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Introduction

Microalgae can produce valuable compounds, such as pigments, minerals, amino acids and fatty acids,
proteins, and vitamins that can be used in pharmaceutical, health, and food fields, with three economically
important genera including Chlorella, Spirulina, and Dunaliella (Priyadarshani and Rath, 2012). Green
algae include various forms: filamentous, membranous, unicellular, plate-like, or tubular. Chlorella is
spherical in shape and have relatively thin walls. Reproduction in Chlorella is also very simple and occurs
through asexual reproduction (Kerem et al., 2008). C. vulgaris can stimulate plant growth in agriculture
and suppress the growth of pathogenic microorganisms (Allaguvatova et al., 2019). Chlorella is an
important species of green algae that is fed to rotifers, various aquatic larvae and some phytophagous fish
in fish farming ponds and aquatic ecosystems (Salavatian and Fallahi, 2005). Deep aquifer well water is a
source of groundwater that is considered a strategic asset in any country. Deep water, which is located at a
depth of 300 to 1200 meters, is not suitable for drinking due to high salinity and dissolved solids, but it is
suitable for agricultural activities. These water resources are valuable in countries with arid and desert
climates. The first deep water well in Iran was commissioned in 2018 in the Sistan region with the
capacity to produce 1,500 m* of water per day (Khosravanizadeh et al., 2021). This research was
conducted considering the closeness of the salinity level of deep water in Well No. 1 of Sistan to the
requirements of C. vulgaris algae, and can be an introduction to the possibility of further studies on
various algae in these waters.

Methodology

The experiment was conducted in the Microalgae Research Laboratory of Zabol Research Institute. The

microalgae stock C. vulgaris was obtained from the Fars Algae Biological Reserves Development
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Company. To achieve the appropriate concentration of microalgae for cultivation, the prepared stock was
cultured in 500 ml Erlenmeyer flasks for one week at a salinity of 24.5 parts per thousand (distilled water
and Lake Urmia salt) and 1.5 ml of Gaillard culture medium per liter. This experiment was conducted with
5 treatments (treatment 1: 100% culture medium. Treatment 2: 25% deep aquifer well water plus 75%
culture medium. Treatment 3: 50% deep aquifer well water plus 50% culture medium. Treatment 4: 75%
deep aquifer well water plus 25% culture medium. Treatment 5: 100% deep aquifer well water, and 3
repetitions during the duration of 10 days. It was done at a temperature of 27 ¢ and 3500 lux lighting and
continuous aeration in 500 ml containers. pH was measured using a pH meter. To measure the density in
different treatments, the number of cells was counted every other day using a Neobar slide and a light
microscope (magnification x40). Algae growth rate in different treatments including specific growth rate
(SGR) (percentage per day) and: doubling time (DT) (per day) were calculated using the relevant formulas
(Hibbered, 1981). Biomass dry weight was calculated using the method of Colusse et al. (2020), and
chlorophyll a content was calculated using the method of Lim et al. in 1991 and the corresponding
formula. The collected data were statistically analyzed using SPSS version 22 software. The normality of
the data and the homogeneity of variances were checked with Kolmogorov-Smirnov and Levene's tests.
One-way ANOVA was used to determine the difference in means. Also, Duncan's test with a level of
(p<0.05) was used to compare means.

Results

An examination of the pH changes in the experimental treatments shows that the highest fluctuation of
these changes occurred on the first day of the experiment, from pH 8.98 to 10.63 on the fifth day. The
initial density in all treatments on the first day of the experimental period was 15x10* cells ml'. Chlorella
algae showed increasing growth in all treatments until day 5 of the experiment, with the highest density in
the fifth treatment being 129.33x10* cells ml'. However, no significant difference was observed between
treatments (p > 0.05). Also, on the third day of the experiment, the highest specific growth rate (SGR) of
C. vulgaris algae was related to treatment 1 (100% Gaillard culture medium) and the lowest was on the
last day for treatment 4 (75% deep aquifer well water). In addition, the results of this study show that the
highest doubling time (DT) is observed in treatment 4 (25% deep aquifer well water) on the last day and
the lowest time for treatment 1 (100% Gaillard medium) on the third day. The results of measuring the
concentration of chlorophyll a show that the highest and lowest levels of this pigment were observed on
the third day of the experiment in treatment 5 (100% deep aquifer well water) and treatment 3 (50% deep
aquifer well water), respectively. Also, the results related to the dry weight of this alga indicate that the
highest average was recorded on the tenth day (treatment 5) and the lowest for treatment 3 on the third day
of the experiment. Also, a significant difference was observed between the treatments only on the third
day of the experiment (p<0.05).
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Discussion and conclusion

Algae have the ability to utilize waste and can produce valuable materials such as pharmaceuticals,
chemicals, and human and animal food through light energy and inexpensive natural materials such as
carbon dioxide (De la noue and Pauw, 1988). Therefore, the necessity of cultivating this type of algae in
saline water environments is felt, and considering the new water source in the Sistan region, the necessity
of faster and cheaper growth in its mass production seems necessary. For this reason, Chlorella vulgaris is
used in this study to investigate its growth process in the deep aquifer well water of the Sistan region and
the Gaillard culture medium. Light, temperature, pH, water quality, aeration rate and the presence of
nutrients are considered as factors affecting the production of microalgae (Ayala, 1998). In the present
study, the pH fluctuation in Table 2 for treatments containing deep water was in the range of 10-9. pH is
one of the most important parameters for algae growth because it can determine the availability of carbon
dioxide and nutrients. A study by Habibi et al. in 2011 showed that the highest growth of Chlorella was
recorded at pH 9.5, although it maintained its growth and survival at higher pH (12). The results of this
study showed that the highest growth was in the pH range of 7 to 8, which could be explained by the
difference in environmental conditions and the type of algae species. The results of this study showed that
the highest density of C. vulgaris species was observed in treatment 5 (100% deep aquifer well water) on
the fifth day with an average density of 129.33x10* cells ml"'. A study by Rahdari e al. (2023)
investigating the ability to cultivate the microalgae Dunaliella tertiolecta in the deep aquifer well waters
of Sistan also showed that the highest number of this microalga was 24 x10° cells ml". It seems that
factors such as the type of species and the conditions of the microalgae cultivation environment, such as
the type of water, the salinity of the water, the culture medium, etc., are effective in the cell density of this
alga in various studies. According to the results of this research, it seems that the microalga C. vulgaris
has the ability to be cultivated in deep water, but further studies are needed to achieve the appropriate
combination of this water (deep water) with municipal or distilled water to achieve the desired salinity.
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Table 1: The microalga, Chlorella vulgaris cultivation treatments in the present study

Treatment(T) Amount of culture medium
1 100% Culture medium (control)
2 25 7/ deep aquifer well water + 75% culture medium
3 50 /deep aquifer well water + 50% culture medium
4 75% deep aquifer well water + 25% culture medium
5 100% deep aquifer well water
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Table 2: Comparison of the trend of pH changes (mean + SE) during the 10-day period of growing Chlorella vulgaris
algae in different treatments

Day T1 T2 T3 T4 TS

1 0.05*+ 10.29 0.08>+9.88 0.08>+£9.78 0.00°+9 00°0. £+ 8.98
2 0.04*+10.41 0.052 +10.06 0.24>+9.78 0.1¢£9.31 0.09¢+9.29
3 0.142+10.47 0.072+10.14 0.25**+9.91 0.19+9.38 0.06% +£9.50
4 0.152%+10.36 0.23% + 10.03 0.282° +9.87 0.8Y +9.64 0.662°+9.73
5 0.14°+ 10.63 0.13*+10.23 0.092> £10.34 0.12¢°+9.41 0.04° £9.71
8 0.05% £10.10 0.19* £10.33 0.072+10.38 0.09%* +£10.05 0.05°+9.94
9 0.092+10.38 0.1+ 10.12 0.023 £ 10.45 0.04%> +£9.73 05°0.+10.10
10 0.21 £10.14 0.23 +£10.13 0.23 £10.13 0.21 +£10.14 0.05%+10.05

D<o 120) aid o g BB saims (lis (s e 0 Dglaie By,

Different letters in each row indicate significant differences between groups (p<0.05)
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Table 3: Density (mean = SE) of Chlorella vulgaris algae in different treatments in a period of 10 days (x10* cells/ml)

Day T1 T2 T3 T4 TS5

1 0.00 £ 15 0.00 + 15 0.00 £ 15 0.00 + 15 0.00 =15

3 12.03 + 86.33 26.71 £ 76.66 7.79 £ 64.33 6.06 £58.33 11.85 £66/33

5 10.01 £ 113 34.74 £33/119 21.42 +£99.66 47.15 £106.33 19.54 +£33/129

8 2722 +116 26.52 £ 62.66 13.10 +£64.33 12.09 +66 13.38 £107.66

10 41 £97 2.59+50.24 25.02+63 12.49 £ 55 21.28 £101
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Table 4: Calculation of specific growth rate (SGR) (mean + SE) of Chlorella vulgaris algae in different treatments in a
period of 10 days (% per day).

Day T1 T2 T3 T4 TS

3 0.06+ 0.35 0.01£0.31 0.04+0.24 0.03%0.21 0.06%0.25

5 0.03+£0.24 0.08+0.26 0.05%0.21 0.09£0.23 0.05%0.29

8 0.04+0.14 0.04£0.07 0.01%0.07 0.02+0.07 0.02+0.13

10 0.04+0.09 0.05+0.07 0.03+0.05 0.01+0.04 0.03+0.11
g oo 0ddlive paw 39, ;0 (O NS cuiS Lo oy sl o Covulgaris o ol 95 Hley O Jgom 5o
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Table 5: Doubling time (mean + SE) of Chlorella vulgaris algae population in different treatments in a period of 10

days(days)
Day T1 T2 T3 T4 T5
3 0.4+2 0.3+£2.2 0.5£2.9 0.6£3.3 0.4£2.8
5 0.5£2.9 0.4£2.7 0.6£3.3 0.5%3 0.3+2.4
8 0.9£5 0.9£9.9 0.9£9.9 0.9£9.9 0.9£5.3
10 0.9b+7.7 0.9%+9.9 120+13.9 1.24£17.3 0.9°£6.3

D<A 0) Sld s Sre S odims lis (@) e 0 Dglaie g,

Different letters in each row indicate significant differences between groups (p<0.05)
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Table 6: Comparison of the amount of photosynthetic pigment chlorophyll a (mean + SE) during 10 days of Chlorella
vulgaris algae in different treatments (mg/ml)

Day T1 T2 T3 T4 T5
3 0.2°+0.5 0.3°+0.6 0.2+ 0.4 0.52+1.3 0.8£2
5 0.5%+1.1 0.6%+1.2 0.4°+0.9 0.6%°+1.1 0.6£1.3
8 0.6%£1.2 0.3°+0.6 0.4°+0.6 0.4°+0.7 0.5%£1.1
10 0.52£1 0.2°+0.5 0.4°+0.6 0.2°+0.5 0.6%£1

D<o 0) Sd o cixe B onims Hlid (s, p j0 Dglaie By >

Different letters in each row indicate significant differences between groups (p<0.05)
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Table 7: Comparison of dry mass (mean = SE) of Chlorella vulgaris algae in different treatments during 10 days (g/L)

Day T1 T2 T3 T4 TS
3 0.12> £0.56 0.11%%¢ +£0.41 0.002°¢ £0.04 0.07* £0.6 0.008¢ £0.08
5 0.06 £0.6 0.02 £0.5 0.09+0.6 0.04+0.4 0.007 £0.03
8 0.03 £0.5 0.09+04 0.09 +£0.6 0.04 +£0.6 0.009 £ 0.06
10 0.1 £1.2 0.5+1.6 0.08 1.1 0.7+1.6 03422

D<o 0) Sid o pre S saims lis (@) e 0 Dglaie g,

Different letters in each row indicate significant differences between groups (p<0.05)
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