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ABSTRACT 

Nannochloropsis salina D.J. Hibberd, a marine microalga, has aquaculture 

and biotechnological potential. The present study was aimed at to assess the 

influence of common plant growth regulators on growth and pigment 

composition of microalga N. salina. The addition of indole-3-acetic acid (IAA) 

to growth medium at lower concentration (0.1 mg L-1) slightly promoted algal 

growth while 2,4-dichlorophenoxy acetic acid (2,4-D) decreased the growth. 

Lower concentrations of auxins enhanced chlorophyll a production in N. salina 

while higher concentration inflicted inhibition. Addition of kinetin in medium 

negatively influenced the growth rate and pigment production while 6-

benzylaminopurine (BAP) promoted algal growth at lower concentrations (0.1 

mg L-1) but positively influenced pigment production at 2 mg L-1. 

Key words: Chlorophyll, growth regulators, microalgae, Nannochloropsis 
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INTRODUCTION 

Phytohormones are chemical substances present in minute amounts in plant tissues which regulate 

plant growth and development. Auxins and cytokinins are the two main types of hormones used in in 

vitro plant culture. Auxins influence plant cell growth through cell expansion, division initiation, cell 
wall acidification, callus formation and rooting in in vitro culture. In developed tissues, auxins play 

key role in apical dominance and fruit ripening. Indole-3-acetic acid (IAA), the most commonly 

detected natural auxin, reportedly is the first chemically characterized plant growth substance which 

promotes growth elongation (Tarakhovskaya et al., 2007). IAA and several conjugates are used as 
growth regulators in tissue culture. 2,4-dichlorophenoxy acetic acid (2,4-D) is the most commonly 

used synthetic auxin in plant tissue culture for callus induction, somatic embryogenesis and cell 

suspension culture (Quainoo and Dwomo, 2012). 2,4-D is also used as a weedicide. Cytokinins 
stimulate cell division, release lateral bud dormancy and induce adventitious bud formation. Joint action 

of auxins and cytokinins is the main growth regulating mechanism in higher plants. Auxins affect DNA 

replication while cytokinins influence the events controlling mitosis. Cytokinins also retard leaf 
senescence, promote chlorophyll biosynthesis and enhance chloroplast development. Zeatin is a 

naturally occurring cytokinin, but its high production cost restricts its use in in vitro culture. Many 

cytokinins-like growth regulators are used in plant tissue culture and the most commonly used 

cytokinins are substituted purines; kinetin and 6-benzylaminopurine (BAP).  
Unicellular plants like microalgae are capable of producing some low-molecular chemical 

compounds in their growth medium which have proved beneficial as protective and cell-cell attractive 
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in function (Tarakhovskaya et al., 2007). The knowledge on algal hormone system is fragmentary. Stirk 
and Van (1997) discovered the presence of zeatin in fucoid algae. Ordog et al. (2004) confirmed the 

presence of hormonal systems in microalgae. However, the impact of exogenous plant growth 

regulators on the growth of microalgae have not properly been studied. The present study was, therefore, 
aimed to assess the influence of common plant growth regulators on growth and pigment production of 

marine microalga Nannochloropsis salina. 

MATERIALS AND METHODS 

The culture of marine microalga Nannochloropsis salina D.J. Hibberd, maintained at the Department 

of Marine Biology, Microbiology and Biochemistry, CUST, Kerala (India), was used in the present 

study. N. salina culture was raised in 1000 mL Erlenmeyer flasks containing 600 mL f/2-Si medium 
(Guillard, 1975) with a salinity of 30 ppt (parts per thousand). Illumination was provided by cold 

white fluorescent light of 2000 lux for a light/dark period of 12:12 h. Cultures were maintained at a 

temperature of 30±2ºC. 
Six concentrations (0, 0.1, 0.5, 1.0, 1.5 and 2.0 mg L-1) of 2,4-D and IAA (auxins), and kinetin 

and 6-benzylaminopurine (cytokinins) were assessed in the present study. The experiments were set 

up using 250 mL Erlenmeyer flasks containing 150 mL f/2 medium appended with above respective 
growth regulator as per treatment. Ten percent volume of logarithmically growing culture was used as 

inoculum. Illumination was provided by cold white fluorescent light of 2000 lux for a light/dark period of 

12:12 h and flasks incubated at 29±1°C for 12 days. The observations were taken at 2 days intervals. The 

experiment was laid in a completely randomized design and each treatment replicated three times. The 
algal population was estimated by counting the cells with the help of a haemocytometer and growth 

rate calculated as per Guillard’s equation (Guillard, 1973): 

Exponential growth rate (r) =   ln Nt - ln N0 

  Δt 

Wherein, ln Nt  = population size at the end of time interval; ln N0 = population size at the beginning of 

experiment; Δt = length of time interval 

The growth rate was expressed in terms of growth day-1. For the estimation of pigments, 1 mL 

culture was filtered through 13 mm Whatman GF/C filter paper by using gentle vacuum filtration 
(Kumar and Saramma, 2013). The filter papers with algal cells were introduced into screw-capped 

test tubes containing 5 mL 90% acetone. The test tubes were covered with aluminum foil to prevent 

the entry of light. Algal samples were ground in a glass homogenizer and refrigerated for 1 h. The 
samples were then centrifuged at 3000 rpm for 5 min. The clear supernatant was taken, made up to 5 

mL with 90% acetone and used for pigment quantification. The experiments were performed in dark 

in triplicate (Strickland and Parsons, 1972; Kumar and Saramma, 2013). The absorbance of algal 
samples was estimated by using 90% acetone as a blank, at 750, 665, 645, 630 and 480 nm in a 

spectrophotometer (Hitachi U-2001). The extinction at 750 nm was subtracted from the extinctions 

observed at 665, 645, 630 and 480 nm (Jeffrey and Humphrey, 1975). The amount of chlorophyll a 

(Chl a) in samples was estimated by using the equation: 

Ca = 11.85(OD665) - 1.54(OD645) - 0.08(OD630) 

Chlorophyll a (µg L-1) = Ca × extract volume (mL)/ volume of sample (L) × path length of cuvette (cm) 

CCar = 4.0(OD480) ……… (Strickland and Parsons, 1972) 

Total carotenoids (µg L-1) = CCar × extract volume (mL)/ volume of sample (L) × path length of cuvette 

Statistical analysis was performed using one-way analysis of variance using SPSS version 17. The 

values were compared using Tukeys test (p< 0.05) (Moreira et al., 2017). 
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RESULTS AND DISCUSSION 

Plant growth regulators play vital role in algal growth and metabolism (Bradley and Cheney, 1990; 
Evans and Trewavas, 1991). The exogenous plant hormones modify the metabolism in algae 

(Piotrowska et al., 2012) yet their effect on growth and metabolism in microalgae has not been studied 

much (Stirk et al., 2013). The present study revealed that plant growth regulators can either promote 

or inhibit the growth of N. salina. The effect 
varied with change in the concentration of 

growth regulators in medium. In present study 

two auxins used were IAA (a natural auxin) and 
2,4-D (a synthetic hormone). IAA supple-

mentation to growth medium @ 0.1 mg L-1 

improved growth rate (0.197 day-1) as compared 
to the control (0.189 day-1). However, IAA @ 

0.5 mg L-1 in medium gave very low growth rate 

(Fig. 1). Our results are in agreement with 

Ahmad and Winter (1968) who reported that 
lower concentration of IAA promote growth 

whereas high concentration show inhibitory 

effect in Anabaena cylindria. Bajguz and 
Piotrowska (2013) also found enhanced growth 

in microalgae at low concentrations of IAA. In 

Haematococcus pluvialis and Dunaliella salina, 
2,4-D showed an increase in biomass (de Jesus 

Raposo et al., 2015). 2,4-D is an auxin that 

promotes cell enlargement (Schenck et al., 

2010). The auxins may be involved in cell 
division in microalgae. The application of IAA in 

 
Fig. 1: Effect of IAA (upper) and 2,4-D (lower) on 

growth rate of N. salina 

growth medium increased the growth rate in Chlorella pyrenoidosa (Vance, 1987) and Scenedesmus 

obliquus (Prasad, 1982). 
The addition of 2,4-D in medium decreased growth rate of N. salina. An inverse relationship 

was observed between the concentrations of auxins and growth rate (Fig. 1). Earlier reports also reveal 

that lower concentrations of auxins and their derivatives stimulated the growth of Chlorella sp. 

(Czerpak et al., 1994; Czerpak et al., 1999; Piotrowska et al., 2012). 
At lower concentrations, IAA promoted chlorophyll a production in N. salina (Fig. 2), whereas at 

higher concentration the chlorophyll content showed a decrease. Carotenoid production was more in the 

medium supplemented with low levels of IAA (0.5 mg L-1). This may be attributed to the good growth 

Fig. 2: Effect of IAA on chlorophyll a (Chla)and total carotenoid production in N. salina 
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Fig. 3: Effect of 2, 4-D on chlorophyll a and total carotenoid production in N. salina 

Fig. 4: Effect of kinetin on growth rate and chlorophyll a production of N. salina 

rate observed at this concentration as compared to their higher concentrations or control. In 2,4-D 

supplemented growth medium, the chlorophyll a production by microalgae was high upto 9th day of 
incubation and decreased thereafter (Fig. 3). There was no notable influence of 2-4 D on carotenoid 

production in N. salina. In a similar study, Czerpak et al. (1999) and Piotrowska et al. (2012) observed 

increase in carotenoid concentration in C. vulgaris when exogenous auxins were added to the medium. 
The use of kinetin @ 0.5 mg L-1 in growth medium enhanced algal growth (Fig. 4). Vance (1987) noted 

that the addition of kinetin in culture medium increased cell division rates of C. pyrenoidosa by 12-16%. 

In present study, the addition of kinetin adversely affected chlorophyll a and carotenoid production (Fig. 
4 & 5). Contrary to our observations, Bajguz and Czerpak (1996) found stimulatory effects of kinetin on 

carotenoid production in alga C. pyrenoidosa. Cytokinins activate cell division (Dobrev et al., 2002) and 

protein synthesis in algae. 

All the test concentrations of BAP showed growth promoting effect, except the concentration 
of 0.5 mg L-1 which depicted no effect (Fig. 6). The results are in agreement with Burkiewicz (1987) 

Fig. 5: Effect of kinetin on total carotenoid 

production in N. salina 
Fig. 6: Effect of BAP on the growth rate of N. 

salina 
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Fig. 7: Effect of BAP on chlorophyll a(left) and total carotenoid (right) production in N. salina 

and Piotrowska and Czerpak (2009) who reported that exogenous cytokinins increase cell number in 
Scenedesmus quadricauda and Chlorella vulgaris. In present study, 2 mg L-1 BAP produced more 

chlorophyll a in N. salina (Fig. 7). Similarly, the carotenoid production was high in medium 

containing all test concentrations of BAP, except 1.5 mg L BAP. Our findings are supported by 

Piotrowska and Czerpak (2009) who also found that exogenous cytokinins increased carotenoids in 
Chlorella vulgaris. Satpati et al. (2014) observed good growth of algae in presence of cytokinins. 

Auxins and cytokinins are involved in cell division and regulate the activity of cyclin-dependent 

kinases (Hutchison and Joseph, 2002). If auxins and cytokinins are to be successfully used to improve 
microalgal growth and yield in in vitro culture, a better understanding of their role in microalgae 

metabolism is essential. 
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