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Abstract

Study of effect of trace metals and nutrients and carbon fixation on
chlorococcales members Scenedesmus obliqguus (Turpin) Kutzing,
Sphaerocystis schroeteri Chodat, and Chlorella vulgaris Beyerinck
(Beijerinck) was conducted in static culture. Algal Biomass generated in
presence trace metals Iron, Cobalt, Zinc and Manganese and enhanced
nutrients i.e. nitrate and orthophosphate on S. obliquus, C. vulgaris and S.
schroeteri in the Becker’s medium (BM) and modified Bold Basal Medium
(BBM) was studied. Green algae biomass dry weight/L, cell numbers/ml
and bio-volume pm3/ml were recorded after 14 to 21 days. Trace metals
Iron, Cobalt, Zinc and Manganese were found to regulate S. obliquus, and
C. vulgaris cell numbers, bio-volume. Biomass increases S. obliquus > S.
schroeteri > C. vulgaris when N content or N and P contents were
increased in BM and Modified BBM. Effect of trace metals in S. schroeteri
culture did not conducted in BM due to enumeration difficulties.
Zooplankton and juveniles of fishes feed on S. obliquus and C. vulgaris and
S. schroeteri in primary trophic level. S. schroeteri is known to secrete
Glycolate and Glyoxylate in the culture medium.

Key words: Phytoplankton bio-volume, Growth characteristics,
Coenobium, Trace metals, Nutrients.

INTRODUCTION

Studies show that certain trace metals influence the physiological and morphological
characteristics of algae. Most tolerant group to trace metals was blue green algae
followed by green algae as compared to least tolerant diatoms. The decline in chl ‘a’ has
periodic relationship with other algal pigments chl ‘b’ chl ‘c’ carotenoids and
pheaophytin, protein, carbohydrate content of algal cells[1]. In case of eukaryotes, the
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algal cell multiplies not by simple cell division but opted for multiplication by auto-
spores, gametes etc. The cell cycle of the chlorococcal algae S. quadriquada has
particularly shown that each doubling of RNA content the cells becomes committed to
DNA replication. This is also true in the case of microalgae S. obliquus growth in photo
bioreactor or chemostate, in order to efficient removal of phosphorus under high light
intensities with the working dilution rate near the critical maximum dilution rate[2].
The important observation on Spirulina sp. and S. oblique cultures is that species
behave differently regarding the carbon fixation, there was no obvious lag phase in any
of the runs possibly because both species cultures used for the inoculums could have
been readapted to carbon dioxide[3]. Though doubling of protein content is required for
the commitment to the corresponding nuclear divisions. Number of cells per colony in
Scenedesmus is related to the amount of energy stored and may proportional to growth
rates [4]. S. obliquus is a highly variable genus of green algae. Phenotypic plasticity and
coenobium formation in Scenedesmus is also largely observed phenomenon in culture
[5]. Presence of trace metals cadmium and zinc at various concentrations have effect on
mean cell size and the size distribution of C. vulgaris and as compared to control flask,
and over 95% ammonia removal (containing 40 to 80 mg N L) was found in C. vulgaris
[6]. Autotrophs and increasing structure complexity have phylogenetic significance.
Dissolved bioavailability of trace metals may largely be regulated by biomass levels due
to legend production and macronutrients particularly P and N responsible for biomass
levels in water [7]. The growing interest in biomass from algae has useful applications
in common and fine chemicals production by different processes e.g. vitamins and bio-
fuel, production of biomass for aquaculture and waste water treatment. Efficient
recycling of nutrients is also possible if supplied to algae like fertilizer and do not
generate pollution when the biomass is harvested [8]. Present study on cultural aspects
of three algae S. obliquus, S. schroeteri and C. vulgaris was conducted taking in to
consideration of earlier studies.

MATERIALS AND METHODS

Isolation and Purification

Trace metals and nutrient effect on growth characteristics of S. oblliquus, S. schroeteri
and C. vulgaris were studied on BM and modified BBM. Standard biomass estimation
was done using cell counts, dry weight, chlorophyll ‘a’ and biovolume. Three estimations
vary and depend on cultural conditions. Fourth one, the size fraction and biovolume
measurement differentiate between species of co-occurring algae varying in shape and
jor size.

Media Composition of Becker’s medium (BM), and Modified Bold Basal Medium
(BBM)

Becker’s Medium Composition: Urea - 60mg, K2CO3 - 25mg, NazP0O4 - 25mg, NaCl -
25mg, (NH4)2S04- 20mg, MgS04 2H20 - 10mg, FeSO4 - 2mg added in one liter of distilled
water, pH adjusted to 7.8.

Modified Bold Basal Medium Composition: NaNO3z 250 mg, K:HPOs 75 mg,
KH2P04.7H20 - 175 mg, CaCl; - 75mg, NaCl - 25mg, H3BO3 - 0.2mg, MgS04. 7H20 - 75mg,
FeClz - 0.3mg, MnSO4, 4H20 - 0.3mg, ZnS04.7H20 - 0.2mg, CuS04.5H20 - 0.06mg, (NaNO3
250mg, NH4Cl - 15mg, equivalent to 41 mg-N-/1) added in distilled water, pH - 7.5 [9]
[10]. S. schroeteri green colonies of microalgae was separated and maintained in BBM
composition.

Cultures were grown under artificial light 40 W fluorescent light = 120 pm m-3 S-1
photon available to cultures at 23 # 5 2C (ambient temperature in laboratory
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conditions). Trace metals effect on growth characteristic of two algae and nutrients
effect on growth characteristic all the three species were carried out on BM and
Modified BBM for 15 - 21 days. Specific growth rate was calculated as the slope of
following equation:

Specific growth rate (pu) = Xt -Xo/t1-to
Where, Co is the initial biomass concentration mg/1 and C is biomass concentration mg/1
at any given time [11].
Determination of Biomass and Biovolume
Biomass of different algal cultures were determined on preweighed GF-C filter paper by
filtering 50 ml of culture and filter paper dried at 85 ¢C. The difference between final
and initial weights give biomass productivity mg/L. Cell biovolume is determined as per
simplest geometric configuration that best fits the shape of the cell being measured viz.
sphere for round cells of C.vulgaris and S. schroeteri and prolate sphere for S. obliquus,
[12]. Biovolume calculated by multiplying the average cell volume to number of cells
and biovolume expressed in cubic micrometers/milliliter [13].
Biovolume formula
S. obliquus V=m/6*d**h
C.vulgaris and S. schroeteri V= m/6 *d3
Vt=X (Nix Vi) [=1,n
Vt = total cell volume pm3/ml
Ni = Number of alga cells of the ith species/ml
Vi = average cell volume of cells of ith species
Trace Metals and Nutrients Solutions
Trace metal solution of Fe, Zn, Mn, Co, prepared from the metal salts FeS04.7H0,
ZnS04. 7H20, MnCl24H20, Co(NO3)2.6H20, (Qualigen chemicals, India) by dissolving the
milligrams of molecular weight in deionized distilled water. The trace metals molar
concentrations in 3, 6, 10 and 20 ppm of Fe; 2.25 and 6.75 ppm of Co; 3.50 and 10.25
ppm of Mn and 1.75 and 3.5 ppm of Zn were prepared in deionizer distilled water. S.
obliquus inoculated in 50 ml BM in control as well as experimental replicated flasks.
Similarly, the trace metals concentrations in 3, 6 and 10 ppm of Fe; 0.60 and 1.5 ppm of
Co; 1.75 and 3.5 ppm of Mn and 1.75 and 3.50 ppm of Zn were prepared in deionized
distilled water. Desired concentrations of metal were obtained in 50ml Modified BBM. C.
vulgaris inoculated in 50ml Modified BBM in control as well as experimental replicated
flasks.
Growth characteristics of the growing cultures were measured by taking cell counts on
alternate days. Chlorophyll ‘a’ estimation carried out once during the logarithmic phase.
Dry weight of algae was taken twice for algal biomass. Bio-volume was measured using
micrometer ocular scale and applying above formula.
Studies on three cultures S. obliquus, C. vulgaris and S. schroeteri considering effect of
increasing nitrate and phosphate concentrations in BM and Modified BBM was
conducted. Different nitrate and orthophosphate concentrations were added
proportionately in BM and Modified BBM.
Control without any addition and nitrate to phosphate concentration in 12:1 and 18:1
ratio for S. obliquus; 8:1 and 18:1 ratio for C. vulgaris and 12:1 and 18:1 ratio for S.
schroeteri. In next set, orthophosphate ratio was increased from 1 to 2, 1 to 3 and 1 to 4
in S. obliquus, culture medium. Addition of nitrate and phosphate ratio increase in ration
6:2, 12:3, 18:4 for S. obliquus, and 6:2, 9:3, 12:4 for S. schroeteri no addition with C.
vulgaris in culture media observations were carried out.
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Carbon Fixation in Green Algae

Carbon fixation is the process in green alga by means of phototrophic mode in
presences of nutrients. The biomass increases in presence of Sunlight and nutrients.
Two species S. obliquus and S. schroeteri were grown in Becker’s medium in presence
and absence of carbon source Urea-600mg/1 and K2C03-250mg/l. Atmospheric Carbon
dioxide was replaced in the experimental sets 1 and 2 (by using 2cm x 2cm blotting
paper strips contained 1mM and 2 mM and 1M and 2M KOH solution dipped than taken
of and then placed hanging in the 250ml experimental flasks in duplicate). The cell
counts, chlorophyll content, dry weight of both cultures were determined. Cell count
was taken on 2 to 3 days intervals, Chlorophyll content was determined on 5t day and
dry weight was determined on end of 15 and 21 days period.

2KOH + 2C02 = K2C03 + H20 + 02

2KOH + HCO3- — K2C03 + H20 + OH-

RESULTS

S, obliquus and C. vulgaris (chlorophyceae) and S. schroeteri (bottom dwelling algae)
present in phytoplankton were collected from Ambazari Lake, Nagpur. S. schroeteri is
known for Glycollate and Glyoxylate excretion in the culture medium [14]. Laboratory
study was conducted on trace metals Fe, Co, Mn and Zn, form prosthetic group of
enzymes which act in carbon fixation and respiration processes of the cells. Trace
metals in the cells required in traces and even slightly higher concentration significantly
reduce algal growth in nature as well as cultural conditions.

In cultural condition, addition of trace metals directly affected chlorophyll ‘a’ content
and biomass of the algal species. Cell numbers were become less variable in carbon
fixation culture as compared to control flask however addition of nitrate,
orthophosphate proportionately in BM and Modified BBM for growth characteristics
study of three algal species showed cell numbers and biomass drastically increased in
15-21 days old culture.

S. obliquus Growth in addition of Fe:

Iron is the part of the cytochrome bf. It contained two b-type heme cytochromes, a
Reiske protein-type Fe-S protein and c type cytochrome. Algal biomass was varied from
131.25 mg/1 (6 ppm concentration) to 138.79 mg/1 (control culture) in BM after 21 days
(Fig.1). Thus algal biomass did not exceeded biomass of control culture. Cell number
and biovolume maximum 1, 72.300/ml (3 ppm Fe concentration) and 4358.88 pm-3/ml
(6 ppm Fe concentration) in BM were noted. Single cell culture of S. obliquus was
noticed in presence of Fe in BM [15].

S. obliquus Growth in addition of Co:

Cobalt is part of prosthetic group of enzyme B12 occurs in bacteria promotes growth.
Similarly S. obliquus biomass increases to 393.47 mg/1 (2.25 ppm Co) as compared to
196mg/1 (control flask) in BM. Cell numbers and biovolume maximum 6,60,000/ml and
16636.09 um-3/ml (2.25 ppm Cobalt concentration) were observed in Becker’s medium
on 11th day (Fig. 2). S. obliquus specific growth rate (u) 0.148d! (6.75 ppm) was
noticed in BM on 11th day.

S. obliquus Growth in addition of Mn:

It is part of PSII in thylakoid lumen of chloroplasts. S. obliquus biomass was increased
from138.79mg/1 (control culture) to 381.81 mg/1 (10.25 ppm concentration) in BM. Cell
numbers and biovolume 5,91,700/ml and 4741.06 pm-3/ml in control culture and
(10.25 ppm Mn concentration) were recorded in BM (Fig. 3). Single, two, four cell
coenobium exist in presence of Mn in BM [16].
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S. obliquus Growth in addition of Zn:

S. obliquus biomass was increased from 138.79mg/l in BM (control culture) to
149.09mg/l in 1.75 ppm concentration of Zn. Cell numbers and biovolume maximum
1,99,000/ml and 758.51 06 pm-3/ml (3.5 ppm zinc concentration) were varied in BM.
Single, two, four cell coenobium were appeared in presence of Zn in BM (Fig. 4).
Chlorophyll ‘@’ content in S. obliquus show positive correlation with Fe, Mn and Co trace
metal concentrations in S. obliquus culture. Cells appear normal in presence of trace
metals. Cell numbers however higher in presence of Fe and Co trace metals than in
presence of Zn and Mn trace metals in BM. In presence of trace metal Cobalt specific
growth rate 0.102d-! and biomass 339.13mg/1 was recorded after 21 days.

Nutrients:

Nitrate and orthophosphate added in BM increases biomass still much higher than
addition of trace metals. S. obliquus showed specific growth rate (n) 0.275 d1 and
biomass 196mg/I in control culture than S. obliquus specific growth rate (1) 0.203 d-!
and biomass 420 mg/l in BM with enhanced N - 12:01 was observed after 21 days (Fig.
5). Nitrate concentration 18uMol concentration has increased algal biomass from
196mg/I in control culture to 470 mg/l in BM and maximum S. obliquus cell numbers to
48,29,000 /ml with high chlorophyll ‘@’ content 2239.30mg/l. Chlorophyll a/b ratio
increases from 0.807 to 1.642 on 13th day. Biovolume 3801.37 pum-3/ml (control flask)
was decreased to 3488.27 um-3/ml (18:1, N: P) in BM was observed (Table 1).
Increasing orthophosphate significantly limits the cell divisions, cell numbers,
biovolume and chlorophyll ‘a’ content of S. obliquus in BM (Fig. 6). Maximum biomass
195mg/1 (1:2, N:P) and cell numbers 51,410/ml (1:3, N:P) was observed on 7t day (Fig.
6). Later on culture cells have formed clumps and growth entered in stationary phase.
Phosphorus is limiting factor for S. obliquus.

Increasing the nitrogen and orthophosphate concentrations proportionately increases
biomass, cell counts and cell biovolume. With the same algae, S. obliquus enhanced N
and P content in BM, S. obliquus specific growth rate (u) varied from 0.039 d
(enhanced N and P - 6:02) to 0.112 d-! (in control culture) and maximum biomass 437.5
mg/l in BM with (in enhanced N and P -18:04) was noticed after 21 days.

S. obliquus maximum biomass 4,375mg/], cell numbers 54, 90,000/ml (18:4, N:P) and
biovolume 8578.5737 um-3/ml (12:3, N:P) were observed in BM after 21 day. Growth S.
obliquus in presence of nutrients has increased the chlorophyll ‘a’content, biomass and
bio-volume (Fig.7).

C. vulgaris Growth in addition of Fe:

C. vulgaris growth was supported in addition of Co, Fe, Mn trace metals moreover Zn
was shown algostatic effect in Modified BBM. Increasing Fe 6 ppm to 10 ppm
concentrations, Chlorophyll ‘a’ content was increased 530.9 mg/l to 683.45mg/] in
Modified BBM (Fig. 8). Maximum biovolume 652.54 pm3/ml was recorded in 6 ppm
concentrations in Modified BBM on 21st day old culture. C. vulgaris cell number was
varied from 21, 23,000/ml to 28, 40,000/ml in 3 and 6 ppm concentrations in Modified
BBM.

C. vulgaris Growth in addition of Co:

Presence of Co trace metal has enhanced the growth of C. vulgaris in modified BBM.
Maximum chlorophyll ‘a’ content 671.52mg/l, cell numbers 23,93,000/ml and
biovolume 950.79 pm3/ml were recorded in 0.60 ppm concentration in modified BBM
on 14th day (Fig. 9). Cell size reduction with biovolume 478.43 pm3/ml and moderate
cell number 23, 67.000/ml (1.5 ppm of Co concentration) in modified BBM was
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indicated of role of Co trace metal in oxidation reduction cycle and electron transport
chain.

C. vulgaris Growth in addition of Mn: chlorophyll content 1020 mg/1, cell numbers
11,63,000/ml and biovolume 220.40 um3/ml were recorded in 1.75 ppm concentration
of Mn in modified BBM On 11t day (Fig. 10). Increasing bio-volume 467.99 pm3/ml was
observed in 3.5 ppm concentration of Mn in modified BBM On 11t day. Specific growth
rate (i) 0.105 d-! was noticed (1.75uMol concentration of Mn) in modified BBM on 11th
day.

C. vulgaris Growth in addition of Zn:

Maximum cell numbers 16,80,000/ml was observed in control culture. Chlorophyll ‘a’
content, biomass was reduced in 1.75 and 3.50 ppm Zn trace metal concentration in
modified BBM as compared to control culture. Maximum biovolume 958.57 um3/ml of
C. vulgaris was recorded at 1.75 ppm Zn concentration in modified BBM on 13 th day
(Fig. 11).

Nutrients: Increasing nitrate in proportion to phosphate increases in chlorophyll ‘a’
content cell number, biomass and bivolume of C. vulgaris. C. vulgaris biomass 130mg/1
and specific growth rate (p) 0.139 d! was observed in Modified BBM control flask as
compare to C. vulgaris, with increased biomass 510 mg/l and specific growth rate ()
0.107 d1 (enhanced N: P, 6:02) in Modified BBM (experimental flasks) was recorded
after 13 days (Fig. 12).

Cell numbers 24, 07,000/1 in control culture of modified BBM and other measures i.e.
bio-volume 1795.29 pym3/ml (N : P, 12:1) and biomass 229.09/1 (N:P, 18:1) were
observed in Modified BBM. C. vulgaris specific growth rate (i) 0.098 d-1 was recorded in
modified BBM. C. vulgaris specific growth rate (1) 0.099 d-! and biomass 145 mg/I in
Modified BBM (control flask) than growth rate 0.102 d-1 and biomass 370mg/l in
Modified BBM (enhanced N:P -18:01 ratio) was recorded after 13 days.

S. schroeteri culture colonies inoculated from BG11 medium to BM in which cells
remained in Free State and growth occurs via cell division.

Nutrients: Biomass cell counts and biovolume increased with only certain known ratio
of nitrate and orthophosphate. S. schroeteri. Specific growth rate (u) was varied from
0.094d-1 (in control culture) to 0.059 d-! (enhanced N 12:01 mM) and biomass 165 mg/
in BM after 13 days. Maximum specific growth rate (p) 0.102 in (N:P, 12:1) of S.
schroeteri was observed with increasing nitrate in BM. Increasing only nitrate
concentration has increased biomass 185 mg/l, biovolume 5809.25 pum3/ml, and cell
counts 36,06,400/mL (N:P, 18:1) in BM (Fig.13). The growth characteristics control
culture was compared with experimental sets. Increasing nitrate and orthophosphate
proportionately increases in chlorophyll ‘a’ content cell number, biomass and bivolume
of C.vulgaris. Increasing orthophosphate concentration in BM reduces growth of S.
schroeterii and maximum specific growth rate (u) 0.952 d! (N:P, 1:3) was observed.
Phosphate in the BM has become limiting factor for S. schroeteri biomass (Fig. 14).
After 3th day cells were degenerated in the experimental cultures (Table 2).

In S. schroeteri culture, Nitrate and phosphate together addition indifferent
concentration has increased S. schroeteri biovolume 2662.76 pm3/ml (N:P, 9:2.5) with
maximum cell counts 35,70,000/ml, varying biomass 185 mg/l in BM after 14 days
subsequently increased to maximum 437.5 mg/l (18:4, N:P) in BM after 21 days (Fig.
15). Nitrate and orthophosphate enhancement regulates specific growth rate (pn) 0.076
d! to 0.096 d! was observed in BM (12:3, 16:4, N:P) S. dimorphous, compared to S.
schroeteri shift in colony size was observed during the zooplankton grazing denoted an
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effective mechanism against size selected feeding for colonial gelatinous green algae
[17].

S. obliquus, C. vulgaris and S. schroeteri Photograph have shown as Plate 1, Plate 2 and
Plate 3.

Carbon Fixation Study
In Microalgae, the site of the light dependent reaction of photosynthesis, a means of
concentrating HCOz-, have a means of converting the accumulated HCO3- to CO2 rapidly
in Rubisco located at thylakoid membrane [18]. Two species S. obliquus and S. schroeteri
were grown in partially absence of atmospheric CO2 and presence/absence of carbon
source (Urea and Potassium Carbonate) in the Becker’s culture medium. Increasing log
number of S.obliquus and S. schroeteri was recorded in reference culture and
experimental culture flasks. Dry weight has showed decreasing pattern in terms of
biomass (Table 3).
Growth pattern of S. obliquus has shown count 2,82,975/ml to 6,04,07,810/ml (control
flask),

33,17,153/ml (1Culture flask with 1mM concentration KOH strip) and 20,04,995/ml
(Culture flask with 2mM concentration KOH strip) steady decreasing of log number
while reverse trend in S. schroeteri has shown count 17,781/ml to 34,26,565/ml
(control flask), 29,33,719/ml (Culture flask with 1mM concentration KOH strip)
36,31,512/ml (Culture flask with 2mM concentration KOH strip) Dry weight of S.
obliquus and S. schroeteri has shown large variation. Dry weight was reduced from
316mg/l to 276mg/1 in 1nd set to 2rd set of S.obliquus culture while 256/1 to 144mg/1 in
1nd set to 2rd set of S. schroeteri culture.
Table-1: Dry weight and Chlorophyll ‘a’ content of S. obliquus cultures

Algal Dry Chlorophyll | Algal species and Dry Chlorophyll
species/Trace weight ‘a’mg/1 nutrients in mM | Weight ‘a’mg/1
metal ppm conc.in | mg/] conc. Modified mg/]
Modified BBM BBM
S. obliquus- Fe 139 190 S. obliquus, 300 422
Control culture Nitrate -Control
culture
6 110 298 12mM 470 1849
10 131 227 18mM 420 2238
20 119 564 Phosphate 145 ND
Control culture
Control culture - 196 90 2mM 195 ND
Co
2.25 593 253 3mM 190 ND
6.75 429 194 Control culture 95 ND
Control culture - 199 63 N:P-6:2 205 ND
Mn
3.50 382 443 N:P-12:3 253 ND
10.25 204 455 N:P-18:4 438 ND
Control culture - 139 342
Zn
1.75 147 348
3.5 111 310

ND=not detected
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Table-2: Dry weight and Chlorophyll ‘a’ content of the C. vulgaris and S. shroeteri
Cultures

Algal species/Trace Chlorophyll | Algal species and nutrients In Dry weight
metal ppm conc. and ‘a’ mg/1 mM conc. Modified BBM mg/1
nutrients mM conc.
in Modified BBM
C. vulgaris - Fe 474 S. shroeteri 135
Control culture Nitrate -Control culture
3 261 12:1 165
6 531 18:1 185
10 683 Phosphate Control culture 35
Control culture-Co 672 3mM 105
0.60 505 6mM 85
1.50 390 Control culture 130
Control culture-Mn 1016 N:P-6:2 510
1.75 1020 N:P-12:3 265
3.5 882 N:P-18:4 295
Control culture-Zn 619 - -
1.75 514 - -
3.50 369 - -
Nitrate -Control 940 - -
culture
12:1 1795 - -
18:1 1117 - -

Table-3 : Dry weight and Chlorophyll ‘a’ content of CO: fixation in S. obliquus and
S. schroeteri cultures

S. Dry weight/L and Chlorophyll content’ a’ mg/L S. obliquus S. schroeteri

No. (mg/1) (mg/1)

1 Dry weight- mg/L after 5days
Control culture 200 392
Culture flask with 1M concentration KOH strip 160 220
Culture flask with 2M concentration KOH strip 140 184

2 Dry weight- mg/L after 15 days
Control culture 316 256
Culture flask with 1mM concentration KOH strip 296 172
Culture flask with 2ZmM concentration KOH strip 292 164

3 Dry weight- mg/L after 25 days
Control culture 276 144
Culture flask with 1ImM concentration KOH strip 64 68
Culture flask with 2mM concentration KOH strip 56 60

4 Chlorophyll content’a’ mg/L after 5 days
Control culture 1479 440
Culture flask with 1M concentration KOH strip 1226 369
Culture flask with 2M concentration KOH strip 887 278
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Figure-9: Growth of C.vulgarisin presence of trace metal Co in modified bold basal
medium
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Figure-10: Growth of C.vulgarisin presence of trace metal Mn in Modified
Bold basal medium

http://mutagens.co.in 4991



Journal of Global Biosciences Vol. 6(5), 2017 pp. 4979-4998
ISSN 2320-1355

10000000 —+—Control

—&—Zn-1.75ppm
Zn-3.50ppm

1000000

Numbers/imL

100000

10000

Growth on day 1,3,5,7.9,11,13

Figure-11:Growth of C.vuigarisin presence of Zn in Modified Bold basal
medium
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Figure-12: Growth of C. vuigarisin enriched Nitrate in modified Bold basal
medium
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Figure-13.Growth of S. schroeteriwith enhanced N concentrationin
Becker's Medium
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Figure-14:Growth of S. schroeteriwith enhanced phosphorus concentration
in Becker's medium
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Figure-15: Growth S. schroeteri with enriched nitrate and
orthophasphate in Becker's medium

Plate-1: S. obliquus (coenobia, 4-celled and 8-celled) in Becker’s medium (X1000
magnification).
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S 3

D

Plate-2: C. vulgaris in Modified Bold basal medium (X1000 magnification)

Plate-3: S. schroeteri in Becker’s medium (X1000 magnification).

DISCUSSION

Algae are primary producer in aquatic food chain and valuable feed for shrimps, fish,
Molluscs juveniles [19]. The optimal growth of algae biomass have obtained based on
Redfield ratio of N:P, 7:2.3 [20]. In algae culture, production of extracellular release of
peptides small amount of amino acid and organic acids cheats various ions such as
copper, zingc, ferric iron, phosphate and certain organic substances [21]. Nutrients as
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phosphorus is an essential requirement of algae to survive since its participation in

intracellular energy transfer, nucleic acid synthesis and special reactions associated

with division, phosphorus consumption and metabolism in algae growing under limited
and excess P conditions stimulated by light [22]. Comparing the two species,

Scenedesmus sp. exhibited a higher capacity to adapt to high irradiance, due to an

effective quenching mechanism and high photosynthetic capacity. In contrast, Chlorella

sp. represents a species with a larger antennae system, less-efficient quenching and
lower photosynthetic performance [23]. Algal phenotypic forms i.e. coenobium
formation occurs to environment changes and addition of EDTA, Fe salt [24]. Nitrogen
limitation directly affects Thylakoid membrane by reducing cellular content, activation
of acyl hydrolase and stimulation of phospholipids hydrolysis. These changes increase
fatty acid acyl Co A and diacyl- glycerol acyl transferase which converts acyl Co A to
triglyceride (TAG) [25]. Nutrient limitation is efficient environmental pressure to
increase lipid accumulation [26]. Doubling time of algae has varied with different
temperature in autotrophs. In S. acutus different incubation temperature are in
agreement with the growth rate for S.communis at 101 (0.06d1) and 22'C (0.44d1).

Moreover, the intrinsic rates of population increase at 16.5C (0.23d1) and 24'C (0.34d-

1) are in good agreement with the growth rate of control populations at 20'C (0.31d1)

[27]. Earlier report on growth of filamentous green alga Ulothrix minuta and Ulothrix

fimbriata common in stream were observed affected by manganese receiving acid mine

drainage but did not by pH level [28]. Zn was algostatic for the cultures of S. obliquus
and S. schroeteri and C. vulgaris and quantitative cell numbers more or less similar to
that of control culture. Observation on trace metal zinc in low concentration has showed
the effect as increased dry weight, chlorophyll 'a’, 'b’, carotenoids and total amino acid
contents in S. obliquus and S. quadricauda [29]. Algae reported to use Xanthophylls
cycle, either the violaxanthin (Nx) cycle or the diadinoxanthin (Ddx) cycle for photo
protection [30]. Scenedesmus sp. LX1’s, 2,21x10°¢ cells growth rate and half saturation
constants was in accordance with the Monad model corresponds to 12.1 mgL-! and
0.27mg1 for N and P uptake respectively was observed (Lixin et al., 2010). A similar

study on S. dimorphos always removes significantly more NH3z from waste water than C.

vulgaris in the 4-L cylindrical bioreactor [31]. Our observations have indicated growth

and reproduction cycle is highly influenced by temperature and nutrients in algae. The
change in population density of alga is directly proportional to the nutrients
concentration and available light.
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