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Abstract

Samples were collected from paddy fields in Corum-TURKIYE. Nitrogen-free BG-11 medium was used for isolation of
nitrogen fixing cyanobacteria. Acetylene reduction technique was used to determine the effects of different chemical agents
on the nitrog enase activities of t he cyanobacteria, which wer e identified at the genus level. Nodularia showed the highest
nitrogenase activity (0.006 ethylene pl/ mg.h) at 10mM nitrate concentration. At 25mM phosphate concentration, Nodularia
showed the highest nitrogen ase activity (0.006 ethylene pl/ mg.h ). The highest tolerances for the herbicides were present in
Nodularia (0.06 ethylene pl/ mg.h) for bensulphuron (50pg /ml) and Nostoc 6 ethylene ul/ mg.h (for molinate 100png / ml).
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INTRODUCTION

The utilization of nitrogen g as (N ;) as as ource of
nitrogen is c alled nitrogen fix ation and it is a p roperty of
only certain pr okaryotes [1,2 ]. Soil algae, particular ly
nitrogen fixing cyanobacteria, are important photosynthetic
microorganisms because they contribute to soil fertility by
fixing the atmospheric nitrogen.

In the fixation processs, N, is reduced to a mmonium and
the ammoni um is converted  to the organic  for m. The
reduction proces s is cataly zed by the nitrogenas ¢ which
consists of two  separate protei ns called dinitr ogenase and
dinitrogenase reductas e [2, 3]. Nitrogenase activity is
controlled by a complex regulon called the nif regulon [4, 5].

Biological processes contribute 65 % of the nitrog en used
in agriculture [6]. Biological nitrogen fixation contributions to
rice culture up to 75kgN ha™ per culture cycle [7]. Free living
microorganisms on temperate soi 1 and waters are thought t o
fix as much as 4 5-100kg N ha” yr' only cyanobacteria fix as
much as 28 kg N ha ™' yr '[8]. More over, biofertilizers have
been more important becaus e algalization may be effect plant
size, nitrogen content and the num ber of tillers, ears, spikelet s
and filled grains per panicle.

Certain photos ynthetic bacteria fix N ,, but only under
anaerobic cond itions. Th e nitrogen fixation  has been
affected by environmental f actors. Nitrat e, pho sphate and
herbicide s tresses are an  important environmental factors
affecting algal growth and nitrogenase activity.

Singh [9] sugge sted that cu ltures of Nostoc sp. rapidly
and significantly lost their ability to reduc e acetylene when
incubated with 2mM NH,4Cl and SmM glutamine in light.
Prosperietal. [10]  determined that the input  of nitrogen
fertilizers to field reduces nitr ogen fixation since the presence
of co mbined nitr ogen in hibits nitrogenase activity, also they
researched the repressive effect of ammonium on nitrogenase
activity at neutral pH but not at al kaline pH, and it is so-called
“fast switch-off”. Singh et al. [11 ] found that nitr ogenase and
heterocyst were repressed by  NHs at Anabaena cycadeae.
Juan et al. [12] reported that trans fer of Ny-fixer filamentous
cyanobacteria fr om media c ontaining a source o f co mbined
nitrogen to a medium lacking combined nitrogen provokes the
differentiation of heterocyst, specialized cells able to perform
dinitrogen fixation [13, 1 4]. Meeks et al. [15] informed that
both of species of Anabaena sp were maxi mum inhibited of

acetylene reduction activity and heterocy st formation between
25 and 100uM (69% and 3 6%), and they did not increase a t
higher nit rate concentrations. Moisander a nd Pearl [1 6]
explained that dis solved i norganic N is a factor becaus e it
inhibits nitrogenase. Sroga [17] also indicated that nitrogenase
activity of Microcoleus sp. was inhibited by NO3, NH;, urea
under the light and dark phase. Anneliese et al. [ 18] reported
that the effection of inhi bitory of NH 3 haven’t been under the
anaerobic condi tions. Jose et al. [19] dete rmined that
nitrogenase structural genes and some other genes related t o
dinitrogen fixati on repre ssion b y ammo nium a nd differe nt
degrees of inhibition have been reported for different strains at
nitrate. Bottom ley et al . [20] re vealed that both of NH 4NO;
and KNO; completely repressed heterocyst development and
nitrogenase activity at Anabaena sp. Valiente et al. [21] found
that there was a negative correlation between ammonium and
nitrogenase activity and the ac  tivation of nitrogenase wa s
sharply inhibited. Turpin et al. [22 ] reporte d that ImM
ammonium at all pH was repressed the nitrogenase activity on
Anabaena flos-aquae a nd at hig her p H, t he pr oportion o f
unprotonated ammonia increases and diffusion across the call
membrane can occur.

Adhya et al. [23] said that phosphorusis one of
macronutrient essentials for plant growth, and addition of P
to rice fields promotes root growth and rhizosphere activity
and heterotrophic nitrog en fixation. Wilson and Alexander
[24] established that phosphate equ  ivalent to 30kgP/ha
stimulated nitro gen fixation by about 60%, an d the growth
of nitrogen fixing algae was also limited in  flooded paddy
fields. Accordin g to Turid  [25], phosphorus f ertilization
stimulated the nitrogenase a ctivity, bu ttos ome other
researchers; it was repressed [26, 27]. Lehtimaki et al. [28]
observed that  growth of  Nodularia sp. incubation in
different phosp horus concen trations was barely d etetable
during first 21 days. Huber [29] found that the rate of more
or less than 0.9 pM the phosphate concentration is the best
condition for akinet growth at Nodularia sp. Leganes et al.
[30] established that grain yielding on paddy field stimulated
at 100kgP/ha treatments .

Jianyi et al. [31] searched on the effect of 40 herbicides on
Chlorella vulgarisandt hey were determ ined that the
photosynthetic p eriod of Chlorella vulgaris was effected by
molinate and the acetolactat sintase of Chlorella vulgaris was
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effected by bensulfuron — methyl. Yan et al. [32] researched
that the effects of molinate at Anabaena sphaerica on 30 0-
3000 lux (5, 25, 50ug/ml) and some specific proteins were
prevented functionally by toxic effect. Mansour et al. [33] and
Caux et al. [34] demonstrated that toxic effect of molinate is
more effective at low light inte nsity (300lux) tha n high light
intensity (30001 ux) and it was related to organic carbon ]
which was more assimilated in this condition.

Rice cultivation in Indi a star ted in assured irrigation
areas during the rainy summer season before 25 to 30 years
ago [35] . Herbicid esus edin rice are categorized into
preplant, pr eemergence and pos temergence [36 - 38]. The
role of environmental factors on nitrogenase activity is not
known yet. Because of this it needs to work on it. This paper
summarizes effects of this n itrate, phosphate an d herbicide
stresses on gro wths and nitrog enase activities of nitrog en-
fixing Anabaena, Nostoc and Nodularia sp.

MATERIALS AND METHODS

Materials

The filament ous, heterocy stous cy anobacteria were use d
in this study in which Anabaena, Nodularia and Nostoc sp .
which were isol ated from soil with wate r sa mples obtaine d
from rice field s in Coru m, Tiir kiye. Nostoc and Nodularia
strains were obtained from previous studies of Prof. Dr. Gonul
Donmez.

Isolation and p urification wer e performed b y dilution
and plating of soil and water samples. Stock cultures were
grown in the N-free BG-11 medi um as previously described
[10]. Temperature was maintained at 20°C and cultures were
grown under a cool white light (600lux). Cells in the
logarithmic phase of growth ~ were collected  from stock
cultures and used as inocula for experiments.

Experiments were conducted in batch cultures by using 10
ml of i noculated medium in 25ml. Erlenmyer flasks enclo sed
with cotton plugs. Culture m edia were adjus ted a ccordingly
pH (7, 8,9) with IN Na OH and IN HCL Illu mination was
supplied with 600lux cool white light [39 - 41].

Methods

Determination of nitrogenase activity

Nitrogenase activity was m easuredb y acetylene
reduction techn ique usingin 10 ml aliquots of cell
suspensions placed in stoppere d 35 m | serum bottles [42].
Cultures were grown under the differ ent en vironmental
conditions were enclosed by plastic plugs and p arafin, then
Iml of acetylene gase was injected into the serum bottles.

Cultures were incubated fo r 12h under the exp eriment
conditions. After the incubation periods, samples (1ml) were

taken from serum bottles with gas-tight s yringes, inj ected
into the gas ch romatograph, and eth ylene co ncentrations
were determined using a Shimadzu GC-14B.

Determination of dry weight

The p ellets of centrifuged cultures were was hed with
distilled water three times, then dried to constant weight at
70°C for 12h [10, 43]. Dry weight were measured.

Influence of nitrate, phosphate and herbicides on
nitrogenase activity and growth

The inf luence of differ ent co ncentrations of KNO 3
(0.5mM-50mM), K ,HPO, (10uM-1M), bensulphuron-
methyl (50-500 pg/ml) and mo linate (5-50pg/ml) on the
nitrogenase activity were also te sted on Anabaena, Nostoc
and Nodularia.

The exp erimental cul tures were grown in 25ml flasks
containing 10ml N-free BG-1 1 medium under the same
conditions as described below. According to R ippka [41],
the axenic cultures were grown in a liquid sterilized medium
at 20 + 2 "C under fluorescent light (600lux) for 35days. At
the end of 35 days, nitrogenas e activ ity of cu ltures was
determined using the acetylene reduction technique. For dry
weight was mad e as d etermination described by Cappucino
et al. [43]. All experiments were performed in triplicate and
parallel conditions.

RESULTS

When Anabaena, Nostoc and Nodularia sp was cultured
in the presence of various n itrate, phosphate and herbicide
concentrations, distinct eff ects were s een on nitrogenase
activities and growths.

Effects of nitrate on nitrogenase activity and growth

The growths and nitrogenase  activities of Anabaena,
Nostoc and Nodularias ptreat ed wit hdifferen t
concentrations of nitrate unde r 600 lux light in tensity ar e
listed in Tablel. It ¢ an be se en that the ni trate m arkedly
inhibited the g rowths and n itrogenase a ctivities of all
cultures. The inhibitory effect increased with the increase in
nitrate concentr ation. Under 100mM nitrate concentr ation,
the ni trogenase act ivities of all cul tures wer e com pletely
reduced. The highest nitrog enase a ctivity of Nostocsp a t
different concen tration wer e registered with I mM nitrate
(0.12ul ethylene / mg.h). The lowest nitrogenase activity of
Nodularia sp at different  concentration were found with
10mM nitrate (0.006pl1 eth ylene / mg.h). The growths of
Anabaena and Nostoc sp. completely repressed at 10mM,
but the growth of Nodularia sp supressed at 100mM nitrate
concentration.

Table 1. Effects of nitrate on nitrogenase activity and growth of cyanobacteria **

Anabaena sp. Nostoc sp. Nodularia sp.

Treatment D.ry Ethylene D}’y Ethylene Dq Ethylene

weight amount weight amount weight amount

(mg/l) (ul/ mg.h) (mg/1) (ul/ mgh) (mg/l) (ul/ mg.h)
Control 520452 0,37+0,05 30+1,5 11+2,13 280+28 0,74+0,24
10 pM 470£15 0,003+0 22+1,4 0,17+0 290+10 0,36+0,011
100 uM 396+5,7 0,003+0 17+1,4 0,16+0,007 11547,07 0,016+0,0007
1 mM 225+7,07 0,003+0 15+1,4 0,12+0,021 90+3,7 0,008+0,0006
10 mM 0 0 0 0 50+0 0,006::0,0007
100 mM 0 0 0 000
IM 0 0 0 000

** Nitrate effects on the growth (p <0.01).
Effects of phosphate on nitrogenase activity and
growth
The eff ect of p hosphate on nitrogenase activities and
growths of all cultur es shown (Table2). Anabaena and

Nostoc sp. wer e shown to tolerance to 10m M phosphate
concentration and Nodularia sp. was shown to toleran ce to
25mM. Nitrogenase activity of Anabaena sp. was stimulated
at 500uM phosphate con centration but increasing
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concentrations repressed the nitrogenase activity. In Nostoc
and Nodularia sp., the activities repressed with incr easing
phosphate con centrations durin g the in itial p eriod. The
growths of Anabaena and Nostoc sp. c ompletely re pressed

at 25mM and higher phosp hate concentrations,  and
Nodularia sp. completely suppr essed at 50mM phosphate
concentration (Table2).

Table 2. Effects of phosphate on nitrogenase activity and growth of cyanobacteria **

Anabaena sp. Nostoc sp. Nodularia sp.
Treatment
Dry weight Ethylene D}'y Ethylene Dry weight Ethylene
(mg/l) amount weight amount (mg/l) amount
(ul / mg.h) (mg/l) (ul/ mg.h) (ul / mg.h)
Control 540480 0,26+0,06 29+3,6 14{6+1,15 280+28 0,72+0,22
500 pM 500+20 0,45+0,08 25+4,5 0,03+0,02 160+0 0,002+0
5 mM 355+7,07 0,40+0 26+4,6 0,02+0 153+5,7 0,002+0
10 mM 296+23 0,30+0 22+3.6 0,02+0 125+7,07 0,002+0
25 mM 0 0 0 0 1134£20,8 0,002+0
50 mM 0 0 0 0 0 0

** Phosphate effects on the growth (p <0.01).

Effects of bensulfuron-methyl on nitrogenase activity

and growth

Table 3 summarise the eff ects of bensulfuron- meth yl
concentrations on all of the cultures. The maximum tolerance
(0.06p1 ethylene / mg.h) was seen at Nodularia sp. in 50pg/ml
bensulfuron- methyl concentration. In Anabaena and Nostoc
sp., the tolerances were found in 40 pg/ml bensulfuron- methyl
concentration.

Although a low bensulfuro n-methyl con centration
(5pg/ml) so mewhat sti mulated nit rogenase activity, at hi gher
concentrations n itrogenase activity wa s severely i nhibited at
Anabaenasp. In Nodularia sp.,th eni trogenase a ctivity
inhibition with bensulfuron-methyl at Spg/ml was severely. For
Nostoc sp., the highest nitrogenase activity was seen at30 ug
/mlbe nsulfuron-methyl. T hen egativei mpact of high
bensulfuron-methyl on the bioma ss of a 1l cultures wa s a Iso
shown.

Table 3. Effects of bensulfuron-methyl on nitrogenase activity and growth of cyanobacteria **

Anabaena sp. Nostoc sp. Nodularia sp.

Treatment D Ethylene . Ethylene D Ethylene
(png/ml) weirgyht am};unt Dry W?ll ght am}(])unt weirgyht am}éunt

(mg/l) (ul/ mg.h) (mg/l) (ul/ mg.h) (mg/l) (ul/ mg.h)
Control 42020 0,24+0,04 45+5.,6 6,25+0,9 210+10 10,2
5 480430 0,8+0,03 50+1,5 5,8+1,0 145+7,07 0,09£0
10 450£10 0,25+0,03 41%3,5 4,602 143%5,7 0,080,011
20 415+35 0,26+0,014 30+0,7 4,5+0 13014 0,07+0,02
30 250+30 0,25+0,02 19+2,6 4,5+0 11547,07 0,07+0,007
40 0 0 0 0 105+7,07 0,07+0
500 0 0 0 90+10 0,060,006

**Bensulfuron-methyl effects on the growth (p <0.01).

Effects of molinate on nitrogenase activity and

growth

The results in ~ Table 4 show that the nitrogenas e
activities and gr owths decreased at al 1 molinate levels. The
minimum activity was de termined at Anabaena sp. (0.12u1
ethylene / mg.h) whereas, the highest activity was shown at
Nostoc sp. (6ul ethylene / mg. h). T he ma ximum t olerance

were seen at all of cu
concentration.

Molinate exp eriments have shown that the initia 1
nitrogenase activity of Nodularia sp. at low concentration of
molinate (50ul / ml) does not chang e. Th e nitrogen ase
activities of all cultures completely repressed at 200 pg/ml
molinate concentration.

Itures in 100pg/ml molinate



60

G. Okmen et al / JABS 1 (1): 57-62, 2007

Table 4. Effects of molinate on nitrogenase activity and growth of cyanobacteria **

Anabaena sp. Nostoc sp. Nodularia sp.
Treatment
(ng/ml) Dry weight Ethylene D}‘y Ethylene DW Ethylene
(mg/l) amount weight amount weight amount
(ul/ mg.h) (mg/1) (1l / mg.h) (mg/1) (11 / mg.h)
Control 420+20,0 0,24+0,04 43+5,6 8,15+1,7 365+7,07 0,27+0,014
50 406+20,8 0,14+0,04 31+1,7 740,45 180+14,00 0,26+0,014
100 320430,0 0,12+0,035 27+£2,0 6+0,25 150+0,00 0,20+0,035
2000 0 0 0 0 0
3000 0 0 0 0 0
5000 0 0 0 0 0

** Molinate effects on the growth (p <0.01).
DISCUSSION

As stated in th e introduction, soil alg ae ar e grown in
different env ironmental fact ors. Variation  in growth
conditions influenced the growths and nitrog enase activities
of all gener a. Nitrate is an im portant one th at affects the
algal growth. Generally , the addition of nitr ate inhibited
both the algal growth and nitrog enase activity. All
nitrogenase act ivities were shar ply repressed and the algal
growth was partly inhibited by nitrate (Table 1).

This confirms the repor  tb y Huber [44] for the
Nodularia, and it is sim ilar to the reports Bottem ley et
al.[20], who found that the nitrogenase activity of Nodularia
suppressed by the addition of nitrate.

According to the literature, the maximal inhibi tion of
acetylene redu ction and he terocyst formation in A
cylindrica occurred between and 25 and 100 uM and did not
increase at h igher nitrate concentrations [15]. Its results are
similar to thos e of our studies. Th eser esults can be
explained in this way: the nitrogenase activity inactivated by
nitrate, which resem bles the so-call ed “ switch-off”,
observed in phototrophic bacteria.

The comparison of nitrogenase activities of alg al cells
under the different phosphate concentration, the nitrogenase
activity of Anabaena sp. stimu lated at 500pM phosphate
concentration, whereas the nitrogenase activities of the other
two species inhibited (Table 2).

In addition, the algal growths of all the ¢ ultures were
partly suppressed. These results may be described like th e
following: phosphate is necessary for the algal growth but it
is not necessary for the nitrogenase activity [23]. According
to the resear ch [25], phosphorus fertilization stimulated the
nitrogenase activity and the highest activ ity w as obtained
with about 300 uM (200 pE/m?.s) at Anabaena sp., also the
nitrogenase activity of Nostoc s p. s timulated at 12mM
phosphate con  centration, however more phosphate
concentrations repressed the n itrogenase activity, the result
of which is sim ilar to this stud y. In Nostoc and Nodularia
sp., the nitrog enase activities inhibited at th e beginning
(Table2). These results seem to suggest that — phosphorus
stimulated nitrogenase activity in P- starved cells but not in
P- suffient cells [44].

It is anon ymously repor ted th at [45] , bensulfuron-
methyl and m olinate are mostly used for elim inating weeds
in paddy fields in Corum- Osmanc 1k in Turkiye. For this
reason, two herbicid es were chosen for this stud y.In
herbicide tr eatments, bensulf uron- meth yl stimulated
nitrogenase activity of Anabaena sp. at 5pg/ml but not in

higher con centrations. W hereas the ni trogenase ac tivities
and growths of other two species were inhib ited during the

initial concentrat ion (Spg/ ml) (T able3), it was dem onstrated
that Anabaenasp .w ascap ableof gr owingb oth
photoautotrophically and photohe terotrophically like bacteria

to a great extent [32, 46].

In m olinate tr eatments, all ge nera d emonstrated to
tolerance to 100 pg/mllevel of molinate concentration. In
addition, the nitrogenase activities and growths of all genera
completely rep ressed witha nincre asein m olinate
concentration. Yan et al.[32] reported that A. sphaerica kept
growth rate at 100 pg/ml molinate concentration. This result
is similar to our studies.

Most reports de monstrated that the inhibitory effect of
herbicide bec ame greater wit h an increas e in herbicid e
concentration and suggested that the reduction in the growth
rate of algaem aybedue toadecr easeinalg al
photosynthesis caused b y th e inhibition of sy nthesis of
chlorophyll, the most important pigment in alg al cel s for
collecting solar energy for photosynthesis [47, 48].

The d ata obta ined in this stud y prov ide infor mation
about the inhib itory effect of the differen t env ironmental
factors on growths and nitrogen ase activities of all genera,
under which the cy anobacteria exhibits diff erent sensitivity
to the factors. These findings suggest a ban on the use of
molinate and bensulfuron- methy 1 in paddy fields, owing to
its inhib itory effect. Moreov er, these results s howed tha t
nitrate and pho sphate f ertilizers could b e app lied und er
lower concentrations to rice fields.

Several d ifferences inth e gr owth and nitro genase
activity rates of Nodularia, Nostoc and Anabaena sp. were
observed, which may  explai nthe differ ent vertical,
horizontal and temporal distribu tion of th e three genera in
paddy fields. I nthisstudy , we have shown a clear
physiologic dist inction be tweeen Nostoc sp. an d the other
strains. Ge nerally Nostoc sp. had the bes t optimal
performance of nitrogen ase a ctivity in al | en vironmental
conditions, so it is thought  thatitis a suitable genus for
biofertilizer. A better unders tanding of the  mechanisms
require fu rther stud y about the nitr ate, pho sphate and
herbicide stresses.
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