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Abstract

The efficiency of nitrogen fixation of blue green algae grown in pots and
in paddy fields were compared. In the nitrogen poor soil (pot experiments),
the nitrogen fixing activity of the blue green algae increased grain productivity
of rice plants by 3425 or 412, depending upon the rice cultivar. This was
higher than when plants were supplied with chemical N fertilizers. This
increment of grain yield was due to the nitrogen fixation by blue green algae
providing bio-N fertilizers which caused an increase in the number of tillers,
panicles, and grains on the rice plant., However, no enhancement effect of
nitrogen fixation by blue green algae on the yields of rice cultivated in paddy
fields (field experiments) was observed. Both of the rice cultivars, Tainan
6 and Chia Hsin 11, grown with blue green algae like the control plants
gave a grain yield of about 2024 lower than those that were supplied with
chemical N ferilizers. This indicates that there was little or on nitrogen
fixing activity by blue green algae in the paddy fields which had previously
been cultivated with other crops. This was probably because the residual
chemical N fertilizer left in the soil had an inhibitroy effect on the nitrogen
fixation activity of blue green algae. Besides this, the nitrogen fixing activity
of the blue green algae was also suppressed by fungicides or insecticides. How-
ever, blue green algae showed different sensitivities to different kinds of
fungicides or insecticides. The blue green algae treated with insecticides
having the side group, CONHCH;, such as Sevin and Lannate, were able to
regain some of their nitrogen fixation ability,

Introduction

Blue-green algae which posses both photosynthetic-and nitrogen fixing-
activities are generally inconspicuous organisms. It has been noted that the
filamentous blue-green algae possessing heterocysts have vigorous nitrogen
fixing activity. They make a valuable contribution to the fertility of many
soils, and so to the yield of plants. It had been estimated that free-living

(1) This research was supported by the National Science Council of the Republic of
Cihna,

4



42 "~ Botanical Bulletin of Academia Sinica Vol. 19

filamentous-heterocystous blue-green algae added from 12.7 to 70 pounds of
nitrogen to rice paddy fields per acre (De and Sulaiman, 1950; Singh 1961;
Watanabe ef al.,, 1951; Watanabe ef al., 1971). It has also been reported that
blue- -green. algae, assec1ated with Azolla, growmg in ~water in. rice paddles
gave ylelds of 50 to 100/ greater than those ‘obtained . from ad]ommg paddy
fields where Azolla was absent (Galston, 1975). ThlS/ is a ‘valuable character,
for the nitrogen ﬁxing‘w‘ potentiél of a“‘particular habitat, can be assessed
simply by determining the abundance of the blue-green algae. In the present
study, the nitrogen fixing activity of blue-green algae has been studied because
there is relatively:little information on the magnitude - of nitrogen -fixation
brought about by the Blue-green algae “in rice paddy fields in this country.
Furthermore, ‘the effects of- fungmxdes and insecticides on the nitrogen fixing
activity of blue- -green algae were were also 1nvest1gated

Materlals and Methods
Algal culture

A pure stram of ﬁlamentous heterocystous blue green algae, Anabaena
cylindrica, was grown’ in-'a controlled enviroment room (day/night temperature,
28°C/24°C; daily 1rrad1ance, 013 cal/cm?- mm, cool white fluorescent; photo-
period, 16 hours). The algae were cultured with continuous aeratmn in 5 liter
flasks, which contained 2 liters of nitrogen-free nutrient ‘medium, and 500 ml
of sterilized fresh medium was added to the culture 6nce a week  after the
equivalentuamqunt, of used medium had been removed. This was to keep the
algae growing"continuously and-vigorously.

Treatment of fungicide and: insecticide ,

One hundred,milliIitér of algae were withdrawn from the stock. cultures
and poured into 250 ml flasks, in which the selective fungicides such as, Sevin -
Lannate, Endrin, or Asozin, weré added to’ make the following “desited’ con-
centrations: Benlate; Sevin, and Endrin in Oppm 10 ppm, 20 ppm, 40 ppm; and
80 ppm, respectwely, and Asozin, and Lannate in 0ppm, 20ppm, 40 ppm,
80 ppm, 160 ppm, respectively.

The algae treated with a fungicidei'br‘inéecticide were kept growing by
aeration. After 4 days of treatment, the algal suspensions were filtered.  The
algal filaments of each:treatment remaining on:the filter paper -were carefuly
rinsed several times with a small amount of distilled water and then removed
and transferred into a serum vial having-a volume of 27.ml to determine the
algal nitrogen fixing activity by the acetylene reduction method (Huang et al,
1975).  After havmg measured the n1trogen fixing activity of the algae, -the
algal filaments were dried overmght in an oven at’'a temperature of 75°C, ‘the
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algal dry weight was then recorded.

Acetylehe reduction

Acetylene reduction technique was used to assay the nitrogen fixing
activity of Anabaena cylindrica. Algal samples were placed in serum bottles
with a volume of 27 ml. Acetylene was injected through the stopper into each
‘bottle to ‘leave an acetylené partial pressure of 0.1 atm. The reaction of
acetylene reduction in the bottle was terminated after 60 minutes by injecting
5ml of 5N H,SO, into the vial. Samples of gas phase were withdrawn. The
acetylene and ethylene were separated with gas chromatography having a
hydrogen ionization detector at an oven temperature of 65°C. The glass
column 08 m long and 3mm i.d. packed with Porapak R was used for separ-
ation. The carrier gas was N, flowing at 30 ml per minute.

Total nitrogen determination

The total nitrogen of nitrogenous compounds in algal filaments and those
“extracellular nitrogenous compounds liberated into the culture medium were
determined by the Micro-Kjeldahl method (Yoshida et al., 1973).

JAlgal inoculation

(a) Field experiments; Three day-old rice seedlings (Oryza sativa var. japonica

Tainan 6) were transplanted in a paddy field having an area of 1.8X256m?

This field was divided into eight sections (1.8X3.2m?/section). There were

four treatments with two.replicates in these 8 sections. i.e.

.Section I, and V; Rice plots were inoculated with Awnabaen cylindrica but not
supplied with chemical N fertilizers.

Section II, and VI; Rice plots were not inoculated with Anabaena cylindrica
but supplied with chemical N fertilizers.

Section III, and VII; Rice plots were both inoculated with Anabaena cylindrica
and supplied with chemical N fertilizers.

Section IV, and VIII; Check, neither the algae nor the chemical N {fertilizers

were added to the rice plots.

Another variety of rice seedlings (Oryza sativa var. indica Chia Hsin 11)
was used and the previous experiment was repeated.

The 1000 ml of cultured algae, which had an average N fixing activity of
1.65mg N, fixed/day, was removed from the stock culture and inoculated into
the rice plots in each section. The first inoculation was started one week
after transplanting. The second and third were carried out on the 30th and
.60th day after being transplanted, respectively.

-(b) Pot experiments: The experimental designs and varieties of rice seed-
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lings planted in these experiments were similar to those used in the previous
field experiments except that these seedlings were planted in pots. In each
pot a single seedling was transplanted. There were four treatments as des-
cribed above as in the field experiments. Each treatment had six replicates.
“The algal inoculated seedlings in each pot had the average N, fixing activity
of 0.028mg N, fixed/day. In order to remove those residual chemical N
fertilizers left in the soil, those soils used in this experiments were flushed
with tape water and drained several times.

Harvest

The mature heads of rice were harvested on the Ist of July. The grains
in each panicle were counted and weighed. The number of tillerings of each
plant was also recorded.

Results

The quantity of N fixed by Amnabaena cylindrica is adequate to support
the growth and development of the rice plants. As the data on Table 1-1
shows the yields of both cultivars of rice were enhanced by the nitrogen
- fixing activity of algae. The relative graih yield of both those rice cultivars,
Tainan #6 and Chia Hsin #11, increased from 10025 to 141% and from 100%
to 13492 respectively, when grown with blue-green algae as compared with
supplied with chemical N fertilizer. This increase in grain productivity was
due to the nitrogen fixation of algae which caused the increments in the
number of tillers, panicles, and grains of plant. However, the nitrogen fixing
activity of algae did not have any positive effect on increasing the grain weight.
It has been [estimated that plants provided with bio-N fertilizer (product of
nitrogen fixation of algae), on the individual plant basis, the number of tillers,
panicles, and grains of plant were 28%-57%, 72%-60%, and 43%-74%, greater
than those supplied with chemical N fertilizer, depending on the cultivar of
rice. However the beneficial effects of nitrogen fixation of algae on the yield of
rice was not synchronized with the presence of chemical N fertilizer. On
the contrary, the relative productivity of rice grown with blue green algae
decreased from 14124 to 119% and from 134% to 106% after being supplied
with chemical N fertilizer.

The control plants gave the lowest yield because of the deficiency of
both bio-and chemical-N fertilizer.

Some contradictory results were obtained from plants cultivated in paddy
fields (Table 1-2). Plants grown with blue green algae in the field had a
yield of about 202 lower than those supplied with chemical N fertilizer.
Apparently, nitrogen fixation of blue green algae did not have any enhance-
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ment effect on the productivity of rice plants grown in. the field. This may
have been because of the large amount of the residues of the chemical N
fertilizer in the paddy fields which had an inhibitory effect on the nitrogen
fixing ability of the blue green algae.

In Taiwan, fungicides and insecticides are commonly used by farmers
wherever economic plants are cultivated. Both fungicidés and insecticides
have been found to have a certain inhibitory effect on the nitrogen activity
of the blue green algae (Table 2, Fig. 1, and 2). However, al‘gae showed
different sensitivities to the treatment of the fungicides. or insecticides, and
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Fig. 1. Effect of fungicide and insecticide of the nitrogen fixing activity of Anabaena
cylindrica, ~“Asozin, methylarsine sulfied, and Endrin, 1, 2, 3; 4, 10, 10-hexa chloto-
6,7-epoxy 1, 4, 4a, 5, 6, 7, 8, 8a-octahydro-1, 4-endo-5, 8-dimethanonaphthalene,
are insecticides. Benlate, 1-(butylcarbamonyl}-2-benzimidazole carbamic acid,
methyl ester, is one of the fungicides, The chemical-was added directly to -the
-algal culture (100 ml) to make a desired. concentration as indicated in the figure,
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Fig. 2. Effect of insecticide ‘on" the nitrogen fixing activity of ~Anabaena cylindrica.
Sevin, 1-naphthy-N-methylcarbamate; ‘and Lannate, s-methyl-N-[(methylcarbam-
onyl)-oxy]-thio-acetimidate, -are .the  insecticides having -thioacetimide group,
CONHCH,, '

also to their nitrogen fixing activity. There were 3 patterns of nitrogen
fixing activity of Awnabaena cylindrica in response to the treatments of the
fungicide or insecticide (Fig. 1 and 2). »
Asozin type The nitrogen fixing activity of the algae decreased gradually as
the concentration of  Asozin increased. At the concentration of 20-40 ppm,
the nitrogen ﬁxing activity of algae_ decreased to 502 of the original activity.
As the concentration increased further to-80-100 ppm, there was less -thar
195 of the original activity of the nitrogenfixing left [Fig. 1-(a)].

- Benlate-Endrin typeyr The nitrogen fixing activity of the algae sharply
diminished to one-fourth of the original activity by the treatment of Benlate
or Endrin: at ‘the concentration of 20 ppm. However, the activity :did not
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decrease further when the concentration of Benlate or Endrin were increased
from 20 to 80 ppm (Fig. 1-b and —¢). At the same concentration of 80 ppm
algae treated with Asozin, Benlate or Endrin showed that the latter two
chemicals caused the algae to lose about three-fourth of their nitrgen fixing
activity, but Asozin caused an inhibition of more than 94% of its activity
(Table 2 and Fig. 1). The algae were more tolerant to treatments of Benlate
or Endrin than to Asozin. '
Sevin-Lannate type The algae treated with Sevin or Lannate obviously had
different patterns of nitrogen fixing activity than from those treated with
Asozin, Benlate, or Endrin. Sevin or Lannate could inhibit about 90% of the
nitrogen fixing activity at a concentration of 10 ppm or 40 ppm, respectively
(Table 2 and Fig. 2). Sevin gave a more detrimental effect on the nitrogen
fixing activity of algae than Lannate did. Although both Sevin and Lannate
had inhibitory effects on the activity of the algae, yet unlike those treated
with Asozin, Benlate or Endrin, they showed about 40% of recovery even
when Sevin or Lannate concentration was increased from 10ppm to 80 ppm
or 40 ppm to 160 ppm, respectively. However, algae treated with Asozin,
Benlate, or Endrin did not recover after treatments.

Table 2 shows that both the total N of nitrogenous compounds and the
dry weight of algae decreased and then recovered in a similar way cor-
responding to the differential sensitivities of the nitrogen fixing activity to
the treatments of the fungicide or insecticide.

Discussion

By estimation, there were 101.10kg of N fixed per acre based on nitrogen
fixing activity of blue green algae in stock culture, 1.6 mg per day, 16 hours
in a day, the activity was measured just before the algae were inoculated
into the rice plots or pots, by Anabaena cylindrica during the growth period
of the rice plants in paddy field or in pots. This quantity of bio-N fertilizer
is greater than the amount of chemical N fertilizer supplied to the rice in
paddy field or pots, consequently, the yield of both cultivars of rice were
34925-412% higher than those supplied with chemical N fertilizer in the pots.
However, the quantity of N fixed by algae in this study may have been over-
estimated because the weather conditions outside the room were not so fine
" or as constant as that in the controlled environment room, so the nitrogen -
fixing activity of algae in paddy field or pots may not have been so vigorous
as that in the room. Besides, the algae themselves must consume a part of
N fixed to maintain their own growth and development. In addition to the
large quantity of N enriched by blue green alge in pots, there were three
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other possibiles which might have increased the production of rice in the
pots;

Oxygen evolved in water by photosynthetic activity of the algae provide
an aerobic condition for the growth of the root system of rice plénts; It has
been noted that, under the aerobic coditions, the root system produces more
numerous root hairs, and grows more intensively and extensively, so that
the root systems proportionally increased their absorptive surface and
consequently the growth and development of the plants are greatly improved
(Kramer, 1969).

The dead algae embedded in rice pots may become humus and so the
physical’ properties of the soils will be improved, and the growth of the root
system Woulvd thus be promoted, therefore, the growth and development ‘of
the rice plants were augmented..

Photosynthetic activity of blue green algae could be enhanced by the
CO, released by the réspiratory activity of root systems or rice plants. It
has been well demonstrated that the nitrogen fixing ability of plants is par-
alleled by their photosynthetic activity (Huang ef al., 1975). Therefore, there
would be much more N; fixed by algae growing in association with rice
plants than by algae growing in stock culture.

From the above observations, it is easy to account for the rice plants
growing with blue green algae producing a greater number of tillers, panicles,
grains, and so a greater yield of grain (Table 1-1). ’

However, rice plants cultivated in the field plots (field experiments),
inoculated with blue green algae, did not have the beneficial effects of nitrogen
fixation that those did that were cultivated in the pots with blue green algae.
Their yields were lowered. Table 1-2 shows that in the field the rice plants
cultivated in controlled sections and in algal inoculated section had’ the same
yield. - This indicated that there was little or no of algal nitrogen fixation
in these sections by the blue green algae. This may have been because the
nitrogen fixing activity of blue green algae was inhibited by the residues of
chemical N fertilizers, which were inherited from the utilization of chemical
N fertilizers to previous crops, in paddy soil.

Many reports have shown that nitrogen fixation ability of all N, fixers
is sensitive to the presence of chemical N fertilizers, such as nitrate salts or
ammoninum salts, either in a cultural medium or in the soil, because the
nitrate or ammonium can block the process of RNA transcription in the steps
of enzyme synthesis, consequently, the synthesis of nitrogen fixing enzyme
nitrogenase, is repressed (Daesch and Mortenson 1972; Davis et al., 1972;
Streicher and Valentine 1973). In this case these would contain little or no
bio-N fertilizer in the field plots inoculated with blue green algae, therefore,
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unless the plants were supplied with exogenous chemical N fertilizer, the
plants would be N starved. Although the external appearence of the rice
plants in these sections did not show any visual sympton of N deficiency,
yet their vegetative or reproductive growth may have been retarded. It has
been known that extra amounts of N fertilizer are needed by rice plants
during the tillering and panicle formation periods (personal communication
with Dr. Chi-Tzu Wang).

Besides the possibility of inhibitory effect of the residual chemical N
fertilizers, the fungicides and insecticides which are commonly used on rice
planfs by farmers is one of the restrictihg factors fo the practical application of
bio-N fertilizer by blue green algae to replace the chemical N fertilizer to
rice plants. Although these fungicides and insecticides did not kill the blue
green algae, at least in the range of concentrations used in these experiments,
these used on rice plants have the side effect of suppressing the nitrogen
fixing activity of algae (Fig. 1, 2, and Table 2). However, blue green algae
treated with Sevin or Lannate, unlike those treated with Asozin, Benlate, or
Endrin, could regain about 40% of their initial nitrogen fixation activity
(Table 2, and Fig. 2). It is supposed that by the treatment with Sevin or
Lannate, the algae were able to induce adaptative enzymes to decompose
these two chemicals, consequently, the toxic effect of the chemicales was
eliminated and the nitrogen fixing activity of the algae regained. HoWever,
the after-effects of chemical toxicity prevented the nitrogen fixing activity
from returning to their original levels. Therefore, it may be concluded that
although the blue green algae have a very good potential of producing the
bio-N fertilizer, this potential is annulled by uses of chemical N fertilizers,
and fungicides or insecticides, on the rice plants in this country.
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