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ABSTRACT  
 

Current research is devoted to comparatively assess spectrophotometric chlorophyll measurements and portable chlorophyll meter 
methods after photostimulation of common wheat with UV-B radiation. Two different methods of chlorophyll measurements were 
assessed: first method by using spectrophotometer instrument (SPM); second method by using AtLeaf-Portable-chlorophyll-Meter 
(PCM). Sterilized seeds of each Wheat cultivar of Triticum aestivum L. were divided into two groups based on irradiation 
pretreatments; (1) non-irradiated control group (C) and UV-B radiation treated seeds using different doses of UV-B radiation from 1 to 
1200 seconds. Chlorophyll content was measured after two weeks from germination both spectrophotometric (SPM) and using 
Atleaf+-portable-chlorophyll-meter (PCM). The results indicated that when using SPM: UV-B radiation induced a significant decrease 
in chlorophyll content at all doses in Sakha-93, Sids-1 and Gemmiza-9 while in Sakha-94 induced significant decrease in chlorophyll 
content at all doses except at 60 and 120 s. Conversely, UV-B radiation induced a significant increase in chlorophyll content at doses 
from 30 to 600 s in Sakha-95 and at all doses except 1 and 5 s in Giza-168 compared with control. However, using PCM-method, 
results indicated that UV-B radiation induced the same trend a significant decreased in chlorophyll content at all doses in Giza-168 
while in Sakha-94, Sids-1 and Gemmiza-9 UV-B radiation induced significant decrease in chlorophyll content (PCM) at all doses 
except (10 s and 30 s) in Sakha-94; (5 and 10 s) in Sids-1 and (1, 5 and 30 s) in Gemmiza-9. It was also found that in Sakha-93 and 
Sakha-95 all doses of UV-B radiation induced a significant increase in chlorophyll content except at 30, 600 and 1200 s in Sakha-95. 
As a general trend, UV-B radiation decreased chlorophyll content of tested common wheat cultivars in Egypt. Both PCM and SPM 
methods were efficient and portable methods were significantly strong correlated to spectrophotometric method. Portable chlorophyll 
meter method (PCM) can be used efficiently in monitoring most of common wheat cultivars after seed pretreatment with UV-B 
radiation.  
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INTRODUCTION 

 

Photosynthesis is the most important biochemical process occurring in plants and chlorophyll (Chl) is the 
key pigment involved in it [1]. In photosynthesis, antenna pigments in leaf chloroplasts absorb solar radiation, 
and through resonance transfer the resulting excitation is channelled to the reaction center pigments, which 
release electrons and set in motion the photochemical process [2]. The chlorophylls, Chl-a and Chl-b, are 
virtually essential pigments for the conversion of light energy to stored chemical energy [3]. Analysis of pigment 
composition of leaves is important in plant ecophysiological studies, providing key information about 
physiological responses to environmental factors such as light [4], drought [5], and flooding [6]. From a 
physiological perspective, leaf Chlorophyll content is, therefore, a parameter of significant interest in its own 
right. Thus, Chlorophyll gives and indirect estimation of the nutrient because much of nitrogen is incorporated in 
chlorophyll [1,7-12]. The concentration of pigments can change with low temperature [13], ozone injury [14], 
salinity [15]. Chlorophyll is a key biochemical component in the molecular apparatus that is responsible for 
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photosynthesis, the critical process in which the energy from sunlight is used to produce life-sustaining oxygen 
[16,17]. Destructive methods for pigment determinations are accurate but expensive and time consuming [18]. In 
some cases, when stress factors induce very rapid changes in pigment content, the need for more intensive 
analysis is hampered by the time required for sample collection, extraction and quantification of pigment 
contents. This may become a problem when the distance and time required for bringing the material from the 
field to the laboratory affects the accuracy of results. Non-destructive methods for determining leaf Chlorophyll 
content present advantages by allowing rapid and repeated measurements of the same leaves over time [19-20]. 
The chlorophyll extraction in the laboratory is time consuming and destructive. Besides this, laboratory pigment 
extraction is tedious for large numbers of samples. So for on-field real time and non-invasive measurements of 
chlorophyll, handy chlorophyll meters are preferred mostly. The chlorophyll meters are non-invasive, portable 
and fast devices to measure the chlorophyll concentration in the canopy of the standing crops/vegetation. These 
meters measure the transmittance of the red and infrared radiation emitted by LEDs [21]. The chlorophyll meter 
readings (SPAD) are positively correlated with the content of chlorophyll and they provide reliable estimate of 
the level of chlorophyll [22]. Variations in chlorophyll concentration and the relationship of chlorophyll 
concentration with SPAD readings are important indicators of plant change with age [23]. There is a close link 
between leaf chlorophyll concentration and foliar nitrogen (N), which makes sense because the majority of foliar 
N is contained in chlorophyll molecules [24]. SPAD meters could be used as an indirect and rapid method for 
detecting foliar N status as well [24]. However, the SPAD meter provides only a simple index and analysis of 
leaf pigment content and composition requires calibrating SPAD values with actual measurements of pigments 
using destructive methods. The mathematical relationship between SPAD values and leaf pigment content varies 
among different types of leaf pigments as well as different plant species [25-28]. 

On the other hand, Wheat (Triticum aestivum L.) is one of the main crops consumed by humans and it is 
cultivated in different environments; it is one of the most important cereal crops of the world; in most areas of 
the world, wheat is a principal food [29]. Optical methods of chlorophyll express relative values of chlorophyll 
rather than absolute values per unit of area or leaf mass, however the values obtained through optical methods 
using portable chlorophyll meters are proportional to the concentrations of chlorophyll present in the leaves [2]. 
For this reason, several researches have been conducted to establish the relationship between both methods 
[19,30,31].  

The electromagnetic spectrum covers an extremely broad range, from radio waves with wavelengths of a 
meter or more, down to x-rays with wavelengths of less than a billionth of a meter. Ultraviolet radiations (UVR) 
make up about 8% of solar irradiance reaching the earth. UV is divided by wavelength into three types; (1) the 
longest, UV-A (320-400 nm), (2) the middle, UV-B (280-320 nm) and (3) the shortest, UV-C (200-280 nm) that 
is highly energetic and extremely dangerous to all living cells [32,33]. Climatic changes govern atmospheric 
processes such as increase of surface ozone content and UV-B radiation. They affect plants, including 
agricultural crops, as stressors (Reddy and Hodges, 2000). Increases in solar UV-B radiation (280–315 nm) 
reaching the Earth’s surface due to stratospheric ozone depletion have raised concerns about UV-B impacts on 
plants [34]. The thinning of the stratospheric ozone layer and the resulting increase in solar UV-B radiation 
(280–320 nm) at the earth’s surface have led to major research efforts in studying the effects of UV-B on 
photosynthetic organisms. The UV-B effect was seen only after several days of exposure to full sunlight, 
whereas, the UV-B-induced reduction in CO2 uptake was instantaneous [35]. UV-B radiation levels are still 
relatively high at the Earth’s surface due to the depletion of stratospheric ozone by the chlorofluorocarbons 
released into the atmosphere since the mid nineteenth century [36]. The biological effects of enhanced solar UV-
B include reduction in plant growth, photosynthetic activity and biomass [37] A number of studies have 
examined the physiological and growth responses of plants to enhanced UV-B, and many of these have found 
damaging effects [38-39]. UV-B can directly damage the cellular membranes and result in free radical 
accumulation. Since many UV-B induced reductions in plant growth or productivity are linked to altered leaf 
physiology and function; Therefore, UV-B radiation is considered a potential environmental stress in natural 
ecosystems and agriculture [40].  

Therefore, current work aimed to study the effect of seed pretreatment with enhanced doses of Ultraviolet 
radiations especially UVA+B and assess the relationship between the extractable chlorophyll content 
(spectrophotometric method; SPM) and the readings obtained with the portable chlorophyll meter measurements 
(PCM) in six selected common wheat (Triticum aestivum L.) cultivars under the effect UV-B radiations. 

 
MATERIALS AND METHODS 

 
2.1. Plant Materials and Experimental condition: 

Six common cultivars of wheat (Triticum aestivum L.) were selected namely; T. aestivum cv. L. Sakha-
93, T. aestivum cv. Sakha-94, T. aestivum cv. Sakha-95, T. aestivum cv. Sids-1, T. aestivum cv. Gemmiza-9 and 
T. aestivum cv. Giza-168. Seeds were collected from the Agricultural Research Center, Egypt (ARC, Egypt). 
Seeds of each cultivar were randomly divided into two main groups; (1) control group and (2) UV-B radiation in 
which seeds were exposed to different exposition time of UV-B radiation    (Table 1). Leaves were randomly 
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sampled after two weeks of cultivation samples were exposed to both spectrophotometric method through 
extraction in organic solvent and using portable chlorophyll meter. Experiments were cultivated in vivo on 
experimental site, and the chlorophyll content was measured after two weeks from germination.   

 
Table 1: Detailed experimental conditions for seed pre-sowing irradiation with UVa+b radiation. 

Experiment condition Description 
Radiation type UVA+B radiation 
Wavelength 300-400 nm 
Maximum wavelength 335 nm 
Power intensity 2.2 mW.cm-2 
Duration of exposition to Polarized light in seconds 0, 1, 5, 10, 30, 60, 120, 600 and 1200 seconds 
Wave emission Continuous pulse 
Irradiation times Single shot 
Beam size 15.5 x 27.7 cm 
Room temperature 26 oC 

 
2.2 Estimation of Chlorophyll: 
2.2.1. Spectrophotometric method (SPM): 

Total chlorophyll content was determined in the six studied wheat cultivars and different polarized light 
treatment by the spectrophotometric method recommended by [41]. A known fresh weight of leaves was 
homogenized in 85% aqueous acetone, the homogenate was centrifuged and the supernatant was made to volume 
with 85% acetone. Absorbance was measured at three wavelengths of A452.5, A644 and A663 (nm) using Spekol 
spectrophotometer VEB Carl-Zeiss.  
 
2.2.2. Portable Chlorophyll Meter Method (PCM):  

Chlorophyll contents were monitored with a handheld chlorophyll meter using an Atleaf chlorophyll 
meter (atLEAF+ FT Green, LLC, Wilmington, (DE)) for non-invasively measuring the relative chlorophyll 
content of control and treated plant groups. AtLeaf chlorophyll meter (or SPAD meter) measures the optical 
density of targeted plant leaf at two different wavelengths; 660 nm and 940 nm [23] Chlorophyll content was 
expressed in AtLeaf units.  
 
2.3. Data analyses: 

Data collected from both spectrophotometric (SPM) and Portable chlorophyll meter (PCM) methods were 
presented in tables and figures. Variations between the two methods were assessed statistically using paired 
sample t-test. Moreover, variation between control and treated groups against control were tested using two-way-
Analysis-of-Variance followed by post-hoc analyses to assess significant variation against control. Simple linear 
regression analyses were carried out to assess the interrelationship between both SPM and PCM methods in 
different wheat cultivars at different doses of UV-B radiation. Statistical analyses were carried out using IBM 
SPSS Statistic software release 22.0. 
 

RESULTS AND DISCUSSION 
 

Pretreatment of wheat seeds with UVA+B radiation of wavelength 300-400 nm and maximum wavelength 
of (λmax= 335 nm) and power intensity 2.2 mW.cm-2 induced a significant change in chlorophyll content in 
mostly all cultivars determined by both extractable spectrophotometric method (SPM) and portable chlorophyll 
meter method (PCM) (Figure 1a-f and Fig.2a-f).  

Total extractable chlorophyll contents (SPM) results indicated that UV-B radiation induced a significant 
decrease in chlorophyll content at different doses in Sakha-94, Sids-1 and Gemmiza-9. Treatment of the 
genotype Sakha-93 with ultraviolet radiations induced a significant increase in chlorophyll content at doses 1-
1200 seconds in case of spectrophotometric method, while portable chlorophyll meter readings deviated to a 
fluctuating chlorophyll content in response to ultraviolet radiations (Figure 1). The pattern and response of 
different genotypes varied significantly either in total chlorophyll-PCM, total chlorophyll-SPM chlorophyll-a, 
chlorophyll-b, (F=10.02, p-value=0.000*; F=31.17, p-value=0.000*; p-value=0.000*; p-value=0.000*); 
respectively. The ultraviolet radiations (UVA+B) dose of 1 seconds 335 nm induced significant decrease in 
chlorophyll content measured in all cultivars by portable chlorophyll meter (Figure 1). The wheat cultivar sakha-
93 showed a decrease in chlorophyll content after seed pretreatment with all suggested doses of UV-B (1-1200 
seconds) determined spectrophotometrically (Figure 1). The spectrophotometric total chlorophyll content (SPM) 
in wheat cultivar giza-168 increased after 30, 60, 120, 300, 600 and 1200 seconds UV-treatment (Fig. 1). 
However, using PCM-method, results indicated that UV-B radiation induced a different trend.  

The wheat cultivar sakha-93 showed significant increase in chlorophyll content (PCM) at all doses of 
ultraviolet radiations from 1 to 1200 seconds (Figure 1). Fluctuating responses in wheat cultivar giza-168 were 
also noticed. The Quantification of chlorophyll contents using atLEAF+ portable chlorophyll meter (PCM) 
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method afforded high reading values for total chlorophyll for most of six wheat (T. aestivum L.) cultivars studied 
over the entire experiment in control groups (Table, 2). 

 

 
Fig. 1: Total chlorophyll content estimated both by spectrophotometric extractable method (SPM) and using 

portable chlorophyll meter (PCM) after seed pretreatment with UVA+B radiations for 1, 5, 10, 30, 60, 
120, 300, 600 and 1200 seconds, data expressed as mean of three replicas, error bars represent the 
standard error for means. 

 
Table 2. Total chlorophyll contents in leaves of T. aestivum after pretreatment with different doses of ultraviolet radiations (0, 1, 5, 10, 30, 
60, 120, 300, 600 and 1200 seconds), estimated by two different methods; spectrophotometric (SPM) and portable chlorophyll meter method 
(PCM). 

 
* Significant at p-value< 0.05, using two-way analysis of variance 

 
Data represented in Figure (2) present the effect of different doses of ultraviolet radiations on the 

chlorophyll-a and chlorophyll-b contents of the six studied wheat cultivars. Values of Chlorophyll-a content 
were less than that of chlorophyll-b along with the response to ultraviolet radiations. In wheat cultivar sakha-93, 
chlorophyll-a decreased significantly after irradiation to UVA+B radiations, while, chlorophyll-b increased 
significantly. Chlorophyll-a and chlorophyll-b showed different and complicated response to ultraviolet 
radiations (Figure2). 
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Fig. 2: Chlorophyll-a and chlorophyll-b contents of six different wheat cultivars (Sakha-93, Sakha-94, Sakha-95, 
Sids-1, gemmiza-9 and giza-168) after irradiation with different doses of ultraviolet radiations UVA+B (0, 
1, 5, 10, 30, 60, 120, 300, 600 and 1200 seconds. 
 
 
Pooled data of the six wheat cultivars and for the ten doses of UV-B radiations (0, 1, 5, 10, 30, 60, 120, 

300, 600 and 1200 seconds) were presented in Figure (3). Pooled data showed weak significant interrelationship 
between SPM and PCM (r=0.21, p-value= 0.005**) of total chlorophyll contents per unit area (Figure, 3). Wheat 
cultivars except for cultivars sakha-95 and giza-168 showed strong significant correlation between PCM and 
SPM assessed by spearman’s rank correlation and simple linear regression test statistic (Table, 2). 

 

 
Fig. 3: Scatterplot showing the interrelationship between both portable chlorophyll meter (PCM) and 

spectrophotometric extractable method (SPM) of chlorophyll estimation in different wheat genotypes 
(1-6) namely; Sakha-93, Sakha-94, Sakha-95, Sids-1, Gemmiza-9 and giza-168; respectively. 
Relationship assessed under different doses of ultraviolet radiations (0, 1, 5, 10, 30, 60, 120, 300, 600 
and 1200 seconds).  
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Figures (4) represent comparative changes in chlorophyll contents both by SPM and PCM for six wheat 
cultivars after irradiation with UV-B radiation. However, Table (2, 3) showed various statistical analyses of 
variations in SPM and PCM following pretreatment UV-B radiation. Significant difference in PCM values were 
found between different cultivars and between different leaves of seed pretreated with UV-B radiation plants. 
Environmental factors are known to affect leaf morphology, which in turn affects foliar optical properties, and 
can be expected to affect SPAD values [27]. 

 
Table 3. Simple linear regression for the relationship between portable chlorophyll meter (PCM) and spectrophotometric method (SPM) of 
chlorophyll estimation in six different Egyptian wheat cultivars. Where (y) represent the SPM and (x) is the PCM units. 

Parameter Genotypes Equation R Significance 
Constant Equation 

Total chlorophyll Sakha-93 y = -1.47 (x) + 75.96  0.641 0.000* 0.000* 
Sakha-94 y = -0.21 (x) + 56.88 0.148 0.000* 0.436 
Sakha-95 y =  0.03 (x) + 46.60 0.017 0.000* 0.929 
Sids-1 y = -0.10 (x) + 47.20 0.104 0.000* 0.585 
Gemmiza-9 y = -0.48 (x) + 41.33 0.463 0.000* 0.010* 
Giza-168 y = -0.03 (x) + 46.20 0.030 0.000* 0.875 

Chlorophyll-a Sakha-93 y = -3.38 (x) + 73.64 0.667 0.000* 0.000* 
Sakha-94 y = -1.09 (x) + 66.23 0.311 0.000* 0.095 
Sakha-95 y =  0.14 (x) + 45.67 0.046 0.000* 0.809 
Sids-1 y = -0.54 (x) + 50.79 0.207 0.000* 0.273 
Gemmiza-9 y =  2.29 (x) + 0.030 0.950 0.984 0.000* 
Giza-168 y = -0.22 (x) + 45.44 0.011 0.000* 0.955 

Chlorophyll-b Sakha-93 y = -2.38 (x) + 75.08 0.607 0.000* 0.000* 
Sakha-94 y = -0.02 (x) + 49.04 0.012 0.000* 0.948 
Sakha-95 y = -0.08 (x) + 49.05 0.180 0.000* 0.000* 
Sids-1 y = -0.05 (x) + 45.26 0.039 0.000* 0.837 
Gemmiza-9 y =  1.57 (x) + 2.268 0.978 0.008* 0.000* 
Giza-168 y = -0.07 (x) + 46.49 0.034 0.000* 0.860 

* Significant at p-value< 0.05, using two-way analysis of variance 
 

Many of the criteria used for assessing the sensitivity of a plant were mainly the UV-B radiation effects 
on growth and photosynthesis [42]. Enhanced UV-B radiation can have many direct and indirect effects on 
plants including inhibition of photosynthesis, DNA damage, changes in morphology, phenology and biomass 
accumulation [43]. Morphological and physiological responses of plants to UV-B radiation such as decreased 
leaf area serve to limit light interception by photosynthetic tissue and therefore protect against photo inhibition. 
It is well known that UV-B radiation inhibits vegetative growth which is attributed to the destruction of 
endogenous IAA [37]. With suitable optical filters, one can test whether the ambient UV-B (and UV-A) 
contributes to photo-inhibition of photosynthesis caused by exposure of plant leaves to full sunlight. In 
particular, the high UV-B flux within tropical latitudes may adversely affect photosynthesis. When shade-
acclimated tropical tree seedlings were suddenly exposed for short periods (15–75 min) to direct sunlight, as may 
occur when tree-fall gaps open in the forest, PSII was found to be sensitive to ambient UV-B (and UV-A) 
radiation. In sun leaves from the outer canopy of mature tropical trees, UV-B effects on PSII were also observed 
in certain cases, depending on acclimation and developmental stage of the leaves (Krause et al., 2003). Inhibition 
of photosynthetic enzyme reactions had occurred in the upper mesophyll of the leaves. It should be noted that 
solar UV-B has also been shown to cause DNA damage in photosynthetic organisms [44], [45]. The high UV-B 
radiations were found to reduce the chlorophyll content to 50% of the control [46]. On the other hand; the high 
level of UV-B radiation (22.64 kJ/m-2/d) reduced chlorophyll content by 20% in comparison to the control [47].  

Several studies have shown that photosystem II (PSII) is often sensitive to UV-B and it has often been 
assumed to be the most sensitive photosynthetic target for UV-B. However, UV-B-induced reductions in CO2 
assimilation can occur prior to, or in the absence of, depressions in PSII function and may more likely involve 
impairments in the Calvin cycle, possibly mediated by Rubisco (Allen et al., 1999). Few studies have examined 
the influence of solar UV-B on Antarctic biota, and the vast majority of these have focused on marine 
phytoplankton; solar UV-B levels in Antarctica can depress photosynthesis in these microorganisms, resulting in 
reductions in marine productivity of 5% to 20%. Plant exposure to UV-B indoors can impair all major processes 
in photosynthesis including photochemical reactions in thylakoid membranes, enzymatic processes in the Calvin 
cycle, and stomatal limitations to CO2 diffusion [34] 

A number of studies have shown that in aquatic organisms, solar UV-B may inhibit photosynthetic 
reactions, predominantly those of PSII [48,49]. In a study of shade grown grape (Vitis vinifera) plants, performed 
at mid-latitude (49°N), leaves responded to the UV-B component of full sunlight by enhanced inhibition of 
potential PSII efficiency and, perhaps independently, of CO2 assimilation [50]. Inhibition of photosynthetic CO2 
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assimilation and specifically effects on the activity of synthesis and degradation of Rubisco were seen in a 
number of studies [51-53]. 

In leaves of tropical tree seedlings grown in simulated, differently sized tree -fall gaps, the level of UV 
screening substances was positively related to the radiation dose determined by the duration of daily sun 
exposure [54]. The thinning of the stratospheric ozone layer and the resulting increase in solar UV -B radiation 
(280–320 nm) at the earth’s surface have led to major research efforts in studying the effects of UV -B on 
photosynthetic organisms [35]. Enhanced UV-B was shown to cause damage to Chl-b rather than Chl-a, which 
could be due to its direct absorption or due to inhibition in the Chl biosynthesis [37]. 
 

   

   
Fig. 4: Simple linear regression trendline for the relationship between portable chlorophyll meter (PCM) and 

spectrophotometric method of chlorophyll-a estimated in six different wheat cultivars, namely; Sakha-93, 
Sakha-94, Sakha-95, Sids-1, Gemmiza-9 and giza-168; respectively. Relationship assessed under 
different doses of ultraviolet radiations (0, 1, 5, 10, 30, 60, 120, 300, 600 and 1200 seconds). 
 

Non-destructive optical methods, based on the absorbance and/or reflectance of light by the intact leaf, 
have been developed and used recently. However, differences between regression equations for chlorophyll 
content and SPAD index in some crops has been reported; This difference might have been partly due to the 
differences in specific leaf weight (SLW), one of indicator of leaf thickness [30]. The accuracy of portable 
chlorophyll meters (PCM) decreases at high Chlorophyll content (SPM) values [55],  [2]. However at low and 
moderate SPM values PCM provide a good estimate for chlorophyll contents these results were in accordance 
with [12]. Nonlinear relationships between SPAD values and Chlorophyll content were reported for Betula 
papyrifera [2], Carica papaya [25], Coffea canephora [26], Eucalyptus nitens and E. globulus [27], Vitis 
labrusca hybrid [56] and Lindera sp. [57]. These nonlinear responses have been attributed to decreases in the 
accuracy of the SPAD meter when Chlorophyll content is high [56]. The nonlinear relationships between 
Chlorophyll content and SPAD values are due to a non-uniform distribution of Chlorophyll across the leaf and 
high light scattering causing deviations from linearity at high and low SPAD values [58]. These nonlinear 
responses have been attributed to decreases in the accuracy of the SPAD meter when Chlorophyll content is high 
[56]. Nonlinear regression was successfully used for estimating Chlorophyll contents from SPAD measurements 
[18]. These differences may be associated with changes in the ratio between light-harvesting complexes and 
reaction centers because Chl-b is located on the light-harvesting Chl-a/b binding protein complexes of 
photosystem II [59]. Linear regression was found appropriate to establish the functional relationship between 
chlorophyll meter values and extracted total chlorophyll [21]. 

The functional relationship and close correlation between chlorophyll meter values and extracted total 
chlorophyll has been reported by many researchers for many crops [2,12,21,24,60-64,]. The accuracy and utility 
of the handheld (SPAD-502) chlorophyll meter for rapid and predicting chlorophyll content in basil leaves has 
not been previously reported. However, differences between regression equations for chlorophyll content and 
SPAD index in some crops has been reported, this difference might have been partly due to the differences in 
specific leaf weight (SLW), one of indicator of leaf thickness [30]. On the other hand, the relationship between 
SPAD readings and extractable chlorophyll was stronger in cases, simple and multiple regressions, when it was 
expressed on a leaf area basis than a fresh weight basis. This result could be related to the wide spread 
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distribution of chlorophyll within the leaf. Similar results were found when extractable chlorophyll was 
expressed on a leaf area basis by [65] in muskmelon leaves; [30] in sorghum and pigeonpea; [19, 12] in sugar 
maple; and [66] in cowpea leaves. 

Some studies have demonstrated that the time of measurement, irradiance, and leaf water status may 
affect the accuracy of SPAD measurements. Also, previous studies showed that SPAD values tended to increase 
when leaves were transferred from high to low light, as well as when leaves were dehydrated [67]. Other factors, 
such as the method of pigments extraction [68] may affect the relationship between SPAD values and Chl 
concentrations. Traditional methods for extraction of leaf pigments involve the use of acetone [18]. Optical 
methods generally yield a chlorophyll index value that express relative chlorophyll content but not absolute Chl 
content per unit leaf area, or concentration per gram of leaf tissue. These newer methods are non-destructive, 
inexpensive, quick and now possible in the field [67,69] and have been demonstrated to predict chlorophyll 
content for different species of plants [2,19,58,65-66,71-74]. 

The SPAD chlorophyll meters (PCM) are an important tool for monitoring chlorophyll contents and 
nutrients in time-consuming physiological and agricultural experiments as well as the field of agriculture to 
monitor crop nutritional status. The use of portable chlorophyll meter were evaluated and assessed had shown 
several limitations under the effect of ultraviolet radiations experiment, and cannot be supported and the 
relationship between SPM and PCM under ultraviolet radiations were not linear. The use of portable chlorophyll 
meters (PCM) is limited to our experimental conditions with common wheat cultivars in Egypt. 
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