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ABSTRACT
ALUMINUM STRESS EFFECTS ON MICROBIAL ACTIVITY IN SOIL ECOSYSTEMS
BY
MATTHEW REY VILA

The assessment of aluminum (Al) stress effects on microbial act-
ivity (CO, evolution rate) was conducted for soil ecosystems and art-
ificial soil mixtures. The possible biological interactions of Al and
Al in the presence of ferric iron (F;S) vere examined. Also, the act-
ivity of several soil enzymes were assayed for comparison between Al
stressed and non-Al strnssedisoils.

The results from these studies suggest that in the presence of
Féa s Al stress is intensified. This investigation also demonstrated
an increase in biomass associated Al in the presence of ng. The
significance of this finding is discussed relative to Al stressed Oxi-
sols and soils in general with the occurence of soluble Fe in these
enviroments. The results of the enzyme activity studies reflect a

possible phosphate limited environment for the Al stressed soils.
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INTRODUCTION

The world wide occurrence of aluminum (Al) stressed acid soils
warrants the study of Al stress effects on biological systems. These
soils are most frequently found in the tropics and subtropics, and
generally are classified as oxisols. The temperature and humidity of
these regions are ideal for crop production. The common occurence of
high exchangeable Al in soils of these regions often limits
production. High concentrations of soluble Al and iron (Fe) species
are characteristic of these soils along with kaolinitic clays and low
PH.

Currently, the specific effects of Al on agricultural and
ecological systems are not well understood. A general understanding
of soil microbial activity under Al stress would help explain the
problems associated with rhizosphere associations between plants and
their respective microorganisms. This study was conducted to assess
the effects of Al stress on microbial activity in acid aluminum soils.

A survey of the current literature revealed a subtle suggestion
that Fe might be implicated in the intensification of Al stress
effects on microbial activity. In the literature, the involvement of
ng in Al stress response was not addressed directly. Contradictory
views as to whether microbial activity in acid soils is even subject
to Al inhibition are found in the literature. This study addressed
the hypothesis that soluble Fés will intensify Al stress effects on

microbial activity.



LITERATURE REVIEW

Aluminum stress effects on crop production related to acid soils
have been extensively studied (Mattson and Hester, 1933; Chernov,
19475 Harward and Coleman, 1934; McLean et. al., 1963F Evans and
Kamprath, 19785 Hoyt and Turner, 1975; Thomas, 19735 Reid, 1976).
However, only recently have the effects of Al stress on the soil
microflora been investigated. While several investigations into the>
effects of Al stress on microbial activity have been conducted,
results in the literature have been inconclusive as to the SPecific
effects of Al on microbial metabolism (Keyser and Munn, 197%9a ,and
Keyser and Munn, 1979b). To understand the biological effects induc-
ed by Al stress, knowledge of the chemical state of Al in the medium
used for experimentation is most important to the determination of
bioactive forms of Al.

In mineral soils, hydrogen (H) and Al are the two cations prim-
arily responsible for soil acidity. Chernov (1947) made an early
association between trivalent cations (i.e. Al and Fés)'and acid
soils. Chernov realized the instability of proposed H saturated soils
and suggested that Al and Fe saturate exchange sites in acid soils.
Jenny (1961) reported that the weak acid properties of acid clays in
fact result from a complete or partial saturation of exchange sites by
various hydrolyzed Al species. Another characteristic of Al controll-
ed acidity is that H saturated clays respond more like strong acids
than Al saturated soils which behave more like weak acids (Bohn, et.

al., 1979).



Trivalent Al occurs in soil in a variety of forms. These forms
of soil Al include various degrees of hydroxylated monomeric and poly-
meric species (Bohn, et.al., 1979). In acid soil where pH ranges
from 5.0 to 3.0, monomeric Al may occur as hydrated forms of Afd. Aon"
’ AI(OH):_and Al(OH); in solution. Gibbsite or gibbsite-like minerals
are suggested to be the major forms of Al which precipitate when Al
excedes its solubility product (Bohn, et.al., 19793 and Linsay, 1979).
Polymeric forms of Al occur between hydroxylated species forming large
uniﬁf with a general formulation of (Al(OH) (H O;gi:?)n where n is the
number of Al ions per unit poluymer. Polymerization is promoted by
colliod surfaces present in solution and suggests proximity enhanée-
ment. Recent studies suggest that monomeric as well as polymeric
species may be involved as sources of exchangable Al (Turner, 19673
Vieth, 1978). Previously, it was held that only monomeric species had
the overall mobility to be exchangeable. Exchangeable Al is the form
most often associated with the phytotoxic effects of Al stressed soils
(Barnhisel and Bertsch, 1982; and Reeves and Sumner, 1970). A ques-
tion still remains as to whether polymeric exchangeable Al polymerizes
prior to or after exchange extraction (Barnhisel and Bertsch, 1982).
Hargrove and Thomas (1981) have examined plant growth in soils amended
with Al-citrate, Al1-EDTA, Al-fulvate, Al(OH), C1 and no Al. There were
no differences among Al-citrate, Al-EDTA, Al-fulvate, and no Al rela-
tive to plant growth. However, soils amended with Al(OH), C1 demonstr-
ated severe phytotoxic effects. Hargrove and Thomas(1981) alsoc demon-

strated a strong negative relationship between exchangeable soil Al

and plant growth.



Plants grown in acid soils often appear to exhibit a variety of
nutrient problems. In acid soils with high Al percent saturation
values, calcium (Ca) as well as magnesium (Mg) are usually displaced
by Al at exchange sites. Potassium (K) levels are also depressed in
Al stressed soils. Molybdenum (Mo) availability is decreased under
low pH conditions and often provides for Mo deficiency problems for
nitrogen-fixing legumes (Bohn, et.al., 19795 and Jackson, et.al.,
1963).

A variety of micronutrients become increasingly soluble, often
to phytotoxic levels, in acid soils (Brady, 1974). Iron and manganese
(Mn) toxicities often occur under highly solublizing acid conditiaﬁs.
Zinc (Zn) toxicity also may occur in acid soils, although this is a
rare phenomena (Vitosh, et. al., 1981). Under acid-Al soil condi-
tions, phosphorous (P) added to soils may become rapidly unavailable
due to fixation and precipitation with Al compounds present (Hsu and
Rennie, 19625 Hsu, 19635 Parfitt, 19773 and Sims and Ellis, 1982).

All of the effects on nutrient availability just described con-
fuse the issue of Al toxicity problems in acid socils. These effects
often occur in association with acid-Al stressed soils. The assess-
ment of the direct effects of Al on organisms living in the soils has
been unsucessful. Complications arising from the various nutritional
problems mentioned make observation of the direct relationships be-
tween Al and soil organisms difficult to resolve.

A review of the literature indicates Al stress conditions are
inhibitory but not usually lethal to microbial populations (Keyser and

Munns, 1979a; Coocper and Morgan, 1979a; and Munns and Keyser, 1981).



Hartel and Alexander (1983) claim that Al in acid soils is of no
genera; consequence to the activity and the survival of cowpea
Rhizobia strains in soils. Munn and Keyser (1981) concluded that
under prolonged Al stress spontaneous mutation toward Al tolerant
strains did not occur. These authors also demonstrated by synchronous
culture methods that cell division is greatly delayed but that Al was
not generally lethal to Rhizobia cell survival.

Studies examining Ca deficiencies in Rhizobia have also been con-
ducted. Amendments of Ca to Al stressed cultures of Rhizobia strains
demonstrated no relief from the Al toxicity experienced by the
cultures (Keyser and Munns, 1979a). Keyser and Munns (1979b) also
examined the effects of Mn toxicity under Al stress coﬁditions. They
found no enhancement of the toxic effects of Al stress on Rhizobia
strains in the presence of soluble Mn. The effect of Al stress and
low P availability relative to Rhizobia strains has been examined.
While a low P concentration did limit growth in Rhizobia strains, the
effects of Al and acidity were found to be much more severe (Keyser
and Munns, 1979b). The effect that allophane clay has on the growth
of Escherica coli has been examined. In a study by Cooper and Morgan
(1979b), it was demonstrated that allophane at pH 3.0 did not exhibit
Al stress responses when amended to E. coli cultures. However, sol-
uble Al added at @.2 umol Al/mL demonstrated a significant reduction
in cell respiration and cell division. Zwarun and Thomas (1973)
demonstrated that exchangable Al alone had little effect on microbial
activity, but that soluble Al did reduce viability for cultures of

Pseudomonas stutzeri . Furthermore, Zwarun and Thomas (1971) found




no effects on a Bacillus sp. exposed to Al-saturated clays with only
exchangable Al available. From a review of the literature, it appears
that in bacterial cultures where exchangable Al is the source of Al,
only a minimal effect, if any, is noticeable. Primary effects come
from additional amendments of soluble Al (Zwarun and Thomas,
1971,19733 and Cooper and Morgan 1981b).

Cooper and Morgan (1981b) suggested that in clay systems the H*
given off by microbial growth is absorbed by the clay. These investi-
gators noted that when pH was monitored in simultaneous treatments,
decreases in pH due to growth of E.coli were reduced in the presence
of allophane, while the metabolic rates were the same with or uithbut
allophane. A slight enhancement was noted in the metabolic rate as
the amount of allophane was increased (Cooper and Morgan, 197%9a, and
1979b). This enhancement is in agreement with the observations of
Stotzky and Rem (1964) concerning microbial interactions with clays.

A review of the literature revealed no references to the
specific physiological effects of Al on microorganisms. However, in-
direct references to one area of microbial physioclogy were made in
several articles. These subtle comments point to aﬁ involvement of
soluble F;a in the intensification of Al stress on soil
microorganisms. In an extensive review of Fe transport, Arceneaux and
Byers (1976), cite an experiment by Davis and Byers (1971) in which Al
was used as an inhibitor for a permease-like Fe uptake mechanism. In
this experiment, Al was thought to coprecipitate Fe’ y originally FeCl,
y making it unavailable to the transport-permease system. The organ-

isms used were Racillus megaterium mutants which lacked the siderochr-



ome chelates to supercede the permease system. When exogenous sidero-
chrome for that organism was amended to the system, Féﬁ transport re-
sumed immune to the presence of Al at éxlﬁs M concentration (Davis and
Byer, 1971). Arceneaux and Byers (1976) cite examples which demonst-
rate that microorganisms which are able to take up ome kind of micro-
bial siderochrome can usually utilize a variety of Fe-chelates produc-
ed by other microorganisms. Such microbial produced chelates include
citric acidy a variety of catechols,.and hydroxamic acid polymers. In
Escherjca coli » Bacillus megaterium , Aergbacter aerggenes , and
Bacillus subtilis 4 it has been demonstrated that high Fe'’
concentrations (15' -15’ M ) repress synthesis of the enzyme systém
which inturn synthesizes siderochrome chelate. Under high Fe concen-
tration, membrane bound carriers transport F;a into the cell (Downer,
et.al.,1979).

Under Al stress, Rhizobium japonicum demonstrated some relief
from Al-stress when Fe(III)-EDTA replaced an equilvalent concentration
of Fe"3 as FeCl, (Keyser and Munns, 1979b). There is no immediate ex-
planation for this effect except that EDTA might be chelating soluble
Al. This explanation is doubted by the investigators, and it is not
supported by a relatively low stability constant for an Al-EDTA
complex at pH 4.3, and a high stability constant for Fe(III)-EDTA
"(Sillen and Martell, 19745 and Mortvedt, et.al., 1974). Finally,
Cooper and Morgan (1979a, 1979b) noted in experiments with Al-stress-
ed E. coli that one treatment at an intermediate Al concentration de-

monstrated a greater stress response than treatments at higher Al con-

centrations. In these treatments, E. coli were subjected to alloph-



ane clay and soluble Al. The investigators stated that Fe'-3 released
by allophane occurred in the intermediate Al stress experiment. They
suggested that the ng caused a precipitation of bacterial cells which
resulted in the greater than expected sfresS'response (Cooper and
Morgan, 1979a, and 1979b).

The chemical properties of Al and Fe> under acid conditions are
very similar. In general, F€> and Al exhibit similar solubility and
hydration characteristics. It has been suggested that Fe'> under acid
conditions can precipitate microorganisms in solution (Tenny and
Stumm, 1965). Cooper and Morgan (1979a) found flocculation of E,
coli in the presence of allophane clay and/or Al, but they did not.at-
tribute the Al complexing phenomena to a reduction in microbial act-
ivity. At the pH of 4.3, Fé® and Al have similar binding affinities
for soil organic matter (Bloom, 1981). However, under situations
where the specific association of Fe'2 or Al with organic matter is by
chelation;j Féﬁ out-competes Al for the chelate. This observation is
supported by Fe3 high stability constant for compounds like EDTA when
compared with Al (Log K=25.@ for Fe'>, 16.1 for Al) (Bohn et.
al.,1979). This difference is attributed to the ability of transition
elements like Fe'> to orient their electronic configurations to optomi-
ze the ligands general configuration. Aluminum being much more rigid
in its electronic structure is not as competitive (Bohn et. al.,
1979). This redistribution of electronic structure for Fe and not
for Al may be the reason for the observations by Davis and Buers
(1971) that bacterial siderochromes selectively chelated Fe(III) out

-5 .
of a solution containing 4x%10 M Al. In both classes of microbial



chelates, hexadentate cages of six oxygens hold Fe securely (Silver,
1978). |

The membrane bound cafriers for Fe would appear to be a reason-
able site for physiological inhibition by Al. No literature is avail-
able relative to Al uptake by F® membrane assimilation mechanisms.
Evidence suggests that membrane carriers for inorganic ion species may
be relatively non-specific for ions sharing certain similar
properties. Most likely, these carriers are optimized toward a spec-
ific ion. However, similar to enzyme systems, these carriers might
interact mith other non-optimal ions sharing similar ionic properties.
These interactions with less optimal ion species are not unlike enig-
matic transformations of substrate analogs which differ only slightly
from their nominal substrates for a given enzumatic reaction.
Evidence for a similar process in ionic solute assimilation can be
found in the Hdﬂ‘transport system. The NS& transport system has been
shown to be optimal for "34,’ but competetively inhibited by a variety
of divalent cations. These competetive divalent cations include Co'*,
et y and Nfz (Silver, 1978). To date, no highly specific uptake mec-
hanism exists to explain how these trace elements are assimilated by
microorganisms. Silver (1978) suggested that these cations are taken
up in a sufficient quantity through competetive assimilation through
the MJL transport system. Excessive extracellular Hﬁt or CJL have
been shown to enter E. coli creating cytotoxic levels through the Mg
‘transport system (Silver, 1978).

Ionic properties such as ionic radius, ion charge, calculated

activities, and ionic potentials are so similar that it is not
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surprizing that competetive uptake occurs for these divalent trace
+2
metal ions in the Mg transport system (Silver, 19787 and Bohn et.
al.y, 1979). It seems reasonable that a similar competition between
+3 +3 +3 .
soluble Fe and Al might occur for_ the membrane bound Fe ~ carrier as
+
the ionic properties of Feﬂ and Al 3av‘e quite similar (Bohn et. al.,

1979).






MATERIALS AND METHODS

SOIL RESPIRATION STUDY:

The respiration studies were conducted utilizing the alkali
absorption method for carbon dioxide. The general methods for the
carbon dioxide assay were adapted along the guidelines set forth by
Van Cleve, et. al., (1979). Ten grams of soil were dispensed into a 3@
mL erlynmeyer flask, the appropriate substrates added, the CO, cache
put in place, and the flask stoppered (See Fig. 1).

The CO, catche consisted of a 2.8ml plastic cup filled with
1.0m1 of @.4 M NaOH solution. The catche was attached to a 3@ gaﬁge
wire which was held pinched between the stopper and the flask. At the
end of an experiment, the 1.8 mL of NaOH was removed from the flask
and added to 3.8 mL of 1@% BaCl, solution. This solution was titrated
with 8.1 N HCl (standardized with T.H.A.M.). The carbon dioxide
evolved is reported as nmol C/g soil/h. The formula to obtain the

carbon dioxide evolution rate is as follows:_
nmol C/g Soil/h =((B-A)xNx10@0)/g Soil/Total time(h)
B = ml of acid titrated to blank
A = ml of acid titrated to active sample

N = the normality of the acid

The artificial soil was prepared by saturating a montmorillon-

11
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Fig. 1. Soil respiration flask.
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ite clay (commercial grade "vol-clay") and leaching it with a 1.0 M
AlCly solution. The clay was washed with distilled water until no free
€l was detectable with AgSQ, » and then mixed with sand to achieve a
5% clay mixture by weight. This system was found to contain 4.44
umoles of exchangeable Al per gram of mix. The sand-clay mixture ex-
hibited a pH of 4.6 + 8.2, while the pure sand gave a pH of 4.7 + B.1.
Throughout this study, the pH of these artificial soils did not vary
more than 0.2 pH units. Measurements for pH were made before and
after each experiment. All respiration experiments were conducted at
23 +08.5 C. Ten grams (air dried wt.) of artificial soil were ad&ed
to a flask, and brought to 38Z moisture content through the innocul-
ation with microbial cell slurry’s and substrate amendments. All ex-
periments were run for 18 hours. For natural soils, 10 g (air dried
wt.) were added to the incubation flasks. and were treated in a manner
similar to the artificial soils. Amendments to the artificial soils
included 1.0 mL of microbial cell slurry, 1.8 mL of carbon substratg
solution, and 1.8ml of additional amendments or sterile distilled
water. For the natural soils, the same amendments were used except
the cell slurry was replaced by 1.0 mL of sterile distilled water 24
hours prior to the start of the experiment. The natural soils
consisted of Al stressed and non-stressed soils.

The carbon substrate solutions used for the artificial soils
consisted of a 1:1 mixture of glucose (Mallinckrodt) and yeast extract
(Difcoy Lot-652689). This solution was analyzed for percent C and ad-

justed to give a final concentration of 4, 8, 12, 16, and 20 umol sub-
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strate C/g soil when 1.8 mL of the substrate solution was added to 10
g of soil. For the natural systems, only glucose at 4, 8, 12, 16, and
28 umol substrate C/g soil was used. Cell slurries for the artificial
soils were prepared by centrifuging broth cultures, washing the pellet
in distilled water, centrifuging and washing the pellet again, and re-
suspending the pellet in distilled water. Percent carbon determina-
tions were made on the cell slurry, and the slurry was diluted to
yield 280 ug microbial C/g9 soil when 1.8 mL of the suspension was add-
ed to 18 g of soil. The Fe amemdments were made prior to the addition
of the carbon substrate for both.artificial and natural soils. Irdn
was amemded to the scils at ©0.01, 0.1, 1.8, and 1.3 umol Fe /g of
soil as FeCly.

The respiration experiments using Fe(III) chelates included EDTA,
NTA, and citric acid as the complexing agents. Each of the Fe® chel-
ates (Fe(III)EDTA, Fe(III)NTA, and Fe(III)Citrate) were brought to
three concentrations in solution, ldi'ﬂ, 16‘”, and 18*M. These iron
solutions were amended to the artificial soil system at 1.0 m./10 g of
soil. Utilization 6f the chelated forms of Fé® allowed for control of

soluable I'-'e¢3 .

GROWTH STUDIES:

The effects of different Fe ' and Al treatments on the growth
rates of Bacillus megaterium (B-12) and Rhizobium spp. (I-110) were
conducted turbimetrically on a Bosch and Lomb Spectronic-20 spectro-

photometer using optical side—arm culture flasks. Growth rates were
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monitored for 48 hours and maintained at approximately 25 C. The con-
trol flask consisted of a sodium acetate buffer, .22 M , pH 4.65 and
9lucose-yeast extract (1:1), at 8.8 umol C/mL. The subsequent treat-
ments included the control media above plus Al (3.8 »x lﬁ*'n ) or Fe
(1.0x10 *M Fe(III)Citrate) giving an Fe™* molar activity of |
approximately ldﬂ M.

The treatments included the control, acetate buffer plus
glucose-yeast extract (GY), GY with Fé’s amended (GY+Fe) and GY with an
initial Al amendment (GY+Al). Two other treatments included vere
GY+Fe with Al amended after 18 hours of growth (GY+Fe > Al) and GY;AI
with Fe'® amended after 18 hours of growth (GY+Al > Fe).

SOIL DESCRIPTIONS:

The soils used in this study included the following low Al
soils: IB, (Owosso) a fine-loamy, mixed, mesic, Typic Hapludalf; IC,
(Capac) a fine-loamy, mixed, mesic, Aeric Ochraqualf; AS1A, (Barry) a
fine-loamy, mixed, mesic, Typic Argiaquoll; FS1A, (Bouyer) a coarse-
loamy, mixed, mesic, Typic Hapudalf; and CK-19, (Brookston) a fine-
loamy, mixed, mesic, Typic Haplaquoll. The Al stressed soil was repre-

sented by the group IA - VA, (Kalamazoo sandy loam) a fine-loamy, mix-

ed, mesic, Typic Hapludalf.

BACTERIA AND CULTURE METHODS:
Bacillus megaterium (B-12) was obtained from the culture col-
lection of the Dept. of Microbiology and Public Health at Michigan

State University. Stock cultures of Bacillus megaterium (B-12) were
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kept on nutrient agar slants (Difco). The slow growing Rhizobium spp.
(I-110) was obtained from the laboratory of Dr. Frank Dazzo, Dept. of
Microbiology and Public Health, Michigan State University. The
Rhizobium strain was maintained on mannitol-yeast extract agar slants
with mannitol, 1@ g/Lj yeast extract (Difco), 1.0 g/L§ K,HPQ4+3H,0,
0.65 g/L§ MgS50,-7H 0, @.2 g/L; NaCl, @.1 g/Lj and special agar (Nobel,
Difco)y, 15 g/L. Broth culture media for cell slurry production for
both B. megaterium (B-12) and Rhizobium spp. (I-118) contained 5.0
g/L glucose and 5.@ g/L yeast extract (Difco) incubated at 25 C, for

24 hours for B. megaterium (B-12), and 48 to 72 hours for the

Rhizobium spp. (I-110).

BIOMASS ESTIMATES:

The cell slurry biomass estimate, carbon content, was determined
by transfering 1.@ mL of the washed cell suspension to a container
holding 1@ml of @.5 N Na,Cr,0,. To this solution, 18 mL of
concentrated H,50, was added. The mixture ués allowed to digest for
30 minutes, and then was read on a Bousch and Lomb Spect-20 spectro-
photometer at 645nm. Glucose solutions of known carbon content were
used for calibration.

Natural soil biomass estimates were conducted according to the
respiration method of Anderson and Domsch (1978). In this method, nat-
ural soils were amended with 8.5, 2.7, 5.5, 8.3, and 11.1 umol
glucose/g soil. The soils were monitored for COq evolution as describ-

ed above. Incubation was conducted for 2 hours at Z2 + 8.5 C.
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ENZYME ACTIVITY ASSAYS:

Pyrophosphatase:

The procedure of Tabatabai (1982) for the assay of pyrophosph-
ate activity was modified. The procedure used here differed in that
no buffer was added, and the incubation temperature was maintained at

25 £ 0.5 C. Activity was reported as umol P/g soil/h.

Phosphatase:

The procedure of Tabatabai (1982) was modified. The modificat-
ions included substituting distilled water for the Modified Universal
Buffer, and incubation at 25 + 0.5 C. para-nitrophenol phosphate was
the substrate used for this assay. Enzyme activity was reported as

umol nitrophenol/g soil/h.

Sulfatase:

The procedure of Tabatabai (1982) was used and modified.
Modifications included the substitution of distilled water for the
acetate buffer, and incubation at 25 + @.5 C. The substrate utilized
in this assay was p-nitrophenol sulfate. Activity was reported as

umol nitrophenol/g soil/h.

Dehydrogenase:

One gram of soil (air dry weight) was transfered to a 3@ mL
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test tube. One milliliter of substrate soclution (yielding triphenyl
tetrazolium chloride (TTC) at 9@ umol TTC/g soil) was added to the
soil and incubated 24 h. at 25 C. Extraction with 10ml 95% methanol‘
was conducted by mixing the methanol and scil, then pouring the
suspension into a funnel with No.42 filter paper (Whatman), and final-
ly washing the sample on the filter paper with an additional 1@ mL of
95% methanol. The extracted triphenyl formazan was then analyzed col-
orimetrically on a Bousch and Lomb Spect-28 at 545nm. Soils with no

TTC added were incubated and extracted for subtaction of background.

ALUMINUM ASSIMILATION STUDY:

Bacillus megaterium (B-12) and Rhjzobjum spp, (I-118) were
grown in culture media containing 1.0 g glucose and 1.8 g of yeast ex-
tract (Difco) in 100ml of water. They were incubated at 25 C for 24
and 48 hours, respectively<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>