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ABSTRACT

In the present investigation effect of various nutrient supplements iron, phosphate/potassium and exogenous ni-
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trogen sources on growth and nitrogen fixing ability of cyanobacteria have been studied in terms of chlorophyll, carot-

enoid and nitrogenase activity. The response was found to be species specific to K+/PO43- and Fe3+ and nutrient saturation occurred at dif-

ferent concentration in term of photosynthetic pigment concentration. Amongst exogenous N-sources, nitrate alone had a stimulatory effect
on chlorophyll of some strains while ammonium and amino acids tended to suppress the concentration of chlorophyll and other pigments.

While exogenous nitrogen suppressed nitrogenase activity, the other nutrients significantly increased N2 fixing potential of the cyanobacteria.

Introduction

Cyanobacterial use as biofertilizer for soil reclamation and im-
proved soil fertility is gaining importance for sustainable agricul-
ture. These diazotrophs capable of fixing atmospheric nitrogen,
reduce our dependence on synthetic nitrogen fertilizers, thereby
serving as energy conserving and environmentally safe alterna-
tives. Cyanobacteria are also reported to possess soil phosphate
solubilizing enzymes (Davison and Pearson, 1996) thus providing
phosphorus nutrition to the crop plants. Cyanobacteria, which are
autotrophic microorganisms also add organic matter to the soils.
In the arid and semi-arid regions, algal crusts constituted by cy-
anobacterial species have been recently found to play an impor-
tant role in improving soil structure and stability and can grow
and adapt in nearlly all the changing environment (Belnap and
Gillette, 1998; Malam Issa et. al, 2001, Nisha et al.,2007, Mager and
Thomas, 2011, Maqubela et al.,2009,2012). The soils in these re-
gions are usually poor in organic matter with limited nitrogen and
phosphorus (Nelson and Oades, 1998). In this context, it becomes
important to examine whether cyanobacterial growth and its ni-
trogen fixing ability could be improved by altering nutrient con-
centration in these soils through amendments.

In the present investigation, growth and nitrogenase activity of
some cyanobacterial strains isolated from the soils of in Hisar,
Haryana, a semi-arid region were studied in response to supple-
ment with essential nutrients viz. nitrogen, phosphorus, potas-
sium and the micronutrient, iron.

Materials and Methods

1.1 Study area & algal isolation :

The cyanobacterial strains were isolated from aridisols of Hisar
lying in Haryana (27°40'N, 30°56’S and 74°28’E, 70°35'W), North-
ern India. The geomorphic land form in the area is characterized
by organically poor aeolian sand with some isolated or stabilized
sand dunes.

Soil samples (0-15 cm) were collected and algal strains were iso-
lated from fresh soil using serial dilution (10?) following stand-
ard culturing and purification techniques (Kaushik, 1987) using
BG-11 N-free medium (Stainer et al., 1971). Cultures were in-
cubated at 28 + 3°C under continuous illumination of 3000 lux
using cool white fluorescent lamps. They were examined micro-
scopically for various structural features for identification (Desi-
kachary, 1959). Unialgal cultures were maintained at 25°C + 3°C
for further studies.

Nutrient amendments:
In order to find out the optimal conditions for growth of the

selected strains alteration in the concentration of some macro
and micronutrients were made. Nutrient modifications of Fe** (4
ppm), K*/PO * (40 ppm) were done in the culture medium using
ferrous ammonium sulphate and K,PO, respectively. The origi-
nal concentrations in the medium (2 ppm Fe*; 20 ppm K*/PO,*)
served as control.

Three types of exogenous N-sources i.e. amino acids, nitrate and
ammonium nitrogen were used. Mixed amino acids (tyrosine,
aspartic acid, isoleucine, proline, glycine, leucine, each 0.5 mM
concentration), KNO, (10 mM) and NH,Cl (3 mM) were used.
The pH of the medium was maintained at 8.5 using buffer for
better growth

2.3 Growth response :

Algal growth was studied at 5-d interval. Chlorophyll estimation
was done by hot extraction method using methanol following
Mackiney (1941). Carotenoid estimation was done following Jen-
son (1978). Nitrogenase activity was estimated using 15 day old
algal cultures by Actylene Reduction Assay (ARA) technique, us-
ing GC (Chemito) equipped with Porapak R Column and Flame
Ionization Detector (FID) detector following Hardy et al. (1973).

The data was statistically analysed to study the significance of
differences due to amendments using Duncan’s Multiple range
test and t-test.

3 Results

3.1 Growth responce:

Supplementing the medium with 40 ppm potassium and phos-
phate did not have any significant effect on chlorophyll in most
of the algal species. Except in case of N. punctiforme and N. calci-
cola, where there was a significant increase in chlorophyll con-
tent. Carotenoid content, was also found to increase significant-
ly (p < 0.05), in these two species along with N. spongiaeforme.
Thus, algal response to increased K'/PO,* was species specific
and in most of the species growth was optimal at 20 ppm con-
centration (control), whereas in N. calcicola and N. punctiforme
better growth was attained at 40 ppm concentration of K*/PO,*.

Addition of Fe* in the medium tended to favour chlorophyll
biosynthesis in fifty percent of the algal species showing 30 to
150% increase while in others, there was no significant change.
Carotenoid content tended to increase by 8 to 23% when further
Fe* supplement was given. Statistically significant (p < 0.005)
increase in chlorophyll and carotenoid concentration of the cy-
anobacterial species due to these essential and micronutrients
are shown in Table 1 based on Ducan’s multiple range test. The
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response was found to be species specific.

Growth of the cyanobacterial strains in response to added ni-
trogen supplement varied with the type of N-source. In the pres-
ence of exogenous amino acids, there was a decline in chloro-
phyll concentration of the cyanobacterial species. In response
to NO,, there was 17 to 120% increase in chlorophyll concentra-
tion of half of the total species while ammonium NH,*-N was
inhibitory for the growth of these species as evident from lower
concentration of chlorophyll under this treatment as compared
to control except in case of N. calcicola. Carotenoid concentra-
tion, on the other hand, tended to increase by 46 to 130% in
the presence of amino acids and by 12 to 224% in the presence
of nitrates. NH,"-N was however stimulating only in case of N.
punctiforme, while other species showed a decline in pigment
concentration (Table 2). It is thus evident that N. calcicola and N.
punctiforme are two such species of Nostoc where growth is nu-
trient saturated at a relatively higher level.

3.2 Nitrogenase activity :

All the 6 species which are heterocystous in nature showed ni-
trogenase activity ranging from 0.31 to 5.16 n mole C,H /mg
dry weight/h in control. Supplementing the medium with dou-
ble dose of K'/PO,* increased the nitrogenase activity by 2 to
10 times in most of the species. Iron supplement increased the
nitrogenase activity by 2 to 6 times in most of the species ex-
cept A. doliolum and N. calcicola where no effect was observed
at higher Fe* concentration showing nitrogenase saturation at 2
ppm concentration of iron. All the exogeneous sources of nitro-
gen were inhibitory for the nitrogenase activity of these species
and there was total suppression of nitogenase in the presence of
NH,-N where no nitrogenase activity was detectable (Table 3).

Discussion

The semi-arid soils from where the cyanobacterial strains have
been isolated are not rich in organic matter. Their total Kjeldahl
nitrogen content varied from 0.004 to 0.06%, available phospho-
rus from 0.003 to 0.005% and potassium 0.03 to 0.04% (results
not shown). As supplement of PO,* and K* tend to increase ni-
trogenase activity of these algae, use of phosphate and potas-
sium fertilizers along with the algal biofertilizer would improve
the nitrogen status of the soil and increase productivity. As con-
centration of chlorophyll in only two or three species increase in
response to these amendments, we may expect less CO, fixation
in most of the species barring a few species. Consistently higher
nitrogenase activity in all the species suggests that greater N,
fixation and relatively less CO, fixation may help narrow down
the C : N ratio of the soil creating better soil conditions, if the
K*/PO,” supplements are given.

Role of K* has also been reported in photosynthetic recovery of
some cyanobacteria after dehydration (Qui and Gao, 1999). Sup-
plementing K* would have added advantage under semi-arid
condition as this element is also reported to regulate osmotic
balance in the alga through ion regulation (Apte, 2001), and in
maintenance of intracellular pH (Erdman and Hagemann, 2001),
which collectively would be useful for the growth of these cyano-
bacteria under the water stress condition of semiarid tropics.

Phosphate fertilization has been reported to dramatically in-
crease nitrogen fixation in microbial mats (Stal, 2000). De Nobel
et al. (1997) also stressed that phosphate concentration deter-
mines the optimal activity of nitrogenase. In the semi-arid soils
with relatively low phosphorus content, supplementing phos-
phates would increase N,-fixation.

Since ferric ions act as a cofactor in nitrogenase enzyme, it was
observed that in most of the present algal species substantial
increase of 2-6 times in nitrogenase activity occurred at 4 ppm
concentration of Fe* jons as compared to that at 2 ppm (con-
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trol medium). Iron acts as electron carrier or as electron donor
in a number of processes including N,-fixation. In natural mi-
crobial mats a layer of oxidized iron in Fe** form has been ob-
served (Ehrenreich and Widdel, 1994) which may act as a bar-
rier between aerobic and anaerobic parts of the soil sub-system
to protect the nitrogenase enzyme from oxygen. Ferric ions have
also been reported to provide a UV screen to the cyanobacteria
(Pierson and Olson, 1989) which may be of special significance
in the semi-arid region where there is exposure to high intensity
solar radiations containing UV-radiations.

All the cyanobacterial species in the present study could grow in
nitrogen-free medium serving as control, since they are heterocyst-
ous forms and could fix atmospheric N,. In the presence of exter-
nal source of nitrogen as nitrate, chlorophyll content increased in
some strains but it decreased in the presence of ammonium ions.
Any form of exogenous nitrogen, particularly NH,*-N was inhibitory
for nitrogenase enzyme. Ammonia lowers the supply of reductant
and/or energy (Ohmori and Hattori, 1974), explaining its inhibitory
effect on nitrogenase. Although externally supplied amino acids
have been reported to be metabolized by algae and act as osmo-
protectants (Reddy et al, 1989), yet they were found to have an in-
hibitory effect on nitrogenase activity of the cyanobacteria.

It becomes evident from the present study that while using cyano-
bacterial species in the semi-arid soils as biofertilizers phosphate
and potassium should be supplemented in the form of inorganic
fertilizers to boost growth and N, fixing potential of the cyanobac-
teria. In the semi-arid soils where the upper profile is usually defi-
cient in iron, supplement of this micronutrient would be useful to
promote cyanobacterial growth and nitrogenase activity.

The present study shows that growth and nitrogen fixing potential
of cyanobacteria can be improved by careful management of vari-
ous macro and micro nutrients for successfully exploiting them as
biofertilizers in semi-arid soils.
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Table 1. Effect of nutrient supplement on pigment concen-
tration of indigenous heterocystous cyanobacteria

Carotenoids (pg/

Chlorophyll (pg/ml) ml)
Species
Control (PPS IS |Control|PPS IS
N linckia 517 5.26" 525" |0.013* [0.014* |0.016°
: (100)  |(102) |(98) |(100) |(108) |(126.15)
N. spongiaeforme 7.66* 625" [622" 10.018* |0.026° [0.017*
- spongt (100)  |(816) |81 |(100) |(148) |(94)
A doliolum 3.05* 3.03* 303 [0012* |0.011* [0.014°

(100)  [(99) |(99) [(100) |(92)  |(1166)

N ellipsosborum 3.28" 3.76 79¢ 10.012* ]0.011* 0.014*
- ellipsosp (100)  |(11414) [(241) [100) |(92)  |(1166)

4.26 594 56 10.008* [0.013" |0.008"

N punctiforme | 100y |(139)  |(131) |(100)  [(1625) |(109)

1.85 452 |464" 10006 |0.007°  [0.006"

N. calcicola (100) (244)  |(251) |(100) [(117)  [(100)

Parameter values in response to supplements of Phosphate/
Potassium (PPS) and Iron (IS) followed by same superscript in
rows (a, b, ¢ etc) do not vary significantly (p < 0.05) from each
other based on Duncan’s Multiple Range Test. All others are sig-
nificantly different (p < 0.01). Values in parentheses represent
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relative values.

Table 2. Effect of exogenous Nitrogen supplement on pigment concentration of indigenous heterocystous cyanobacteria

Chlorophyll (pg/ml) Carotenoids (pg/ml)
Species
Control AS NS AAS Control AS NS AAS
N. linckia 5.17° 4.5¢ 6.79* 2.724 0.013¢ 0.028° 0.0415* 0.0277°
: (100) (79) (119) (48) (100) (215.4) (323.07) (215.4)
N. spongiaeforme 7.66" 11.9* 8.9¢ B 0.018¢ B 0.035* 0.0275°
- spong (100) (155) (116) (100) (194.00) (152.7)
A doliolum 3.05" 1.97¢ 6.64* 2.31% 0.012° 0.0066¢ 0.0134° 0.0176*
: (100) (65) (218) (76) (100) (58) (112) (146)
N. ellipsosporum 3.28* 2.28" 1.2¢ 0.63¢ 0.012¢ 0.0088¢ 0.0202* 0.0191°
- ellipsosporu (100) (70) (37) (19) (100) (73) (168) (158)
N. punctiforme 4.26* 2.05¢ 4.09" 0.30¢ 0.008¢ 0.0195° 0.034* 0.0183°
-P (100) (48) (96) 7 (100) (224) (425) (229)
N. calcicola 1.85¢ 4.68* 4.09° R 0.0063" 0.0035°¢ 0.016* .
: (100) (253) (221) (100) (58) (227)

Parameter values in response to Amino acid supplement (AAS), Nitrate supplement (NS) and Ammonium supplement (AS). Values followed
by same superscript (a, b, ¢ etc) do not vary significantly (p < 0.05) from each other based on Duncan’s Multiple Range Test. All others are sig-
nificantly different (p < 0.01). Values in parentheses represent relative values.

Table 3. Effect of different nutrient supplement on nitrogenase activity of indigenous heterocystous cyanobacteria

Species Nitrogenase activity (nmoles C,H,/mg dry weight/h)
Control PPS 1S AAS NS AS
N linckia 0.31* 3.48° 3.15° ND ND ND
(100) (1122) (1022) - - -
N. spongiaeforme 1.07* 9.15" 6.21° 0.21¢ 0.31¢ ND
) (100) (855) (580) (196) (29) -
A doliolum 1.72* 4.68¢ 1.72* 1.28° 0.07¢ ND
. (100) (272) (100) (74.4) (4.07) -
N. ellipsosporum 2.3* 4.42° 6.14¢ 0.18¢ 0.15¢ ND
i (100) (192) (267) (7.8) (6.52) -
N. punctiforme 2.64* 7.86° 7.86° 0.34¢ 0.43¢ ND
. (100) (298) (298) (12.87) (16.3) -
N. calcicola 5.16° 5.23* 5.16° ND 0.26" ND
) (100) (102.6) (100) - (5.04) -

Parameter values in response to supplement of Phosphate/potassium (PPS), Iron (IS), Amino acid (AAS), Nitrate supplement (NS) and
Ammonia supplement (AS) followed by same superscript in a rows (a, b, ¢ etc) do not vary significantly (p < 0.05) from each other based
on Duncan’s Multiple Range Test. All others are significantly different (p < 0.01). Values in parentheses represent relative values.

ND - Not Detectable
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