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Cyanobacteria (blue-green algae) are a group of prokaryotic, photosynthetic
micro-organisms. The dual capacity of fixing atmospheric nitrogen and carbon
makes them attractive as a source of nitrogenous biofertilizer in rice agriculture
(Stewart et al. 1987). Extensive use of fertilizers and herbicides for obtaining high
crop yields are reported to adversely affect the diversity and survival of
cyanobacterial strains (Bunt 1961; Khan and Vaishya 1995). The extreme
sensitivity of diazotrophic cyanobacteria to the toxicity of rice field herbicides is a
major cause of concern for successful explottation of cyanobacteria as
biofertilizers. An ideal biofertilizer strain of cyanobacteria should have ability to
tolerate or resist toxic actions of herbicides. One strategy could be to isolate and
screen native cyanobacterial strains against common rice-field herbicides to
evaluate relative natural tolerance and to select the most tolerant or multiple
herbicide-resistant strain. Such strain(s) could be further improved and exploited
in rice agriculture as an efficient source of nitrogenous biofertilizer.

Efforts have been made to screen five diazotrophic cyanobacteria isolated from
the rice-field and one laboratory strain Nostoc muscorum against four common
rice-field herbicides: Arozin, Alachlor, Butachlor and 2.4-D. The isolates
exhibited differential tolerance towards these herbicides. Among them, the
heterocystous diazotrophic cyanobacterium Anabacna variabilis was found most
tolerant towards all four herbicides tested. This potential strain can be further
improved for biotechnological exploitation in agriculture or in environmental
remediation.

MATERIALS AND METHODS

The filamentous Nj-fixing cyanobacteria Nostoc punctiforme, Nostoc calcicola,
Anabaena variabilis and the unicellular Ny-fixing Gloeocapsa sp. and
Aphanocapsa sp. were used in the present investigation. They were isolated from
a local rice field during rice growing season (Singh et al. 2000), whereas the
standard laboratory strain Nostoc muscorum 1SU (ATCC 27893) was obtained
from Prof. A K. Kashyap, B.H.U., Varanasi, India. Standard microbiological
methods were followed for isolation and purification of cyanobacterial strains
(Rippka et al. 1979). Cultures were grown in BG;; medium (Rippka et al. 1979)
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devoid of any combined nitrogen source (conveniently called Nj-medium).
Cultures were incubated in an air-conditioned culture room maintained at 25+ 1 C
fitted with cool day fluorescent light. Photon flux density of light on the surface
of the vessel was 45 uEm™s ' for 18 hr/day.

All the herbicides used were of commercial grade, Arozin (30EC): Trade name
Arozin; Alachlor (45.1 EC): Trade name - Lasso; Butachlor (93.34 EC). Trade
name — Machete; 2,4-D Ethyl ester (38 EC): Trade name-Slash. Arozin was
obtained from Agr. Evo. Ltd. (Ankleshwar, India), Alachlor and Butachlor from
Evid and Co Pesticides Pvt. Ltd. (Ankleshwar, India) and 2,4-D Ethyl ester from
Monsanto Chemicals of India Ltd. (Mumbai, India). Different concentrations of
the respective herbicides were prepared by appropriate dilution (according to EC)
in precooled double-distilled water and were filter sterilized through a millipore
membrane filter.

The effect of increasing concentrations (0-100 ppm) of herbicides on the growth
and survival of cyanobacterial strains were determined by monitoring the changes
in chlorophyll a at regular intervals of 24 hr for up to 16 days. Ni-grown
exponential cells (5 d old) were harvested by centrifugation (3000 x g, 5 min),
washed thrice with sterilized double-distilled water and dispensed equally in a
series of 250 ml conical flasks containing 100 ml sterile Np-medium. Graded
concentrations of filter sterilized herbicides were added. Cultures without
herbicide treatment were treated as the control. At indicated intervals, aliquots
were withdrawn in triplicate for extraction and estimation of chlorophyll a
pigment in methanol spectrophotometrically, following the method of Mackinney
(1941). The experiment was repeated thrice and data were analyzed statistically
by calculating standard deviation (£SD). The 50% inhibitory growth
concentrations for the isolates were determined by monitoring survivability of
cells on plates containing graded concentrations of herbicides. The percentage
survival of the isolates were calculated by the method:

Number of colonies on the herbicide treated plates
X100

Number of colonies on the untreated control plates

The concentration of the herbicide at which 50% of colonies survived as
compared to untreated control culture was termed the 1GCs, and the concentration
at which no colonies survived (complete lysis) was considered the lethal
concentration. The experiment was repeated thrice and every time five sets of
plates were taken for each herbicide concentration. The data was analyzed by
computer program and the means and standard errors were determined.

RESULTS AND DISCUSSION

The survival potential of cyanobacterial isolates under herbicide(s) stress was
monitored by exposing N, - grown cultures to graded concentrations of herbicides
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(Arozin, Alachlor, Butachlor and 2.4-D). The results are shown in Tables 1-2.
Cyanobacterial isolates showed gradual but substantial inhibition in growth with
increasing concentrations of herbicides. 1GCsy concentrations of herbicides for
each strain are given in Table 1. Complete lysis (lethal concentration) occurred in
the cultures treated with 10 mg L (Aphanocapsa sp.), 15 mg L' (Nostoc
muscorum; Gloeocapsa sp.), 20 mg L™ (N. punctiforme, N. calcicola), 25 mg L™
(A. variabilisy of Arozin; 20 mg L (Aphanocapsa sp; Gloeocapsa sp.; N.
muscorum), 25 mg L' (4. variabilis; N. punctiforme; N. calcicola) of Alachlor;
15 mg L™ (N. muscorunt), 20 mg L™ (Aphanocapsa sp.; N. calcicola), 25 mg L
(A. variabilis, N. punctiforme;, Gloeocapsa sp.) of Butachlor; 10 mg L
(Aphanocapsa sp.), 15 mg L™ (Gloeocapsa sp., N. muscorum), 25 mg L™ (4.
variabilis;, N. punctiforme; N. calcicola) of 2.4-D.

Significant variations in the relative sensitivity of the diazotrophic cyanobacterial
isolates to the growth toxic effects of the herbicides tested under laboratory
conditions, seems to result from interactions between mode of herbicidal actions
with morphological, physiological, biochemical and genetic properties of
cyanobacteria. Herbicides are reported to affect cyanobacteria in various ways
(Anand and Veerappan 1980; Irisarri et al 2001). Herbicides have differential
effects on various metabolic processes and the sensitivity of the strain varies
depending upon the species, kind of herbicides and chemical formulations
(Powell et al. 1991; Anand and Subramanian 1997; Fairchild et al. 1998).

Table 1 IGCs, values (mgL.™") of herbicides for cyanobacterial isolates.

Cyanobacterial Isolates Arozin Alachlor Butachlor 2,4-D

1. N.muscorum 49+0.15 15.0+0.07 10.4+£0.39 10.5+0.69
2. N. punctiforme 47+£031 150+ 0.08 14.8+027 9.9+0.09
3. N. calcicola 5.0+0.06 14.8 +0.49 9.7+045 97+048
4. Avariabilis 9.9+0.24 154+0306 150017 1484048

5. Gloeocapsa sp. 50+0.17 152 £0.07 10.0+0.08 5.0£0.09
6. Aphanocapsa sp.  5.1+0.10 14.8 +£0.35 10.3+0.32 5.0+0.18
The data is an average (+ SEM) of three independent experiments.

Among the four herbicides tested Arozin showed the most deleterious effect on
the growth of the cyanobacterial isolates. The maximum reduction in chlorophyll
a content was recorded in N. muscorum 1SU (Arozin-66.6%, Alachlor-63%,
Butachlor-67.5%, 2,4-D-61.7%) and the lowest in Anabaena variabilis (Arozin-
29.7%, Alachlor-21.3%, Butachlor-48%, 2.4-D-25.7%) at IGCsy concentrations
by the end of 8" day of growth. A more or less similar pattern of growth
inhibition could be observed (Table 2) for other herbicides, i.e., 2,4-D, Butachlor
or Alachlor. In the present study, chlorophyli synthesis was found to be severely
affected in graded concentrations and complete lysis of cultures occurred between
10 - 25 mg L™ of Arozin in different isolates. On the contrary, stimulation in
chlorophyll a synthesis up to 10 mg L™ and survival up to 100 mg L™ of Arozin in
A. variabilis ARM 310 but not in Tolypothrix tenuis ARM 76 was reported by
Goyal et al. (1991). It is also clear from the results that among the isolates, the
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unicellular diazotrophs Gloeocapsa sp. and Aphaniocapsa sp. are more sensitive to
Arozin than multicellular heterocystous forms. In graded concentrations of 2,4-D,
cultures survived between 10-25mgL™" as compared to 175mgL" for

Table 2 Effects of graded concentrations of herbicides on percent inhibition of
chlorophyll a content of cyanobacterial isolates at the end of 8" day of
diazotrophic growth.

Cyanobacterial Herbicides (mgL™)
Isolates
Arozin
50 10.0 15.0 20.0 25.0
14 N muscorum 1SU 67 + 10 75 + 20 ()() + 15 ND ND
2. N.punctiforme 135,06  49:10  78+10 89+26  ND
3. N. calcicola 45426 5120 64417 87«17 ND
4. A. variabilis 30406 30410  51£10 5910  ND
5.Gloeocapsasp. | g5.06 81410  92+2.6 ND ND
6. Aphanocapsasp. | g5 »25 89410  95+20 97£10  ND
2.4-D
5.0 10.0 15.0 20.0 25.0
I. N muscorin 1SU 58 + 26 61 + 06 87 + 06 ND ND
2N punctiforme | 30,15 27:25 35410 46+ 20 83+1.0
3. N. calcicola 32506  34+26 44:26  66+06 85+0.6
4. A. variabilis 21406  31:20 2620  61£32 86+1.0
5. Gloeocapsa sp. 5320 731417 7820 ND ND
6. Aphanocapsasp. | 59,26  85:26 94+ 23 94 20 ND
Butachlor
5.0 10.0 15.0 20.0 25.0
N muscorum 18U | 45 .06 67420 84417  96:15  ND
2. N.punctiforme | 50,15  20£20 42:20 84=20  ND
3. N. calcicol 4110 57£17 04+26  85:06  ND
4. 4. variabilis 13206 43+30 4820 72425 9510
5. Gloeocapsa sp. 1526 21+ 1.1 S4+17 62+10 83x20
6. Aphanocapsa sp. | 46+23 49+ 06 73<15  83+26  ND
Alachlor
5.0 10.0 15.0 200 250
LN muscorum 1SU | 4o 10 71+17  63+10 8506 ND
2.N.punctiforme |\ 14410 20410 23+06 69+16 69+1.0
3. N. calcicola 20206 29+17 32:25 39+10 ND
4. 4. variabilis 23+17  46+17 21+ 20 63+06 ND
5.Gloeocapsasp. | 1510  36+20 3617 67+10 8710
6. Aphanocapsasp. | 4920  48+15 47:17 8620 ND

The data is an average (+SD) of three independent experiments.
ND = not detectable.
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Gloeocapsa sp. (Tozum and Sivaci 1993), 800 mg L' for Anabaenopsis

raciborskii (Das and Singh 1977) and 10mM for Anabaena UAM 202 (Leganes
and Fernandez-Valient] 1992). At the increasing concentration of 2,4-D, growth
inhibition in isolates of Gloeocapsa sp. and Aphanocapsa sp. along with the
standard laboratory strain N. muscorum was more severe than other isolates
(Table 2). Gloeocapsa sp. on the other hand exhibited higher tolerance to
Butachlor (Machete) as compared to other isolates. Similarly another isolate of
Gloeocapsa sp. showed only partial inhibition of growth and photosynthesis upon
exposure to Butachlor but at much higher concentration, i.e., 100 mg L (Singh et
al. 1986). Lethal concentration (25 mg L) of Butachlor for A. variabilis is much
higher than reported earlier i.e., 1.0 mg L™ for A. variabilis (Pandher et al. 1994)
isolated from different agro-climatic zones. Alachlor proved to be less toxic to
cyanobacterial strains as compared to Arozin, Butachlor and 2,4-D (Table 2). The
lethal concentrations of Alachlor for these strains range between 20 - 25 mg L™
which is however, very low as compared to 80 mg L for 4. doliolum, N.
muscorum and Aphanothece stagnina (Singh et al. 1978). The overall sensitivity
of cyanobacterial isolates and the standard laboratory strain towards all four
herbicides tested declined in the following order:

N. muscorum 1SU > Aphanocapsa sp. > Glococapsa sp. > N. calcicola > N.
punctiforme > A. variabilis.

Highest sensitivity of the laboratory strain N. muscorum, as compared to rice-field
isolates, confirm our notion that strains which are exposed to periodic applications
of herbicides are more tolerant and could be an ideal source of any herbicide
resistant gene pool. Among the natural isolates, unicellular nitrogen fixing
cyanobacteria, i.e., Aphanocapsa sp. and Gloeocapsa sp., are less tolerant to toxic
actions of the herbicides tested as compared to filamentous heterocystous nitrogen
fixers, i.e, N. calcicola, N. punctiforme and A. variabilis. Such differential
tolerance between unicellular and multicellular cyanobacteria could not be
assigned to any one factor but needs in-depth investigation. The variations in
survival potential and lethal dosages of herbicides for different strains, either
laboratory or natural, suggest the presence of ditfering degrees of inherent natural
tolerance among strains from diverse ecosystems. Such reported variations also
necessitate comprehensively conducting herbicide toxicity experiments with all
the potential strains originating from various sources under similar sets of
conditions to understand the basis of such variations.

The present finding further suggests that A. variabilis is the most tolerant to all
four herbicides tested and a promising strain as an ideal cyanobacterial
biofertilizer inoculant to improve soil fertility and crop productivity. Natural
diazotrophic cyanobacterial strain(s) will have more potential to establish and
grow in the field and serves as a biofertilizer.
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