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Abstract

The objective of this work was to investigate the effect of some commercial
fertilizer compounds on growth yield and characteristics of the isolated alga Scenedesmus
sp. For pre-cultivation and isolation, the sterilized drainage water was enriched by 10%
N8 macronutrients solution. Tap water was used for scaling-up of indoor cultivation,.
Then nutrients were added to reach the content of the different nutrients to those of the
drainage water plus 10% of N8 macronutrients solution.

Out door cultures were started by Plexiglas aquarium (200 L) followed by open
plate unit (1000 L); and ended by open ponds of 15000L.Nutrient solution was composed
of tap water enriched by 0.3 g.I" urea (46.5% N), 0.1m1.1" phosphoric acid (85%), 0.05 g.I
' SoluPotass (mini.50.0%K.0 & 46.0% SOs) and 0. I mLI" Nitrophoska Foliar (a fluid
fertilizer suspension contains 10.0, 4.0, 7.0 and 0.2% N, P, K and Mg; respectively).

The daily measurements of dry weight and total chlorophyll on the average

showed that the maximum dry weight was obtained by the 11" day, which was
about 0.9g.1" and of 10.0 mg. 1" of total chlorophyll by such time. Growth in term of dry
weight was also characterized by 0.2, 0.09, 7.7, 2.53, 0.18, 0.38 and580 of 1t ax. L} ave-s
doubling time, degree of multiplication, daily increment, initial increase, and percentage
increase, respectively. As for total chlorophyll accumulation, it was characterized by 0.36,
0.14, 4.95, 4.12, 6.45, 13.88 and 1746 for the aforementioned parameter.

Introduction

The main concept of algae production; as a good light harvesting system; is to
produce all the plantarium products except wood and fibers. Production costs were
considered as the main reason limits the widespread of algae production. Of these costs,
nutrients, harvesting and drying were considered. For instance, carbon represents the
single largest nutrient cost in Spirulina production and constitutes up to 70% of the total
cost of nutrients if sodium bicarbonate is used (Zaborsky, 1985). Furthermore, the
relatively low yields of algal biomass obtained in large-scale production sites resulted in a
high cost of production which presently prevents extensive use of microalgal biomass as
food (Vonshak, 1992). The green algae produced for nutritional purposes contain up to
50% of their dry weight crude protein (El-Fouly et al, 1979) and up to 5% of total
pigments on dry weight basis, which composed of 55% chlorophyll a, 35% chlorophyll b
and 6% of total cartenoids (El-Fouly ef al.,1985a). In addition, such chemical composition
of algae is very sensitive to both environmental and nutritional conditions (Becker, 1994
and El-Shafey et al., 1999). Of the various fertilizer suspension used, Complesal (t2:4:6 -
NPK), Complesal (8:8:6 NPK), Foliar Nitrophoska (10:4:7:0.2- NPKMg) and Wuxal

(ISSN: 1110-8649)



Abo El-Khair B. El-Sayed et al.

(8:8:6-NPK) were traditionally used by El-Fouly ef al/.(1985b). Others of this formula
were also widely used normally at 1.0 m1.1" (Becker and Venkataraman 1982).

Material and Methods
1. Microorganisms and sub-culturing technique

Scenedesmus sp. was isolated from the drainage water obtained from El-Rayan
Valley, El-Fayoum Governorate, Egypt. Water sample was filtrated through Whatman 50
filter paper. A part of the sterilized sample was enriched by 10% of N8 macronutrients
solution (Soeder ef al., 1967) containing KNO; substituted by urea as a source of nitrogen
(Tablel) with PAZ micronutrients stock solution according to Payer and Trultzsch, 1972
(Table 2) plus 6mM sodium acetate (Kobayashi et al.,1992,1993) and incubated under
continuous light (100 x e), daily shacked several times.

Table 1. Chemical composition of N8 macronotrients solution.

Chemical Element Conc. (g1
CO(NH;), N 0.560
Na:HP04.2H20 P 0260
KH,PO, K 0.740
CaCl, Ca 0.010
FeEDTA Fe 0.010
Tracc clements* Al, Mn, Cu and Zn I mLl’

The remainder volume was sterilized at 120Ib.in? The growing culture was
microscopically tested and Scenedesmus cells were picked-up. Dilution technique for
isolation was followed and the picked cells were incubated with the above-enriched
medium after sterilization.

Table 2. Chemical composition of PAZ trace elements solution.

Chemical Element Conc. (mg.l")
H,BO; B 30.50
N'd'_vMOOz. 2H20 Mo 0.39
Al (SO4)3.18H,0 Al 6.70
MnCIQ. 4H20 Mn 99.00
Cu SO4 SHZO Cu 500
ZnS0O,7H,0 Zn 6.30
COS0,4.7H,O Co 2.80
LiCI Li 8.50
NH,VO; \Y% 2.90
NiSO,.6H,0 Ni 26.30
(N}'l.z) 6M07)024.4H‘_)0 Mo 1.8
Kl I 249.0
KBr Br 2380

For indoor scaling-up of the sterilized medium was analyzed, by the methods
described by NRC-GTZ, 1998 for both macro and micro-nutrients (Table 3),
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reformulated, and, then enriched as mentioned above. When cultures reached the
maximum green color, were continuously diluted till 53000 ml and aerated by compressed
air.

Table 3. Mineral composition (ppm) of EI-Rayan valley drainage water.

Element | N p K Mg Na Ca Zn Fe Mn Cu

260 600 270 0.32 0.12 0.18 0.03

ppm 140 | 1.5 | 432

Out door cultivation ~ started by Plex-glass aquarium of 40x50x100 cm (w, h, 1)
with a final capacity of 200L. The next growth was scaled-up using an open plate system
of 1000 L aerated by air left potential due to pumping system and followed by three open
ponds of IS000L for each one, agitated by paddle wheal at 24 round per minute. The
medium composed of tap water enriched by low priced commercial fertilizer compounds.
Fertilizer compounds and their concentrations used are listed in Table 4.

Table 4. Commercial fertilizer compounds and their concentrations used.

Element N P K-S Fe-S NPKMg*
Source Urea H;PO, SoluPotass FeSO,.7H,O| Nitrophoska
(46.5%) (84.0%) 50.0%K,0 Foliar
46.0%S0;
Conc.I” 0.3g 0.1ml 0.05g 0.001g 0.1ml

*Nitrophoska foliarl (10.0: 4.0: 7.0 : 0.2 %N: P: K :Mg)

2. Measurements
2.1 Dry weight determination:

Five ml of algae suspension were filtered through pre-weighed dried membrane
filters (0.45um. white grade). Filters were dried at 105°C for two hours and cooled over
anhydrous calcium chloride and re-weighted. The biomass production during a particular
time period (e.g. 24 hrs.) is the result of variation of the biomass content in alga growth.

2.2. Pigment analysis

Chlorophyll of fresh cultures was extracted by DMSO (95%) according to
Burnison 1980). The extract was measured at 666 nm according to Seely et al. (1972).

3. Growth characterization
Growth was characterized by the equations listed by Pirt 1973.

Results and Discussion

Dry weight of laboratory grown Scenedesmus sp. culture (Fig. 1 a) was
proportionally associated with the advancing time. Cells reached their maximum dry
weight after 11days of incubation. The daily increase might be attributed to enrichment of
water sample by N8 medium.
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Fig.l. Growth measurements (a), daily increment (b) and initial increase (c) of laboratory
grown Scenedesmus sp. measured as dry weight (g.1'") and total chlorophyll (mg.I™").

Concerning growth evaluation, cells reached their maximum growth rate (umax.)
as 0.2g d"'compared with 0.09 g.d” on the average (j,.). Doubling time (g) under these
conditions was 7.7 and the degree of multiplication (n) was 2.53 suggesting 580% of
percentage increase compared with the initial biomass at zero time. The maximum
increment per day was found to be 0.18 g.d”' by the 11th day (Fig. 1 b).

Table 5. Growth characteristics of laboratory grown Scenedesmus sp.

Bose | foe | g | m [ XnXn-1]| Xn-Xo |
Dry weight (g.17)
02 [ 009 [ 77 | 253 [ o018 [ 038 [ 580
Total chlorophyll (mg.1™)
036 | 014 | 495 [ 412 | o645 | 1388 [ 1476

By such time, cultures reached their maximum increment (0.38 g) as compared
with the initial biomass at zero time (Fig.1c). Laboratory data showed that Scenedesmus
cells required a long adaptation time (about 4 days) to reach their normal growth. This
could be attributed to the nutrient deficiency of the given media.

As for total chlorophyll, the rate of accumulation was found to be associated with
the rate of dry weight accumulation. Such rate was tended to decrease after 20 days of
incubation. The lack of growth might be due to consumption of the initial nutrients
especially nitrogen (El-Fouly e/ al., 1984 and 2000). However, ... value was high when
compared with those values of dry weight and resulted the same pattern of dry weight
characteristics except doubling time.

During out door cultivation, the lack of growth in term of dry weight was
observed within the early fourth days of incubation. This could be ascribed to the

Egyptian J. of Phycol. Vol. 2, 2001
-12-



Use of some commercial fertilizer compounds for Scenedesmus cultivation

nutritional status of the growth media with long adaptation potential to the given
conditions. The next growth period possesses a lincar growth curve and cultures resulted
the maximum dry weight by the 11" day and it was about 0.9 g.I" (Fig.2a).
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Fig.2. Growth measurements (a), daily increment (b) and initial increase (c¢) of outdoor grown
Sc le sp. ed as dry weight (g.1")and total chlorophyll (img.I'").

The enhancement of growth by time (11days) as compared by indoor cultivation
might be attributed to the high initial biomass at zero time parallel with high nutrient
supplementation from fertilizers used. The main pattern of dry weight increment per day
was found to be proportional to the advancing age except by the third day.

Growth in term of total chlorophyll presented a lincar growth pattern. In all
cases, the maximum value of growth was reached by the 11" day at 19.08 mg.I". The
maximum increase of chlorophyll accumulation per day was observed by the second day
of cultivation, while the decline was observed by the seventh day. Cells thereafter tended
to accumulate chlorophyll by a sigmoid curve (Fig.2a).

Data of growth characteristics (Table 6) as compared with such indoor data
resulted in the variable pattern. In addition cells seem to successfully grow under out door
conditions.

Table 6. Growth characteristics of laboratory grown Scenedesmus sp.

[ e | Bawe | g | n | Xn-Xn-1 | Xn-Xo |
Dry weight (g.1'")
033 [ 014 [ 49 [ 197 [ o013 [ o068 [ 197
Total chlorophyll (mg.1™")
068 [ o021 [ 330 [ 297 [ 280 [ 1609 [ 297

Here, it may be concluded that out door cultivation using commercial fertilizers
could be reduce the production costs and details economic calculations are still nceded.

Egyptian J. of Phycol. Vol. 2, 2001
13



Abo El-Khair B. El-Sayed et al.

Chemical composition of the out door produced alga as shown in Table 7,
suggested the successful production by the aforementioned compounds as well as the
concentrations used. Such chemical composition was found in agreement with then ex-
produced alga under the same out door conditions.

Table 7. Chemical composition of the out door produced alga

Analysis % I 11 111 Mean
Crude protein 40.81 52.09 51.10 51.00
Ether extract 7.84 7.62 6.71 7.39
Crude fiber 9.79 10.43 9.27 9.83
Ash 9.36 9.06 9.12 9.18
Moisture 4.56 4.25 4.72 451
Nitrogen free extract 18.64 16.55 19.08 18.09
Conclusion

It might be concluded that nutrition of higher plants by foliar application
technique was advised to avoid the problems generated from different soil reactions. High
pH values that enhancing the unavailability of some nutrients in the soil such as Fe, Zn
and Mn. In case of algae nutrition, some fertilizer compounds could be successfully
employed with the attention of the nutrients source which in turn led to resist the rise of
pH values as cells were grown. Such compounds; e.g. urea, potassium sulfate and
phosphoric acid are recommended.
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