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Abstract: Populus alba is a large woody deciduous plant. The plant has been introduced to shooting, then multiplication of rooting on Murashige and Skoog (MS) medium. This work was designed to estimate the effect of two factors (low levels of 1-Naphthaleneacetic acid NAA and sucrose) on P. alba response resulting in 6 treatments compared to the control, with twelve measured responses. There was a significant difference in some measurements in morphology, like plantlets fresh-weight, shoot-, root-length, and leaf number. In the physiological measurements, there were significant differences in all the measured parameters. The low concentrations of sucrose and media composition/power (MS grams/L) led to starvation in plants; however, these conditions led to enhancement in some morphological and physiological parameters to overcome the starvation effect, compared to the control. The RAPD-PCR molecular marker (four decamers) was used to evaluate the new individuals’ genetic variation (instability), resulting in a total polymorphism percentage of 50.83%. It was formerly known that the plantlets were identical to each other and to the mother plant. In this study, however, the use of distinct media power, hormonal and sucrose levels resulted in molecular variation reflected in P. alba’s morphological and physiological responses.
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1  Introduction

The genus Populus is widely distributed in the whole world, especially in the Northern hemisphere. It belongs to the family Salicaceae [1,2]. The primary model system for genomic, genetic and physiological studies on trees was for Populus [3]. It is an essential model for perennial wood species biotechnology because it can be exposed to in vitro culture and genetic engineering through Agrobacterium-mediated transformation [4]. It was the first tree to be sequenced from the genome [5]. A native to the Mediterranean region is Populus alba (White poplar). It is a deciduous, fast-growing tree. The leaves of white poplar may be used as soil pollution bio-monitors [6]. Poplar trees and their rapid growth spread through sucker shoots arising from horizontal roots [7]. Aspen (Populus tremula and P. tremuloides) from woody cuttings are, however, rare to root [8]. An effective in vitro propagation system for aspen is therefore highly requested.

Populus alba is a common model for in vitro culture studies. Previous research has found the vegetative spread of a single bud and different plant regeneration based on a single bud callus. Initially, there were problems with the establishment of cultures and genetically determined differences between the species. The age of the mother plants controls the culture establishment. Recently, media optimization has been used for commercial purposes to develop micropropagation methods for poplars. Breeding work based on in vitro explants has initiated almost simultaneously with the development of an in vitro mass-propagation procedure for poplars. This protocol is based on protoplasts and cell sus-pension production, followed by plant regeneration [9].

In vitro culture studies integrated some molecular markers to estimate variable changes in the obtained plantlets. There are many molecular markers like random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), and inter simple sequence repeats (ISSR). They were applied to estimate genomic polymorphism among different transformed plant lines and their non-transgenic ones [10,11]. Also, they were used at the DNA level for the detection of polymorphism. For example, RAPD-PCR gained much popularity because it is simple, and does not require prior information on nucleotide sequence. RAPD-PCR can be performed with a minimal amount of genomic DNA. The technique of RAPD is a simple, efficient, reliable, and economical mean of identification and analysis of cultivar diversity [12].

In various studies, some plants’ genetic diversity has been investigated using different molecular markers [13]. The most significant uses have been the study of molecular variability and phylogenetic relationships, the marker-assisted selection, varietal identification, quantitative trait loci (QTLs), or the map-based cloning of genes [14]. Despite using different molecular markers to examine genetic diversity in cultivated plant species, many of them identify a limited level of polymorphism. Thus, the identification of more polymorphic molecular markers is essential for research [15].

Phenotypic, physiological and genetic variations occur due to the propagation process with distinct media constituents under starvation conditions. Starvation conditions include the low components and concentrations of different medium compositions; however, the plant can survive and tolerate these conditions. The genetic stability of P. alba is therefore essential to assess. This study monitored that genetic stability using the RAPD-PCR molecular technique on long-term micro-propagated shoots of P. alba. None of these studies have been investigated previously for the in vitro propagation of P. alba. Our main purpose was to show the variation in the genetic content which was reflected on morphological and physiological responses on the new resulted plantlets. This variation came from the different constituents of the media compositions. Also, we indicated how the plant can survive and grow in such deficient conditions and leakage of media contents. P. alba is an essential plant source of wood and it is used in many fabrics industries. So, we seek to produce more plantlet amounts with low cost without decreasing the wood quality.

2  Materials and Methods

2.1 Plant Materials and Explants Establishment

Explants of P. alba nodal segments were brought from the Horticulture Research Station of the Governorate of Al-Gharbia. Stem segments were then taken to the ACGEB (Agriculture Center for Genetic Engineering and Biotechnology) tissue culture laboratory at the Faculty of Agriculture, University of Ain Shams. P. alba stem nodes were sterilized and cultured for 2 months on a free plant growth regulators MS medium (pH 5.6). The standard sterilization conditions were the elimination of stacked dust/soil practices. The explants were defoliated and washed thoroughly in tap water. They were then exposed to 20% Clorox + 0.1% HgCl2 for 20 min, and washed 4 to 5 times with sterile ddH2O for surface sterilization of the explants. Under the sterilized conditions, excision and culture procedures for stem nodal ex-plants were performed. The MS medium [16] contained the necessary macro- and micro-element nutrients for the in vitro plants. The medium was allocated into incubation jars containing 50 mL in each jar. Stem nodal cultures were incubated under cool, white, fluorescent lamps at 25 ± 2°C, and a satisfactory fluorescent light of 60 μmol m−2 s−1 using a 16-h photoperiod.

Resulting shoots from establishment were excised and transferred into a multiplication medium of MS supplemented with 0.075 mg/L of 6-Benzylaminopurine (BAP). This was to elicit plant growth and development responses, and obtain micro-shoots required for the rooting experiment.

2.2 In vitro Rooting Experiment

Stem node segments of Populus alba were sterilized and cultured for 2 months on free plant growth regulators MS media. According to Murashige et al. [16], P. alba was retained on the MS tissue culture media for full growth of plantlets. Shoots developed on free sterilized MS multiplication medium with 0.5 g/L activated charcoal for root formation. They were then transferred to culture jars containing 50 mL solidified MS medium and cultured.

2.3 Experimental Design

This study was designed based on two main factors (different sucrose and NAA concentrations). NAA was selected as an essential auxin for root formation and enhancement of nutrient absorption. Four nodal segments/jar (about 10–15 mm long) were cultured on 1⁄4 MS (1.1 g/L), with different sucrose concentrations (0.0 and 5 g/L) supplemented with MS basic medium and NAA (0.0, 0.1 and 0.25 g/L). This experiment was compared with the control (3/4 MS, 15 g sucrose and 0.25 g/L NAA). The shoots grew during 4 weeks under the same normal growing conditions (16 h light/8 h dark at 25 ± 2°C and a light intensity of 38 μmol m−2 s−1) under white fluorescent tubes. Five replicates were performed for each treatment.

2.4 Morphological Measurements

The following seven morphological biometric parameters were measured on all treatments: plantlet fresh-weight (g), shoot-, root-length (cm), leaf length, leaf number and number of roots.

2.5 Physiological Parameters

Physiological parameters included measurements of photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids and total pigmentation), total proteins and total soluble sugars at the various rooting starvation treatments on P. alba individuals.

2.5.1 Determination of Photosynthetic Pigments

The plantlets’ fresh leaves were used for chlorophyll a, b, carotenoids and total pigmentation measurements. They were determined following Metzener et al. [17]: A known weight of these leaves (0.5 g) was homogenized in 85% acetone, then centrifuged and transfer into a new tube. After that, the extract was measured using a colorimeter against a blank of 85% pure acetone at three wavelengths (i.e., 452, 645 and 664 nm). The concentrations of chlorophyll a, b and carotenoids were calculated as μg/ml using the following equations after Metzener et al. [17]:

Chl.a=(10.3xA664)−(0.918xA645)

Chl.b=(19.7xA645)−(3.87xA664)

Carotenoids=(4.3xA452)x((0.0265xChl.a)+(0.426xAChl.b))

where A = absorbance at different wave lengths.

After that, the fractions were calculated as mg/g fresh weight:

Fraction×dilution1000 mg/g
Fraction: results from Eqs. (1)–(3). Dilution: how many times solution is diluted from stock.

2.5.2 Total Protein

The total protein content was extracted according to Bradford [18]. Briefly, 0.5 g of leaves were weighted and grind well with 0.5 mL of [2x] Bradford reagent. Samples were then vortexed during 10 min and centrifuged for 15 min at 24,104 g at 4°C. The supernatant contained the total protein content on the studied leaves. Finally, the protein concentration was estimated according to Bradford [18] as follows: 0.1 mL of supernatant was placed into a test tube using a pipette. Thereafter, 5 mL of protein reagent was added, mixed and measured using a spectrophotometer at a 595 nm wavelength. The concentration of protein was determined from the protein standard curve (using bovine serum albumin), and calculated according to the following equation as indicated by Bradford (#):

X=Y−0.0300.007
where X was the protein concentration (mg/g), and Y the absorbance (nm).

2.5.3 Total Soluble Sugars (TSS)

A known leaf weight (0.5 g) was ground in 5 mL of 70% ethanol; the supernatant was completed with distilled water to a known volume (10 ml) after centrifugation. As described by Umbriet et al. [19], total sugars were determined using the anthrone technique. In a 3 ml sample, 6 ml anthrone solution (2 g/L H2SO4 95%) was added and kept for 3 min in a boiling water bath. The developed color was measured spectrophotometrically at 620 nm following cooling. The following equation was then used to compute the concentration of the total soluble sugars according to the following equation: 

Concentration (mg/g)=(R−B)∗dilutionfactor∗factor1000
*R: samples reading (nm), B blank reading (nm). Dilution factor (how many times the solution was diluted from stock), and factor was fixed number from previous standard curve).

2.6 DNA Isolation and RAPD-PCR Bioassay

According to Doyle et al. [20], Populus alba’s total genomic DNA was extracted using the CTAB method as follow: Half gram of leaves was pulverized with 700 μL of 2% CTAB buffer and incubated at 65°C for 30 min (vortexed each 10 min). At 17,709 g for 10 min, the Eppendorf tubes were centrifuged, and the supernatant was transferred into new tubes. After that, equal chloroform volume [Isoamyl alcohol (24:1)] was added to each tube and set at room temperature for 2 min; then it was centrifuged at 17,709 g at 4°C for 10 min. The upper aqueous layer was transferred to new tubes, and 800 μL of absolute ice-cold ethanol were added, which were left at −20°C for about 2 h. Tubes were then centrifuged to precipitate DNA pellets, and then washed with 70% ice-cold ethanol. The TE buffer pellets were resuspended to 50 μL and kept to −20°C until the RAPD-PCR reaction was performed.

In this bioassay, eight RAPD decamer were applied, only 4 of which gave scorable clear bands. Table 3 listed these primers. The RAPD-PCR reaction in the Biometra thermocycler was performed. The reaction mixture had a total volume of 25 μL, with 12.5 μL of Taq master mix (COSMO PCR RED M. Mix, W1020300x), 2 μl of genomic DNA, 1 μL for each primer (Willowfort), and 9.5 μL dH2O for each primer (Willowfort). The program of reaction included 35 cycles of the following steps: 30-sec denaturation at 94°C, 30-sec annealing at different degrees for each primer, as shown in Table 4, and 1-min extension at 72°C. This was followed by one phase of final extension for 10 min at 72°C, then cooling at 4°C. Compared to the ladder (New England Biolab, #N3232S), the amplified PCR product was run on agarose gel (1.2%).

2.7 Statistical Analysis

The images resulting from gel electrophoresis were analyzed and the presence of a band was scored as 1, while the absence was 0. Using Jaccard’s coefficient of similarity, a pairwise similarity matrix was generated and cluster analysis was performed to develop a dendrogram using the unweighted pair group method with the arithmetic averaging algorithm (UPGMA). These computations were performed by Bio-Rad Quantity one (4.6.2) [21].

Descriptive analysis of the variance test and one way ANOVA in Minitab 19 was performed on the data collected. The mean average was estimated, with standard deviations and correlations. Besides, comparison test (ANOVA) was performed to estimate significant differences among the means within each of the studied parameters. Community Package Analysis (CPA, 1.2) software was used to assess the relationship between all Populus treatments based on morphological, physiological and molecular data. CAP tools were complete linkage clustering and PCA blot of PCA covariance ordination.

3  Results

3.1 Morphological and Physiological Parameters

Result data laid out in Table 1 and Fig. 1 show the morphological responses of P. alba to the different sucrose and NAA hormone concentrations. The results had high significant differences on effect of fresh weight, shoot length, root length and leaf number. Some morphological parameters were higher in starvation treatments than control, such as shoot length, leaf length, leaf number and root number. The control treatment was used under normal growth conditions to show that P. alba can grow under normal and starvation treatment conditions.
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Figure 1: Different starvation treatments of Populus alba. (1) 0 g/L sucrose, 0 g/L hormone, (2) 0 g/L sucrose, 0.1 g/L NAA; (3) 0 g/L sucrose, 0.25 g/L NAA; (4) 5 g/L sucrose, 0 g/L hormone; (5) 5 g/L sucrose, 0.1 g/L NAA; (6) 5 g/L sucrose, 0.25 g/L NAA; (C) control: 15 g/L sucrose, 0.25 g/L NAA
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The response of the different physiological measured parameters was estimated and the average was recorded in Table 2. The measured pigmentation in leaves tissues (chlorophyll a, chlorophyll b, carotenoids and Total pigmentation), total protein and total soluble sugars showed a high significance difference. All parameters had a significant difference. There were some physiological responses raised more in response to starvation comparing to control, like carotenoids, total pigmentation, total proteins and total soluble sugars.
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3.2 Molecular Marker (RAPD-PCR)

Genetic variation has practical utility and commercial implications for micro-propagated Populus alba plants. In this study, we evaluated fingerprinting profiles using RAPD markers for the different treatments of culture regenerants to confirm whether or not the plantlets were genetically stable. For initial screening, a total of 8 random RAPD primers were tested, of which only 4 primers gave reproducible and clear bands. The number of scorable loci ranged from 3 (Deca-10) to 8 (Deca-4) for each RAPD primer (Table 3). Twenty-two distinct and scorable bands ranged from 202 to 3048 bp from the 4 RAPD primers produced. The polymorphic bands ranged from 1 band (with Deca-11) to 4 bands (with Deca-4 and Deca-13) with a total polymorphism percentage of 50.83% from all primers. During the RAPD analysis of in vitro raised plants, polymorphism was detected (Figs. 2a–2d). The regenerated plants’ uniformity was proven to be maintained, indicating variation in genetic stability between the clones.
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Figure 2: Gel banding pattern of RAPD-PCR for populus alba starvation treatments. (a) Deca-4 primer, (b) deca-10 primer, (c) Deca-11 primer and (d) Deca-13 primer. Specimens: (C) control: 15 g/L sucrose, 0.25 g/L NAA (1) 0 g/L sucrose, 0 g/L hormone, (2) 0 g/L sucrose, 0.1 g/L NAA; (3) 0 g/L sucrose, 0.25 g/L NAA; (4) 5 g/L sucrose, 0 g/L hormone; (5) 5 g/L sucrose, 0.1 g/L NAA; (6) 5 g/L sucrose, 0.25 g/L NAA

A dendrogram of 7 somaclones (Fig. 3) was constructed based on the genetic similarity matrix from Table 4. It was found that more or less, all the somaclones were near to each other, especially the following somaclones treatments (2, 3), (6, 7). In comparison, the dendrogram of these 7 somaclones (Fig. 4) was constructed based on the morphological, physiological and molecular results. It was found that only control, 5 and 6, were grouped, while 1, 2, 3 and 4 starvation treatments were grouped. These findings agreed with results obtained from CAP covariance ordination (Fig. 5).
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Figure 3: UPGAMA phylogenetic tree of different populus starved somaclones treatments based on RAPD-PCR data. (1) 15 g/L sucrose, 0.25 g/L NAA; (2) 0 g/L sucrose, 0 g/L hormone, (3) 0 g/L sucrose, 0.1 g/L NAA; (4) 0 g/L sucrose, 0.25 g/L NAA; (5) 5 g/L sucrose, 0 g/L hormone; (6) 5 g/L sucrose, 0.1 g/L NAA; (7) 5 g/L sucrose, 0.25 g/L NAA
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Figure 4: The total complete linkage clustering analysis of combined morphology, physiology and RAPD-PCR responses resulted from different treatments of P. alba. (C) control: 15 g/L sucrose, 0.25 g/L NAA (1) 0 g/L sucrose, 0 g/L NAA, (2) 0 g/L sucrose, 0.1 g/L NAA; (3) 0 g/L sucrose, 0.25 g/L NAA; (4) 5 g/L sucrose, 0 g/L NAA; (5) 5 g/L sucrose, 0.1 g/L NAA; (6) 5 g/L sucrose, 0.25 g/L NAA
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Figure 5: PCA blot of PCA covariance ordination based on morphology, physiology and RAPD-PCR between different starvation treatments of P. alba

4  Discussion

Starvation conditions mean that plant is exposed to nutrient deficiency supplemented in growth media, and also deficient in carbohydrates (i.e., sucrose). The ability of the plant to control and resist low sucrose levels may act as a controlling mechanism, integrating the influence of environmental conditions (e.g., biotic and abiotic stress factors) with internal developmental programs which could be controlled by hormones.

Some morphological and physiological responses were more elevated in starvation treatments than control, such as carotenoids, total pigmentation, total proteins and total soluble sugars. This may be a response to deficient in nutrients in supplemented media and as a defense mechanism.

Elazab et al. [22] applied different sucrose concentrations on the in vitro culture of Ficus carica. They reported that those concentrations enhance the rooting of Ficus. Also, Martins et al. [23] showed that different sucrose concentrations enhance shooting on in vitro cultures of Billbergia zebrina.

The composition of the culture medium is one of the most important factors affecting plant growth in vitro. The main components of in vitro culture media are mineral salts and carbohydrates as carbon sources. Carbohydrates are an essential component for plant development and in vitro growth when conditions are not conducive to photosynthesis; as a result, carbohydrates are supplemented as a carbon source to maintain carbon supply as well as cell osmotic potential. Sucrose, fructose, and glucose are common carbohydrate types. Sucrose is widely used in plant tissue culture because of its favorable growth properties and low cost [24]. Sucrose is essential in the growth medium for the in vitro regeneration process in many plants [23,25]. Nutrient amounts (represented as media powder or how many grams of ready MS medium/L dH2O) may become unavailable to the explants and lead to a restriction in their growth and explant mass. Fresh and dry mass accumulations are nutritionally related to the amounts of supplemented grams in the medium [26]. Adventitious root induction is closely linked to the concentration and endogenous balance of the nutrient composition and plant hormones such as Indole-3-acetic acid (IAA) [27]. NAA is a synthetic auxin plant hormone that is a rooting agent, and it is used for the vegetative propagation of plants from stem and leaf cuttings. It is also used for different plant tissue culture purposes. Yan et al. [28] investigated the significant role of NAA in the adventitious rooting in Hemarthria compressa.

The application of molecular analysis on in vitro regenerated plants has been well documented by many workers [29–32]. Molecular analysis is an efficient and reliable technique for screening tissue culture-derived plants’ types [33,34]. Using several PCR-based molecular markers such as RAPD, ISSR, SSR and AFLP, reliable monitoring of the variability in DNA sequences of plants has been achieved. In several cases, the absence of genetic variation using RAPD has been reported, such as on the axillary bud proliferation of chestnut rootstock hybrids [35] and almond plantlets [36,37].

Such differences could be attributed to the effects of media components on cellular behavior which was affected by the sucrose and hormone concentrations supplemented in the poor MS culture. Application of dendrograms to estimate the genetic stability of plants agreed with Kasim et al. [38]. These authors applied dendrograms to estimate the variation on Cyclanthus due to different hormonal and media compositions.

The in vitro culture may induce loss of cellular control, resulting in somaclonal variations [39]. These variations could be due to factors such as explant type, culture medium composition, culture duration, phyto-regulators, genotype, and number of subcultures or transfers. All these conditions are considered capable of inducing variability on in vitro cultures [40–44].

5  Conclusion

The present study described an efficient protocol to control Populus alba micropropagation. Shoot induction, and leaf and root numbers were affected mainly by the interaction between sucrose and hormone levels (in poor MS medium “1/4 MS”). Each medium composition was found to be effective in the micro propagation of each study parameter. Populus alba can lead to somaclonal variation among the micro-propagated plants responding to the different media compositions. The genetic variation resulting from these media was not so high (50.83%), which ensures some genetic instability within the somaclones of P. alba. Future studies in this field should focus on making plants more tolerant to extreme conditions, and study the stress effects on P. alba responses.
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Table 1: Eftect of sucrose and NAA concentration and their interaction on tresh-weight, shoot-, root length,
leaf length, leaf number and root number of P. alba from in vitro rooting

Sucrose (g/L) NAA concentration g/L. P-value F-value
0 0.1 0.25

Plantlet fresh-weight (g) 0.004 5.26

0 0.1649£0.0043°  0.190+0.0336°  0.078+0.0322¢

5 0.207 +0.0671° 0.179 £0.0509° 0.133 £0.0553°¢

15 Control 0.283+0.0751*

Shoot length (cm) 0.001 6.38

0 5.667+0.416° 5.100+£0.557¢ 3.833+0.153¢

5 7.400+1.058% 6.000 +0.500° 5.067£0.702°¢

15 Control 6.420+1.163*

Root length (cm) 0.019 3.31

0 3.300+1.389" 2.720+1.152° 2.850£0.265°

5 42004+ 1.383° 3.475+1.292° 2.367+0.321°¢

15 Control 6.56 +£3.10°

Leaf length (cm) 0.248 1.44

0 2.467£0.643" 3.175+£0.427% 2.275+0.350*

5 3.025+0.4117 2.650+0.5007 2.900+0.100%

15 Control 2.900+0.781%

Leaf number 0.000 8.42

0 6.000 + 1.000° 6.667 +0.577° 5.000 +0.0000¢

5 9.000 + 1.000% 7.000 = 0.000° 6.333£1.155°¢

15 Control 6.400 = 0.548"

Root number 0.073 2.43

0 7.667+£0.577% 7.67+2.52° 5.000 £ 0.000?

5 5.333+0.577% 8.333+0.577% 7.00+1.73%

15 Control 7.000+1.581°






OEBPS/Images/table-3.png
Table 3: Primer data analysis of RAPD-PCR bioassay with different Populus starvation treatments

No. Primer Primer sequence GC Tm Total Sizerange Total Polymorphism
name % polymorphic %

1  Deca4 5-CGTTGGCCCG-3* 80 6 3048-683 2 33.33

2 Decal0 5-AGCCGGCCTT-3> 70 4 900-207 4 100

3  Decall 5-ATCGGCTGGG-3’ 70 5 20

4  Decal3 5-GTGGCAAGCC-3* 70 8 663-202 4 50

Total 50.83
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Table 4: Total similarity matrix of different populus starvation treatments

1 2 3 4 5 6 7

1 100 70.4 57.5 69.1 525 74.9 62.9
2 70.4 100 78.9 78.2 68.8 65.6 55

3 57.5 78.9 100 79.9 70 64.2 614
4 69.1 78.2 79.9 100 68.3 74.8 68.4
5 52.5 68.8 70 68.3 100 62.9 553
6 74.9 65.6 64.2 74.8 62.9 100 76.9
7 62.9 55 61.4 68.4 553 76.9 100
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Table 2: Effect of sucrose and NAA concentration and their imteraction on pigmentations, total protein and
total soluble sugars of P. alba from in vitro rooting

Sucrose (g/L) NAA concentration g/L. P-value F-value
0 0.1 0.25

Chlorophyll a (mg/g) 0.000 319.54

0 2.540£0.036° 2.956+£0.076° 3.860+0.0458°

5 3.573+0.047° 3.076 +£0.051° 3.440+0.0436°

15 Control 4.060+0.0529°

Chlorophyll b (mg/g) 0.000 12.24

0 1.353+£0.0404° 15400+ 0.046" 2.507+0.354*

5 1.680£0.382° 1.6367 £0.047° 1.847+0.025°

15 Control 2.207£0.021°

Carotenoids (mg/g) 0.000 649.50

0 5.054 +0.0049 6.712+0.010¢ 13.253 £0.336°

5 9.555+0.300° 7.255+0.042° 9.067+0.051°

15 Control 7.543 £0.125°¢

Total pigmentation (mg/g) 0.000 351.99

0 8.936£0.025° 11.583 +£0.402¢ 19.643 £0.360%

5 15.500£0.399°  11.950+0.144¢ 14.510£0.303°

15 Control 13.640 +0.356°

Total protein (mg/g) 0.000 13.64

0 37.809£0.218° 41.810£0.297% 40.667 £0.297°°

5 46.190£0.297°  56.90 £8.25" 50.190 £0.218%

15 Control 40.997 £0.145"

Total soluble sugars (mg/g) 0.000 465.54

0 196.83 £3.79% 188.34 £2.43* 179.69 +0.445%

5 203.74 £0.534% 152.93 £0.190° 180.49 £0.352°

15 Control 145.07 £0.702°
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