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INTRODUCTION

Microa gee areattractivefor commercia exploita-
tion becausethey grow fast by doubling their biomass
quickly for which they require only minimal mineral
nutrients®.Moreover, microalgae are currently being
considered as suitable raw material for production of
biofuel™ carotenoids and PUFAS®*2. However, eco-
nomicaly va uable production of such compoundstill
depends on enhancing algal biology and bioprocess
engineering aspectscrucia for itsmassive production.

Nannochloropsis sp. whichisthe solemarinege-
nusof the Eustigmatophyceag¥, isfrequently usedin
commercia aguacultureduetoitsnutritiona vauessuch
as sterol g% polyunsaturated fatty acids®” especialy
C20:5w3 (EPA)2! and pigments, such as zeaxanthin,
canthaxanthin and astaxanthin?”. Despitethewide-
spread use of Nannochl oropsissp. asaquaculturefeed,
it’s industrial exploitation in mass culture systems as a
source of EPA cannot yet competewith fishoil dueto
high production costs*!. These costs can only bere-
duced by implementation of daily culture control to
optimize production, whichinvolvesin-depth knowl-
edge of independent and combined interaction effects
of severd key factorsupon culturegrowth and dynam-
ics. For better growth of Nannochloropsissp. carbon
and nitrogen source should bein sufficient concentra
tion. Carbon source can befrom atmospheric CO, and
for nitrogen supplement with different sourcesareavail-

ableincluding- KNO,, NaNO,, Ca(NO,),4H.0, urea
and glycine aresupplied and compared inthat ureare-
veal ed better result than othersfor biomassincreas-
ing®1. Pacheco-Ruiz et d'? hasrecommended theuse
of organicfertilizer asasourceof nutrientsfor algd pro-
duction system. Vari ous organic nonconventional me-
diaweretried for the culture of microdgaeincludeag-
ricultural fertilizersand soil extractg**2, Vdenzuda-
Espinozaet d.*4 hasprepared alow-cost mediadter-
nativeto /2 medium for cheaper production of micro
agee.

In this study humic acid and biodynamic manure
areused asorganicfertilizer for algal culture. Humic
acid isamatured product of organic manure after its
completemicrobia degradation hasacomplex mixture
of C, H, N and O asmain componentsin theform of
mainly alkyl, aromatic, carboxyl, quinone and further
complexed with other inorganic formsN, amionacids,
proteins, sugars, micronutrients sometimes has plant
growth hormonesasfunctiona groupsintheir negative
charged free bonds, thisbinding showsits cation ex-
change capacity (CEC). This capacity qualifies any
given humic acidasagoodfertilizing agenttoany living
beings(cells). BD 500 ismadefrom cow manure (fer-
mented inacow hornthat isburied inthesoil for six
months through autumn and winter) andisused asa
soil spray to stimulate root growth and humusforma-
tion®. Inthe present study, humic acid and biodynamic
manure wereinvestigated for the growth of thealga
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Nannochloropsis sp.
MATERIALSAND METHODS

Algal culture

Nannochloropsissp. used inthe present study was
obtained from the culture collection of Shri AMM
Murugappa Chettiar Research Centre (MCRC),
Chennai. Culturewasmaintained by growingin 5L coni-
cd flaskscontaining 3L of sterilef/2 culturemedium*2,
Algd cultureswereestablished by inocul ating 100 ml
of aculture(2 x 10°cellsml) growingin exponentia
phase. Theseweremaintained in uniagal conditionin
thelaboratory and werekept under sufficient light (2000
lux) and temperature (26-28°C) conditions with a pH
of 8.2+1 (Guillard 1975).

Preparation of humicacid and biodynamic manure

Humic acids (A,B& C) and Biodynamic manure
(BD500) were obtained from MCRC. The humic ac-
idsused for thisstudy arefrom different sourcesand
extraction by following different methods. Water ex-
tract (WE) of BD500 was prepared by adding 100 ml
of digtilled water to 20 gof BD500 and mixedwdll then
it wasfiltered by filter paper to collect the water ex-
tract.

Experiment 1

Theculturemediawaspreparedinartificia seawater
using the procedure of Provasoli et d., 1957. Humic
acids were added at different concentrations (0.1-
0.5%)1",

Experiment 2

To the prepared artificial seawater 0.1% humic
acidwassupplemented with 0.001%vitamin (B ,&B,).

Experiment 3
0.1% humic acid was supplemented with 6% bio-

dynamicmanure

Algd cultureswereestablished by 10% inoculum
(2x 108cdlsmi) growinginexponentid phase. These
weremaintainedinuniagal conditioninthelaboratory
and werekept under sufficient light (2000 lux) and tem-
perature (26-28°C) conditions with a pH of 8.2+114,
After 20 days of growth the cellswere counted.

All formulaionswereprepared for 100ml andmain-

tained in 250 ml conica flasks in triplicates and
Nannochloropsissp. (10% inoculum contain 2 x 108
cdlsmlt) wasinocul ated.

Analysisof Physico-chemical propertiesin humic
acid and biodynamicmanure

pH and ECE, Total nitrogen (N)“, phosphorus
(P)!?, potassium (K)*8, cal cium magnesium sodium
and micro nutrients (Iron, Zinc, Manganeseand Cop-
per)“ were analyzed using the standard procedure.

Growth M easurements

The growth of the microalgal cultureswas mea-
sured by direct counting of the cells using a
haemocytometer (Neubauer). Themeanvaueof three
countswastaken for each sample.

Satistical analysis

Each measurement wasdoneintriplicateand themean
and standard deviation of theexperimental resultswas
calculated using SPSS 14.0. Where differences in
ANOVA testsfor treatment weresignificant a the 0.05
level, meanswere separated using Turkey test values.

RESULTSAND DISCUSSION

Thephysico chemicd parameter of humicacid pre-
pared from different sources (A, B& C) and biodynamic
manure are presented in TABLE 1. The nutrientsre-
quired for themgority of microa gaeinclude Nitrogen
(N) (> 0.2 umol N L1), Phosphorus (P) (<0.2 umol P
L) and Potassium (K) at low concentrations ensure
that agriculturd fertilizersassuitable substitutefor com-
mercia aga production’®3According to Reddfiel d=°
N:Pratio of 7:1istherange of balanced nutrient for
culturingagee. Higher ratiosresultin Plimitationsand a
reductioninaga growthi®,

Nannochloropsissp. wascultured in different con-
centrationfrom 0.1-0.5% of humicacid. Theinitia con-
centration of 0.1% humicacid hasshown 4x10° cdlsml-
! maximum growth on 7" day when compared with the
culturegrowninf/2 medium of 7x10° cellsml*(Figure.
1). Thestudy hasproved clearly that as concentration of
humicincreasesthealga growth decreases. Thisindi-
catesthat very lessconcentration of humicacidisneces-
sary for algal growth. Our result isin accordance to
Droop® who hasfound that the growth of S costutum
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doubled whenthe“humic” fraction of soil humus was
added to the synthetic medium. Prakash and Rashid?”)
hasdemonstrated astimul atory action of smdl amounts
of humic substancesisolated fromriver water, soil, and
marine sedimentson the growth of marine dinoflagel-
|ates. Previousreportsa so suggest that theterrigenous
humic material through land drainageresulted in bio-
logical conditioning of coastal watersinfavor of high
phytoplankton production?28, Humic substancesre-
gardiessof ther origin seem to have consderablemetd-

complexing capacity; their stimulating effect onmarine
phytoplankton may belargely achelation responseg?.

In the present study 0.001% vitamin (B,&B,)
supplemented to the different sources of humic acid
has shown amarginal increaseinthecell count inthe
range of 4x10° cellsml-* Whereas with the supple-
mentation of 6% biodynamic manuretherewasdra-
matic increasein the cell count to 7-8x106 cellsml-
Y(Figure. 2). Thisresult agreeswith earlier worksre-
porting that the biomass production can be affected

TABLE 1: Physicochemical propertiesof Humic acidsand biodynamic manure (BD500)

SI.No pH EC N P K Ca
pS/em (%) (%) (%) (%)
HA1 7.65+0.16 1537.83+ 17.22 0.13 + 0.001 0.07 + 0.001 0.41+0.012 0.015+ 0.001
HA2 8.01+0.19 1208.58 + 10.51 0.19 + 0.002 0.12 + 0.008 0.07 + 0.002 0.011 + 0.001
HA3 7.89+0.14 1463.92 + 69.10 0.05 + 0.002 0.14 + 0.002 0.14 + 0.002 0.04 + 0.001
BD500 7.32+0.23 2343.87 + 49.69 1.12+0.024 1.12+0.035 0.26 + 0.008 0.98+ 0.031
SI.No Mg Na Fe Mn Zn Cu
(%) (%) (ppm) (ppm) (ppm) (ppm)
HA1 0.002 + 0.000 0.03+ 0.000 86+ 4.145 1.8+ 0.087 0.8+ 0.009 11.4+ 0.549
HA2 0.009 + 0.001 0.15+ 0.001 349 + 29,386 1.6+ 0.135 2.6+ 0.023 9.4+0.791
HA3 0.013 + 0.000 0.02+ 0.001 111+ 1.909 0.8+0.014 1+0.047 2+0.034
BD500 0.82+0.026 0.22+ 0.005 2187 + 76.982 413+ 12.886 57+ 1.208 2+ 0.062
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Figure1: Effect of different concentration of Humicacidson algal cell growth H1-100mg of humic acid+ASW, H2-200mg of
humic acid+ASW H 3- 300mgof humic acid+ASW, H4-400mgof humic acid+ASW, H5-500mgof humic acid+ASW, C6-F/2
Medium, T1-Humicacid A, T2- Humicacid B, T3- Humicacid C
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creasing N and P beyond a certain concentrationin

by the concentration of nutrients but not by the com-

themedium did not proportionately increasethegrowth
of theNannochloropsis. Onthecontrary, whileat high

pound utilized®*3. The N and P contribution from
humic compounds also haslimited effect, sincein-
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Figure2: Impact of humicacid and BD500 on gr owth of nannochloropsissp. TI-HUMICACID A+ASW, T2-HUMIC ACID
B+ASW, T3-HUMICACID C+ASW, T4-HUMICACIDA +Vitamin+tASW, T5- HUMICACID B +Vitamin+ASW, T6-

HUMICACID C+Vitamin+tASW, T7HUMICACIDA+BD500+ASW, T8- HUM I CACI D B+BD500+ASW, T9-HUMICACID

C+BD500+ASW, T10-ASW
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Figure3: Impact of humicacid and BD500 on growth of nannochloropsissp.T1- HUMICACID A+BD500+ASW, T2- HUMIC

ACIDA+BD500+ASW, T3-HUMICACID C +BD500+ASW, T4- BD 500+ASW, T5- ASW
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concentrationsof N and P, both thegrowth rate and
thetotal yield decreased, our results suggest that hu-
mic acid iscapable of removing the negative effect of
high dosage of N and P. Nitrogen and phosphorus
supply have a direct influence on the growth of
microalgag’?®. Carbon, nitrogen and phosphorusare
the nutrient elementsrequired in greatest quantity by
algae. Carbon and nitrogen metabolism aretightly
linked*. High CO, enhancesthe nitrogen assimila-
tion of microalga cells™, and inturn, nitrogen supply
canimpact upon the utilization of inorganic carbon by
microa gag™?.

When 6% of biodynamic manure was supple-
mented to the humic acids obtained from different
sources the humic acid A has shown a significant
growth of 2x107 cellsml-*compared to the humic sub-
stance obtained from other sources (Figure. 3). Ac-
cording to Huerlimann et a.[*¥, when grown in f/2
medium, Nannochloropsis sp. showed agrowth of
~2.5x 107 cellsml*. Abu Rezq et al . hasreported
maximum cell density of Nannochloropsissp. as~32
x 10° cellsml. One of the best parametersto moni-
tor microa gae production isthe estimation of growth
over acertain period of time'?. Inlab grown cultures,
microal gae biomass reaches apeak level after 25"
day and then starts decreasing”. The apparently low
molecular weight humic fractions have ahigh total
acidity and ahigh number of carboxyl groups associ-
ated with their metal holding capacity. Accordingto
Rashidi®*¥ the lowest molecular weight fraction
complexed 2 to 6 times more metal sthan any other
and themetal complexing ability decreased within-
creasing molecular weight; thiscould explainwhy the
apparently low molecular weight HA fractionswere
themost activein growth stimulation.

Role of humic matter in the development and
growth of terrestrial plantshasbeenfairly studied ex-
tensively wheress, studieson marinea gaearealmost
nonexistent. Humi ¢ substancesmay have some stimu-
lating effect on the phytoplankton productionin the
sea has been suggested by a number of authorg“,
but thereislittledirect evidenceavailable. The bio-
logically activeingredientsof humic matter that stimu-
late growth of marine phytoplankton are perhaps as
varied asthey are complex and offer afertilefield for
futureinvestigation.
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