
 

J. Aquat. Plant Manage.

 

 47: 2009. 145

 

J. Aquat. Plant Manage.

 

 47: 145-147

 

NOTES

Effect of a Combination of Two Rice Herbicides 
on the Cyanobacterium, 

 

Nostoc spongiaeforme

 

DAVID F. SPENCER

 

1

 

, P.-S. LIOW

 

1

 

 AND C. A. LEMBI

 

2

 

INTRODUCTION

 

Floating algal mats are a significant problem in California
rice fields. Cyanobacteria fix atmospheric nitrogen and are
thus considered beneficial in some rice production systems.
California rice fields are planted from seeds not transplants,
and rice seedlings are adversely impacted by floating algal
mats. The algal mats cause two significant problems that lead
to yield reduction: floating mats can entrap and uproot seed-
lings; and large thick mats may accumulate in windward ar-
eas and sink, smothering seedlings. These problems are most
critical during the 30 days following initial flooding of the
fields because seedlings are less impacted after they emerge
from the water. California rice fields typically have shallow
water depths (<15 cm) and relatively high levels of nitrogen
and phosphorus (Spencer et al. 2006). The high nutrient lev-
els are believed to improve rice seedling establishment and
survivorship, but they provide ideal conditions for growth of
algae as well as rice (Chapman et al. 1972).

The most problematic cyanobacterium was identified by
Spencer et al. (2006) as 

 

Nostoc spongiaeforme

 

, described by
Desikachary (1959). 

 

Nostoc spongiaeforme

 

 has been very diffi-
cult to control using currently accepted methods (i.e., aerial
applications of copper sulfate at 1 mg L

 

-1

 

) during the critical
30-day period following spring flooding of fields. Two herbi-
cides commonly used in rice production are Londax (ben-
sulfuron-methyl (methyl 2[[[[[(4,6-dimethoxy-
2pyrimidnyl)amino] carbonyl]amino]sulfonyl]methyl]ben-
zoate)) and Shark (carfentrazone-ethyl (ethyl 

 

α

 

,2-dichloro-5-
[4-(difluoromethyl)- 4,5-dihydro-3-methyl-5-oxo-1H-1,2,4-tri-
azol-1-yl] 4fluoro-benzenepropanoate)). They may be used
in combination to increase the spectrum of rice field weeds
controlled with a single application (Hill and Fisher 1999).
Discussions with pest control advisors indicated that less se-
vere algal problems were observed in fields with combina-
tions of these herbicides. The purpose of the experiments
described here was to evaluate the effect of a Londax-Shark
mixture on 

 

N. spongiaeforme

 

.

 

MATERIALS AND METHODS

 

Stock cultures of 

 

N. spongiaeforme

 

 were grown in BG-11 me-
dium without nitrate at 25 C, 13:11 h light:dark cycle, 400
µM m

 

-2

 

 s

 

-1

 

 in a reach-in growth chamber. The initial pH of the
culture medium was adjusted to either 6.7 or 7.1 using 1 N
NaOH or 1 N HCl because the pH of rice field water varies
(Spencer et al. 2006). Following inoculation with 2 ml into
each test flask, 

 

N. spongiaeforme

 

 was allowed to grow for 7
days. At that time, two 10-ml aliquots were withdrawn from
each flask and filtered through a glass fiber filter. Chloro-
phyll content was determined following extraction with DM-
SO (Spencer and Ksander 1987). Growth rates were
calculated by linear regression of the log

 

2

 

 of the initial and fi-
nal chlorophyll values versus time in days (SAS Institute Inc.
2004). Initial chlorophyll values were based on determina-
tions from five separate aliquots collected from the stock cul-
ture at the beginning of the experiment. We repeated the
experiment four times. There were four replicate flasks at
each of the following Londax-Shark mixture concentrations:
0, 0.041, 0.104, 0.207, and 0.414 mg L

 

-1

 

. These rates were cho-
sen because 0.630 kg ha

 

-1

 

 (i.e., 0.414 mg L

 

-1

 

 if water depth is
15 cm at the time of application) is the normal use rate for
this combination of herbicides, and because we were espe-
cially interested in knowing if lower rates would be effective.
Lower rates may reduce injury to rice when applied early in
the season for algal control. The Londax-Shark mixture we
used was prepared by mixing 8 parts Shark to 1 part Londax,
reflecting individual herbicide use rates. It was formulated
and supplied by Big Valley Ag Services, Gridley, California.

 

RESULTS AND DISCUSSION

 

 In three of the four experiments, the treatments had no
statistically detectable influence on 

 

N. spongiaeforme

 

 growth
rates (Figure 1). In one experiment, there was a statistically
significant effect; however, growth rate decreased by only
12% at the highest level of the Londax-Shark mixture exam-
ined. Initial pH of the culture medium did not influence the
impact of the Londax-Shark mixture. Thus, it does not ap-
pear that this herbicide mixture will be useful in the manage-
ment of 

 

N. spongiaeforme

 

 in California rice fields.
These results contrast with earlier reports that bensulfu-

ron-methyl (the active ingredient in Londax) was associated
with reduced growth and reproduction of several submersed
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flowering aquatic plants: 

 

Myriophyllum papillosum

 

 Orchard,

 

Elodea canadensis

 

 Rich.; 

 

Vallisneria gigantea

 

 Graebner; 

 

Potamo-
geton tricarinatus

 

 F. Muell. & A. Benn ex A. Benn (1892)
(Bowmer et al. 1992); 

 

Hydrilla verticillata

 

 L. f. (Royle) (Haller
et al. 1992, Langeland and Laroche 1992, Van and Vandiver
1992, 1994); 

 

M. spicatum

 

 L. (Nelson et al. 1993, Getsinger et
al. 1994); 

 

V. americana

 

 Michx.; and 

 

P. nodosus

 

 Poiret (Getsing-
er et al. 1994). More recent reports indicated that carfentra-
zone-ethyl (the active ingredient in Shark) treatments also
reduced growth of the flowering aquatic plants 

 

Eichhornia
crassipes

 

 (Mart.) Solms-Laub., 

 

Pistia stratiotes

 

 L., and 

 

Landoltia
punctata

 

 (G. Mey.) Les & D. J. Crawford (Koschnick et al.
2004); 

 

M. spicatum

 

 L., 

 

M. aquaticum

 

 (Vell.) Verdc., 

 

Stukenia
pectinata

 

 (L.) Boerner (Glomski et al. 2006, Gray et al. 2007),
and 

 

M. heterophyllum

 

 Michx. (Glomski and Netherland 2007,
2008). Two fern species are also sensitive to carfentrazone-
ethyl: 

 

Salvinia minima

 

 Baker (Koschnick et al. 2004) and 

 

S.
molesta

 

 D. S. Mitchell (Glomski and Getsinger 2006).
Little research has been conducted on the effects of either

herbicide on algal or cyanobacterial species. To our knowl-
edge, no published studies report the effects of carfentra-

zone-ethyl alone or in combination with bensulfuron-methyl
on growth of cyanobacteria or algae. Ma et al. (2002) report-
ed that the EC

 

50 

 

(the concentration required to reduce
growth by 50%) for bensulfuron-methyl, the active ingredi-
ent in Londax, was 17.96 mg L

 

-1

 

, for the green alga 

 

Chlorella
vulgaris

 

. Another active ingredient with the same mode of ac-
tion, nicosulfuron, had an EC

 

50

 

 of 4.33 mg L

 

-1

 

 for 

 

C. vulgaris.

 

Kim and Lee (2006) reported that bensulfuron-methyl inhib-
ited photosynthesis of the cyanobacteria 

 

Anabaena variabillis

 

and 

 

N. commune

 

 by 50% at a concentration of 8 to 10 mg L

 

-1

 

.
Chen et al. (2007) reported that the 96-h EC

 

50

 

 for 

 

Nostoc

 

 spp.
exposed to bensulfuron-methyl was 40.6 mg L

 

-1

 

. The highest
mixture concentration used in our present experiments was
equivalent to 0.147 mg L

 

-1

 

 carfentrazone-ethyl (Shark) and
0.028 mg L

 

-1

 

 bensulfuron-methyl. Thus, algae and cyanobac-
teria appear to be susceptible to bensulfuron-methyl only at
concentrations much higher than those used in rice fields.
The lack of response to the mixture could also be because 

 

N.
spongiaeforme

 

 is composed of cells arranged as filaments em-
bedded in a gelatinous matrix that may interfere with entry
of these herbicides into the cells.

Figure 1. Response of Nostoc spongiaeforme to different concentrations of a Londax-Shark mixture (L-S Mix).



 

J. Aquat. Plant Manage.

 

 47: 2009. 147

 

ACKNOWLEDGMENTS

 

We appreciate the comments of Tom Lanini and Tom Jor-
dan who read an earlier version of this manuscript. Mention
of a manufacturer does not constitute a warranty or guaran-
tee of the product by the U.S. Department of Agriculture nor
an endorsement over other products not mentioned.

 

LITERATURE CITED

 

Bowmer, K. H., G. McCorkelle and G. R. Sainty. 1992. Potential use of bensul-
furon methyl for sediment application in irrigation systems in Australia. J.
Aquat. Plant Manage. 30:44-47.

Chapman, R. L., D. E. Bayer and N. J. Lang. 1972. Observations on the domi-
nant algae in experimental California rice fields. J. Phycol. Suppl

 

.

 

 8:17.
Chen, Z., P. Juneau and B. Qiu. 2007. Effects of three pesticides on the growth,

photosynthesis and photoinhibition of the edible cyanobacterium Ge-
Xian-Mi (

 

Nostoc

 

). Aquat. Toxic. 81:256-265.
Desikachary, T. V. 1959. 

 

Cyanophyta

 

. Indian Council of Agricultural Research,
New Delhi. 686 pp.

Getsinger, K. D., G. O. Dick, R. M. Crouch and L. S. Nelson. 1994. Mesocosm
evaluation of bensulfuron methyl activity on Eurasian watermilfoil, Vallis-
neria, and American pondweed. J. Aquat. Plant Manage. 32:1-6.

Glomski, L. M. and K. D. Getsinger. 2006. Carfentrazone-ethyl for control of
giant salvinia. J. Aquat. Plant Manage. 44: 36-138.

Glomski, L. M. and M. D. Netherland. 2007. Efficacy of diquat and carfentra-
zone-ethyl on variable-leaf milfoil. J. Aquat. Plant Manage. 45:136-138.

Glomski, L. M. and M. D. Netherland. 2008. Effect of water temperature on
2,4-D ester and carfentrazone-ethyl applications for control of variable-leaf
milfoil. J. Aquat. Plant Manage. 46:119-121.

Glomski, L. M., A. G. Poovey, and K. D. Getsinger. 2006. Effect of carfentra-
zone-ethyl on three aquatic macrophytes. J. Aquat. Plant Manage. 44:67-69.

Gray, C. J., J. D. Madsen, R. M. Wersal and K. D. Getsinger. 2007. Eurasian
watermilfoil and parrotfeather control using carfentrazone-ethyl. J. Aquat.
Plant Manage. 45:43-46.

Haller, W. T., A. M. Fox and C. A. Hanlon. 1992. Inhibition of hydrilla tuber for-
mation by bensulfuron methyl. J. Aquat. Plant Manage. 30:48-49.

Hill, J. E. and A. J. Fisher. 1999. The framework for weed control programs in
California rice. UC Cooperative Extension Rice Meetings, Feb. 1999. Uni-
versity of California, Davis. http://www.plantsciences.ucdavis.edu/
ucceRice/news/weedtalk.htm. Accessed 3 March 2009. 

Kim, J. and C. Lee. 2006. Differential responses of two freshwater cyanobacte-
ria, 

 

Anabaena variabillis

 

 and 

 

Nostoc commune

 

, to sulfonylurea herbicide ben-
sulfuron-methyl. J. Microbiol. Biotechnol. 16:52-56.

Koschnick, T. J., W. T. Haller and A. W. Chen. 2004. Carfentrazone-ethyl pond
dissipation and efficacy on floating plants. J. Aquat. Plant Manage. 42:103-
108.

Langeland, K. A. and F. B. Laroche. 1992. Hydrilla growth and tuber produc-
tion in response to bensulfuron methyl concentration and exposure time.
J. Aquat. Plant Manage. 30:53-58.

Ma, J, L. Xu, S. Wand, R. Zheng, S. Jin, S. Huang and Y. Huang. 2002. Toxicity
of 40 herbicides to the green alga 

 

Chlorella vulgaris

 

. Ecotox. Environ. Safety
51:128-132.

Nelson, L. S., M. D. Netherland and K. D. Getsinger. 1993. Bensulfuron methyl
activity on Eurasian watermilfoil. J. Aquat. Plant Manage. 31:179-185.

SAS Institute, Inc. 2004. SAS OnlineDoc® 9.1.3. SAS Institute, Inc., Cary, NC. 
Spencer, D. and G. Ksander. 1987. Comparison of three methods for extracting

chlorophyll from aquatic macrophytes. J. Freshw. Ecol

 

.

 

 4:201-208.
Spencer, D., C. Lembi and R. Blank. 2006. Spatial and temporal variation in the

composition and biomass of algae present in selected California rice fields.
J. Freshw. Ecol. 21:649-656.

Van, T. K. and V. V. Vandiver, Jr. 1992. Response of monoecious and dioecious
hydrilla to bensulfuron methyl. J. Aquat. Plant Manage. 30:41-44.

Van, T. K. and V. V. Vandiver, Jr. 1994. Response of hydrilla to various concen-
trations and exposures of bensulfuron methyl. J. Aquat. Plant Manage.
32:7-11.

 

J. Aquat. Plant Manage.

 

 47: 147-150

 

Potential for Selective Activity of the ALS 
Inhibitors Penoxsulam, Bispyribac-sodium, and 

Imazamox on Algae Responsible for Harmful 
Blooms

 

M. D. NETHERLAND

 

1

 

, C. A. LEMBI

 

2

 

, AND L. M GLOMSKI

 

3

 

INTRODUCTION

 

In 2007, there were 45 acetolactate synthase (ALS) inhib-
iting herbicides registered for use by the U.S. Environmental
Protection Agency (USEPA; WSSA 2007). The registration of

such a large number of herbicides with the same mode of ac-
tion is based largely on the differential selectivity exhibited
by these products. Slight changes in the molecular structure
of ALS-inhibiting herbicides can greatly affect their potency
and weed control spectrum (Ren et al. 2000). The selectivity
of the ALS herbicides is due to the ability of different plant
species to metabolize the herbicide, or in some cases tolerant
plants can have an altered target enzyme site. The ALS herbi-
cides are widely used in cropping, forestry, right of way, and
aquatic sites. From an aquatic registration perspective, ALS
inhibitors exhibit a high margin of safety for fish and wild-
life, and mesocosm screening suggests they can be selective
against numerous aquatic macrophyte species (Nelson et al.
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