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Table 7. Characteristics of the two experimental Guam clavs used
for soil percolate studies. The data were provided by
Ms. Baccay, chemist, 5So0il Testing Laboratory, College of
Agriculrture and Life Sciences, Universitvy of Guam.

Barrigada Type San Agustin Type
- J
rarameter Guam Clav Guam Clay
moderately
Drainage well-drained well-drained
pH 6.4 7.3
Crganic HMatter
Z total) 1.39 5.07
Physical
Composition
(% total)
Sand 36.7 22.0
Silt 14.86 30.0
Clay 48.7 48.0
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Table 9. Compiled rainfall data for each sampling period.*

Total Mean Daily Days With Days Exceeding
Dates Rainfall Rainfall ¥o Rainfall 13 mm Rainfall
(mm) {mm}) (%) (%) %
12/29/77
2/1/78 37.6 1.02 51 8]
2/2/7%8
3/14/78 54.6 1.27 60 2
3/15/78
6/30/78 178 3.56 34 8
7/1/73
7/20/78 106 5.33 40 10
7/21/78
9/1/78 441 10.4 17 26
9/2/78
i0/6/78 323 9.40 6 26
10/7/78
11/18/78 380 9.14 12 26
11/19/73
12/28/73 238 6.10 13 13

*Data from the first three sampling periods were obtained from
Fleet Weather Central (NAS rain gauge). Subsequent data were the
result of daily monitoring of a rain gauge situated at the study
site.

**Amount of rainfall required to saturate flats.
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in the percolate from the San Agustin clay was initially higher than
for the Barrigada clay because of the relativelv hich organic content
of the San Azustin clay; but these values dropped to levels comparable
to the Barrigada clay after an increase in mean daily rainfall,
presumably due to leaching of nutrients by excess rainwater.

In Fig. 10, the absolute values for NO3-N levels in the percolare
are obtained, indicative of the high organic content of the San
Agustin clay. 1f mean control values are subtracted, obtaining net
NO3-N production values, then the mean of the two soils becomes
5.50 ug/mi NO3~N and 6.61 ug/mi NO3-N for Barrigada and San Agustin
clays, respectively. Any discrepancy in these values is probably due

to a greater degradation of Neostoc muscorum on the San Agustin clay

discussed later.

During the first six months (three sampling periods of the
experiment), little rain fell. Samples were obtained by artificial
flooding. Therefore, values from these flars mest likely reflect
residual NO3-¥ in the soils as the alga was almost continucusly in a
desiccated state (Table 9). Also, it can be noted in Table 8 that the
standard error is large for these points indicating that several
outside factors were operating. For this reason, the analysis of
experimental results will be confined to the months of July through

Decenber when sufficient rain fell for the Nostoc Mmuscorum to remain

in a nydrated state for a large percentage of the time (Table 9).
Also, standard errors drop sharply at the time of this sampling

(Table 8).
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It can be seen from Fig. 10, in all cases but one (5an Agustin
clay in July), that the control flat percolates are lower than the
percolates from these flats containing Nostoe; the means of the raties
(Nostoc: control) for July through December are 2.06:1 for San Agustin
soil and 2.05:1 for the Barrigada soil. Also evident is the fact that
values from the San Agustin clay perccolates are more erratic than
those from the Barrigada clay. Since Yostoc is not normally seen

growing on San Agustin clay it is possible that a stable microbe-

Nostoc ecology is prevented, as evidenced by the fact that significant

algal decay occurred throughout the experiment on that soil, while
the algae on the Barrigada clay appeared healthy throughout the
experiment (Fig. 11},

Figs. 12 and 13 show the §04-N content of the percolate from the
separate flats; Fig. 11 illustrates the condition of the flats on
November 18, 1978, toward the end of the experiment. The fact that
significant decay occurred on the San Agustin clay and not on the
Barrigada clav could account, in part, fer the fact that NO3—N levels
in the soil percolates from San Agustin clay flats are generally
higher than in their Barrigada counterparts.

Since the ammonia excretion data show that, at mest, only a small

amount of fixed nitrogen can be contributed by metabolizing HNostoec

muscorum, the decaving alga on the San Agustin clay would contribute

more fixed nitrogen than would the healthy alga on the Barrigada seil.
This is supported bv the data in Table 10 which show that the San
Agustin clav flars, where decav was greatest, produce high concen-

trations of nitrate in their respective =0il percolates.
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Table 10. Mean drainage, biomass and combined nitrogen data for
individual soil flats.

the

Barrigada Drainage Final Biomass NO3-N/Sampling XNO3-N NOZ-N  NH;-N
Type Clay (&/min) g dry wt.) (Lg/m) Te s e
i 0.34 308 11.3 18 2.1 0.81
8 1.2 214 -0.54 ~2.0 1.7 0.23
12 0.096 430 B4 20 2.32  0.970
i¥16 0.34 302 5.0 16 1.5 0.30
San Agustin
Twpe Clay
#2 0.044 270 9.0 33 0.56 0.71
b 0.18 47 3.3 180 0.94  0.45
(10 0.28 205 2.2 11 2.7 Q.66




Referring to the NO3-N levels in percolates from Sap Agustin
clav flats (Fizg. 13}, the trends of the individual flats are erratic
in comparison to the NO3-N concentration profiles ou the Barrigada
soils (Fig. 12). Again, it is possible that the conditions are not
optimal for an algae-Nitrobacter svstem and that the upward trend at
the end of the experiment is due to algal decay.

Since Nostoc musccrum was most often observed growing on either

concrere, asphalt oy hard packed Guam clay, of the Barrigada tvpe, it
iz the results of Fig. 12 that are probably most significant as far as
nitrate contribution to the groundwater lems is concerned. Three of
the four f{lats had NO3j-N percolate levels higher than the control
levels., Flatr 8 was consistently below control levels except for an
apparent '"attempt' at recovery during the last sampling peried.
Referring to Table 10, this can perhaps be explained by the drainage
rate on this particular flat. Post-flooding drainage from this flat
was 1.2 i/min, the fastest for any of the flats. Since water was not
retained during any length of time, it could be that the

NHy+ — NOg + NO3 conversion ceould not take place; or that simply an
artifact of sampling was introduced, i.e., that NO3-N in the soil was
imnediately washed from the soil and subsequently diluted.

Another factor evident in Table 10 is that besides having the
highest drainage rate, flat 8 has the lowest algal biomass for its
soil type. An attempt to correlate drainage rate with biomass was
undertaken. If both soil tvpes are taken together, there appears to
be no correlation (rj,=-0.005) where rj» is the product-moment

correlation ceoefficient of Sokal and Rohlf {1963). If the two soil

41
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types are analyzed separately, the data points fall into definite

groups. Nostoc muscorum on the Barrigada clay maintained or increased

its biomass in three out of four cases; the correlation between
drainage and final dry weight was r12=—0.90. This value for the
product-mement correlation coefficient must be viewed with caution,
since the small sample size dictates that o = 0.1 for the t dis-
tribution {(Rohlf and Sokal 1369).

Still, it does seem that a correlation between drainage rate
and final biomass does exist at least on the Barrigada scil. That
is, where drainage is slow resulting in standing water, N. muscorum

is increased.

Contribution of Nitrate to the Groundwater by Nostoc muscorum

From the data obtained, two estimates for nitrate contribution

by all Nostoc muscorum affecting the lens were made. The first

estimate was derived from the potential total nitrogen contribution
based on the ammonia excretion data (in pg NH,/g/yr) which was
converted to g NO4-N/yr assuming total conversion of WH,;-N to HO3~N

and considering the total biomass of Nestoc muscorum to be 2.6x100 kg.

Nitrogen released by decaying algae was calculated in g NO3-N/yr
considering that 3.38 percent of the algae was nitrogen (again
assuming total conversion) and that there was a steady-state growth
and decav rate of 40 percent of the biomass per week. These two
values were combined and divided by the amount of yearly rainfall (mi)

calculated Erom Mink's (1976) mean yeariy rainfall for the northern
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plateau (235 cm) and the area over the lens (2.6x108 m2). The final
value 1s expressed as ug/ml.

Soil percolate data were handled in the following manner:
positive NO3~-N values (flat nos. 4, 12, 16) were expressed in rerms
of (ugfmz)/(kg/mz) and the mean divided by the total density of

Nostoc muscorum over the lens (kg/m2), obtaining the value in pg/mi.

Similar manipulations were performed for the Dededo Ponding Basin.

The estimated nitrate contribution of Nostoc muscorum to the ground-

water is 2.6x1072 4g NO3-N/ml by ammonia excretion and 1.5 pg NO4-N/m%
through algal decay for a combined estimate of 1.5 ug NO3-N/m& if the
parameters of total peotential nitrogen are considered. Since the
contribution by ammonia excretion is two orders of magnitude lower

than the decav value, it can be considered to be negligible.

If the soil percolate data are extrapolated to account for the
entire area of northern Guam, a value of 6.5x10‘4 g NO3—NKm£ is
obtained. The significance of these results and possible reasons for
the large discrepancy between the methods is discussed in the next
section. The same calculations in relation to the Dededo ponding
basin yield 2.1 ug NO3-N/mi and 8.7x1074 ug NO3-N/m2 for total

norential nitrogen and soil percolate derived estimates, respectively.
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DISCUSSION

The results indicate that the total estimated Nostoc muscorum

biomass over Guam's lens could potentially account for 1.5 pg NO3-N/m2
if all algal nitrogen were converted to N0y and found its way into the
lens. Extrapolating the soil perccolate data, a more conservative
figure of 6.5x10_& ug NO3—meE is derived. These figures are well
below the NO3-N concentrations of groundwater from the various wells
compiled by the Guam Environmental Protection Agency (Table 11).

The large discrepancies between potential NO3 contribution and
extrapolated soil percolate data are not surprising. Potential NOjy
contribution estimates should be considerably higher than those
extrapolated from percolate data since in the former, uptake of
combired nitrogen by soil bacteria and plants is not considered. The
potential N0y estimate may also be inherently high because the 40
percent weeklv algal growth rate is based on the assumption that the
alga is hydrated constantly six months of the vear,

fven through N. nuscorum appears not to be a major contributor
of NOB to the lens, it could possibly be a factor in some arcas where
growth is particularly high. The ecology of this particular aiga is
such that, in general, it is either found in abundance or not at all.
Since this study was concerned only with estimates of algae actually
affecting the lens, no gquantitative ecological studies were attempted;
although, in the course of running transects, numerous observations

were made.
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-3

he type of clay surface on which N. muscorum is normally found
corresponds closely to the Barrigada Guam clay soil type on which the
alga appeared healthy and did not undergo the noticeable decay as seen
on the San Agustin variety. It is evident that the only differences
in soil characteristics are in soil pH, organic content, and physical
so0il composition. The higher organic content of San Agustin clay can
account for the higher moisture retention (Brady 1974) which in
conjunction with physical composition would affect drainage rates,
While drainase on Barrigada type clay was negatively correlated with
algal biomass, no such correlation exists for S5San Agustin clay. This
is probably a result of the fact that more moisture is retained in
contact with the glga for extended periocds of time, contributing to
its decay. Organics in the soil also yield ammonia and nitrate upon
decomposition {Brady 1974). This may give plants that require
nitrogen a competitive edge over N. muscorum that is not present on
the organic-deficient Barrigada clay types.

Drajinage seems to be a prime ecological factor in relaticon to the
growch of N, muscorum. The alga requires frequent drenching to main-
tain its hydrated state, yet if allowed to stand for several days in
puddles, it undergoes rapid decay. This characteristic is especially
evident in the ponding basins where no N. muscgrum is seen in the main
ponding area or on the steep sloping sides, but rather in areas that

recelve run-off which does not accumulate for extended periods of

The drainage date from the experimental flats indicate that a

negative correlation between drainage and biomass exists where slower
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draining flats had a higher final algal biomass. Tn all cases,
drainage rates were such that each flat was conpletely drained within
a 24-hr period. This correlation probably breaks down when drainage
rates are low encugh that significant algal decay occurs.

The fact that N. muscorum is hardly ever seen along well-traveled
roads is something of a curiosity. It may be that stress due to the
likelihood of automobiles pulling off the roads onto the shoulder is
a factor, or possibly, carbon monoxide, a competitive inhibitor of
nitrogenase (Fogg 1974), is indirectly retarding growth by preventing
nitrogen fixation.

Nostoc muscorum also seems to have trouble competing with other

vegetation for space and sunlight. Off roadways and in ponding basias,
there is a noticeable decrease in algal density as other types of
ground cover become dominant. Basically, N. muscorum is mostly to be
found in areas where surface run—-off collects but not for more than a
couple of days, and where competition from other forms of vegetation
is limited. This condition exists in several of the ponding basins,
Dededo in particular. If the same operations are performed on the
data as for total lens area with respect to algal biomass and surface
area of Dededo ponding basin, the estimates show 2.1 ug/mi and
8.7x10~% vg/me for potential and extrapolated NO3-N contribution,
respectively. These values are higher than those which take the
entire area of northern Guam into account, yet still too low to be
considered significant. Still, if N. muscorum were of sufficient
density in a localized area, its nitrate contribution might be a

significant factor for rhat particular area,
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In any case, contribution of combined nitreogen by Nostoc
muscorum appears to be almost entirely through algal decay. The
regression equation (see Fig. 7) estimates a maximum possible ammonia
excretion rate of 1.4 ug NH,/g Nostoc/hr if the surrounding media
contains no combined nitrogen. Even under such hypothetical
conditions, nitrate contribution through ammonia excretion would be
two orders of magnitude lower than that which would be contributed
throuszh algal decay. Since ammonia release is most likely determined
by an equilibrium between the cell and its surrounding media (Fogg
1971), nitrate concentrations resulting irom excretion are most
likely negligible.

Nostoc muscorum can take up ammonia from the media if provided

in adequate concentrations. The findings here support Ohmori and
Hactori (1974), who, in studying nitrogen-fixation in Anabaena
cylindrica Lemm,, found that a concentration of 1x10-3M ammonia
(18 pg/m?) was sufficient to completely inhibit nitrogenase activity.
Since excretion is inhibited at about 1 ug/mf, it may be that
¥. muscorum nitrogenase is more sensitive to ammonia inhibition than
A. cvlindrica nitrogenase. More likely, nitrogenase is only
partially inhibited by 1 ug/mi armonia in the media since these
experinents measure excess ammonia excreted. This partial inhibition
i5 most likelv enough to slow down nitrogen fixing activity to where
an excess of ammonia is not being produced.
It is interesting that Stewart et al. (1967), using the acetvlene

reduction technique, found that a species of Nostoc was capable of
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reducing 0.51 Mu moles szmg protein min. Converting units, this
works out to be 7x10% g NHafg Nostoc/hr. Since the results show that
a maximum of 1.4 ug NHAKg Nostoc/hr is excreted, it can be seen that

only a very small fraction of nitrogen that is fixed by Nostoc muscorum

is excreted. Thus, the major nitrogen source will not bhe a direct
result of nitrogen excretiom, but rather, the degradation of complexes
{primarily protein) that contain nitrogen. Even so, algal biomass of
N. muscorum is net of sufficient density teo contribute a significant

amount of fixed nitrogen to the groundwater system.
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CONCLUSTON

NMostoc muscorum is not a major contributor to the high nitrate

content of Guam's croundwater. The alga, however, may contribute small
g 8 y

amounts of nitrate in areas where it is particularly abundant.



LITERATURE CITED

Alexander, M. 1961. Introduction teo Soil Micreobioclogy. John Wiley
and Sons, Inc., N.¥Y. x + 472 p.

Brady, N. C. 1974. The Nature and Properties of Scils. Macmillan
Publishing Ce., Inc., N.Y. xvi + 639 p.

Bremner, J. M. 1965. Inorganic forms of nitrogen. Methods of soil
analysis, part 2, chemical and microbiological properties.
Agronomy 9:1179-1237.

Camp, T. R., and R, L. Meserve. 1974. Water and Its Impurities.
Dowden, Hutchinson and Ross, Ine. Stroudsburg, Pa. =xii + 384 p.

Fogg, G. E. 1971. Blue-green algae in rice cultivation. p. 46-52.
In Y. M. Freitas and F. Fernades (Eds.), Impacts of Applied
Microbiology (Third Intern. Conf.). Univ. Bombay.

Fogg, G. E. 1974, Nitrogen fixation. p. 560-582. 1In W. D. P,
Stewart (Ed.), Algal Physiology and Biochemistry. Univ. Calif.
Press, Berkeley.

Guam Department of Public Works. 196%9. Storm drainage standards and
design criteria. Guam DPW. 20 p.

Jackson, M. L. 1958. Soil Chemical Analysis. Prentice Hall, Inc.,
Englewocod Cliffs, N.J. xiv + 498 p.

Mink, J. F. 1976. Groundwater resources of Guam: Occurrence and
development., Univ. Guam WRRC, Tech. Rept. 1. 276 p.

Chmori, M., and A. Hattori. 1974. Effect of ammonia on nitrogen
fixation by the blue-green alga Anabaena cylindrica. Plant and
Cell Physiol. 15:131-142.

Park, M. E. 1979. Guam soil survey analysis. Prepared for

Department of Commerce, Govermment of Guam. p. 134. (Unpublished

Report)

Phillips, N. A., and R. L. Todd. 1978. Search for nitrifving agents
in water and soils as sources of nitrates in surface water.
Univ. Georgia Iast. of Ecology, Res. Pap. ERC 02-78. 89 p.

Rohlf, F. J., and R. R. Sokal. 1969. Statistical Tables. . H.
Freeman and Co., San Francisco. 253 p.

Sokal, R. R., and F. J. Rohlf. 1969, Biometrv. W. H. Freeman and
Co., San Trancisce. =xxil + 776 p.



51

ACKNOWLEDGMENTS

The author would like to exXpress her appreciation to the members of
her Masters thesis committee, Drs. R. T. Tsuda, J. A. Marsh, Jr., J. L.
Demeterio and S. J. Winter, for their help on various phases of this project.
The help of Dr. Charles E. Birkeland with the statistical analysis of the
data and Dr. Stephen G. Nelson with the ammonia probe analysis is also
appreciated. Thanks, tco, go to the marine technicians John R. Eads and
Frank Cushing, Jr. and fellow graduate students Russell N. Clayshulte and
William J. Zolan for their aid as "body guards" on various occasions while
working in the "wilds" of the Harmon field area. Thanks, also, are in order
for the valuable assistance provided by Marylou Baccay in soils and soil
percolate analysis, and to U. S. Fleet Weather Central, Guam, for making
their rainfall data records available to ug. F¥Finally, the author is
especially grateful to Mrs. Evelyn Paulino fer her patience and skill in

the preparation of the final manuscript.



Stewart, W. D. P. 1973. Nitrogen fixation. p. 260~278. 1In
N. &. Carr and B. A. Whitton (Eds.), The Biology of Blue-Green
Algae., Univ. Calif. Press, Berkeley.

Stewart, W. D. P., G. P. Fitzgerald and R. H. Burris, 1967. In situ
studies on N, fixation using the acetylene reduction technique.
Proc. Nat. Acad. Sci., U.S5.A. 38:2071-2078.

Stewart, w. D. P., G. P. Fitzgerald and R. H. Burris. 1968,
Acetvlene reduction by nitrogen-fixing blue~green algae. Arch.
Mikrobiol. 62:336-343.

Watanabe, A., and T. Kivochara. 1960, Decomposition of blue-green
algae as effected bv the action of soil bacteria. J. Gen. Appl.
Microbiocl., Tokyo 53:175-179.

Zolan, W. J., R. N. Clayshulte, S. J. Winter, J. A. Marsh, Jr. and
R. H. F. Young. 1978, Urban runoff quality in northern Guam,
Univ. Guam WRRC, Tech., Rept. 5. 168 p.



