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Abstract

:

Tomatoes (Solanum tuberosum L.) are considered one of the most effective and nutritious foods in the human diet. Moreover, the fruit of a tomato is rich in phytochemical compounds such as carotenoids, vitamins, and phenolics which are beneficial to human health. The objective of this present research was to investigate the impact of biogenic Ag-containing nanoparticles on seed germination rate and germination speed index, the development of the stem and root system, and physio-biochemical parameters. Ag-containing nanoparticles were synthesized biologically using a silver nitrate solution and aqueous seed extract of Juniperus procera, which acted as a capping and reducing agent. The impact of different concentrations (0.0, 2.5, 5, 10, and 25 mg/L) of Ag-containing NPs on seed germination rate, biomass accumulation, phenolic compounds, total protein, enzymes activity, and total soluble sugar of tomatoes (Solanum tuberosum L.) in vitro has been tested. The obtained result demonstrated that Ag-containing nanoparticles have a significant impact on tomato seed germination rate, germination speed index, and the development of stem and root systems. As well as photosynthetic pigments, total protein, enzymes activity, phenolic compounds, and total soluble sugar. We concluded that Ag-containing NPs can be a promising nano-fertilizer for improving crop growth and production.
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1. Introduction


Tomatoes (Solanum lycopersicum L.) are widely distributed as a vegetable crop consumed in a different form. It is nutrient-enriched containing proteins, fibres, carbohydrates, calories, water, a large number of vitamins, and 37 minerals [1]. Moreover, tomatoes are the second most important vegetable or fruit crop next to potatoes (Solanum tuberosum L.). About 182.3 million tons of tomato fruits are produced on 4.85 million hectares each year [2]. Additionally, tomatoes are considered one of the most effective and nutritious foods in the human diet. The fruit of a tomato is rich in phytochemical compounds such as carotenoids, vitamins, and phenolic compounds. These compounds have high antioxidant activity which is beneficial to human health [3]. Nanotechnology is described as a technology related to material, systems, and processes that operates on a scale of 100 nm. Moreover, nanotechnology can be used as an alternative technology in the different fields of science [4]. Furthermore, nanotechnology has played a vital role in modern agriculture and has become a promising technology with incredible potential to resolve the deficit in plant nutrition. It has been reported that nano-fertilizer can be used as macro or micronutrients with different application methods. This provides a slow and sustainable nutrient release boosting the maximum nutrient utilization with a comparatively higher production. Thus, it has increasingly been used to enhance crop productivity [5,6,7]. Silver nanoparticles (AgNPs) are used as a nutrient for plants due to their many unique properties which can be used to increase the nutrient uptake efficiency of plants. The AgNPs provide an improved uptake of nutrients from the soil [7]. In context, it has been stated that AgNPs could be used to boost seed germination in many plants [8]. Additionally, it has been reported that exposure of a plant to silver nanoparticles can affect plant physiological, biochemical, and metabolic reactions. Therefore, AgNPs alter plant growth, water and nutrient absorption, respiration, photosynthesis, and transpiration rate, production of reactive oxygen species (ROS), and antioxidant responses [9,10,11]. Nanoparticles provide nutrients to plants in an available form, thus increasing the uptake of nutrients by plants, and boosting crop productivity [12]. According to [13], 25 ppm of AgNPs gives a significant improvement in wheat vegetative growth as well as grain productivity. Additionally, a recent study [14] has reported that 20 ppm of silver nanoparticles improved the morphological traits and yield of onions (Allium cepa L.) However, only a few studies investigated the role of AgNPs on the growth and development of crop plants [15]. Hence, the main objective of this research was to investigate the impact of biogenic Ag-containing NPs on germination rate, germination speed index, growth development, bioactive compounds, and antioxidant system of tomato crop as nano-fertilizer. Ag-containing NPs were biologically synthesized using an aqueous seed extract of Juniperus procera as a reducing and capping agent and silver nitrate solution. The impact of biosynthesized Ag-containing nanoparticles on tomato development was tested by estimating germination rate, germination speed index, photosynthetic pigments, and enzymatic and non-enzymatic antioxidants. We concluded that biogenic Ag-containing nanoparticles have a positive impact on tomato crop development. Additionally, this study could provide a potential alternative fertilizer that would improve crop productivity with a higher nutrition value. Further, to better understand the impact of Ag-containing nanoparticles on crop development, gene expression should be performed.




2. Materials and Methods


2.1. Biosynthesis of Ag-Containing NPs


Ag-containing NPs were synthesized biologically using seeds of Juniperus procera and a silver nitrate solution, following the method described by [16] with light modifications. First, 50 mL of 1 mm solution of silver nitrate was added to 100 mL of seed extract (1:2) (v/v). Next, it was heated to minimize photo-activation of the silver nitrate.




2.2. Characterization of Ag-Containing NPs


Different techniques have been used for the characterization of biosynthesized silver nanostructure. The optical absorption spectrum of Biosynthesized Ag-containing NPs (AgNPs) was measured by UV-visible spectrophotometer in the range of 200 to 800 nm. For FTIR patterns of the biosynthesized Ag-containing NPs (AgNPs), a Fourier transmission infrared spectrometer (Perkin Elmer, Norwalk, CT, USA) was used at 4000–400 cm−1, whereas a scanning electron microscope (SEM) was used to measure the morphology features and particle size of biosynthesized Ag-containing NPs.




2.3. Media Preparation and AgNP Treatment


Murashige and Skoog Media (MS) were used with a supplement of sucrose (30 g/L), which was used as a source of carbon and agar (7 g/L), and the pH was adjusted to be (5.7). Different concentrations (0.0, 2.5, 5, 10, and 25 mg/L) of AgNPs were added to the plant media before autoclaving at 121 °C for 20 min. Next, certified tomato seeds were cultured into MS Media under controlled conditions. The experiment was done into triplicate with 10 explants per jar. Next, it was incubated in a growth chamber for 45 days at 25 °C ± 1, with 14/10 h illumination periods.




2.4. Seed Germination Assay


2.4.1. Seed Germination Rate (%)


The seed germination percentage (GP) was calculated using the following equation:


GP (%) = (n/N) × 100








where n is the total number of germinated seeds at the end of the experiment and N = the total number of seeds cultivated for the germination test [17].




2.4.2. Germination Index (GI)


The germination index (GI) was determined using the method described by [18].


(7 × n1) + (6 × n2) + ⋯ + (1 × n10)



(1)




where n1, n2, n3, etc., are the number of germinated seeds on days 1, 2, 3, etc.





2.5. Photosynthetic Pigments Estimation


The content of photosynthetic pigments a and b in the tomato leaves was estimated using the Arnon method [19]. Acetone (80%) (v/v) was used for pigment extraction; 100 mg of fresh leaves was homogenized in 2 mL acetone solution 80% and stored at 4 °C for 24 h. Next, the mixture was centrifuged for 15 min at 20,000× g, Further, supernatant was collected and stored at 4 °C. The wavelength of the pigments was measured at 663 and 645 nm using a UV-Vis spectrophotometer.




2.6. Antioxidant Enzymes Activity Estimation


2.6.1. Total Protein Content Estimation


Plant material was grounded and homogenized using liquid nitrogen and dissolved in a mixture consisting of 100 mm of sodium phosphate buffer (pH 7.0) containing 1% PVP and 0.5% Triton X-100 (v/v). Next, the mixture was centrifuged for 15 min at 20,000× g at 4 °C. The supernatant was collected, while the total protein was estimated using a Nanodrop following the method in [20].




2.6.2. Superoxide Dismutase Estimation


The superoxide dismutase (SOD, EC 1.15.1.1) activity was estimated following the Marklund and Marklund [21] method. The mixture of reaction contained 1.0 mL of 0.25 mm pyrogallol, 1.9 mL of 0.1 M sodium phosphate buffer (pH 7.0), and 100 μL of extracted protein. Next, the wavelength was recorded at 420 nm. The SOD activity (U g − 1 protein) was calculated as the amount of enzyme needed for 50% inhibition of pyrogallol oxidation.




2.6.3. Catalase Estimation


The catalase (CAT, EC 1.11.1.6) activity was estimated following the method in [22]. The reaction mixture contained 1 mL of 0.059 M H2O2 in 0.1 M phosphate buffer (pH 7.0), 1.9 mL of Milli-Q water, and 100 μL of extracted protein, while the wavelength was quantified at 240 nm. The catalase activity was expressed as unit g−1 of protein.




2.6.4. Ascorbate Peroxidase Estimation


The activity of ascorbate peroxidase (EC 1.11.1.11) was determined according to [23]. The reaction mixture contained 1 mL of 0.1 M sodium phosphate buffer (pH 7.4), 1 mL Milli-Q water, 100 µL ETDA (0.1 mm), 100 µL of H2O2, and 100 µL extracted protein. The wavelength was recorded at 290 nm.





2.7. Determination of Phenolic Compounds


2.7.1. Determination of Total Phenolic Content (TPC)


The total phenolic content was estimated using the Ainsworth [24] method. First, 0.1 mL of the plant extracted material was mixed with 100 µL of the Folin–Ciocalteu reagent and 300 µL of sodium carbonate solution (20%). Next, the mixture was incubated in the dark at room temperature for 30 min. The wavelength was measured at 765 nm using UV–visible spectrophotometer. TPC was estimated from the linear equation (y = 0.0014x + 0.0114 with R2 = 0.999) based on the standard curve prepared with gallic acid (25–400 µg/mL). The TPC was expressed as mg/g gallic acid equivalent (GAE) of dry weight.




2.7.2. Determination of Total Flavonoid Content (TFC)


The estimation of the total flavonoid content was carried out using the method in [25]. A volume of 0.5 mL of methanol extract and a volume of 0.5 mL of 2% AlCl3 water solution was mixed. After 2 h in the dark at room temperature, the wavelength was measured at 420 nm. The TFC was estimated from the calibration curve using the quercetin standard (50–400 µg/mL) and the following equation (y  =  0.0012x  +  0.0595) based on the calibration curve. TFC was expressed as quercetin (mg/g DW).




2.7.3. Determination of Total Tannin Content (TTC)


The total tannin content was measured by using the Folin–Ciocalteu method described by [26] with light modifications. A total of 100 µL of the extracted plant material was added to a tube (2 mL) containing 1.5 mL of deionized water and 100 µL of Folin–Ciocalteu phenol reagent for 8 min. Then, 300 µL of 35% sodium carbonate solution was added to the mixture. Next, the mixture was shaken well and kept in the dark, at room temperature for 20 min. The wavelength was recorded at 700 nm. TTC was estimated using the following equation (Y = 0.0054 − 0.0252 with R2 = 9937) based on the calibration curve prepared with tannic acid. TTC was expressed in terms of mg/g DW.





2.8. Estimation of Total Sugar


The total sugar content in the sample was estimated using the method described by [27]. First, 1 mL of phenol (5%) and 5 mL of sulphuric acid (96%) were added sequentially to the sample. The test tubes containing the reaction mixture were incubated for 20 min in a water bath set at 30 °C. The wavelength was recorded spectrophotometrically at 490 nm. Then, the total sugar was estimated following the equation (y = 10.334x − 0.0906 with R2 = 0.993) based on the calibration curve prepared with the glucose standard (0.025–0.3 µg/mL). The total soluble sugar content was defined as glucose (mg/g DW).




2.9. Statistical Analysis


The experiment was performed in triplicate, while the results which are reported in the tables and figures are the means value ± (SD) using SPSS, one-way ANOVA for estimated statistical significance differences at (p < 0.05).





3. Results and Discussion


3.1. Green Synthesis and Characterization of Ag-Containing Nanoparticles


Ag-containing NPs were synthesized biologically using an aqueous seed extract of Juniperus procera as a capping and reducing agent and silver nitrate solution. For the biosynthesis of Ag-containing NPs, 1 mm solution of silver nitrate was added to the aqueous seed extract (1:2) (v/v). Next, the mixture was incubated at 40 °C until the colour of the mixture changed from light yellowish to brown (Figure 1a). This changing in colour of the mixture indicated the reduction of Ag+ to Ag0 in the AgNO3 solution [28,29], which confirmed Ag ion reduction and the formation of silver nanoparticles [28,29]. This is the first sign and notable indication of the formation of silver nanoparticles [30]. Next, the biosynthesis of Ag-containing NPs was confirmed by various characterization techniques (UV, FTIR, and SEM) to ascertain the shape, size, morphology, and functionalization of nanoparticles. For UV-visible spectroscopy analysis, biosynthesized Ag-containing NPs were dissolved in deionized water and detected using a UV-visible spectrophotometer. The UV-visible spectrum showed that strong broad peaks were observed at 400 and 262 nm (Figure 1b) and no more major peak shifts were observed during the reactions and measurement. The peak at 400 nm indicated the appearance of Ag in the sample, while the band at 262 nm indicated the presence of bioactive compounds of seed extract in the mixed solution. Therefore, our findings are in agreement with [31], who reported that the UV spectra of AgNPs was found to be 400 nm. Additionally, it has been stated that the UV spectrum of Ag is in the range of 400–500 nm due to surface plasmon resonance (SPR) [32]. Moreover, UV spectroscopy is an appropriate approach to confirm the formation of silver nanoparticles [33]. FTIR analysis of biosynthesized Ag-containing NPs showed bands at 861.50, 1604.85, 1766.81, and 3313.57 cm (Figure 1c). The band shown at 861.50 cm is assigned to C=CH2, the peak at 1604.85 cm is attributed to N-H bend primary amines in protein, the peak at 1766.81 cm corresponds to carbonyl stretching vibrations, and the band at 3313.57 cm is obtained from O-H stretching H-bonded phenols and alcohols. Therefore, the FTIR result indicated that biogenic Ag-containing NPs were surrounded by bioactive compounds and protein. The morphology and size of biosynthesized Ag-containing NPs were investigated using a scanning electron microscope (SEM). The result has shown that biosynthesized Ag-containing NPs were spherical in shape and the average size of the particles was 100 nm (Figure 1d). However, energy-dispersive X-ray spectroscopy (EDX) was not performed in this study for elemental mapping or elements distribution of the nanoparticles (NPs). Nevertheless, the method which has been used in this research is reliable and proven for AgNPs synthesis [16,34,35]. On other hand, the biosynthesis of AgNPs was not fully investigated to prove that nanoparticles are composed entirely of silver. Therefore, the term Ag-containing nanoparticles has been used instead of silver nanoparticles.




3.2. The Effect of Ag-Containing NPs on Tomato Germination Rate, Growth and Development


Silver nanoparticles have unique chemical and physical properties and are now being intensively introduced to the agriculture field as inducers and nano-fertilizers. However, only a few studies have been conducted to show a beneficial impact of AgNPs on the growth and development of crop plants [15]. The exposure of plants to AgNPs can affect plant metabolic reactions by inducing plant growth, water and nutrient uptake, respiration, photosynthesis, and transpiration rate, production of reactive oxygen species (ROS), and antioxidant responses [9,10,11]. The optimum dose of nanoparticles is expected to improve crop productivity. Additionally, the usage of an optimum dose of nanoparticles might minimize the risk of the presence of nanoparticles in the plant environment [36]. Here, in this study, the impact of different concentrations of Ag-containing NPs (0.0, 2.5, 5, 10, 25 mg) on the seed germination index and germination rate was tested. In addition, their effects on stem and root development and physiological parameters were investigated. As we can see in the detailed results, the biosynthesized Ag-containing NP application had a significant impact on all traits including germination rate, germination speed index, and shoot and root system development. The obtained results show that Ag-containing NPs have a significant effect on tomato development (Figure 2). Among the different concentrations tested in this experiment, the 5 mg dose of Ag-containing NPs recorded the highest germination rate (96.7%), followed by 10 mg (89.67%), 25 mg (87%), 2.5 mg (86%), and control (74.67%) (Figure 2). It has been stated that germination rate was increased significantly in response to AgNPs [36], which is in agreement with our finding. On the other hand, recent studies have reported that a plant’s response to AgNPs, enhancement, or inhibition of growth, depends on the AgNP dose. The exposure of Arabidopsis thaliana plants to 1 or 2.5 mg/L of AgNPs increased seedling biomass [37]. Additionally, the germination speed index was calculated using the method described by [18], which revealed that 5 mg of biogenic Ag-containing NPs generated the highest value of germination index (22.67), followed by 10 mg (19.67), 25 mg (19.33), 2.5 mg (19.33), and control (18.33) (Figure 2). In agreement with our findings, [38] stated that the germination index (GI) and germination rate (GR) of the investigated seeds greatly increased in response to AgNPs compared to those untreated seeds. Silver nanoparticles can enhance germination index and seed germination rate with different scenarios. For example, AgNPs create small pores by interacting with the cell walls of the seed coat, thus enhancing water uptake by the seeds. The fast water uptake by seeds can induce higher metabolic activity and hydrolysis of starch during the initial phase of seed imbibition. Silver nanoparticles might interact with α-amylase as NPs-amylase complex to fasten the hydrolysis of starch, and thus, seeds can generate higher available sugars to support embryo development. In addition, AgNPs might mediate the generation of reactive oxygen species (ROS) which act as signalling molecules and participate in cell wall loosening and endosperm weakening [38]. Moreover, the effect of different concentrations of Ag-containing NPs on parameters such as stem and root length and fresh and dry weight were estimated. The recorded result showed that Ag-containing NPs have a significant effect compared to non-treated plants, as shown in Table 1. These morphological findings were supported by physiological analysis such as chlorophyll a and b, as well as enzymes activity. The result demonstrated that Ag-containing NPs have an impact on photosynthetic pigments (Figure 3). Moreover, total protein content and the activity of SOD, CAT and APX were up-regulated in response to Ag-containing NPs (Figure 4). The addition of AgNPs improved plant growth indices, biochemical parameters, and the activity of antioxidant enzymes in Brassica juncea, Zea mays, and Phaseolus vulgaris [17,39]. In addition to the morphological parameters, AgNPs have played an important role which increased plant height, fresh and dry weight, and the length of root and shoot of Vigna radiata, as reported by [40]. The improvement of plant growth response to AgNPs might be due to the action of ethylene being blocked [41]. Additionally, Syu et al. suggested that the effect of AgNPs on the morphological and physiological parameters of plants is related to the morphology of the nanoparticles that are used [42]. However, there are different views about the mechanism of action of silver nanoparticles to trigger the positive effect on plant growth. For example, some researchers suggested that nanoparticles enter the seed coat and have a useful impact on the seed germination processes. Additionally, nanoparticles might induce and increase water absorption by seeds [43].




3.3. The Effect of Ag-Containing NPs on Phenolic Compounds and Total Soluble Sugar


The application of nanomaterials is currently focused on the enhancement of bioactive compound production from plants using NPs as elicitors [44]. In this study, we explored the impact of different concentrations of biogenic Ag-containing NPs on phenolic compounds; the total phenolic content (TPC), total flavonoid content (TFC), and total tannin content (TTC) of tomato crops were investigated. The result demonstrated that Ag-containing NPs have a significant impact on phenolic compound production compared to non-treated plants, as shown in (Table 2). For TPC production, a dose of 5 mg of Ag-containing nanoparticles generated the highest value (281.7 mg GAE/g DW), while for TFC production, 2.5 mg registered a higher yield (127.8 (mg QE/g DW) of TFC, as well as for TTC production (76.94 mg TAE/g DW) (Table 2). In accordance, significant changes have been observed for five phenolic compounds under silver nanoparticle treatment [45]. Additionally, it was reported that silver nanoparticles could be an efficient elicitor to increase the phytochemical production [46]. Furthermore, the concentration of osmolytes, such as total soluble sugar, was also determined under different concentrations of Ag-containing nanoparticles. For soluble sugar production, 25 mg of Ag-containing NPs recorded the highest yield of soluble sugar (Figure 5). The total soluble sugar content of seedlings increased in response to AgNPs [38].





4. Conclusions


Silver nanoparticles have unique chemical and physical properties and are now being intensively introduced to the agriculture field as inducers and fertilizers. Ag-containing nanoparticles had a positive impact on the germination rate, germination speed index, stem and root system, and physio-biochemical traits indices compared to non-treated plants. This resulted in a higher germination rate, germination speed index, average of stem length, root length, photosynthetic pigments, total protein content, phenolic compounds, and enzyme activity. We concluded that the addition of biosynthesized silver nanoparticles to the plant media in vitro can play a vital role in enhancing plant growth and biomass production. Further, to better understand the impact of Ag-containing nanoparticles on crop development, gene expression should be done and the toxicity of Ag must be considered.
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Figure 1. Results of different approaches used for silver nanostructure characterization: (a) colour change showed the reduction of Ag+ to Ag0 in AgNO3 solution; (b) UV-Visible spectrum of biogenic Ag-containing NPs; (c) FTIR Pattern of Ag-containing NPs; (d) SEM image of Ag-containing NPs. 
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Figure 2. The impact of Ag-containing nanoparticle concentrations on seed germination rate (%) and germination index of tomatoes (Solanum lycopersicum L.) in vitro. The presented data are mean values based on three replicates. Means in the same column with different letters are significantly different at (p  <  0.05). 
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Figure 3. The impact of Ag-containing NP concentrations on photosynthetic pigments (Chlorophyll a and Chlorophyll b) of tomatoes (Solanum lycopersicum L.) in vitro. The presented data are mean values based on three replicates. Means in the same column with different letters are significantly different at (p  <  0.05). 
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Figure 4. The impact of different concentrations of Ag-containing NPs on total protein and enzyme activity: (a) total protein, (b) catalase activity, (c) SOD activity, and (d) APX activity of tomatoes (Solanum lycopersicum L.) in vitro. The presented data are mean values based on three replicates. Means in the same column with different letters are significantly different at (p  <  0.05). 
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Figure 5. The impact of different concentrations of Ag-containing NPs on total soluble sugar of tomatoes (Solanum lycopersicum L.) in vitro. The presented data are mean values based on three replicates. Average in the same column with different letters are significantly different at (p <  0.05). 
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Table 1. The impact of different concentrations of Ag-containing NPs on morphological development (stem length, stem fresh weight, root length, and root fresh weight) of tomatoes (Solanum lycopersicum L.) in vitro.
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	Stem Length (cm)
	Stem FW (mg)
	Root Length (cm)
	Root FW (mg)





	Control
	8.77 ± 0.62 b
	337 ± 2.95 b
	8.33 ± 1.27 ac
	98.7 ± 04.7 c



	2.5 mg/L
	11.5 ± 1.11 ab
	504 ± 1.68 ab
	9.20 ± 0.61 a
	72.1 ± 1.34 d



	5 mg/L
	12.4 ± 0.56 a
	637 ± 1.12 a
	8.33 ± 0.59 ac
	127 ± 2.82 b



	10 mg/L
	11.0 ± 0.57 ab
	394 ± 2.45 ab
	9.03 ± 1.43 a
	184 ± 1.67 a



	25 mg/L
	9.60 ± 1.4 ab
	336 ± 2.17 b
	5.30 ± 0.71 c
	68.1 ± 1.36 d







The data present the average of stem length, stem fresh weight, root length, and root fresh weight ± standard deviation (SD). a,b,c,d Means in the same column with different letters are significantly different at (p < 0.05).
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Table 2. The impact of different concentrations of Ag-containing NPs on phenolic compounds of tomatoes (Solanum lycopersicum L.) in vitro.
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	Treatments
	Phenol (mg GAE/g DW)
	Flavonoid (mg QE/g DW)
	Tannin (mg TAE/g DW)





	Control
	194.6 ± 0.41 e
	118.0 ± 0.28 d
	56.51 ± 0.061 e



	2.5 mg/L
	266.0 ± 0.41 b
	127.8 ± 0.24 a
	76.94 ± 0.11 a



	5 mg/L
	281.7 ± 0.41 a
	121.5 ± 0.26 c
	76.64 ± 0.06 b



	10 mg/L
	231.5 ± 0.23 d
	125.1 ± 0.19 b
	64.97 ± 0.06 d



	25 mg/L
	263.9 ± 0.41 c
	121.0 ± 0.15 c
	72.62 ± 0.06 c







The data present the average of TFC, TFC, and TTC ± standard deviation (SD). a,b,c,d,e Means in the same column with different letters are significantly different (p < 0.05).



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
30

XOpUl U0} LIILIYS)

25 mg/L

10 mg/L

S mg/L

2.5 mg/L

Control

_.._-—._
:~F
e
o
~ A
Y
g =
f =
-~ e
= H
e 0O
s €
& &
= =
£ E
¢ o
1 T T T -
L -

CABAR UITZITURER

Treatments






nav.xhtml


  processes-10-00825


  
    		
      processes-10-00825
    


  




  





media/file2.png
Transmittance (%)

3313.57em

176681 cm
861.50 cm / 1604.85 cm

0

Ll Ll s Ll Ly Ll L L L)
S00 1000 1500 2000 2500 3000 3500 4000 4500
Wavenumber (cm)

C

Absorbance (a.u.)

262
204
154
1.0- 400
054
0.0+
¥y v | v | v 1 A 1 1
20 300 400 500 600 700

Wavelength (nm)






media/file5.jpg
Chl a and b (mg/g FW)
£ 88 -585%8

g

BChiorophyll a @ Chlorophyll b

L

be
o

25mgl  SmgL  10mg/L
Treatments

Control

25mg/L






media/file3.jpg
opu oty

25 m/L.

10 me

Controt

8 8§ 8§ 8’8 °
(34)31es noppempan






media/file1.jpg
=






media/file7.jpg
X3

i " i
i i
S ‘malllm
& ° Control  25mgl. Smgl.  10mpl 2Smel.
A » T
5 1 a6 (]
£ , - :
] ol
22 Lo i .
g ; . . .
:
° Control  25mgl Smpl  10mgl 2Smyl ° Control  25mgl Smpl  10mpl 2Smel
‘ - a E e






media/file10.png
Sugar (ug/ml)

[
N
&

Control 2.5 mg/L

5 mg/L
Treatments

10 mg/LL. 25 mg/L






media/file9.jpg
Sugar (ug/ml)
2 8§ B

°

Control

2.5mg/L

Smg/L
Treatments

10mg/L

25mg/L






media/file0.png





media/file8.png
14 -
— 16 -
3 = 12
£ b = 10 -
Fo B
~ = 8 -
s g
o
- 8 = i
E =
E | B~ 4 -
z S, |
0 0 -
Smg/L Control 25mgl. SmglL 10mgl 25mg/L
a Treatments b Treatments
0.07 -
5 _ 0.06 A
2 2 0.05
g g
asn °an 0.04
= =
[=] v 0.02
@)
v 0.01
0 .
S mg/L Control 25mg/L SmgL 10mg/L 25mg/L
C Treatments d Treatments






media/file6.png
Chl a and b (mg/g FW)

-
a

b=
'

e
N

[

S
o

&
=)

&
=

&
¥

e

@ Chlorophyll a @Chlorophyll b

bc

Control

a

2.5 mg/L

b

S mg/L
Treatments

10 mg/L

25 mg/L






