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Table 1: Characteristics of experimental treatments

Treatments
MgSOq Micronotrie FeSOq4 K2HPO4 CLF (20:20, Urea NaNOz  Treatme Groups
(gram) nt (mL) (gram) (gram) K:P) (mL) (gram) (gram) nts
- - - - - - - Control  Zarrouk
- - - - 200 - 25 N-0
- - - 1 200 - 25 N-Kz
- - 0.1 - 200 - 25 N-Fe
NaNOs
- - 0.05 0.5 200 - 25 N-KzFe
- 1 - - 200 - 25 N-Mic
1 - - - 200 - 25 N-Mg
- - - - 200 0.88 - u-0
- - - 1 200 0.88 - U-Kz
- - 0.1 - 200 0.88 - U-Fe
Urea
- - 0.05 0.5 200 0.88 - U-KzFe
- 1 - - 200 0.88 - U-Mic
1 - - - 200 0.88 - U-Mg
- - - - 200 0.44 1.25 NU-0
- - 1 200 0.44 1.25 NU-K2
- - 0.1 - 200 0.44 1.25 NU-Fe NaNOs
) ) NU- +Urea
- - 0.05 0.5 00 0.44 1.25 KoFe (50:50)
- 1 - - 200 0.44 1.25 NU-Mic
1 - - - 200 0.44 1.25 NU-Mg

Abbreviations: N: sodium nitrate, U: urea, NU: combination of sodium nitrate and urea with a ratio of 50:50, K2: K2HPOQa, Fe:
FeSO4, KzFe: combination of 50 50: of K:HPO4 and FeSOa, Mic: micronutrients, Mg: MgSOa, CLF: Commercial liquid fertilizer
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Figure 1: Growth rate of spirulina algae in different treatments based on sodium nitrate on different days of the
experiment

h

28 30

160 —t=T7-0 —=T-K2 —a—T-Fe

140 ——U-K2Fe —o~U-Mic —o—U-Mg
120 =——Control

100
30
60
40

Cell density (trichomes/mL)

20

Experimental times (days)
ohelejT hlizn (5l 39) 33 0y9l arly i chlisin (gL jlond )0 Lindg pol Salr iy gl 50 oY S

Figure 2: Growth rate of spirulina algae in different treatments based on urea on different days of the experiment
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Chart 3: Growth rate of spirulina algae in different treatments based on the combination of sodium nitrate and urea
(50:50) on different days of the experiment
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Table 2: Results of the growth parameters of spirulina algae in a period of 30 days in low-cost culture media
(meanzstandard error)

Duppling times (days) SGR (days) Maximum cell density (cell.mL)  Treatments Groups
10.17+0.263 f 0.068+0.001 a 136.4+1.32a Control Zarrouk
11.81+0.123 ef 0.059+0.001 b 91.8+1.33¢ N-0
12.03+0.180 ef 0.058+ 0.001 bc 92.3+0.86 d N-K2
13.42+0.093 def 0.052+0.001 d 1125+121¢ N-Fe NaNOs
12.96+0.053 def 0.053+0.001 cd 118.8+0.78 b N-K2Fe
11.67+0.058 ef 0.059+0.001 b 141.8+1.27 a N-Mic
9.11+0.353 f 0.076+0.003 a 138.1+2.21a N-Mg
19.36+0.222 cd 0.036+0.001 fg 70.2+0.89 ¢ uU-0
18.87+0.881 cd 0.037+0.002 fg 20.5+0.88 j U-K2
17.84+0.398 cde 0.039+0.001 ef 76.8+2.01 f U-Fe Urea
18.93+0.194 cd 0.037+0.001 fg 71.7+0.79 g U-K2Fe
16.06+0.380 cde 0.043+0.001e 87.8+2.82 ¢ U-Mic
13.21+0.076 def 0.053+0.003 d 60.8+0.56 h U-Mg
47.22+3.776 a 0.015+0.001 i 20.7£0.35j NU-0
32.22+0.286 b 0.022+0.002 h 20.6+2.50 j NU-K2
46.66+7.158 a 0.016+0.003 i 36.4+0.24 i NU-Fe NaNOs+Urea
17.88+0.369 cde 0.039+0.001 ef 76.5+£1.79 f NU-K2Fe (50:50)
21.14+2.822 ¢ 0.034+0.004 g 23.2+0.10 NU-Mic
21.27+0.407 c 0.033+0.001 g 63.6£1.18 h NU-Mg

Different letters in each column indicate a statistically significant difference between different treatments (p<0.05).
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Table 3: Results of chlorophyll a, chlorophyll b, total pigments and protein of spirulina algae during 30 days in low

cost culture media (meanzstandard error)

Total caretonoids Chlotophyll b Chlotophyll a Protein
(mg/L) (mg/L) (mg/L) (%) Treatments Groups
5.61+0.3 ef 6.86+0.04 b 15.1+0.14f 34.5+0.29 f N-0
7.60+£0.03 e 4.63+0.14 ¢ 17.3+£0.11e 40.0+0.29 d N-K2
9.53+0.01 ¢ 5.28+0.09 bc 26.1+0.05b 45.8+0.44 c N-Fe NaNO3s
9.72+0.01 ¢ 4.06+0.10 cd 25.5+0.06 b 45.0+£0.57 ¢ N-K2Fe
11.00+0.02 a 13.50+0.11 a 31.8+0.05a 33.00.58 f N-Mic
10.82+0.24 b 3.32+0.24 d 19.6£0.4d 40.0£0.57d N-Mg
13.70+0.01 a 4.03+£0.13 cd 25.7+£0.08 b 37+0.58 ¢ uU-0
8.24+0.09 e 2.70+0.16 de 15.0+£0.18f 40.0+0.58d U-K2
8.50+0.06 d 4.65+£0.09 ¢ 145+0.07 f 47.7£0.88 b U-Fe Urea
10.38+0.01 ¢ 2.32+0.10 de 16.3+£0.07¢ 37.8+0.17 e U-K2Fe
6.43+0.11 f 1.42+0.39 e 155+0.10f 34.0+£0.58 f U-Mic
- - - - U-Mg"
- - - - NU-0"
9.97+0.01 d 2.64+0.9 de 18.9+£0.04 d 45.1+0.47 ¢ NU-K2
11.12+0.01 b 3.59+0.9 d 23.7+0.07 ¢ 49058 b NU-Fe NaNOs+Urea
9.30+0.01 ¢ 4.71£0.06 ¢ 25.1 +0.09 be 51.2+0.73a NU-K2Fe (50:50)
- - - - NU-Mic”
9.82+0.01 ¢ 4.46+0.08 cd 26.5+0.06 b 46+0.58 ¢ NU-Mg

Different letters in each column indicate a statistically significant difference between different treatments (p<0.05).
* In these treatments, there was no mass of algae on the last day to measure pigments and protein.
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Abstract

The most important limitation of the mass production of Spirulina microalgae in the world is the
high cost of its culture medium. The present study was carried out with the aim of evaluating the
cultivation mediums based on chemicals and commercial fertilizers and comparing the growth
characteristics, pigments, and the amount of protein in the produced spirulina in comparison with
the Zarrouk’s medium. In order to meet the nutritional needs of Spirulina species, low-cost
fertilizers were used in the form of 18 treatments and three replications. In all treatments,
commercial sodium bicarbonate at 16.8 g/L, sea salt at 0.5 g/L, and the commercial liquid
fertilizer (K:P, 20:20) were used to meet the phosphorus and potassium needs of the microalgae.
To supply nitrogen in the treatments, three sources of sodium nitrate, urea, and a 50:50
combination of both were used. In all three groups, 6 substances were used in the form of 6
treatments (control, potassium, iron, a combination of potassium and iron, magnesium, and
micronutrients). According to the results, the growth of Spirulina was higher in the control group
(Zarrouk’s medium) than other treatments until the 20th day, but after that, the sodium nitrate -
magnesium (N-Mg) treatment showed a higher growth rate than the control group. Also, the
highest specific growth rate, cell density of algae, and the lowest doubling time were measured in
the treatment containing sodium nitrate source. The highest algal cell density and specific growth
rate were significantly (p<0.05) observed in sodium nitrate-magnesium (N-Mg) and sodium
nitrate-micronutrients (N-Mic) treatments, which were significantly different from the control
group (Zarrouk’s medium). The maximum chlorophyll a, chlorophyll b, and total pigment were
obtained significantly in sodium nitrate-micronutrients (N-Mic) treatment (p<0.05). The highest
amount of protein was obtained in the combined sodium nitrate-urea group with iron and
potassium sources. To sum up, the highest growth rate and the highest cell density were obtained
in the culture medium containing sodium nitrate, which is comparable to Zarrouk’s culture
medium that can be used on a commercial scale.
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