa irrigation site where data on maize were collected. Manna is 

approximately 20 kms from Jimma town while kersa is 28 km away from Jimma. 

Table-1 Specific Information of the Study Area 
                           PLACE (WOREDAS) 

Manna Kersa Jimma 
Agro-ecological 
zone 

Dega (12%), 
Woinadega (63%) and 
kola (25%) 

Dega (14%), 
Woinadega (66%) 
and kola (20%) 

Dega (12%), Woinadega 
(63%) and kola (25%) 

Temperature   18.9 °C 20co 22.83 c0 
Altitude  2040 m 2200 m 1,780 m 

latitude 7°46.5 and 7°51.5 7°39′N 36°50′E 
 

7°40′N 36°50′E 
 

longitude  36°40 and 36°42 in 
East   

7°39′N 36°50′E 
 

7°40′N 36°50′E 
 

Average Rainfall  1,467 mm 1140 mm. 1624 mm. 
Major crops Coffee, cereal, 

vegetables 
37.5% under 
annual crops, 
coffee 

Coffee, cereal, vegetables 

Sources : CSA (2005) 

3.2 Data Collection 

3.2.1. Experimental Design and Field Management 
 

The experiment was set up in a randomized complete block design with three treatments of leaf 

colors (deep green, dark green and yellow color) by replicating leaf number in each crop at two 

different growth stage (flowering and vegetative; see table 2 below). Five plants were selected 

for each leaf color and total fifteen plants(fifteen leaves) for all treatments (deep green, dark 

green and yellow green leaves) were chosen from these trees in each block randomly. Ten 

different SPAD and CMM readings were taken from the selected leaves (ten reading points for 
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one specific leaf; see table 3 below) and total fifty readings for one treatment and one hundred 

fifty readings for all treatments and 300 readings by both SPAD and CCM. Reading of specific 

leaf was taken averegically. Five leaves from each tree were then detached and taken to the 

laboratory for leaf nitrogen analysis. The measurements were conducted at two different 

phonological stages: vegetative and flowering stages.  

 

Table .2 Treatment Combination of Different Leaf Colors In Different In Different Crops at 
Different Growth Stage 

Growth 
stage 

Crop type    No. Of Leaves                       Leaf Colors  

Yellow green Dark green Deep green 

Vegetative 
stage 

Wheat 5 1,2,3,4,5 1,2,3,4,5 1,2,3,4,5 

Maize 3 1,2,3 1,2,3 1,2,3, 

Barley 5 1,2,3,4,5 1,2,3,4,5 1,2,3,4,5 

Coffee 5 1,2,3,4,5 1,2,3,4,5 1,2,3,4,5 

Flowering 
stage 

Wheat 5 1,2,3,4,5 1,2,3,4,5 1,2,3,4,5 

Maize 3 1,2,3 1,2,3 1,2,3 

Barley 5 1,2,3,4,5 1,2,3,4,5 1,2,3,4,5 

Coffee 5 1,2,3,4,5 1,2,3,4,5 1,2,3,4,5 
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A. Deep Green                               B. Dark Green                                     C. Yellow Green 

Fig 3 .Types of Leaf Colors (Deep Green, Dark Green, Yellow Green) 
 

Experimental Procedures 

Sample of different leaf colors of different crops were collected at different growth stage. For 

one treatment (one leaf color), sample of five leaves were randomly taken from five individual 

crops. The SPAD and CCM reading were taken from ten places of reading points on one specific 

leaf and the average was taken and parametric estimation was done as flows. 

1. Minolta SPAD reading:-sample of individual leaf color was taken and recorded the SPAD 

values from different ten points of the leaf and averaged. This repeated for other leaves and other 

leaf color or treatments. 

2. Opt-science CCM-200 reading:-As SPAD reading, ten points of reading was taken from 

individual leaf and averaged. There was also repetition for others 
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Table 3 Number of SPAD-502(CC) Reading and CCM-200(CCI) Reading On Single Leaf 
 number of leaf                            Leaf color (treatments) 

 Yellow green  Dark green Deep green 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

1 10x 10x 10x 

 Average  Average Average 
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Fig4. SPAD and CCM-200 reading 
 

Nitrogen analysis by Kjeldahl methods 

The collected leaves of all crops or all treatment (deep green, dark green and yellow green) were 

analyzed in laboratory by Kjeldahl methods. The collected samples of different leaf colors oven 

dry at 70 c0for 48 hours. The oven dried leaf powdered prepared for Kjeldahl procedures. The 

sample were taken the procedures and take places in three steps for nitrogen analysis. These 

steps were digestion processes of the sample, distillation and titration with different chemicals. 

Digestion consumed 6ml of concentrated sulfuric acid and powder of copper sulfate and at 120c0 

and stayed for 3 hours until the sample digested.  
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After digestion, distillation was take place with normal sodium hydroxides and 4% of boric acid 

and continuously titration with 0.1 normality of hydrochloric acid and color of the distilled 

sample changed from green to pink by consuming some amount of Hcl. Finally the consumed of 

ml of normal hydrochloric acid calculated by the following procedures and the content of 

nitrogen observed. 

The collected leaves were taken to the laboratory and their nitrogen content was analyzed 

following Kjeldahl procedure. % nitrogen in each leaf per unit of dry matter was then calculated 

using eqn 1  

%Nitrogen= [(ml standard acid x N of acid) - (ml blank x N of base)] - (ml std base x N of base) 

x 1.4007 weight of sample in grams …………………………………………… (eqn. 1) 

3.3 Data Analysis 
 

The collected data were analyzed following glm for ANOVA using SAS vr. 9.2. Means of 

significant treatment effects were compare using the Least Significant Difference (LSD) test at 

5% probability levels (Gomez and Gomez, 1984). Regression analysis was done to develop 

relationships between leaf nitrogen concentrations, total chlorophyll in leaf (SPAD reading) and 

chlorophyll content index (CCM readings). Pearson correlation analysis was carried out using the 

same software to investigate associations among grain yield and yield traits of the crops. 
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4. RESULT AND DISCUSSION 

4.1 Comparisons of Different Leaf Colours in Vegetative Crop Growth Stage 
 

Table 4 Treatment comparison of CCM-200 and SPAD-502 in different leaf colors 
Crop type  Treatment  CCM-200 

Reading(CCI) 
SPAD-502 Reading(CC) 

Wheat  Deep green 462.1a 229.36a 

Dark green 408.98a 178.54a 
Yellow green 255.92b 96.42b 
LSD (5%) 73.993 50.89 
CV (%) 13.51 20.76 

Maize  Deep green 417.0a 577.3a 

Dark green 284.0b 527.3a 
Yellow green 65.67c 208.3b 
LSD (5%) 58.87 51.68 
CV (%) 44.68 52.28 

Coffee  Deep green 259.62a 434.24a 

Dark green 166.40b 403.42a 
Yellow green 78.74c 252.58b 
LSD (5%) 65.033 58.65 
CV (%) 26.50 11.06 

Barley  Deep green 1222.48a 736.42a 

Dark green 483.24b 517.52b 
Yellow green 161.58c 335.70c 
LSD (5%) 153.15 51.75 
CV (%) 21.72 6.69 

 

From the table above, there were significant differences between different leaf colors of the 

whole crops but in only numerical difference of deep green and dark green treatments of some 

crops and this because the leaf reflectance. In other case, there were also horizontal relationships 

of both reading within treatments. This result shows that, the purpose of SPAD-502 and CCM-

200 measurement for total chlorophyll content and chlorophyll content index respectively at 

vegetative stage would be effective by nondestructive measurement. This is similar with (Walter 
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Riedell, 1999) the SPAD Chlorophyll Meter sensor clamps on intact leaves and instantly 

measures leaf chlorophyll "greenness" of corn and there is a close relationship between 

chlorophyll level and leaf N, the Chlorophyll Meter readings are an indicator of leaf N level. 

Similar argument with(van den Berg and Perkins, 2004) the CCM is an effective tool for rapid 

and nondestructive estimation of relative chlorophyll and nitrogen content in sugar maple leaves 

during the growing season. (Biberet al., 2007) the CCM is useful for improving nitrogen and 

fertilizer management, and is ideal for crop stress, leaf senescence, plant breeding, health 

determination, and other studies. (Fabrícioet al., 2012) report SPAD reading indicate N 

nutritional status, assisting in the adjustment of N fertilization during the potato plant cycle. 
 

Comparison of different type of leaf color were also explained the relationship of SPAD (total 

chlorophyll content) and CCM (chlorophyll content index as measured from range of deep green 

color to yellow green color differentiating into three groups in all three parameters measurements 

as(a-b-c) unless in some extent of crop leaf was close gap to identify leaf color during data 

recording. The data in this study indicate that the SPAD and CCM was an effective tool for rapid 

and nondestructive estimation of relative chlorophyll content and chlorophyll content index in 

maize, wheat, barley and coffee leaves during the growing season. The estimation of the 

accuracy of the chlorophyll content index(CCM) was 86.5% 65.4%, 73.5%, 77.3%,  and that of 

total chlorophyll (SPAD) was80%48%, 89% and 93.4% with similar range with (Zoran et al, 

2012) 84% for Chlorophyll concentration for SPAD and CCM in their work. This differential 

statement of treatment comparison in leaf color affect photosynthetic activity as (Nylet al., 2012) 

said that Photosynthesis yield showed a slight increase when the SPAD value was increased; 

however, when the SPAD values were around20 or 60, the photosynthesis yield was lower than 

0.7 and(Alena et al., 2005) also found the relative SPAD-502 reading has been shown a good 

tool to diagnose the integrity of the photosynthetic system in coffee leaves, and can thus help in 

the advanced interpretations of the photochemical process of these Plants. Thus the portable 

chlorophyll meter SPAD-502 can help in the advanced interpretations of the photochemical 

process in plants of the species under study. (Amer, 2005) strong positive correlations between 

Chlorophyll meter readings and measured Chlorophyll were found for cultivars (P< 0.0001) in 

Citrus sp. Leaves. These data provide evidence that the chlorophyll meter can be used to 

determine top dress N needs at pre-panicle initiation and panicle differentiation. This yield might 
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be the result of a reduction in the total amount of photosynthetic pigment content in leaf samples 

at the lower SPAD values and photorespiration at the high SPAD values. There were 

also(Marcos et al., 2014) the CCM 200 plus meter provided good estimates of chlorophyll 

content for all leaves in Origanumvulgare ssp. hirtum, independent of leaf age, position within 

the plant and phonological stage. Nevertheless, the meter loses efficiency with increasing 

chlorophyll con-centration and/or increased leaf thickness. As the leaves develop mesophyll 

thickness and chlorophyll content increases. The increased thickness given by greater 

development of spongy parenchyma leads to higher variability in the readings and linear 

relationship distortion. So that, the SPAD-502 and CCM 200 plus portable meter was a very 

useful tool to estimate chlorophyll content, aiming to relate these values with different situations 

of environmental stress, nutritional management programs. 

4.2 Comparison of Different Leaf Colors at flowering stage 

Table 5. Treatment comparison of CCM-200, SPAD-502in different leaf colors 
Crop type Treatment  CCM-200 

Reading(CCI) 
SPAD-502 reading  

Wheat  Deep green 215.72a 444.04a 
Dark green 170.52b 399.44b 
Yellow green 75.20c 218.16c 
LSD (5%) 42.196 42.79 
CV (%) 18.81 8.29 

Maize  Deep green 455.23a 550.4a 
Dark green 150.47b 339.73b 
Yellow green 100.43c 289.03b 
LSD (5%) 33.13 77.721 
CV (%) 6.21 8.722549 

Coffee  Deep green 1099.1a 704.42a 
Dark green 418.0b 490.72b 
Yellow green 72.5c 240.12c 
LSD (5%) 72.97 89.454 
CV (%) 35.32 12.82042 

Barley  Deep green 630.6a 703.80a 
Dark green 417.6b 486.40b 
Yellow green 62.0c 236.20c 
LSD (5%) 54.06 89.404 
CV (%) 65.59 12.89 

 

Different leaf colors of the whole crops of the work under SPAD and CMM reading as well as 

consecutive concentration of nitrogen content in each leaf colors express the difference within a 
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leaf color (a-b-c) and similar (aa-bb-cc) category among parameters (SAPD, CCM and Nitrogen) 

in only similar group of deep green and dark green in maize under SPAD reading and this is may 

cause of environmental effect or very close range of the leaf color. 

4.3 Regression and Correlation Model 
 

Regression analysis is a statistical tool for the investigation of relationships between variables. 

This graph show the relationship between SPAD, CCM and Nitrogen concentration at different 

growth stage in different crop types with their correlation coefficient. Chlorophyll Content Index 

as measured by the Opti-Sciences CCM-200 and leaf nitrogen concentration measured by SPAD-

502 were found to correlate positively with Nitrogen concentration in all crop types(wheat, 

maize, barley and coffee)at both growth stage.  

4.3.1 Relationship between SPAD (leaf chlorophyll content) and (CCI) CCM readings 
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Figures 5. Correlations between leaf SPAD and CCM readings of wheat (a and c) 
and coffee (b and d). Panels ‘a’ and ‘b’ represents readings taken at vegetative stage while 
panels ‘c’ and ‘d’ represents readings taken at flowering stages for both wheat and coffee. 

 

Significant positive linear relationships were observed between SPAD and CCM readings 

measured for all crops considered in the study (Figs. 5a-d, 6a-d). The correlation increased with 
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crop developmental stages. The regression coefficient, R2 between SPAD and CCM for each 

crop and developmental stage ranged from 0.54 - 0.96 indicating strong relationship between the 

two readings. The correlations were, however, stronger with developmental stage and were 

stronger at flowering than at vegetative stage (Figs. 5a and b).  The results were in agreement 

with findings reported by Wang et al. (2014). The authors also found lower R2 values in the 

vegetative stage of rice crops compared to the coefficient observed at tillering stages.  The slopes 

of the regression lines except for barely (Figs. 2b and d), on the other hand, decreased with 

increasing developmental stages.  

For example, for wheat the slope decreased from 1.19 to 0.35 and for coffee the values decreased 

from 1.43 to 0.41 while the crops advanced from vegetative to flowering stages (Figs. 5a – d). 

SPAD quantifies the relative amount of chlorophyll present in leaf by measuring the leaf 

transmittance in two wave bands (400 – 500 nm and 600 – 700 nm) and reports the readings in 

arbitrary unit (Simet al., 2015). These readings are proportional to the leaf chlorophyll 

concentrations which on the other hand are correlated with photosynthetic activities and leaf 

nitrogen status (Evans, 1983; Seemannet al., 1987).  

The strong correlation observed between SPAD and CCM readings enable the usability of both 

equipments in predicting the chlorophyll contents in crops and ease their managements. 

Correlation between the SPAD and CCM readings were observed to be crop species specific. 

These crop species specific readings were probably related to the differences in the leaf 

reflectance distributions of each crop (Shibayama and Watanabe, 2007 and Homemet al., 2001). 

Differences in leaf anatomical characteristics such as leaf thickness, leaf water contents and 

cuticle reflectance affect leaf reflectance distributions (Simet al., 2015).  

Crop developmental stages and environmental conditions (Penget al, 1993; Shuklaet al, 2004) 

also affect leaf reflectance distributions. For establishing individual regression models, it requires 

calibration of each of the equipment for each crop species (Marquard and Tipton, 1987).  



 

28 
 

y = 1.29x + 107.3
R² = 0.81

0

200

400

600

800

1000

0 200 400 600

S
P

A
D

CCM 

a

y = 0.72x + 222.91
R² = 0.96

0

200

400

600

800

1000

0 100 200 300 400 500

S
P

A
D

CCM 

b

y = 0.72x + 241.93
R² = 0.54

0

200

400

600

0 100 200 300 400

S
P

A
D

CCM 

y = 1.1651x + 183.92
R² = 0.74

0

200

400

600

0 100 200 300

S
P

A
D

CCM 

dc

 
Figure 6. Correlations between leaf SPAD and CCM readings of maize (a and c) and 

barley (b and d).Panels ‘a’ and ‘b’ represent readings taken at vegetative stage while 
panels ‘c’ and‘d’ represent readings taken at flowering stages for both maize and 
barley. 

4.3.2 Relationship between leaf N concentration and SPAD/CCM readings 
 

Leaf nitrogen concentration of each crop increased with increasing SPAD and also CCM 

readings (Figs. 7 and 8). Though, the correlation between the readings and leaf nitrogen 

concentrations were significantly different among the different crop species, the relationships 

between the readings and leaf nitrogen concentration in all crops followed a logarithmic model. 

In addition, relationships between the readings and leaf nitrogen concentration strongly differ 

with the developmental stages of the crops.  

Mustafa et al. (2011) also said statistical analysis showed linear correlation between CCM 

readings and leaf chlorophyll content and also leaf nitrogen content. 
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The regression coefficient, R2 between total leaf chlorophyll (SPAD reading) and N 

concentration varied from 0.76 – 0.98. The coefficient between chlorophyll content index (CCM 

reading) and N concentration, on the other hand, ranged between 0.17 – 0.96 (Figs. 7 and 8). 

From the Boussadia et al. (2011) study on olive tree leaves, maximum net photosynthetic 

assimilation rates, chlorophyll fluorescence parameters and the SPAD Chlorophyll index were 

therefore measured simultaneously and the Chlorophyll and nitrogen content of the leaves were 

analyzed and significant correlations were established in the olive tree leaves between SPAD-502 

readings on the one hand and, nitrogen content, photosynthetic assimilation rate, and Chlorophyll 

fluorescence parameters. (Palet al., 2012) explained there is a pressing need for non-destructive 

techniques to estimate Chl and N content in the leaf of the Damask rose. The regression models 

were developed with destructively measured parameters (total Chl and N) as the dependent 

variable and a parameter derived from CCM-200 as the independent variable (CCI).They found 

that polynomial regression models are suitable for non-destructive estimation of total Chl, and 

the model predicted values were very close to traditionally measured values with a root mean 

square prediction error (RMSEp) less than 0.20 mg  g −1 of Chl. In the case of N estimation, a 

power regression model was appropriate. Ghasemi et al. (2011) estimate positive and linear 

correlation between CCM-200 data and chlorophyll a (R²=0.72), chlorophyll b (R²=0.85), total 

chlorophyll (R²=0.90), and total nitrogen content (R²=0.76) in Asian pear, Mustafa et al .(2011) 

estimated chlorophyll and nitrogen content in Asian pear leaves,), Earl and Tollenaar (1997) 

found a close correlation (R2 = 0.98) between SPAD readings and maize leaf absorptance in the 

field. 
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Figure7. Correlations between leaf CCM and leaf SPAD readings of wheat (a and c) 

and coffee (b and d) and their leaf nitrogen concentration. Panels ‘a’ and ‘b’ 
represent readings taken at vegetative stage while panels ‘c’ and‘d’ represent readings taken at 
flowering stages for both crops. 

 

The strong correlation between SPAD reading and leaf nitrogen concentration were also reported 

in some other crops (e.g. oil palm) (Law et al., 2014) and rice (Wang et al., 2014). In these 

studies, it was indicated that leaf nitrogen concentration was also positively and strongly 

correlated with leaf photosynthetic activities. (AMER, 2005) total Chlorophyll determined 

analytically, correlated well with nondestructive Chlorophyll meter readings (r2: 0.72 to 0.97; P< 

0.0001) was observed in Citrus sp. Leaves.That is leaf photosynthetic capacity of the leaves is 

also strongly correlated with SPAD readings indicating the robustness of SPAD and CCM 

meters for non-destructive and rapid determination of the photosynthetic rate of leaves in the 

field.  

The same logarithmic relationship of leaf nitrogen concentration and CCM-200 was studied by 

(SILLA et al, 2009) and their result show that the CCM-200 provides good estimates of 

chlorophyll content in the Quercus species studied by randomly sampled 30 leaves from 8–12 

trees per species and leaf stage. The best results were obtained with Q. faginea, with high 

coefficients of determination on all sampling dates. The CCM-200 worked satisfactory in the 

other three species, but performance was more variable, depending on the leaf stage. The 

relationship between CCI values and chlorophyll values was clearly non-linear, and it was best 



 

31 
 

explained by the log-log model, as chlorophyll contents showed a tendency to stabilize with high 

CCM-200 readings.(João Paulo et al, 2012) generate mathematical models that are able to report 

the contents of chlorophyll and carotenoids in the leaves of the castor oil plant and the results 

indicated that, with the exception of chlorophyll b, the ClorofiLOG® 1030 portable chlorophyll 

meter estimated the concentration of photosynthetic pigments with high precision, thus saving 

time and the chemical reagents that are typically used in conventional procedures.As they 

reported, there was a significant relationship between the portable chlorophyll meter 

measurements and the total chlorophyll that was determined in the laboratory (the classical 

method), and the model that best expressed this relationship was a linear model, with a 

coefficient of determination of 0.84 as the result in this work also express. 
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Figure 8. Correlations between leaf CCM and leaf SPAD readings of maize (a and c) 

and barley (b and d) and their leaf nitrogen concentration. Panels ‘a’ and ‘b’ 
represent readings taken at vegetative stage while panels ‘c’ and‘d’ represent readings taken 
at flowering stages for both crops. 
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5. SUMMARY & CONLUSION 
 

Chlorophyll content meters (SPAD-502 and CMM-200), despite their inherent limitations, have 

the potential to enable rapid assessment of the relative condition of leaf chlorophyll content and 

leaf chlorophyll index in a variety of crop species, both for agricultural and ecological studies. 

The CCM 200 plus meter and SPAD-502 provided good estimates of chlorophyll index and 

chlorophyll content for all leaves, dependent of leaf colors within plant phonological stage. The 

whole result of the research (analysis of variance, mean comparison, means of significant 

treatment effect at 5% probability level, relationship of correlation coefficient among parameters) 

were explained the efficiency use of SPA-502 and CMM-200 to determine leaf chlorophyll 

concentration depending on leaf colors and deep green and yellow green were successful to 

determine rather than use dark green (medium leaf color). 

According to this result, chlorophyll index of CCM reading & total chlorophyll measurement of 

SPAD readings were closely related to leaf N content in different leaf color at different growth 

stage. They can be used to monitor the N status of coffee, maize, wheat & barley in this research 

work and thereby to adjust the rate of N fertilization in order to increase N use efficiency and 

solve timely adjustment of crop nitrogen status even by side dress or foliar application by leaf 

diagnosis of SPAD and CCM reading. This indicated that, the purpose of CCM &SPAD in 

determination of leaf nitrogen content in crop leaf at different growth stage solve the problem of 

expensive, time consumption , use of chemicals in involved destructive methods of leaf nitrogen 

determination. 

A further benefit of these optical instruments is that they avoid the need to use hazardous 

solvents, reducing environmental contamination and human health hazards.  

Even though the maximization of plant nitrogen-use-efficiency (NUE) has direct impact on 

increasing crop production, due to the increase of agronomic value of the fertilizer, optimizing 

the use of nitrogen will reduce the adverse effect on the environment that can be caused by 

nitrate leaching and nitrous oxide production. 

 Accordingly, NUE can be achieved through measurement of the foliar N content of crops during 

growth. Chlorophyll meter techniques allow fine-tuning N management to field conditions for 
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the whole field or for management zones established in the field to address spatial variability 

concerns. This reduces the risk of having yield-limiting N deficiencies and reduces the potential 

for over-fertilization and possible no contamination of ground and surface water.  

In conclusion, a chlorophyll meter can conveniently estimate foliar chlorophyll and nitrogen (N) 

contents in many species. Farmers and researchers need to use SPAD and also CCM to best 

estimate the nitrogen content of their crops specially at flowering stage. This will help them to 

minimize cost and optimize crop production. However, leaf color differences must be considered 

when using the equipments to directly estimate foliar N contents of the crops from the 

corresponding SPAD/CCM readings. Further research is required to explore the relationship 

between foliar N contents and SPAD/CCM readings for other crops.Improving the accuracy of 

non-destructive N estimations of crops also need to consider the phonological stage of the crops.  

. 
 

 



 

35 
 

6. REFERENCES 
 

Adam Mercado-Luna, Enrique Rico-García1, Alfredo Lara-Herrera, Genaro Soto-Zarazúa, 
Rosalía Ocampo-Velázquez1, Ramón Guevara-González1, Gilberto Herrera-Ruiz1 and 
IrineoTorres-Pacheco.2010. Nitrogen determination on tomato (Lycopersiconesculentum 
Mill.) seedlings by color image analysis (RGB).Department of Agronomy.School of 
Agriculture, Zacatecas State University, Zacatecas, México. 

Adrijana Magic, Milan Poljak, Ana Sabljo, Zrinka Knezović1 and Tea Horvat2.2008.Efficiency 
of Use of Chlorophyll Meter and Cardy-Ion Meter in Potato Nitrogen Nutrition 
Supply.Faculty of Agriculture University of Zagreb. Slovakia. 

AMER J.2005. Growth Environment and Leaf Anatomy Affect Nondestructive Estimates of 
Chlorophyll and Nitrogen in Citrus sp. Leaves. SOC. HORT. SCI. 130(2):152–158. 

Anand Titus and GeetaN.Pereira, 2006.Nitrogen Economy inside Coffee Plantations.Coffee 
Physiology. 

Alena Torres Netto, Eliemar Campostrini, Jurandi Gonc¸Alves De Oliveira, Ricardo Enrique 
Bressan-Smith.2004. Photosynthetic Pigments, Nitrogen, Chlorophyll A Fluorescence 
andSpad-502 Readings in Coffee Leaves. 

Andre Rodriguez Reis, Jose Laercio Favarin, Eurípedes Malavolta, Jose Lavres Junior &Milton 
Ferreira Moraes.2009. Photosynthesis, Chlorophylls, and SPAD Readings in Coffee Leaves 
In Relation To Nitrogen Supply. Communications in Soil Science and Plant Analysis Volume 
40, Issue 9-10. 

Biber PD (2007). Evaluating a chlorophyll content meter on three coastal wetland plant species. 
Journal of Agricultural, Food and Environmental Sciences 1(2):1-11. 

BiljanaBojovic and J. Stojanovi .2005.Chlorophylland Carotenoid Content in Wheat Cultivars as 
a Function of Mineral Nutrition. Arch. Biol. Sci., Belgrade, 57 (4), 283-290. 

BiljanaBojovic and Acamarkovic. 2009. Correlation between Nitrogen and Chlorophyll Content 
in Wheat (Triticumaestivuml.).Institute of Biology and Ecology, Faculty of Science, 
University of Kragu.Kragujevac J. Sci. 31, 69-74. 

Blackmer P.M., A.M., and T.F. Morris. 2007. Alternative bench-marks for economically optimal 
rates of nitrogen fertilization for corn. Agron. J. 99:1057–1065. 

Boussadia, K. Steppe, H. Zgallai, S. Ben El Hadj, M. Braham, R. Lemeur, and M.C. Van 
Labeke.2011.Nondestructive Determination of Nitrogen and Chlorophyll Content in Olive 
Tree Leaves and the Relation with Photosynthesis and Fluorescence Parameters. 
Photosynthetica 49 (1): 149-153. Institute of the Olive Tree Station of Sousse, 40 Rue 
IbnKhouldoun 4061 Sousse, Tunisia. 



 

36 
 

Chang, S.X., Robison, D.J.2003 Nondestructive and rapid estimation of hardwood foliar nitrogen 
status using the SPAD-502 chlorophyll meter. Forest Ecol. 181:331–338. 

CABRERA, R. I. (2004): Evaluating yield and quality of roses with respect to nitrogen 
fertilization and leaf nitrogen status. XXV International Horticulturae Congress, ISHS.Acta 
Horticulture 511: 157-170. 

Che-Min Lee and Wen-Yaw Chung.2001.The Readout System and Chip Implementation for 
Chlorophyll Contents Meter.Electronics Department. Chung Yuan Christian University. 

Cheryl Tevis, Dave Mowitz, and Laurie Bedord.2014. SPAD 502PlusChlorophyll Meter. 
Agriculture.com 

Dana E. MARTÍNEZ, Juan J. GUIAMET.2004.Distortion of the SPAD 502 Chlorophyll Meter 
Readings by Changes in Irradiance and Leaf Water Status.Original article. Agronomy 
(24)41–46. 

Demotes-Mainard, S.; Boumaza, R.; Meyer, S.; Cerovic, Z.G. 2011.Indicators of nitrogen status 
for ornamental woody plants based on optical measurements of leaf epidermal polyphenol 
and chlorophyll contents. Sci. Hort. 2008, 115, 377–385. 

Dr. Perricone.2005. Super food: Barley Grass, Wheatgrass and Other Green Foods.No. 6 

DongliangXiong  , Jia Chen , Tingting Yu  , WanlinGao , Xiaoxia Ling , Yong Li  , 
ShaobingPeng  &Jianliang Huang.2015.SPAD-based leaf nitrogen estimation is impacted by 
environmental factors and crop leaf characteristics.Scientific Reports 5, 
Article number: 13389. 

Ethiopian Institute of Agricultural Research.2014.Characterization of a barley-based farming 
system in the Arsi Highlands .Journal of Agricultural Extension and Rural 
Development.Vol.8 (10), pp.309-320.Ethiopia. 

Fabrício Silva Coelho, Paulo Cezar Rezende Fontes, Heder Braun2 and Marcelo Cleón de Castro 
Silva.2012.Using a Chlorophyll Meter Readings for Monitoring Nitrogen Status of Potato 
Cultivars.Department of Agriculture, University of Lavras, Lavras, Minas Gerais, Brazil. 

Fernando Silla, Ana Gonzalez-Gil, M, Esther Gonzalez-Molina, Sonia Mediavilla, Alfonso 
Escudero.2009. Estimation of chlorophyll in Quercus leaves using a portable chlorophyll 
meter: e ects of species and leaf. Ann. For. Sci. 67 (2010) 108. 

Fred T. Turner  and Michael F. Jund.1990. Chlorophyll Meter to Predict Nitrogen Top dress 
Requirement for Semi dwarf Rice. Vol. 83 No. 5, p. 926-928. 

Giovani Greigh Brito, Valdinei Sofiatti, Ziany Neiva Brandão, Vivianny Belo Silva,Franklin 
Magnum Silva and Dalva Almeida Silva.2011.Non-destructive analysis of photosynthetic 
pigments in cotton plants. Acta Scientiarum. Agronomy. Maringá, v. 33, n. 4, p. 671-678. 



 

37 
 

Guendouz A, Hafsi M, Khebbat Z, Moumeni L, Achiri A. 2014. Evaluation of Grain yield, 1000 
kernels weight and chlorophyll content as indicators for drought tolerance in durum wheat 
(Triticum durum Desf.). Adv. Agric. Biol. 1: 89-92. 

Inskeep WP, PR Bloom (1985) Extinction coefficients of chlorophyll a and b in N.N-
dimethytformamide and 80% acetone. Plant Physiol. 77:483-485. 

Islam, M.Sh M. S. U. Bhuiya, S. Rahman and M. M. Hussa In.2009.Evaluation of Spad and Lcc Based 
Nitrogen Management in Rice (Oryza Sativa L.).ISSN 0258-7122.Bangladesh J. Agril. Res. 34(4): 
661-672. 

John R. Evans.1989 Photosynthesis and nitrogen relationships in leaves of C3 plants.Oecologia 
78: 9 19 Division of Plant Industry. Australia. 

 

John L. Jifon, James P. Syvertsen and Eric Whaley.2005.Growth Environment and Leaf 
Anatomy Affect Nondestructive Estimates of Chlorophyll and Nitrogen in Citrus sp. Leaves 
.Journal of the American Society for Horticultural Science.vol. 130 no. 2 152-158. 

João Paulo GonsiorkiewiczRigon; Silvia Capuani; Napoleão de EsberardMacêdoBeltrão; José 
Félix de BritoNeto; ValdineiSofiatti; Fabíola Vanessa de França.2012. Non-destructive 
determination of photosynthetic pigments in the leaves of castor oil plants.Acta Sci., 
Agron. vol.34 no.3 . 

KyverygaM. LUNAGARIA, H R PATEL and VY AS PANDEY.2015. Evaluation And 
Calibration Of Noninvasive Leaf Chlorophyll Meters For Wheat. Journal of Agro 
meteorology 17 (1): 51-54. Department of Agricultural Meteorology, BACA, AAU. India. 

Mahdi M. Ali, Ahmed Al-Ani, Derek Eamus and Daniel K.Y. Tan.2012.A New Image 
Processing Based Technique to Determine Chlorophyll in Plants. American-Eurasian J. 
Agric. & Environ. Sci., 12 (10): 1323-1328. 

Marcos Sebastian Pereyra; VaninaDavidenco; Selva Beatriz Núñez; Juan Alberto Argüello.2014. 
Chlorophyll Content Estimation In Oregano Leaves Using A Portable Chlorophyll Meter: 
Relationship With Mesophyll Thickness And Leaf Age. 

Martinez D.E., Guiamet J.J. 2004.Distortion of the SPAD 502 chlorophyll meter readings by 
changes in irradiance and leaf water status.Agronomie, 24: 41-46. 

Mostafa GHASEMI, Kazem ARZANI, Abbas YADOLLAHI, Shiva GHASEMI, Sadat 
SARIKHANI KHORRAMI.2011. Estimate of Leaf Chlorophyll and Nitrogen Content in 
Asian Pear (PyrusserotinaRehd.) by CCM-200.TarbiatModares University, Department of 
Horticultural Science, Faculty of Agriculture, Tehran, Iran.SciBiol, 3(1):91-94. 

MotoyaIkeguchi, Masahito Tsubata, Akira Takano, Tomoyasu Kamiya, Kinya Takagaki, 
Hideyuki Ito, YohkoSugawa-Katayama, and Hideaki Tsuji.2014. Effects of Young Barley 
Leaf Powder on Gastrointestinal Functions in Rats and Its Efficacy-Related Physicochemical 



 

38 
 

Properties. Evidence-Based Complementary and Alternative Medicine.Volume 2014 (2014), 
Article ID 974840, 7 pages 

Muhammad Abdul Hakim Shibghatallah, SitiNurul Khotimah, Sony Suhandono, Sparisoma 
Viridi, Teja Kesuma.2013.Measuring Leaf Chlorophyll Concentration from Its Color: A Way 
in Monitoring Environment Change to Plantations. ArXiv: 1305.1148v2 [physics.bio-ph] 26. 

Nayek Sumanta1, Choudhury Imranul Haque2, Jaishee Nishika and Roy 
Suprakash.2014.Spectrophotometric Analysis of Chlorophylls and Carotenoids from 
Commonly Grown Fern Species by Using Various Extracting Solvents.Research Journal of 
Chemical Sciences .ISSN 2231-606X Vol. 4(9), 63-69. 

Patrick D. Biber, Assistant Professor, Marine Botany, The University Of Southern 
Mississippi.2007 Evaluating A Chlorophyll Content Meter On Three Coastal Wetland Plant 
Species. Journal Of Agricultural, Food, And Environmental Science ISSN1934-7235.. 

Pinkard, E.A., Patel, V.and Mohammed, C. (2006) Chlorophyll and nitrogen determination for 
plantation-grown Eucalyptus nitens and E. globules using a non-destructive meter. Forest 
Ecol. 223:211–217. 

PitiAuearunyawat, Teerasit Kasetkasem, Audthasit Wongmaneeroj, Akinori Nishihara4 and 
Rachaporn Keinprasit.2012. An Automatic Nitrogen Estimation Method in Sugarcane Leaves 
Using Image Processing Techniques. (ICAEBS'2012) May 26-27, 2012 Phuket. 

Piekielek, W.P., and R.H. Fox. 1992. Use of a chlorophyll meter to predict side dress N 
requirements for maize. Agron. J. 84:59–65. 

Piekielek, W.P., R.H. Fox, J.D. Toth, and K.E. MacNeal. 1995. Use of a chlorophyll meter at the 
early dent stage of corn to evaluate N sufficiency. Agron. J. 87:403–408. 

Porra RJ, Thompson WA, Kriedemann PE (1989) Determination of accurate extinction 
coefficients and simultaneous equations for assaying chlorophylls a and b extracted with four 
different solvents: verification of the concentration of chlorophyll standards by atomic 
absorption spectroscopy. Biochim. Biophys. Acta 975:384-394. 

PrajaktaPatane, Anup Vibhute.2014. Chlorophyll and Nitrogen Estimation Techniques: A  
Review. International Journal of Engineering Research and Reviews. Vol. 2, Issue 4, pp: (33-
41). 

Probir Kumar PAL, Rakesh Devsharan SINGH and Ramdeen PRASAD.2012 Non-destructive 
estimation of chlorophyll and nitrogen content in leaf of Rosa damascena (Mill). Soil Science 
and Plant Nutrition, 58, 604—610. 

Queue Ling, Weihua Huang1, and Paul Jarvis.2000.Use of a SPAD-502 meter to measure leaf 
chlorophyll concentration in Arabidopsis thaliana.Department of Biology.University of 
Leicester. United Kingdom. 



 

39 
 

Rafael F. Muñoz-Huerta , Ramon G. Guevara-Gonzalez , Luis M. Contreras-Medina, Irineo 
Torres-Pacheco 1, Juan Prado-Olivarez 2 and Rosalia V. Ocampo-Velazquez.2013.A Review 
of Methods for Sensing the Nitrogen Status in Plants: Advantages, Disadvantages and Recent 
Advances.Sensors,13, 10823-10843; doi: 10.3390/s130810823. 

Richardson AD, Duigan SP, Berlyn GP (2002).An evaluation of noninvasive methods to estimate foliar 
chlorophyll content. New Phytologist 153:185-194. 

Rafiqul Islam M., K M Shamsul  Haque, Nurunnaher Akter and M Abdul Karim.2014.  Leaf 
chlorophyll dynamics in wheat based on SPAD meter reading and its relationship with grain 
yield. Sci. Agri. 8 (1), 2014: 13-18. Department of Agronomy. Agricultural University 
Gazipur.  Bangladesh. 

Richardson, Jean-Christophe Roggy, HeidySchimann, Johan Uddling.2009.Assessing foliar 
chlorophyll contents with the SPAD-502 chlorophyll meter: a calibration test with thirteen 
tree species of tropical rainforest in French Guiana.Department of Organismic and 
Evolutionary Biology.Kourou, France. 

Robert L. Rorie, Larry C. Purcell, MortezaMozaffari, Douglas E. Karcher,   C. Andy    King, 
Matthew C. Marsh, and David E. Longer.2011.Association of   “Greenness” in Corn with 
Yield and Leaf Nitrogen Concentration. Agronomy Journal Volume 103, Issue 2. 
University.Of Arkansas, America. 

 Sabrina Coste, Christopher Baraloto, Céline Leroy, ÉricMarcon, Amélie Renaud, Mark R. 
Steele, Anatoly A. Gitelson,and Donald C. Rundquist.2008. A Comparison of Two 
Techniques for Nondestructive Measurement of Chlorophyll Content in Grapevine Leaves. 
Agronomy Journal Volume 100, Issue 3. 

Sawyer J.E., D.W. Barker, and J.P. Lundvall.2004.Using Chlorophyll Meter Readings to 
Determine N Application Rates For Corn. Iowa State University, Ames, Iowa. 

Schwab G.J., C.D. Lee, and R. Pearce .2007.Sampling Plant Tissue for Nutrient 
Analysis.Department of Plant and Soil Sciences; W.O. Thom, Division of Regulatory 
Services. 

Soler-Rovira J., J.M. Arroyo-Sanz, H. Conde-Marcos, C. Sanz-Zudaire, A. 
Mesamoreno.2008.Chlorophyll Content Variability in Different Sugar beet Crop 
Cultivars.Dep. Of Agronomy, Madrid Technical University, Jose.Soler@Upm.Es. 

Steele.R.Mark, Anatoly A. Gitelson and Donald C. Rundquist.2008.A Comparison of Two 
Techniques for Nondestructive Measurement of Chlorophyll Content in Grapevine Leaves. 
Agronomy Journal Volume 100, Issue 3. 

Torres Netto, A.; Campostrini, E.; Oliveira, J. G.; Smith, R. E. B.2005.Photosynthetic Pigments, 
Nitrogen, Chlorophyll A Fluorescence and Spad-502 Readings in Coffee Leaves.Scientia 
Horticulture, V. 104, N. 2, P. 199-209, 2005. 



 

40 
 

Thomas M. Cate1 and T. D. Perkins.2003.Chlorophyll Content Monitoring In Sugar Maple (Acer 
Saccharum). Tree Physiology 23, 1077–1079.Heron PublishingVictoria, Canada. 

Tucker, M. (2004): Primary Nutrients and Plant Growth. - In: Essential PlantNutrients 
(SCRIBD, Ed.). Department of Agriculture .North Carolina. 

 Uchino .H. T. Watanabeab, K. Ramua, K. L. Sahrawata, S. Marimuthuc, S. P. Wania& O. 
Itod.2013.CalibratingChlorophyllMeter (Spad-502) Reading By Specific Leaf Area For 
Estimating Leaf Nitrogen Concentration In Sweet Sorghum.  International Crops Research 
Institute For The Semi-Arid Tropics (Icrisat),Journal Of Plant Nutrition Volume 36, Issue 10. 
Patancheru, India. 

Van den Berg A.K. and Perkins T.D. 2004.Evaluation of a portable chlorophyll meter to estimate 
chlorophyll and nitrogen contents in sugar maple (Acer saccharum Marsh.) Leaves. Forest 
Ecology and Management 200, 113–117. Proctor Maple Research Center, University Of 
Vermont.USA. 

Van den Berg A.K., T.D. Perkins.2004. Evaluation of a portable chlorophyll meter to estimate 
chlorophyll and nitrogen contents in sugar maple (Acer saccharum Marsh.) leaves.Forest 
Ecology and Management 200.113–117.University of Vermont.USA. 

Vickery, P. J., 1981, Pasture growth under grazing. In Grazing Animals, edited by F. H. 
W.Morley (Amsterdam: Elsevier), pp. 55–78. 

Walter Riedell, 1999 .Instrument For Rapid Nitrogen Testing in Corn: Nitrate Meter and 
Chlorophyll Meter. USDA-Agricultural Research Service, Brookings SD. 

Wang D, Xu Z, Zhao J, Wang Y, Yu Z. 2011. Excessive nitrogen application decreases grain 
yield and increases nitrogen loss in a wheat-soil system. ActaAgriculturaeScandinavica. 61: 
681-692. 

Wen-Ming Wu, Jin-Cai Li, Hong-Jian Chen, Shi-Ji Wang, Feng-Zhen Wei, Chen-Yu Wang, 
Yan-Hong Wang, Jin-Dong Wu Yi Zhang.2013.Effects of nitrogen fertilization on 
chlorophyll fluorescence change in maize (Zea mays L.) under water logging at seedling 
stage. 

Wonsuk Lee, Stephen W. Searcy and Takashi Kataoka.1999. Assessing Nitrogen Stress in Corn 
Varieties of Varying ColoR. Department of Agricultural Engineering .Texas A&M 
University. 

Wood, C. W. D. W. Reeves and D. G. Himelrick.1993.Relationships between chlorophyll meter 
readings and leaf chlorophyll concentration, N status, and crop yield:  A review.36849-
541.Department of Agronomy and Soils.Auburn University, Alabama .USA. 

Xueyun Hu, Ayumi Tanaka and Ryouichi Tanaka.2013. Simple extraction methods that prevent 
the art factual conversion of chlorophyll to chlorophyll idée during pigment isolation from 
leaf Samples. 



 

41 
 

Yosef Tabar.2013. Evaluation use leaf color chart in rice for nitrogen management. Young 
Researchers and Elit Club, sari Branch, Iran Islamic Azad University, sari, Iran. 

Zhu J., Tremblay N, Liang Y. 2012. Comparing SPAD and at LEAF values for chlorophyll 
assessment in crop species. Can. J. Soil Sci. 92: 645-648. 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 



 

42 
 

APPENDEX 
 

Table1. Sample of chlorophyll reading for specific leaf color for each crop at different growth stage 

 

crop 
type 

 
maize 

 

crop 
type 

 
wheat 

 
growth stage vegetative 

 
growth stage vegetative 

  
chlorophyll reading 

  
chlorophyll reading 

 

leaf 
color 

CCM-
200 

SPAD-
502 

 

leaf 
color 

CCM-
200 

SPAD-
502 

 
DPG 

   
DPG 

  1 " 44.1 50.8 1 " 38.2 54.8 
2 " 45.7 55 2 " 34.8 67.9 
3 " 45.8 55.3 3 " 45.7 56.8 
4 " 46.6 50.5 4 " 34.7 52.4 
5 " 48.3 50.4 5 " 39.7 48.9 

6 " 42.7 51 6 " 42.3 44.7 
7 " 41.9 52.3 7 " 44.2 57.9 
8 

 

47.4 118.5 8 " 43.1 58.6 
9 " 45.6 57 9 " 32.2 57.4 

10 " 40.2 52 10 " 38.7 58.5 
average   44.83 59.28 Average   39.36 55.79 
total 

 
448.3 592.8 Total 

 
393.6 557.9 

 
DRG 

CCM-
200 

SPAD-
502 

 
DRG 

CCM-
200 

SPAD-
502 

1 " 22.1 38.7 1 " 26.8 56.9 
2 " 22.4 49.3 2 " 29.8 47.8 
3 " 21.6 44.5 3 " 29.6 49 
4 " 21.7 42.5 4 " 26.5 44.6 
5 ' 19.5 44.9 5 " 22.5 43.5 
6 " 19.8 35 6 " 19.6 41.2 
7 " 17.8 35.5 7 

 

23.4 38.8 
8 " 29.2 39.9 8 " 23.4 36.8 
9 " 27.4 39.2 9 " 25.7 34.7 

10 " 24.2 37.7 10 " 21.1 29.6 
average   22.57 40.72 Average   24.84 42.29 
total 

 
248.27 407.2 Total 

 
248.4 422.9 

 
YG 

CCM-
200 

SPAD-
502 

 
YG 

 
CCM-
200 

SPAD-
502 

1 " 6.4 23.1 1 " 7.8 41.6 
2 " 6.3 21 2 " 16.8 40.6 
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3 " 7.2 22 3 

 

14.7 37.9 
4 " 8.2 20.9 4 " 12.6 31.4 
5 " 8.7 21.7 5 " 13.6 22.9 
6 

 

8.4 23.8 6 " 12.1 12.8 
7 " 7.2 24.1 7 " 5.6 10.6 
8 " 6.3 22.1 8 " 5.1 11.4 
9 " 5.9 20.7 9 " 2.3 9.4 

10 " 6.2 25.7 10 " 2.5 7.8 
average   7.08 22.51 Average   9.31 22.64 

 

 

crop 
type 

 
coffee 

 

crop 
type 

 
barley 

 
growth stage bean b. 

 
growth stage vegetative 

  

chlorophyll 
reading 

  
chlorophyll reading 

 

leaf 
color 

CCM-
200 

SPAD-
502 

 

leaf 
color 

CCM-
200 

SPAD-
502 

p.r DPG 
  

P.r DPG 
  1 " 155.6 77.6 1 " 18.7 52.7 

2 " 119.6 76.5 2 " 25.8 43.2 
3 

 

128.5 73.2 3 " 34.7 46.3 
4 " 109.1 75.2 4 " 32.6 51.4 
5 " 134.6 78.5 5 " 44.1 52.7 
6 " 138.5 77.1 6 " 33.8 55.6 
7 " 129.8 78 7 " 34.9 53.4 
8 " 138.8 75.1 8 " 19.5 54.6 
9 " 127.5 74.3 9 " 12.8 59.7 

10 " 159.3 77.6 10 " 8.6 56.8 
average   134.13 76.31 AVERAGE   26.55 52.64 
total 

 
1341.3 763.1 TOTAL 

 
265.5 526.4 

 

 
 
DRG 

 
 
CCM-
200 

 
 
SPAD-
502 

 

 
 
DRG 

 
 
CCM-
200 

 
 
SPAD-
502 

1 " 46.8 54.8 1 " 19.3 45 
2 " 47.4 56.3 2 " 19.9 43.9 
3 

 

55.2 53.8 3 " 32.3 52.8 
4 " 56.2 54.3 4 " 31.2 51.2 
5 " 61.1 58.1 5 " 31.9 56.7 
6 " 54.6 52.3 6 " 12.7 47.9 
7 " 55 53.6 7 " 16.7 49.5 
8 " 46.5 54.5 8 " 12 45.6 
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DPG=Deep green,DRG=Dark Green,YG=Yellogreen,YN=Yello normal 

 

 

 

 

 

9 " 52.5 57.4 10 " 7.8 43.2 
10 " 52.8 58.3 

    
average   52.81 55.34 AVERAGE   20.42222 48.42222 
total 

 
528.1 553.4 TOTAL 

 
183.8 435.8 

 
YN 

CCM-
200 

SPAD-
502 

 
YG 

CCM-
200 

SPAD-
502 

1 " 26.3 31.8 1 " 6.6 27.9 
2 " 23.3 27.4 2 " 7.3 28.9 
3 " 24 28.7 3 " 10 27.8 
4 " 25.6 29.3 4 " 11.2 31.3 
5 " 24.8 34.2 5 " 12.8 30.3 
6 " 24.9 41.1 6 " 7.5 19.6 
7 " 24.3 42.6 7 " 4.6 15.4 
8 " 13.3 44.6 8 " 2.5 21.4 
9 " 10.4 43.5 9 " 3.2 23.1 

10 " 10.9 44.5 10 " 4.2 12.3 
average   20.78 36.77 AVERAGE   6.99 23.8 



 

45 
 

Table 2. The Average Reading Of Ccm-200 And Spad-502 With Nitrogen Analysis By Kjedhal 
Methods (Summurized Raw Data) 

 

wheat trtmt 
leaf 
color 

CCM-
200 

SPAD-
502 N. content 

 
T1 deep gr 229.36 462.1 3.7ml/gm 

 
T2 dark gr 178.54 408.98 2.9ml/gm 

(veg.st) T3 
yellow 
gr 96.42 255.92 2.4ml/gm 

  T total   504.32 1127 9ml/gm 

 
T1 deep gr 215.72 444.04 3.3ml/gm 

 
T2 dark gr 170.92 399.4 2.4ml/gm 

(Flow.) T3 
yellow 
gr 75.2 218.16 1.6ml/gm 

  T total   461.84 1061.6 7.3ml/gm 

 
T1 deep gr 297.44 480.7 2.9ml/gm 

 
T2 dark gr 195.2 435.6 2.7ml/gm 

(maturity) T3 
yellow 
gr 96.42 230.12 1.7ml/gm 

 
T total   589.06 1146.42 7.3ml/gm 

       
Coffee trtmnt 

leaf 
color 

CCM-
200 

SPAD-
502 N.cont. 

 
T1 deep gr. 3781 736.42 2.4ml/gm 

 
T2 dark gr. 483.24 517.52 2.5ml/gm 

 
T3 

yelloe 
nr. 161.58 335.7 1.3ml/gm 

(b.b stag) T4 
deep 
yel. 73.86 223.26 1.3ml/gm 

  T total   4499.68 1812.9 7.5ml/gm 

 
T1 deep gr. 1099.06 704.42 2.1ml/gm 

 
T2 dark gr. 418 490.72 1.9ml/gm 

(flow.stg T3 
Yellow 
nr. 72.46 240.12 1.5ml/gm 

 
T4 

deep 
yel. 25.6 108.34 1.5ml/gm 

  T total   1615.12 1543.6 7ml/gm 

      
      
maize trtmt 

leaf 
color 

CCM-
200 

SPAD-
502 N.cont. 

 
T1 deep gr. 417.2 527.7667 4.3ml/gm 

 
T2 dark gr. 226 407.5 1.7ml/gm 

(veg.stg) T3 yellow 66.43333 208.8333 0.9ml/gm 
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gr. 
  trt total   709.6333 1144.1 6.9ml/gm 

 
T1 deep gr. 455.2333 550.4 2.4ml/gm 

 
T2 dark gr. 150.4667 339.7333 1.8ml/gm 

(flow.st) T3 
yellow 
gr. 100.4333 289.0333 1.5ml/gm 

  trt total   706.1333 1179.167 5.7ml/gm 

      
      
barley trtmt 

Leaf 
color 

CCM-
200 

SPAD-
502 N.cont. 

 
T1 deep gr. 259.62 434.24 9.6ml/gm 

 
T2 dark gr. 166.4 403.42 3.8ml/gm 

(veg.stg) T3 yello gr 78.74 252.58 2.6ml/gm 

 

trmt 
total   504.76 1090.24 16.1ml/gm 

 
T1 deep gr. 181.58 408.06 3.5ml/gm 

(Flow.) T2 dark gr. 145.84 372.56 2.8ml/gm 

 
T3 yello gr 67.12 230.82 2.4ml/gm 

 

trmt 
total   394.54 1011.44 8.7ml/gm 
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Table 3.  ANOVA (Analysis Of Variance) for CCM-200& SPAD-502 different crops STAGE I 
(vegetative/) 

CROP TYPE CCM-200 reading(CCI) SPAD-502 reading(LCC) 

 Mean values Pr> F Mean values Pr> F 

Wheat 57299.408** <0.0001 22499.50867** 0.0010 

Maize 94396.7778* 0.0469 120211.0000** 0.2167 

Coffee 40909.84867* 0.0007 47252.4446** 0.0002 

Barley 1479541.453** <.0001 201293.5340*** <.0001 

 

STAGE II (Flowering) 

Table 4. ANOVA (Analysis Of Variance) for CCM-200& SPAD-502 
 

 

 

 

 

 

 

 

 

 

 

**= highly significant difference,*significance difference 

 
 

Crop 
type  

CCM-200 reading(CCI) SPAD-502 reading(LCC) 

 Mean values Pr> F Meanvalues Pr> F 

Wheat  25729.01067** <0.0001 71561.1440** <.0001 

Maize  110634.5478** <.0001 57631.7344* 0.0015 

Coffee  1364290.146** <.0001 270035.4500** <.0001 

Barley  412605.2667* 0.0175 273760.4667** <.0001 
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