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			Abstract | A field experiment was conducted to evaluate the efficacy of two destructive and two nondestructive chlorophyll estimation techniques for two vegetable crops (aroma tomato Solanum lycopersicum L. and green pepper Capsicum annuum L.) in three different environments (open field, lath house and plastic house) to indicate the best method of chlorophyll estimation. After 80 days from sowing chlorophyll estimation was implemented first by nondestructive methods using SPAD (SPAD-502 Plus Konica Minolta Tokyo, Japan) and atLEAF chlorophyll meter (at-LEAF FT-GREEN-LLC Willington, DE, USA) instruments, then the same leaves were cut and chlorophyll estimation were done by destructive methods using two organic solvents ( 80% acetone and 100% ethanol). Results demonstrate significant differences between SPAD and atLEAF data for tomato and pepper plants where higher levels with atLEAF instrument comparing to SPAD chlorophyll meter. Higher chlorophyll levels were recorded in open field plants comparing to lath and plastic houses plants. Chlorophyll a content was related to carotenoid levels in both destruction methods. There was positive correlation between SPAD and atLEAF. Nondestructive methods could be used as an alternative method for destructive methods. 
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			Introduction

			Photosynthesis is the sole carbohydrates producing process in plant cells. The main plant photosynthetic pigments are chlorophyll that control solar radiation absorption and converting it to chemical energy, in different words converting solar to chemical energy (Taiz et al., 2015). Leaves, chlorophyll content is considered as the best indicator for plant injury due to biotic or abiotic environmental factors such as pollution, plant diseases, competition, allelopathy etc. (Knudson et al., 1977). Chlorophyll is a pigment molecule with a central metal particle (Magnesium) that bound to porphyrin molecule which, is composed of carbon, hydrogen, oxygen, and nitrogen (Lack and Evans, 2005). Both Chlorophyll a (Chl a) and Chlorophyll b (Chl b) are the major chlorophyll types found in plants with the characteristics of absorbing blue and red light, with a clear blue hint as its absorbance red-shifted in chlorophyll b comparing to chlorophyll a (Davies, 2009). The ratio of chlorophyll a to b is varied between shade and sunny leaves in the same plant due to the fact that photosystem I and II (PSI and PSII) contain chlorophyll a, while the light harvesting complexes (LHCs) contain reasonable amounts of chlorophyll b, so this is the reason of higher amounts of (Chl-a/ Chl-b) ratio in sunny leaves compared to shade leaves (Lambers et al., 2008; Porra, 2002). The chlorophyll a is the main plant pigment and other plant pigments such as chlorophyll b, carotenoids and xanthophyll’s are accessory pigments in chloroplast which, help in light absorption (Tanan et al., 2017). Chlorophyll content in leaves is accurately estimated either by destructive methods, an extraction protocol with an organic solvent such as acetone or ethanol (Sumanta et al., 2014). The chlorophyll extraction procedure is based on the solvent polarity, purity, incubation time and temperature, and equations of chlorophyll estimation (Ritchie, 2008), but it’s also time consuming, expensive process and destruction of the leaf which, will not allow the researches to follow up chlorophyll content in the same leaf (Gitelson et al., 2006). Second chlorophyll estimation method is nondestructive method by using a simple portable instrument that estimate the level of leaves green color such as Japanese made SPAD or American made atLEAF instruments (Limantara et al., 2015). The soil plant analysis development (SPAD-502 Plus Konica Minolta Tokyo, Japan) is generally used for nondestructive chlorophyll concentration assessment, the chlorophyll meter emits light frequencies at three wavelengths 650nm, 660nm and 620nm respectively (in red color region of light), and 940nm (infrared), chlorophyll absorbs the red and not the infrared so the difference is called the optical density difference (ODD) (Nauš et al., 2010). The atLEAF chlorophyll meter (at-LEAF FT-GREEN-LLC Willington, DE, USA) uses the wavelength 653nm (in the red color region of light) and 931nm (infrared) (Novichonok et al., 2016). Zhu et al. (2012) documented that atLEAF instrument from USA as alternative to SPAD-502 from Japan for chlorophyll estimation due to its lower price and portable and easier use. The advantages of nondestructive methods can be summarized in that its rapid, not expensive, and the same leaf or crop can be followed up during the agricultural season, so today chlorophyll nondestructive instruments are commonly used in agriculture to indicate the crop growth requirements especially nitrogen due to the reality that the majority of leaf nitrogen exist in chlorophyll molecule (Netto et al., 2005). Richardson et al. (2002) reported that it is very important to indicate calibration equation for each plant species in the process of nondestructive chlorophyll estimation. Therefore, some limiting factors such as leaf size, leaf thickness, and non-equal chlorophyll distribution can be solved by species calibration curve for each plant (Limantara et al., 2015; Jiang et al., 2017). The units for both SPAD and atLEAF instruments is SPAD and atLEAF values so each instrument have its own values (Zhu et al., 2012). These chlorophyll estimation methods have a distinct position in studying plant biodiversity in different areas (Samsone et al., 2007). Since there were no studies in Iraqi Kurdistan Region to compare between different chlorophyll estimation techniques for this reason the goals of this study were comparing four techniques of chlorophyll estimation (two nondestructive techniques by using chlorophyll meter instruments and two destructive techniques by using two organic solvents) for two vegetable crops (roma tomatoes, and green pepper) in three different environments (open field, lath house, and plastic house). Implementing correlation and regression analysis to indicate the best applicable technique for chlorophyll estimation. 

			Materials and Methods

			Study site

			The experiment was conducted on the Agricultural engineering sciences college, Salahaddin university- Erbil fields in grdarasha county (N= 360 06’ 49’’ E= 440 00 ‘47’’ and Elevation 407m) during 2015 vegetable growing season at three places open filed, lath house, and plastic house. The soil texture was clay loam (CL) according to USDA Classification it goes under order Inceptisol and suborder Xerepts with pH 7.55, organic matter 1.10%, Electrical conductivity was 0.70 ds.m-1, nitrogen 0.06%, phosphorus 2.99 ppm and potassium 119.33 ppm (Yaseen et al., 2018). 

			Experimental design

			The experiment consisted of chlorophyll estimation by two methods destructive methods using two organic solvents (100% ethanol and 80% acetone), and nondestructive methods using two instruments (SPAD and atLEAF). Chlorophyll from leaves of two plant species Tomato Solanum lycopersicum L. and bell pepper Capsicum annuum L. that were sown in three different environments (open field, lath house, and plastic house) in the same field were estimated. 

			Agronomical practices

			Experimental plots were prepared separately in different places in the same field by dry plowings, leveling, after that tomato and green pepper seeds were sown in two plastic trays with 80 cells each and placed in a small plastic tunnel maintaining temperature 25℃. After germination (3 days after seeding) the trays were moved to the bigger plastic tunnel and waited up to distinct 3-4 true leaves. In the middle of April 2015, the seedlings with 3–4 true leaves or (around 35 days from seeding) were transplanted in the prepared plots. Twenty seedlings per plant species were subjected to each experimental location. Mature leaves from the third node of each plant were harvested while the first flowering bloomed (around 55 days after transplanting) on 21st of June 2015. Diammonium phosphate DAP 120 kg.ha-1.was added to soil prior to seedlings planting, nitrogen fertilizers were added by the rate 80 kg. ha-1 in four doses first after 20 days from transplanting and the second, third and fourth after 40, 60, and 80 day’s form transplanting (Wahead et al., 2010), Irrigation of the three locations conducted twice weekly. 

			Chlorophyll estimation

			This process was conducted at first flowering bloom (around 55 days after transplanting) on 21st of June 2015. First by non-destructive method using both chlorophyll estimation instruments SPAD and atLEAF which estimated the chlorophyll content from mature leaves from the third node of each plant in the three locations. Second estimation method was done through destructive procedures where the previously mentioned leaves harvested and brought to the lab to indicate chlorophyll levels by using two organic solvents, 80% acetone and 100% ethanol.

			In 80% acetone solvent procedure, 0.25g of leaf sample was grounded in 2ml of 80%acetone in combination of sand 0.1% or 0.1 CaCO3 to avoid chorophllase activities, then samples were filtered through filter papers and the final volume was completed to 25ml and then taken to spectrophotometer to indicate absorbency (A663, A646 and A470) calculating were done according to Equations 1, 2, 3 and 4 (Lichtenthaler and Buschmann, 2001; Faraj, 2017; Brix, 2009).
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			In procedure of 100% ethanol, 0.25g of leaf excised and rolled into 30ml containing dark bottles, then 25ml of 100% ethanol were added and left in a dark-place for 24 hours, after that the solution decanted into 150ml containing dark bottle, then the empty dark bottle containing the rolled leaf filled with another 25 ml of 100% ethanol then it was left for another 24 hours in a dark-place, next day it was added to the 150 ml dark bottle, the process of adding 25 ml of ethanol repeated for third time, finally the 75 ml was used for chlorophyll estimation. Absorbency was measured by spectrophotometer (A665, A649 and A470) Equations 5, 6, 7 and 8 (Knudson et al., 1977; Bhattacharjee and Sharma, 2012). The used spectrophotometer in this study was APEL PD-303 made in Japan.
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			Statistical analysis

			All recorded data were based on fresh weight and subjected to SPSS computer analysis version 22 analysis (SPSS Inc., Chicago, USA) correlation, and regression analysis according to (Weinberg and Abramowitz, 2008) and (Landau, 2004).

			Results and Discussion

			Effect of plant species on chlorophyll content measurement tools

			Results of this study indicated significant differences in SPAD and at-LEAF data of chlorophyll estimation as shown in Table 1 where there were highest levels of chlorophyll 51.07SPAD and 59.75 at-LEAF in pepper plants according to SPAD and at-LEAF nondestructive chlorophyll estimation methods, while lowest values were recorded in tomato leaves 43.71SPAD and 49.19 at-LEAF. No significant differences were observed between the studied species when chlorophyll content estimation was implemented by destructive methods using 80% acetone and 100% ethanol. 

			Although the destructive method is somehow considered as more accurate comparing to the nondestructive method in that all the chlorophyll content will be extracted by an organic solvent but in this study there were no significant differences between the two studied plant species which, may be related the genetic properties of each plant (Castelli et al., 1996).

			Effect of place on chlorophyll content using different chlorophyll measurement techniques

			There were significant differences between the plant species growing places (Table 2). Open field growing plants recorded higher chlorophyll content when assessment conducted by nondestructive methods. With SPAD instrument highest chlorophyll content (54.22 SPAD) was recorded in open field growing plants and the lowest chlorophyll content was (39.95 SPAD) in lath house growing plants. When at-LEAF instrument used open field, plants get the highest chlorophyll content (61.45 at-LEAF) and the lowest chlorophyll content was (45.93 at-LEAF) with lath house growing plants. Destructive methods did not show any significant differences between growing places only in carotenoid levels by 100% ethanol. The highest carotenoid content was (6.66 μg.gfm-1) in open field growing plants while the lowest value for carotenoids was (4.87 μg.gfm-1) in lath house growing plants. The reason of higher chlorophyll content when SPAD and at-LEAF instrument used may be related to the sensor signals of both instruments that respond to different wavelengths (Cerovic et al., 2012). The reason of carotenoid content may be due to that the destructive methods of chlorophyll content especially by 100% ethanol takes more than 72 hours which extract all the pigments form leaf samples or may be due to different wavelengths and equations that used for assessment which, means organic solvent and extraction duration (Sumanta et al., 2014).

			Effect of the combination of plant species and growing place on chlorophyll content using different chlorophyll measurement techniques

			There were significant differences in chlorophyll content between plant species that grows in different places as shown in (Table 3). When SPAD instrument

			Table 1: Comparison between chlorophyll content in two plant species using different chlorophyll measurement techniques.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Plant

						
							
							SPAD

						
							
							atLEAF

						
							
							 80% Acetone (μg.mg-1dry weight)

						
							
							100% Ethanol (μg.mg-1dry weight)

						
					

					
							
							Chl-a

						
							
							Chl-b

						
							
							Chla /Chlb

						
							
							Total Chl

						
							
							Carotein

						
							
							Chl-a

						
							
							Chl-b

						
							
							Chla/Chlb

						
							
							Total Chl

						
							
							Carotein

						
					

					
							
							Tomato

						
							
							43.71 b

						
							
							49.19 b

						
							
							1.94

						
							
							2.00

						
							
							0.96

						
							
							3.94

						
							
							3.17

						
							
							4.61

						
							
							2.79

						
							
							2.5

						
							
							7.41

						
							
							5.35

						
					

					
							
							Pepper

						
							
							51.07 a

						
							
							59.75 a

						
							
							2.30

						
							
							1.79

						
							
							1.34

						
							
							4.10

						
							
							3.53

						
							
							4.50

						
							
							1.15

						
							
							3.27

						
							
							5.66

						
							
							5.80

						
					

				
			

			Note: Means with the same symbols in one column are not significantly different from each other at alpha = 0.05 based on multiple range test of Duncan

			Table 2: The Effect of growing place on chlorophyll content using different chlorophyll measurement techniques.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Place

						
							
							SPAD

						
							
							atLEAF

						
							
							80% Acetone (μg.mg-1dry weight)

						
							
							100% Ethanol (μg.mg-1dry weight)

						
					

					
							
							Chl-a

						
							
							Chl-b

						
							
							Chla/Chlb

						
							
							Total Chl

						
							
							Carotein

						
							
							Chl-a

						
							
							Chl-b

						
							
							Chla/Chlb

						
							
							Total Chl

						
							
							Carotein

						
					

					
							
							Lath House

						
							
							39.95 c

						
							
							45.93 c

						
							
							2.10

						
							
							2.00

						
							
							1.07

						
							
							1.07

						
							
							3.33

						
							
							3.89

						
							
							1.52

						
							
							2.80

						
							
							2.80

						
							
							4.87 b

						
					

					
							
							Open Field

						
							
							54.22 a

						
							
							61.45 a

						
							
							2.02

						
							
							1.99

						
							
							1.14

						
							
							1.14

						
							
							3.27

						
							
							5.75

						
							
							2.16

						
							
							3.01

						
							
							3.01

						
							
							6.66 a

						
					

					
							
							Plastic House

						
							
							48.00 b

						
							
							56.03 b

						
							
							2.20

						
							
							1.82

						
							
							1.25

						
							
							1.25

						
							
							3.41

						
							
							4.14

						
							
							2.66

						
							
							2.85

						
							
							2.85

						
							
							5.17 ab

						
					

				
			

			Note: Means with the same symbols in one column are not significantly different from each other at alpha = 0.05 based on multiple range test of Duncan.

			Table 3: The effect of the combination of plant species and growing place on chlorophyll content using different chlorophyll measurement techniques.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Plant species

						
							
							Place

						
							
							SPAD

						
							
							atLEAF

						
							
							80% Acetone (μg.mg-1dry weight)

						
							
							100% Ethanol (μg.mg-1dry weight)

						
					

					
							
							Chl-a

						
							
							Chlb

						
							
							Chla

						
							
							Total Chl

						
							
							Carotein

						
							
							Chl-a

						
							
							Chl-b

						
							
							Chla

						
							
							Total Chl

						
							
							Carotein

						
					

					
							
							/ Chlb

						
							
							 

						
							
							 

						
							
							/ Chlb

						
							
							 

						
					

					
							
							Tomato

						
							
							Lath House

						
							
							35.63 c

						
							
							40.58 d

						
							
							2.08

						
							
							1.97

						
							
							1.06 ab

						
							
							4.43

						
							
							3.29 ab

						
							
							4.305

						
							
							4.636

						
							
							4.967

						
							
							6.16

						
							
							5.298

						
					

					
							
							Open Field

						
							
							51.97 ab

						
							
							55.47 bc

						
							
							1.53

						
							
							2.28

						
							
							0.69 b

						
							
							4.15

						
							
							2.83 b

						
							
							5.015

						
							
							5.215

						
							
							5.415

						
							
							8.60

						
							
							5.615

						
					

					
							
							Plastic House

						
							
							43.53 bc

						
							
							51.52 c

						
							
							2.11

						
							
							1.93

						
							
							1.14 ab

						
							
							4.43

						
							
							3.32 ab

						
							
							3.575

						
							
							3.62

						
							
							3.665

						
							
							7.49

						
							
							3.71

						
					

					
							
							Pepper

						
							
							Lath House

						
							
							44.27 bc

						
							
							51.28 c

						
							
							2.11

						
							
							2.03

						
							
							1.07 ab

						
							
							4.33

						
							
							3.37 ab

						
							
							4.345

						
							
							4.858

						
							
							5.371

						
							
							3.66

						
							
							5.884

						
					

					
							
							Open Field

						
							
							56.47 a

						
							
							67.42 a

						
							
							2.52

						
							
							1.71

						
							
							1.60 a

						
							
							4.64

						
							
							3.71 a

						
							
							5.56

						
							
							6.075

						
							
							6.59

						
							
							7.21

						
							
							7.105

						
					

					
							
							Plastic House

						
							
							52.47 ab

						
							
							60.54 b

						
							
							2.29

						
							
							1.7

						
							
							1.36 ab

						
							
							4.37

						
							
							3.50 ab

						
							
							5.465

						
							
							6.073

						
							
							6.681

						
							
							6.11

						
							
							7.289

						
					

				
			

			Note: Means with the same symbols in one column are not significantly different from each other at alpha = 0.05 % based on multiple range test of Duncan.

			Table 4: Correlation analysis for chlorophyll content measurement tools.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Correlation 

						
							
							SPAD

						
							
							atLEAF

						
							
							80% Acetone

						
							
							100% Ethanol

						
					

					
							
							Chla

						
							
							Chlb

						
							
							Chla/chlb

						
							
							carotenoid

						
							
							Chla

						
							
							Chlb

						
							
							Chla/chlb

						
							
							Carotenoid

						
					

					
							
							SPAD

						
							
							1.00

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							atLEAF

						
							
							0.86**

						
							
							1.00

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							80% Acetone

						
							
							Chla

						
							
							0.05

						
							
							0.30

						
							
							1.00

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Chlb

						
							
							-0.06

						
							
							-0.19

						
							
							0.01

						
							
							1.00

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Chla/chlb

						
							
							0.14

						
							
							0.41

						
							
							0.63**

						
							
							-0.71**

						
							
							1.00

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							carotenoid

						
							
							0.06

						
							
							0.31

						
							
							0.92**

						
							
							-0.29

						
							
							.78**

						
							
							1.00

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							100% Ethanol

						
							
							Chla

						
							
							0.37

						
							
							0.29

						
							
							0.00

						
							
							0.13

						
							
							0.05

						
							
							-0.02

						
							
							1.00

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Chlb

						
							
							-0.07

						
							
							0.05

						
							
							0.02

						
							
							-0.26

						
							
							0.23

						
							
							0.05

						
							
							0.03

						
							
							1.00

						
							
							 

						
							
							 

						
					

					
							
							Chla/chlb

						
							
							0.40

						
							
							0.25

						
							
							0.28

						
							
							0.31

						
							
							-0.04

						
							
							0.22

						
							
							0.31

						
							
							-0.73**

						
							
							1.00

						
							
							 

						
					

					
							
							carotenoid

						
							
							0.39

						
							
							0.32

						
							
							0.07

						
							
							0.05

						
							
							0.16

						
							
							0.06

						
							
							0.95**

						
							
							-0.19

						
							
							0.44

						
							
							1.00

						
					

				
			

			* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).

			was used for chlorophyll content measurement the highest level was (56.47 SPAD) in pepper plants that grown in open field, whereas the lowest level was (35.63 SPAD) in tomato plants under lath house shades. Using atLEAF instrument indicated highest levels of chlorophyll content in open filed pepper plants (67.42 atLEAF) and the lowest level was recorded with tomato plants under the shade of lath house (40.58 atLEAF). The reason of this differences in nondestructive methods of chlorophyll estimation is related to their emitting light frequencies, and the reality of higher chlorophyll content in sun leaves comparing to shade leaves where Sun leaves contain more stroma with higher levels of Calvin-cycle enzymes, and higher chloroplast numbers comparing to shade leaves (Lambers et al., 2008). The ratio of Chlorophyll a to chlorophyll b when 80% acetone was used indicated significant differences between studied plants in the three places and the highest ratio was (1.60) in pepper plants grown under natural light (open field) and the lowest level (0.69) was recorded with open filed tomato plants. Carotenoid content differed significantly where, the highest level was (3.71 μg.gfm-1) in open filed pepper leaves and the lowest level was (2.83 μg.gfm-1) in tomato leaves grown in open field location. The main purpose of carotenoids high levels in sun leaves is to protect chloroplast from photooxidation, and their act as accessory pigments that absorbs energy light that chlorophyll a dose not absorb (Demmig-Adams and Adams III, 1996).

			Correlation and regression analysis results

			Significant positive correlation was observed between SPAD and atLEAF data for chlorophyll estimation and correlation coefficient was 0.92 (Table 4) that was measured in different locations for the two plant species. This result postulate the reality of using both instruments as alternative tools with preferring the economic issues that concern these instrument prices and the importance of monitoring field or horticulture crop plants (Clevers and Gitelson, 2013). Destructive methods with 80%acetone indicated positive correlation between chlorophyll a with the ratio of chlorophyll a to b and carotenoids level (0.83) and (0.90) respectively, while the negative correlation was observed between chlorophyll b levels and the ratio of chlorophyll a to b (-0.58), but the correlation between the ratio of chlorophyll a to b with carotenoid levels was also positive (0.88). the second studied destructive method was 100%ethanol which get positive correlation between chlorophyll a and chlorophyll b (0.57), chlorophyll a and carotenoids (0.95) meanwhile the negative correlation was recorded between chlorophyll b and the ratio of chlorophyll a to b (-0.56). 

			The regression equation between atLEAF and SPAD nondestructive methods indicated linear relationship with R2 equals to (0.74) (Figure 1A). The regression equation between Total chlorophyll that was estimated by destructive methods using 100%ethanol and SPAD nondestructive method indicated linear relation with R2 equal to (0.42) as shown in Figure 1B, while the regression equation between atLEAF and 100% ethanol extracted total chlorophyll had the R2 equal to (0.54) (Figure 1C), therefore both instruments can be used for chlorophyll estimation with different crop plants in various environmental conditions, but atLEAF can be used as an inexpensive and easier alternative to SPAD instrument in different light intensities (Padilla et al., 2018). It was obvious from regression study that 100% ethanol extract chlorophyll was best manipulated by our nondestructive chlorophyll estimation methods (Figure 1D).
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			Figure 1: Regression equation results of some studied data.
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			Figure 2: Regression equation results of some studied data.

			Studied destructive methods by using 80% acetone and 100% ethanol indicated a linear relationship between chlorophyll a content and carotenoids levels with R2 equals to 0.85 and 0.90 respectively (Figure 2A and B). These results proposed the reality of the correlation between Chlorophyll a content and carotenoids levels in chloroplast may this relation refers to the ability of carotenoids to protect chlorophylls from photooxidation, by reducing the activity of both highly reactive singlet excited oxygen and the triplet excited chlorophyll, also its ability of absorbing blue light of the visible spectrum (Hopkins, 1999). 

			Conclusions and Recommendations

			Results of this study clearly indicated the differences between chlorophyll content of the same plant tomato or green pepper in different environments, nondestructive methods could be used successfully as an alternative to destructive methods, atLEAF and SPAD instrument levels are strongly correlated under different light intensities, so they could be utilized for easy and fast estimation methods for agricultural areas. We recommend conducting more studies to establish calibration equation for estimation of other plant pigments such as chlorophyll b and carotenoids.

			Novelty Statement

			This study can be considered as one of pioneer researches that compare chlorophyll estimation techniques (two destructive and two nondestructive procedures).  
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Abstract | A field experiment was conducted to evaluate the efficacy of two destructive and two nondestructive
chlorophyll estimation techniques for two vegetable crops (aroma tomato Solanum lycopersicum L. and green
pepper Capsicum annuum L.) in three different environments (open field, lath house and plastic house) to
indicate the best method of chlorophyll estimation. After 80 days from sowing chlorophyll estimation was
implemented first by nondestructive methods using SPAD (SPAD-502 Plus Konica Minolta Tokyo, Japan)
and atLEAF chlorophyll meter (at-LEAF FT-GREEN-LLC Willington, DE, USA) instruments, then
the same leaves were cut and chlorophyll estimation were done by destructive methods using two organic
solvents ( 80% acetone and 100% ethanol). Results demonstrate significant differences between SPAD and
atLEAF data for tomato and pepper plants where higher levels with atLEAF instrument comparing to
SPAD chlorophyll meter. Higher chlorophyll levels were recorded in open field plants comparing to lath and
plastic houses plants. Chlorophyll a content was related to carotenoid levels in both destruction methods.
There was positive correlation between SPAD and atLEAF. Nondestructive methods could be used as an
alternative method for destructive methods.
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Introduction nesium) that bound to porphyrin molecule which, is

composed of carbon, hydrogen, oxygen, and nitrogen

hotosynthesis is the sole carbohydrates produc-

ing process in plant cells. The main plant photo-
synthetic pigments are chlorophyll that control solar
radiation absorption and converting it to chemical
energy, in different words converting solar to chem-
ical energy (Taiz ez al, 2015). Leaves, chlorophyll
content is considered as the best indicator for plant
injury due to biotic or abiotic environmental factors
such as pollution, plant diseases, competition, allel-
opathy etc. (Knudson ez a/., 1977). Chlorophyll is a
pigment molecule with a central metal particle (Mag-

(Lack and Evans, 2005). Both Chlorophyll a (Chl a)
and Chlorophyll b (Chl b) are the major chlorophyll
types found in plants with the characteristics of ab-
sorbing blue and red light, with a clear blue hint as
its absorbance red-shifted in chlorophyll b comparing
to chlorophyll a (Davies, 2009). The ratio of chloro-
phyll a to b is varied between shade and sunny leaves
in the same plant due to the fact that photosystem I
and II (PSI and PSII) contain chlorophyll a, while
the light harvesting complexes (LHCs) contain rea-
sonable amounts of chlorophyll b, so this is the reason
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