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Chapter 1
INTRODUCTION

The presence of a plant root changes the surrounding soil,
In 1904, Hiltner introduced and defined the rhizosphere as the portion
of soil influenced by the plant root. f{hizosphere soll differs micro-
biologically, chemically, and physically from bulk soil samples
(Carson, 1971). Physically, the bulk density increases and mcisture
decreases. Microbes increase about ten fold and thrive on organic
exudations and root debris. Chemically, oxygen is depleted and
carbon dioxide increases. An imbalance of cation and anion uptake causes
the root to release hydrogen (H') or hydroxyl (OH™) ions, thus chemically
changing the hydrogen ion activity (pH) and reducticn-oxidation
potential of the rhizcsphere. This soil micro-environment, dominated
by the presence of a root, is also the soil from which the root draws
essential nutrients. The root, by influencing the adjacent scil, may
be providing a survival mechanism by enhancing the nutrient availability
in the rhizosphere. This becomes obviously useful in selecting or
breeding a more efficient plant. Moreover, the dynamic differences in
the rhizosphere soil versus the bulk soil must be realized in order to
comprehend and analyze the nutrient potential of soils. Thus the

conditions, magnitude, and significance of roots influencing their
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adjacent soil warrants careful study and evaluation.

This study investigated the rhizosphere effect on plant availability
and utilization of phosphate from organic and inorganic sources. The
ability of the rhizosphere eifect tc; conirol the solubility of inorganic
phosphate is pH related. The relsase of phosphate from organic and
poly-phosphate sources is dependent upon the soil enzyme phosphatase.
The purpose of this study is to evaluate these two effects, rhizosphere
pH and rhizosphere phosphatase, on the phosphorus nutrition of corn.
Phosphatase and pH are independent rhizosphere effects and will be
reported in separate chapters. However, the same sampling methods
and soils were used for both the pH and phosphatase analyses and are
covered in one common chapter.

The objective of this study is to quantify_’the rhizcsphere effects
of phosphatase and pH changes in the rhizosphere and then to evaluate

these effects on the soil-phosphorus availability to corn.



Chapter 2

GENERAL METHODS

Introduction

The general methods of this investigation, rhizosphere sampling
procedure, fumigation treatment, soils, and growing conditions are
presented in this chapter. These techniques describe the common
approach for collecting data and evaluating pH and phosphatase changes

in the rhizosphere reported in later chapters.

Sampling the Rhizps_p‘here

Because the rhizosphere is such a small zone of soil around a
root, sampling becomes an inherent problem in rhizosphere studies.
A perfect rhizosphere sample would include a complete soil sample,
free of roots or root hairs, and taken from a' known radius around an
actively growing root from an undisturbed soil. This sampling technique
has not yet been developed, and so rhizosphere studies lack common
sampling techniques and distances. Various sampling methods have
been reported slong with different thickness of soil called the
rhizosphere. This discussion describes previous methods and
distances used to sample the rhizosphere and also the sampling device

used in this study.



Previously reported sampling methods. A widely used method

of sampling the rhizosphere (Katznelson, 1946; Riley and Barber, 1969, .
1970, and 1971; and Smiley, 1974) employs shaking off and collecting
soll adhering to roots. Riley and Barber (1969) called loosely adhering
soil the rhizosphere (1?-4 mm), and strongly adhering soil the rhizoplane
(0-2 mm). These authors (Riley and Barber) in 1970 and 1971 added a
new term, the rhizocylinder, meaning roots plus strongly adhering soil.
This shaking method appears to be arbitrary because adhesion of soil
particles to rqots may vary due to soil texture, aggregate stability,
moeisture tension, or type of rooting system. Plus, the degree of shaking
influences the accuracy and reproducibility of rhizosphere samples
(Clark, 1947). Soon and Miller (1977a), using a rhizocylinder sample
similar to Rilevy and Barber (1970, 1971), developed a centrifugal filter
to force the soil solution around roots into a receptacle. They reported
8 thizocylinder sample having a 2 to 2.5 mm diameter. The centrifuged
solution was anglyzed for pH and inorganic. phosphate (Soon and Miller,
1877b). The soil adhering to roots is obviously influenced by the root,
and in this sense is a sample of the rhizosphere. l

Papavizas and Davey (1961) used a series of attached 3 mm
diameter steel probes for taking a line of scil cores away from a tap
root. Their study found increased microbial numbers due to root
exudations extending out to 18 mm. Rovira (1953), not mentioning a
method, indicated the rhizosphere effect was not more than § mm.

Starkey (1931) enclosed roots in a 20 cm (diameter) cylinder of 30-mesh



wire screen. He sampled from inside the screen, next to the screen,

15 cm and 30 dm away from the screen and found R/S values (the number
of rhizosphere organisms/the number of soil organisms) of 4.1, 1.9,
1.1 and 1 respectively.

Farr, -Vaidyanathan, and Nye (1969) grew a single row of onion
roots "sandwiched" between two pre-packed blocks of soil. The blocks
were then removed from the line of roots, freeze-dried, and sliced
0.1 mm thick by a microtome. This system is most applicable for
minimum soil depths and non-branching roots.

Some studies have tried to |in.crease the root to soil ratio,
characteristic of a éhizosphere, by growing many roots in a small
container (Foy, Burns, Brown, and Fleming, 1965) or by adding small
amounts of soil to a nutrient culture (Thompson and Black, 1970).

Other studieé have sampled directly under fibrous—turf roots .(Goss
and Gould, 1557) or have compared potted soil with and without
plants present (Neal, 1973). Many reports extrapolate root-induced
changes in nutrient solutions to rhizosphere phenomena (Clark and
Brown, 1974; Ridge and Rovifa, 1971; and Foy, Burns, érown, and

Fleming, 1965).

A concentric-ring sampling device. The sampling method employed

in this study is a modified idea from Starkey (1931). Instead of using a
wire screen, which roots reportedly penetrated, this method used a

43 um nylon fabric to confine corn rocts in a 2 cm (diameter) central



core of soil. Radiating from the central root core are concentric

rings of soil, 5 mm thick, also separated by nylon fabric. Each end

of the céncentric nylon cylinders are attached to a stainless steel frame
(Figure 1), creating the divisions for four separable soil zones. The

radial distances from the cantral root core follow:

Zone 1 0-5 mm
Zone 2 5-10 mm
Zone 3 10-15 mm
Zone 4 15-50 mm

There are three main advantages to this sampling device. One,
soil samples, separated from roots by the nylon fabric, are free of root
tissue; yet root exudétes and solutions are able to move through the
fabric. Two, the concentrated root effect of the central core on
surrounding soil z'ones allows collection of large soil samples, 25 g,
for ;‘:erforming many soil analyses. Three, soil samples are taken from
a reproducible and known radius around rocts. The major assumption
with this sampling-ring device is that many" réots in & central core
simulate a macrc;,—rhizosphere and will affect a large volume of soil
similar to one roct affecting a small rhizosphere of soil. The validity
of this assumption may be easily questioned; however, the distinct
advantages of this system and lack of uniform techniques in the
literature were factors in deciding to use it.

After the nylon cylinders were attached to the supporf frame,
the assembled device was inserted into a 70 cm (height) by 11 cm

(diameter) column made from plastic pipe. Sieved, air-dried soil was
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8
added and compacted to a Bulk density of 1.25 g/cc. Water was then
added to the 1/3 bar moisture tension. A plastic funnel, placed on top
of the device, directed the roots of a germinated corn seed into the
central core. Roots reached the bottom of the core in two weeks. The
samplipg device was then removed from the column and each ring of
nylon was opened, yielding four 5 mm thick scil samples. Soil from the
2 cm central root core was hand-separated from roots and analyzed along
with the soil-zone samples. Soil samples for each zone were collected,
sieved and promptly analyzed for percent water, pH, and phosphatase
activity. The moist samples werz‘a air-dried, sieved. and stored at

room temperature for further phosphorus determinations.

Fumigation

Since the rhizosphere attracts an increased microflora, the
rhizosphere effects either originate from the root, microbes, or both.
The source of the effect, its magnitude, and its significance requires
study. Classical examples of microbes contributing significant effects
in the rhizosphere include mycorrhizae and Rhizobia. If microorganisms
Cregate or inagnify a rhizosphere effect, then the feasibility of a microbial
isolation and inoculum warrants study.

A fumigated tfeatment, aimed at eliminating or reducing microbes,
was used to evaluate the contribution of a natural microflofa to the
rhizosphere effect. About 25 g of methylbromide, containing 2%

chloropicrin (Doew MC2) was injected into the 11 c¢m (diameter) soil
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columns, sealed at both ends with plexigiass tops. The soils initially
contained 4,000 ppm MC2. Munnecke, Mocre, and Abu-El-Haj (1971)
found 2,400 ppm methylbromide for 24 hours eliminated all damping-off

caused by Rhizoctonia and Phythium. After being sealed for 70 hours,

the fumigant was purged out with filtered compressed air. Van Gundy,
Munnecke, Bricker, and Minteer (1972), using smaller columns,

showed 90% effective flushing after 70 minutes. However, flushing

for 3 hours in this study was ineffective, causing immediate phytotoxicity.
The columns were then covered with filter paper and incubated in a

warm greenhouse (35?(:‘) forl4 days to allow volatization of the residual
fumigant.

Care was taken to reduce contamination of the columns after
fumigation. Seeds, germinated in a 2% sodium hypochlorite solution
(cholorox) , were aseptically transferred to the treated soil columns.
Realizing that keeping soil completely sterile was impossible, plate
counts on nutrient agar checked the reIativé numbers of microbes present
(Table 1). The fumigated treatment later was recolonized, but with

less numbers than the non-fumigated treatment.

Soils_

Three soils, selected to provide a wide range of properties,
included: one, a Pachic Argiustoll, fine, montmorillonitic, mesic;
two, a Fluventic Hapludoll, coarse~-loamy, mixed, mesic; three, a

Typic Hapludalf, loamy, mixed, mesic. These soils were selected
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il
from non-fertilized sites. Table 2 summarizes the nature of the soils
used in this study. Most of the properiies, especially pH, showed
significént variation among scils. Howewver, tha Udoell and Udalf were
proportionately similar in texture, cation exchange capacity (CEC),

1/3 bar moisture content, and available phosphorus (P). These
similarities and differences allowed for comparisons and contrasts on
the role of soil properties in modifying rhizosphere effects.

Soil samples were collected from the following locations. The
Ustoll, Smolan series, was located on the K. S. U. Agronomy Farm
2,000 feet north of the intersection of Kimball and College Avenues
(sec. 1, T. 108., R. 9E). The Udalf and Udoll were collected from
Pottawatomie County. The Udalf's lccation was 500 feet north from
the southeast corner of the northwest quarter of sec. 11, T. 10S., R 8E.
The Udoll was located 250 feet west of the southeast corner of the

northwest quarter of sec. 12, T. 10S, R. 8E. .

Growing Conditions

Selected for its high root to top ratio and phospha_tase activity,
& commercial hybrid, Pioneer 3195-A, was gro'wn for two weeks in a
fumigated and non-fumigated soil. In order to determine if growing time
increased the rhizosphere effect, a non-fumigated treatment was
allowed to grow for three weeks .' Thus, this study includeﬁ three
separate trials with the three soils. The growth chamber conditions

included a 16 hour photoperiod (30,000 lux) with a 30° -20°C diurnal
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cycle. The soil was not wétered after the initial 1/3 bar conditions
and no fertilizer was added.

Treatments showed differences in both total growth and root-shoot
ratios (Table 3). Plants in the three week treatment produced the most
dry mattei'_ 'Fumigation treatment drastically reduced the dry matter
production. Changes in dry-matter producticn with soils generally

followed the decreasing order of Udoll, Ustell, and Udalf.
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Chapter 3
PHOSPHATASE ACTIVITY IN SOIL ZONES NEAR ROQTS

Introduction

Phosphatase, phosphoric monoester hydrolase (EC 3.1.3), is
responsible for enzymatically releasihg orthophosphate from organic
compounds. In soils, the product of the phosphatase reaction, inorganic
phosphate, is available for plant utilization. Although often measured
by p-nitrophenyl phosphate, soil phosphatases have a general
specificity and act on many organic-phosphorus substrates including
inositol hexaphosphate (phytic acid), phospholipids, nucleic acids,
énd pyrophosphates (Kuprevich and Scherbakova, 1971 and Dekker,
1977) . Phosphatases have also been shown to release orthophosphate
from recently developed high-analysis, polyphosphate fertilizers
(Gilliam, 1970). By chemical hydrolysis, the liberation of phosphate
from these compounds was extremely slow in soils (Subbarac, Ellis,
Paulsen, and Paukstelis, 1977). For this reason phosphatase has
received much attention. Most studies concerning root and microbe
phosphatase were analyzed using soil-less cultures and have assessed
the characteristics of root, microbe, and soil phosphatase separatelv.
The objective of this study is to determine the significance of corn
roots and associated rhizosphere microflora in enriching the indigenous

15
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phosphatase of three different soils. This chapter, concerned with
evaluating the rhizosphere effect of phosphatase includes a literature

review, experimental methods, and results and discussions.

Phosphatase Literature Review

Nature of the enzyme. Many characteristics, including optimum

pH, mode of action, inhibitors, adaptability, and kinetics are needed
to define the nature of phosphatase.

Phosphatases are classified as acid or alkaline depending upon
the optimum pH of their maximum activity. Most soil phospliatases
are acid with a pH ;)ptimum at 6.5 (Tabatabai and Bremner, 1969).
Alkaline phosphatases, having a pH optimum of 11, seem to have little
significa.nce to soils. However, Eivazi and Tabatabai (1977) found
predominateﬁ acid phosphatase (assay pHVB.S) in acid soils and
predominately alkaline phosphatase (assay pH 11) in alkaline soils.
Skujins, Braal, and MclLaren (1962) noted highest phosphatase activity
when assayed at the actual soil pH. Anoi:her factor, distinguishing
acid and alkaline phosphatase, is their inhibition by 0.5 M NaF.
Alkaline phosphate, completely inhibited By NaF, contains metallic
proteins, whereas acid phosphatase is only partially _inhihited and thus

\
contains non-mefallic proteins (Hasewaga, Lynn, Brockbank, and James,
1976). Juma and Tabatabai (1977) reported 80% inhibition of alkaline

phosphatase with 25 ug/g silver (Ag™) and only 20% inhibition of

alkaline phosphatase. Hasewaga et al. {1976) noted 100% inhibition
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of five acid phosphatase isoenzymes with 0.5 M mercury choloride
(HgClz) ‘ Nev.iman (1968) using specific subsirates presented conclusive
evidence showing acid and alkaline phcsphatase act by different
mechanisms.

Conﬂfmed by oxygen isotopes (1803 , phosphatase splits the
P-O bond with the addition of water (Barman, 1969). TFor this enzymatic
reaction to occur, it appears the substrate must be soluble. Greaves
and Webley (1969) showed the ironand aluminum salts of myo-inositol
hexaphosphate to be only slightly hydrolyzed by bacteria. Greenwood
and Lewis (1977) confirmed the s.ame phenomena with soil yeasts.

The stability .of phosphatase is well documented by Skujins and
Mclaren (1968), noticing comparable enzyme activity in soil samples
stored for 60 years. The same communication reported traces of phos-
-phatase acﬁﬁty preserved in 32,000 yearsr of permafrost. Skujins
(1967) noted an initial loss of enzyme activity with air drying, then
negligible losses over prolonged storage periods. Eivazi and Tabatabai
(1977) ‘showed air drying slightly increased acid phosphatase and
steam sterilization did not totally destroy it.

Phosphatase is an adaptive enzyme. Whether the enzyme is in
the plant, microbe, or soil, it increases during orthophosphate stress
(Ramirez~-Martinez, 1968, and Bieleski, 1973). Greater phosphatase
. activity follows lowered phosphate levels. The fact that phosphatase
indicates the phosphate availability of soils and plants has led

researchers (Kuprevich and Shcherbakova, 1971) to suggest using
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phosphatase as an agrochemical index correlated to phosphorus respons=.
Soil phosphatase activity was a frequently selected factor for multiple
regressions of microbial and biochemical characteristics on winter
wheat yields (Verstrate and Voets, 1977). El-Fouly and jung {1972)
have positively correlated plant osmotic stress to increased. phosphatase
activity.

Most soil phosphatases follow Michaelis-Menten kinetics,
that is, the more sﬁbstrate added, the greater the velocity of the
reaction. The unit increase in velocity (V) per unit increase in
substrate (35) aacreases exponentially until the m becom-ss-
saturated with respect to e‘i;z?n%re At this point the amount of enzyme
is the rate limiting step, zero order kinetics apply, and the amount of
enzyme is mgasured. Through graphical transformations of S and V,
two values bgcome unique in describing enzymes. One, is the theoretical
maximum velocity (Vmax). Two, is the Michealis constant (Km),
equaling the substrate concentration which produces half the Vmax
(Neilands and Strumpf, 1953). Km valueé for soil phosphatase is the
most unigue and sensitive characterization of a soil safnple (Thorton
and MclLaren, 1975). Changes in assay procedures, such as pH,
buffer solution, shaking, temperature, ionic strength, and substrate
preparations change the determined Km values (Cervelli, Nannipieri,
Ceccantl, and Sequi, 1972; Irving and Cosgrove, 1976; Tabatai)ai and
Bremner, 1971; and Brams and McLaren, 1974). For this reason com-

parisons of reported Km values are difficult (Eivazi and Tabatabai,
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1977). However, typical Km values for soil phosphatase using
p-nitrophenyl phosphate range from 1-6 mM and Vmax values range from.

0.5 umol P hydrolyzed per gram of soil per hour.

Sources of the enzyme. Sources of phosphatase, able to attack

the organic P pool, include microbial, plant, and free soil phosphatase.
Phosphatases originating from plants reach the soil by root
secretion or leakage and by decomposition of plant residues. Plant
phosphatases, associated with the cell wall of the vatular membrane,
function to recycle organic P compounds in the plant. Phosphétases ;
also having metabolic functions , are associated with adenosine
triphosphate (ATP) in the plasmallema and regulates phosporylation-
dephosphoryiation'reactions (Hall and Davie, 1971; Hall, 1969; and
B_ieléski and Johnson, 1972). Vakmistrov, Muchustina, Ismailov,
Samvilova, and Tikhaya (1973) located a "transport" ATPase, activated
by metallic cations, in cellular membranes.r' ﬁowever, Bieleski (1973)
noticing during P-.-stress most of the pnosphatase was in roots and lower
epidermis, suspected a migration of rmembrane-bound phosphatase to
the cytoplasm. Hasewaga et al. (1978} characterized an isoenzyme
of lower molecular weight, 28,000 versus 64,000, capable of greater
movement. These movements and increased phosphatase activity
during P-stress may indicate active root secretion to releasé soil
phosphate from organic macromolecules (Chang and Bahdurski. 1964

and Bieleski and Johnson, 1972) or increased metabolism of active
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transport systems, using ATF at root membranes (Shavkh and Roberts,
1974; Hall and Davie, 1971; and Weolhouse, 1969). Vakmistrov et al.
(1973) characterized ATPase in root membranes and not on the external
root surface. Phosphatases are concentrated in areas of cellular
decay, such as the petiole, root cap, sites of cellular differentiation,
and points cf lateral roct initiation. Thus, one might suspect phos-
phatase exudation is solely due to root growth and abrasion (Shaykh
and Roberts, 1974).

Whether exudated or actively secreted, roots are a sign_ificant
source of phosphatase that can act on many substrates. Subbarac,
Ellis, Paulsen, and Paukstelis (1977) reported 43 and 13 umoles of
pyrophosphate hydrolyzed per hour per split root system of corn and

soybeans, respectively. Using two Agrostis Tenuis root tips, Woolhouse

.(1969) reported 50 umol/hr for B-glycerophosphate, 20 umol/hr for
inositol hexaphosphate, and 100 umol/hr for p-nitrophenyl phosphate.
These values correlate to about 4 to 6§ umol P released per mm2 per
hour. Ridge and Rovira (1971), Gilliam (1970), and Clark (1975)
have reported values of similar magnitude.

Microbes, including bacteria (Greaves and Webley, 1965 and 1969),
fungi (Casida, 1959), and yeasts (Greenwood and Lewis, 1977) not
only release exocellular enzymes but also enrich the soil with phos-
phatase from microbial lysis and turnover. Since microbe populations
turnover rapidly, ascertaining whether microbial phosphatases are

exocellular or products of autolysis remains a problem (Skujins, 1967),
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The significance of microbes contributing phosphatases to the soil at
any one time is minimal; however, their cummulative effect may be
important. A microbial culture of 109 cells, known to ke high in phos=-
phatase only released 3 umol P per 24 hours (Ridge and Rovira, 1971).
Mycoﬁhizal fungi's production of phosphatase has been qualified
in pure culture (Theodorou, 1971) and on roots (Barlett and Lewis,
1973). Since these authors did net compare their findings to non-~
mycorrhizal roots the significance of this source of phosphatase was
not quantified.
Some dichotomy exists ove:l' the role of rhizosphere organisms

in contributing to tﬂe total phosphatase activity of roots. Gilliam (19?{})
using pyro- and tripclyphosphatase considered the effect of microbes
negligible. Yet Savant and Racz (1972), using the same substrate,
noticed 6 to 8 times more hydrolysis in noﬁ-sterile versus sterile cultures.
Estermann an;.i McLaren (1961) attributed 20% of the phosphatase
activity in the rhizosphere to its microflora. Greaves and Webley
(1965) accounted an increase of microbes which were capable of
hydrolyzing organic P compounds in the rhizosphere. Ramirez-Martinez
(1968) found corn roois absorbing pnosphatase from bacterial lysates.
However, Ridge and Rovira (1971) concluded:

Most phosphatase activity of intact seedling roots was

assoclated with the root surtace and was not increased

by microorganisms in the rhizoplane; in some experiments

activity was significantly reduced by soil microorganisms.

Martin (1973), testing the eiffects of rhizosphere flora on hydrclysis
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of inositol hexaphosphate, reported bactarial isclates or mixed

rhizosphere flora had no effect on 32

P uptake by wheat. Part of the

~discrepancy reported in the literature may be due to the fact that
Savant and Racz (1972), Estermann and McLlaren (1961), and Saxena
(1964) _estirﬁated phosphatase activity by the phosphate released,
instead of by p-nitrophenol or 32? techniques (Ridge and Rovira,
1971). In non-sterile conditions phosphate may be relsased from
sources other than hydrolytic substrates.

Free soil phosphatase, once originating from plant or microbial
sources, comprise;a large enzymcl’—.- activity. Associated with the clay
and humus soil com-plex, most soll phosphatases are insolukle. It
is interesting to speculate the similarities between membrane~bound
phosphatase in plants and clay-humus complexed phosphatase in
soils. Althoﬁgh Mortland and Giesking (1952) reduced phosphatase
activity with Iincreased cation exchange capacity of clay minerals,
the complex of clay, humus, and enzyme makes a three dimensional
macromolecule (McLaren, 1975). This stabilizes the enzyme and makes
the scil a storehouse of enzyme activity independent of its original
living organism. The activity of adsorbed enzymes, depending upon
bonding of active sites, may be greater, lesser, or equal to soluble
enzymes (McLaren and Packer, 1970).

Although assayed under ideal conditicns such as optimuni pH,
temperature, and high levels of easily hydrolyzed substrate, the

amounts of free soil phosphatase are reportedly large, ranging from
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0.5-4 umol P released per gram of soil per hour. Ramirez-Martinez
(1968) cauticns that these values ara inflated. not reflecting soil
conditions. At these rates for 100 days. there is enough enzyme to
potentlally release 74,000 to 600,000 pounds of P per acre furrow slice
(AFS). Yet soils average only 150 pounds per AFS of crganic P (Rrady,
1974). In relation to the high amounts of organic P and low availability,
Black and Goring (1953) state:

The hypothesis that appear to account most credibly for

the gross behavior, however, are first that soil organic

phosphorus exists in an inherently unreactive state,

and second that soils normally have a low level of enzvme

activity.

It appears that persistence of organic P in soils is due to its resistance

to enzymatic attack; not low phosphatase levels.

The ecological role of phosphatases. The total scheme of

phosphatases in relation to the plant~-soil environment is uncertain.

The fact that phosphatase activity increases and may become exocellular
during P-stress implies therole of phosphatases as a mechanism for
greater utilization of organic phosphorus. Based on this premise
Woolhouse (1969}, Bieleski and Johnson (1972), Chang and Bandurski
(1964), and Neal (1973) consider phosphatase to be an adaptive enzyme,
making phosphates ﬁore available. Woolhouse (1969) suggested using
phosphatase to distinguish and select species better adapted tp low
phosphorus fertility. He also challenged plant geneticists to design

a root enzyme system from molecular proteins for specific edaphic
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conditions. Neal (1973) attributed the competitive advantage of
invader grassland species to higher phosphatase levels and therefore
a more competitive utilization of organic P. Hewever, McLachlan
(1976), testing the initial premise, showed the plants with the greatest
yield, _efficiency, and total uptake of P had the lowest root respiraticn
and phosphatase activity. He concluded, ". . . efficlency of phosphorus
use was affected mecre by morphology and rate of growth of the root
than by root metaboiic activity.” Although Clark and Brown (1974)
concluded that a high accumulatipn of P produced more phosphatase
activity, their data showed the phosphorus-efficient plant {(dry matter
per unit P in tissue) had lower phosphatass activity.

Thompscon and Black (1970b) added phosphatase to soils and
recorded.no dacrease in natural organic phorphorus. The resistant
organic P substrates (Martin, 1973) are prébably saturated with a high
level of enzymes. Reid and Bieleski (1970) found that increased phos-
phatase activity in plants, induced by P deficiency, did not cause a
greater turnover of the phosphate-ester pbol in plants. Thus, the role
of increased phosphatase in making phosphate available is questionable
and the phosphorus efficient plant doeé not appear to employ phosphatase

as a mechanism for efficient P use.

Phosphatase Analytical Methods

Methods concerning the analysis of soil phosphatase include

variety selection, the phosphatase assay procedure, the use of
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dihydrogen p-nitrophenyl phosphate, selecting a substrate level, and
measﬂring organic and available P.

Variety selection. Although Mossala (1976) reported trends but

no significant ciifferenc:e among corn varieties' ability to hydrclyze
pyrophosphates in nutrient sol-ution, a test was conducte-d to Select é
commercial corn hybrid capable of enriching the soil phosphatase. In
this experiment, the first triai measured the phosphatase activity in

soil samples from pots growing a random selection of eighteen commercial
comn crosses. The pots were autoclaved at 130°C and 1 bar pressure
(gauge) to eliminate microorganisms and denature free soil phosphatase.
Each plot was planted with five seeds excepting & control pot with no
seeds. After two weeks of growing in an environmental chamber, roots
and soil were separated, leaving a sievad-soil sample for phosphatase
measurement. From this test six varieties showing the greatest difference
in phosphatase enrichment were chosen for a second trial using the

same procedure. The results of the second test (Table 4) showed all
varieties significantly enriched the phosphatase activity above the
control and two varieties, Pioneer 3195~-A and Trojan TXS 115-4, weré
significantly higher than the other hybrids in producing soil phosphatase.
Pioneer 3195-A was selected for this study.

Phosphatase assay. The various methods used for estimating

phosphatase activity measure products of enzymatic hydrolysis. Some
methods measure the orthophosphate reileased from organic substrates

such as incsitol hexaphosphate (Greaves and Webley, 1969),

B-glycerophosphate (Kuprevich and Shcherbakova, 1971), ATF (Chang'
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and Bandurski, 1964, and.pyrophosphate (Savant and Racz, 1972).
Martin (1973) éugplied 32? as inositol hexaphosphate and recorded
32?0 4 taken up by the plant. Subbarao et al. (1977) measured both the

phosphate product and pyrophosphate substrate by nuclear magnetic

resonnance '(NMR) spectroscopy. Since soils are capable of fixing or

Table 4. Soil phosphatase activity of selected corn hybrids.

Hybrid Mean phosphatase

- umol/g so_ii/hour -

Pioneer 3195-A 0.943*
Trojan TXS115-A 0.871%*
Funks 474W 0.643
NC + 59 0.629
Bojac X69 | : 0.571
Century II 6710 0.557
Control 0.236%*

LSD ‘ 0.139

*Significant at the 0.05 level

precipitating orthophosphate, the measurement of phosphate to indicate
enzymatic hydrolysis in soils is less desirable. This prompted methods
of measuring the organic mciety instead of the released phosphate,
Kramer and Yerdei (1959) colorimetrically measured the phenol Ihydrolyzed
from phenylphosphate. Ramirez-Martinez (1965) employed a fluorimetric

fechnique using B-naphthyl phosphate.
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-Tabatabai and Bremner (1969) developed a soil phosphatase
procedure using E-nitmphenyl phospﬁate, criginally used to measure
alkaline phosphatase of blood serum (Besséy, Lowfy, and Broc.k, 1946).
Phosphatase splits p-nitrophenyl phosphate (pPNPP) into a phosphate
ester and a ;_J—nitrophenol (pNP) radical which develops a yellow color in
dilute alkali (Figure 2). This color produces a visible absorbance -
peak at 410 nm and follows Beer's law by showing a linear relationship
between the amount. of color {absorbance) and concentration of pNP.

The absorbance of the assay solution is compared to a standard curve
made from plotting %cnown concentrations of pNP, ranging from 5 to

50 uM, against their respective absorbance values (Figure 3). The
enzyme activity, equaling the amount of hydrolyzed pNP, minus a blank
with no ;oil,_ is usually expressed as umol per gram of soil per assay
hour. Soil assays with pNPP are sensitive and precise, the developed
color is stable for 24 hours, p-nitrophenol is recovered quantitatively
from soils, chemical hydrolysis of pNPP is minimal, and the standard
curve is reproducible (Tabatabai and Brerﬁner, 1969).

This study employed a modification of Tabétabai énd Bremner’s
(1969) method. One gram of soil, placed in a 50 ml volumetric flask
was mixed with 3 ml of modified universal buffer, MUB, (Skujins et al.,
1962) and prewarmed to 37°C in a water bath. Two ml of 62.5 umol/ml
PNEP, buifered to pH 6.5, was added to start the reaction. Af;ter 55
minutes, 1 ml of 1IN CaCl,; was added to the assay solution and gently

s-wirled. The reaction was stopped after 1 hour by bringing the flasks
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Flgure 2. Enzymatic hydrolysis of p-nitrophenyl phosphate.
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up to 50 ml volume with 0.025N NaCH. This solution was then shaken
thoroughly, filtered (Whatman #2), and the filtrate was measured for
absorbance on a Bausch and Lorﬁb Spectrophotometer 88. The addition of
IN CaCl, assured soil flocculation, thus aidihg filtration and prohibiting
color contamination from base-extracted organic matter. The addition

of tuolene, suggested by Tabatabai and Bremner (1969) to plasmalyze

and inhibit microbes, has been shown not to significantly change the
assay results (Bra:ﬁs and McLaren, 1974; Irving and Cosgrove, 1976;
Eivazi and Tabatabai, 1977) and was omitted in this procedure.

Uniform assay conditions, such as buffer pH, time, temperature,
and substrate quality, were assumed constant in this study. However,
there was more variation between assay groups than within an assay
group using the same soil. For this reason, the author recommends
measuring a standard enzyme source or a standard soil sample with
each assav group. Adjusting values to a standard enzyme control would

eliminate between group variation due to assay conditions.

Using dihydrogen p- nitrophenyl phosphate. All reported

research with pNPP has used disodium E—nitrophenyl phosphate,
tetrahydrate (molecular weight, 371). Suppliers of the substrate are
Sigma Chemical Co., St. Louis, Mo. and Cal Biochem, Los Angeles,
Ca. However, another product, dihydrogen p-nitrophenyl phosphate,
anhydrous (molecular weight, 219) was listed by Eastman Organic

Chemicals at a considerably lower price. The differences between the
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two substrates, Eastman and Sigma, appeared to be the placement of
hydrogen versus sodium ions on the phosphate ester and the additional
waters of hydration. The disodium pfoduct {(Sigma) was in acceptable
pH form, but the dihydroéen broduct (Eastfnan) had a pﬁ of 1.8 and
required neutralization. This was done by addiﬁg 31.24 umol, or about
7 grams of dihydrogen pNPP, to a 500 ml voiumetric flask containing
50 ml of sodium-saturated, cation-exchange resin, pH 8.0, (Dowex
50w, X-8) and wasAbrought up to volume with MUB, pH 6.5. The sclution,
still acidic, was s},omﬂy neutralized to pH 6.5 with sodium bicarbonate
powder. The cation-exchange resin was removed by filtering, cleaned,
and recharged with sodium for further use. This method produced a
highly buffered substrate of pH 6.5. This neutralized Eastman product-
gave high blank values, not previcusly observed in the Sigma prcduct,
and indicated about 3% free p-nitrophenol. High values of free p-nitro-
phenol indicated either chemical hydrolysis of pNPP during neutralization,
or a contaminated product. These assumptions were tested by comparing
31P-NMR spectrographs of the Eastman product,before and after neutraliza-
tion, against the Sigma product as a standard. The spectrographs (Figure 4)
qualitatively identified peaks for pNPP andiree ﬁhospha;te in the Eastman
product. No free phosphate was found in the Sigma product. Quantitative
comparisons of the‘areas under the curves indicated the same amount,
about 7%, of free phosphate in Eastman samples before and after neutral-
ization. This proved the Eastman product was contaminated

(Paukstelis, personal communication). This was later confirmed by
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~ Figure 4, NMR spectrographs of pNPP substrates.
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Eastman Product Specialist, Bill Lyman, who indicated a need to
develop a new-product more applicable tc the standards of enzyme
analysis. Phosphatase assays reported in this study used this
- neutralized-dihydrogen pNPP substrate. Comparisons of phosphatase -
'activity in éoils assayed with both Sigma and Eastman showed the two
products to act similarly (correlation coefficient, r, equal to 0.91

at 0.01 significance) (Figure 5).

Selecting a level of substrate. Phosphatase activity and kinetics

are determined largely by the concentration of the substrate. Various
levels of substrate, reported in the literature, are summarized in

Table 5. When the enzyme is saturated with substrate, zero ordar
kinetics apply to the breakdown of substrate. But, if the enzyme is not
saturated with substrate, then the amcunt of substrate controls the
reaction rate, according to first order kineﬁcs. During the zero order
assay, the enzyme is the rate-limiting step and the measured reaction
rate estimates the amount of enzyme and not the effect of substrate
concentration on enzyme velocity. The substrate level used in this
study was selected by measuring the reaction velocity (V) at various
substrate concentrajiens (S), ranging from 1 to 62.5 umol/ml of pNPP
(Figure 6). After 25 umol/ml, the effect of concentration on increasing
the velocity was minimal in three soils: the 25 umol/ml was the selected
substrate level for further phosphatase determinations.

Velocity, as a function of substrate concentration, graphically
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Figure 5. Correlation of Sigma and Eastman substrates.



35

£}190j8A U0 UOIBIJUAIUD 3jeA)SqNS 0 108YT 9 aunbi4

{jw/jown) 31v¥1Sans

09 1’1 op 0¢ 02 - 01
i v ) v 1
120
..".r L ] g
——

.-
fivan 9'0 £
[ ]
=
-
01 ~
=
=
(=3
71 .m..,
-5
&..m -3
e - ¥ —~—

TIOLSA 18°1

= e ®  Toan 42°2




36

Table 5. Representative substrate levels reported in the literature.

Substrate (pNPP)

Reference System _ Concentration Amount
| umol,/ml umol
Tabatabai and Bremner, Soil 23 115
1969
Brams and McLaren, Scil 0.1t0 3.0 2.8 to 84
1974
Fivazi and Tabatabai, Soil 1to 20 5 to 100
1977
Woolhouse, 1969 Roots 1 i.5
Mclachlan, 1976 Roots 0.033 0.8Z25
BReileski and Johnson, Plants 2 20
1972
€Clark, 1975 Solution 0.1 20
Clark and Brown, Solution 0.022 26.8
1974
Ridge and Rovira, Solution 0.90 26.9
1971
Table 6. Phosphatase parameters of three scils.
Parameter Udoll Jdalf
Km 3.10* 5.81%*
VYmax 2.44% 0.46%%*

*, **% Significant at the 0.05 and 0.01 levels, respectively.
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transformed as S/V versus S (Figure 7) provides unique kinetic infor-
mation. The slope of this linear transformation equals 1/Vmax and the
f—intercept is Km/Vmax (White, Handler, and Smith, 1.964). The
Michaelis constant (Km) and the theoretical maximal velocity (Vmax)
are determined by this plot. Computing the linear regression of S/V

on S yielded the regression coefficient, Bj.equal to the slope and, there-
fore, 1/Vmax; B o equals the Y iﬁterce'pt and, therefore Km/Vmax. The
values of Km and Vmax, determined from this regression analysis, are
presented in Table 6. Since B1 (slope) and Bg (intercept) were both
statistically significant at 35% probability, it was concluded the Km
and Vmax values for each soil were significantly different., Km, having
units of umol/ml, equals the substrate concentration required to pro-
giucle half Vmax. If the substrate concentration is less than Km, then
first order kinetics control the reaction velocity. Substrate concentra-
tions greater than Km vield zero-order kine.ticis (McLaren, 1975). But
to assure zero—c;rder kinetics, White, Handler, and Smith (1964)
conclude the substrate must be concentrated enough to produce
velocities near Vmax. The substrate level in this study, 25 umol/ml,

is larger than Km and produced velocities near Vmax.

-Measuring organic and available phosphorus. Organic P was

estimated by a modification of Olsen and Dean's (1965) ignition method.
The difference in concentrated-hydrochloric-acid (HC1)-extracted P

in non-ignited and ignited (240°C) soil samples represented the



40

10

38

JUDALF
SV = 2.19 (S) +14.9

USTOLL
SN =0.58 (5) + 1.3}

UDOLL

SV = 0.410 (S) + 1.27

S (umol/ml)

Figure 7. Regression of S/V on S,

25



39
organic phosphorus. One gram of soll was placed in a 250 ml velumetric
flask with 10 ml of concentrated acid.l After heating the soil and
acid mixture to about 70°C, another 10 ml of concentrated HC1 was
added and allowed to react for I hour at room temperature. After
bringing the flasks to 250 ml volume, the acidified soil particles
flocculated and settled rapidly allorwing a soil-free 10 ml aliquot for
the vandomolybdate phosphorus determination (Jackson, 1970). A
sample with no color reagent was used to correct any soil color
eitracted during the procedure.

Available phosphorus irom one gram samples was extracied while
shaking with 10 ml of Bray's #1 solution. The mixture was centrifuged
and the supernatant filtered. From the filtered solution, a 5 ml
aliquot was mixed with 2 ml of vandomeclybdate reagent (Jackson, 1970)
and measured for absorbance at 380 nm on a Beckman modei 25

spectrophotometer.

Results and Discussion

Phosphatase activities, organic phosphorus, and avaiiable
phosphorus were measured in the central root cofe and four succeeding
soil zones. The results of three soils and three treatments includes
phosphatase activity and phosphorus levels in the soil zones, the effect
of fumigation on phosphatase and phosphcrus, and the effect of growth
period on phosphatase and phosphérus. Specific results and
statistical significance for each soil zone and treatment are presented

in Appendix 1.
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Phosphatase activity and phosphorus near roots. In all treatments

soil from the root core possessed significantly.higher phosphatase than
outer soil zones away from the roots. In mosf cases, the phosphatase
in zone 1 (0-5 mm) was also "significantly gnriched over the outer zones
(Appendix 1). The general trend was the closer the soil sample was to the
roct source, the higher soil phosphatase activity (Table 7). Averaging
the phosphatase activity over the three treatments yielded 40%, 20%,
ar;d 1‘7% enrichment of phosphatase activity from soil in the root core
of the Udalf, Udoll, and Ustoll, respectively. Zone 1 (0-:5 mm)
increased the phosphatase by 15%, 5%, and 3% for the Ustoll, Udalf,
and Udoll, -respectively (Figure 8). Little or no differences in phos-
phatase were found in outer soil zones (5=50 mm). Even though each
soil had widely different kinetic properties (Table 6), the phosphatase
aétivity near roots exceded the calculated-theoretical Vmax for batch-
scll samples by _40% to 50%. This signifies increased enzyme,
probably due to the enrichment of phosphatase released from root
sources.

Available phosphorus generally showed depletion‘ patterns with
the least available P in the root core and the mest ava.ilable P in ‘outer
soil zones. Trends in phosphorus depletion, due to plant uptake of P,
showing a slight depression closer to rocts masked any relationship
betweén increased P availability and phosphatase activity (Table 7).

Changes in organic P were erratic and unpredictable. No trend

in organic P levels appeared in the four soil zones. Thompson and Black
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(1970a) showed depletions in organic P only after growing five successive
corn: plants fo_r 7 days, each in solution tubes with small amounts

of soil.

The effect of fumigation on phosphatase and phosphorus. The

fumigation treatment decreased by half the phosphatase activity in all
soil zones and available P was increased by 15% (Table 7). The exact
mechanism of the changes caused by rthe fumigated treatment is uncertain.
In this case, the decreased phosphatase activity may be due to the
increased availability of phosphate. Fumigation with methyl bromide

has reportedly changed the availahbility of soil nutrients. Rovira (1376)
showed more P taken up by plant‘s in fumigated soils.

The fumigation treatment was criginally designed to evaluate the
-contributton of rhizosphere microorganisms to soil phosphatase activity.
But since the fumigated ireatment drastical.ly‘changed other soil pro-
perties besides the microflora, it can not be used to conclusively assess
changes in phosphatase due to microorganisms. Ewven though the
phosphatase level in all éoneswas decreased by half, the same enrich-
ment pattern was evident lin the fumigated and non-fumigated treétments
(Table 7). A statistical analysis proved no interaction (=< =0.05)
between 'phosphatase activity and treatments, meaning the same trends
in phosphatase enrichment occurred in fumigated and non-fumigated
treatments. This supports Ridge and Rovira's (1971) conclusions that

roots alone or rcots with decreased microflora are capable of increasing

soll phosphatase.



44

The effect of growth period on phosphatase and phosphorus.

Althougl‘_a the three~week treatment produced three times the roct and
shoot dry matter (Table 3) of the two-week treatment, the phosphatase
activities were very similar. In the two-week experiment, there
appeared a slight decrease in phosphatase in eifher zone 1 or zone 2,
The three-wesk treatment showed regular decrease in phosphatase

from the root core to outer soil zZones. Trends in organic and availakle
P shoﬁ:ed more variation in the two-week treatment than the three-week
growth period. The negligible differences in phosphatase and phosphorus,
for the growth periods may be because the active portions of the root
were in the root core for the same amount of time. In th‘e three~-week
treatment the mass of actively growing roots passed through the bottom

of the sampling device.

Conclusions

Corn roots were able to enrich their aldjace’nt soil with phosphatase
enzyme. In a simulated macrorhizosphere, the soil in a central root
core and soil 5 mm away from the roots were significantly increased with
phosphatase above the indigenous soil phosphatase. However, this
enrichment did not obviously change the soil organic phosphorus levels.
This supports the work of Thompson and Black (1970b) who found added
phosphatase did ﬁot change the organic P levels. Because the organic
phosphorus in soils are both insclubie and resistant to enzyme attack

(JTackman and Black, 1952), and probably saturated with indigencus
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soil phosphatase, the rhizosgphere effect of phiosphatase enrichment
has questionable significance in greater uvtilization of soil organic
phosphorus. However, this enrichment of 'phc;sphatase showed the
importance of plant roots in c;ontributing to natural soil phosphatase.
Even though a fumigated treatment changed other so0il properties
besides decreasing microbial numbers, the root still enriched the
adjacent soil with phosphatase.

This work indicated that phosphatase enrichment by roots is a
definite rhizosphere effect, but may not be a stress mech.e;‘nism for

releasing more phosphate from natural crganic matter.



Chapter 4
CHANGES IN pH AND PHOSPHORUS IN SOIL ZONES NEAR ROOTS

Introducticn

Soil pH controls the solubility and availability of mineral
nutrients (Lindsey. and Moreno, 1960 and Murrman and Pe_ech, 1969).
Coneiderable evidence (Smiley, 1974; Bagshaw, Vaidyanafhan, and
Nye, 1972; and Riley and Barber, 1971) shows the pH of the rhizosphere
differs frorm the pH of bulk soil samples. The root-induced rhizosphere
pH, not the bulk soil pH, then determines the chemical sclubility and
ﬂutrient availability to the plant. Changing the pH and therefore
changing the mineral—solubﬂity equilibrium becomes important when
cbnsidering plant-nutrient availability of calcium and phosphate and
also mineral toxicity of heavy metals and aluminum (Foy, 1965).
Rh.lzbsphere pH differences, qualitatively and quantitatively changing
the root microflera, influence the occurrence of root pathogens
(Smiley, 1974b). Thus the plant root, creating a rhizosphers effect
on its adjacent soil by altering the pH may be enhancing its survival
by increasing nuirient availability. The purpose cof this study was to
quantify the pH changes in soil near roots and determine this
rhizosphere effec:ft on the phosphorus fractions of three soils. The
discussion includes a reviéw of literature, methods, results, and

conclusions.
46
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Literature Review of Rhizosphere pH Changes
This literature review analyzes the causes of rhizosphere pH

changes and their influence on phosphate availability.

Mechanisms and amounts of rhizogphere pH changes. Rhizo-

sphere pH changes are due to three factors; enrichment of carbon
dioxide (COjy) frem root and microke respiration, leakage of organic
acids from the root into the rhizosphere, and imbalance of cation to
anion uptake. The large amounts of CO, preduced in the rhizosphere
are easily hydrated to carbonic acids (Brady, 1974). CO, plays an
important role in so.lubilizing minerals, especiaily when nitrate is the
nitrogen (N) scurce (Bartlett, 1965). Along with COy. cellular abrasion,
leakage, and autolysis of organic acids in roots and microbes lower
the pH of the; rhizosphere (Carson, 1974). | The imbalance of cation to
anion uptake causes a differential effect of lowering or raising the rhizo-
sphere pH. If cations are taken up in excess of anions, the extra
positive charges in the cell are balanced'by a release of protons (I-I"');
thus lowering the pH. If mofe anions are taken up than cations, then
a subsequent release of hydroxyl (OH™) or bicarbonate (HCO,")
results in a higher pH (Kirby and Mengel, 1967). Dijkshoorn (1962)
stated increased anion uptake caused greater organic-acid production
to neutralize the internal alkaline efiect.

The ionic forms of plant-available nitrogen (NO,~ and NH,;")

comprise a large portion of the icnic uptake. If one form is either
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more available_ or preferentially taken up, the rhizosphere pH changes
accordingly. When NH4+ ig the N source, the pH drops; when NOj~ is
the N source the pH raises (Riley and Barber, 1971). Dijkshoorn (19562
hypothesize‘d the alkaline effect of NO3~ was due; to OH™ release during
nitrate reduction to amino groups. Thus, the effect of NH4+ and NO3~
fertilization has received much attention. Riley and Barber {1971)
recorded a change of 2 pH units between nitrate and ammonium fertiliza~
tion. Bagshaw et al. (1972) measured a difference of 0.7 pH units at
'a distance of 5 mm in a sandy soil. Smiley (1974a) noted NH4+ fertilizer
acidified a calcareous rhizosphere but did not change the pH of an acid
rhizosphere. In an unfertilized rhizosphere pH remained unchanged
Smiley (1974a)} found less pH increases in the rhizospheres of'dicots |
" directly

fertilized with NO,,~ and attributed this to trangport of NO

3 3

to the shoot in ionic form; whereas, NH 4+ is assimilated in the roots of
both monocots and dicots. He also correlated greater rhizozphere pH
changes to root surfaces with lower cation exchange capacity.

The magnitude of rhizosphere pH changes is modified by the
buffering capacity of soils. Farr et al, (1959), .growing a row of single
roots "sandwiched" between two blocks of soil reported no pH changes
in clay soils. Bagéhaw (1972), using the same system, recorded pH
changes in a sandy soil. Smiley (1974a) significantly correlated the

combination of organic carbon, percent clay, and base saturation to

the magnitude of rhizosphere pH changes.
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The infiuence of root-induced pH changes on phosphate

availability. The fact that rhizosphere pH can differ from bulk soil pH'

and the possibility of adding a specific form of nitrogen fertilizer to
differentiélly raise or lower the pH around roots, has directed a few
studies to investigate én increase in phosphate solubility. Riley and
Barber (1971) found significantly greater amounts of H,PO 4 in the
rhizocylincl'er fertilized with NI—I_4+. The N03' treatment on acid soils
showed no increase in phosphate. Soon and Miller (1977a) confirmed
this phenomena by finding the lowered fhizosphere' pH caused by NH 4+
increased phosphate, but the raised pH of the N03" treatment freed less
phosphate. Riley and Barber (1971) correlated the P in plant tissue to
rhizocylinder pH 2nd concluded the increased phosphorus uptake due
1:0 riitrogen fertilizers was due to root induced pH changes. However,
Thien and McFee (1970) showed pretreatments of both N03' and
NH4+ stimulated uptake of P. Bagshaw g_‘g___é_i_;_.'_ (1972) and Soon and
Miller (1977) méasured P desorption isotherms for bulk soils at various
pH values. Both studies indicated the soluble phosphate at a specific
pH near the roct was higher than the predicted value from desorption
isotherms. Bhatt, Nye, and Baldwin (1976) concluded, ". . . that pH
changes in the rhizcéphere cannot account sufficiently for the enhanced
solubilization of soil P in this region."

Root-induced pH changes apéear to be a response to the external
soil media, and not a metabolic-survival function to make a more
desirable pH. But, rhizosphere pH changes may play a partial role in

solubilizing phosphates.
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pH and Phosphorus Methods

The soils, treatments, and sampling methods of this study were
identical to the phosphatase Istudy and the analyses for pH and inorganic
phosphorus were performéd concurrently.

pH (saturated-paste method of Jackson, 1970) was measured
uﬁing 5 gram samples from each soil zone.. A Beckman 3500 digitél -7
pH meter was employed with a combinaﬁon electrode-.

An extraction with sulfuric acid (H,SO 4) 2imed at measuring
calcium phosphates was added to the previcusly reported available-
phosphorus test (Chaptef 3). After extracting and centrifuging
Bray's #1 s-olution, the‘remaining soil was mixed with 10 ml of 0.5
N H,80, for 10 minutes. A filtered 10 ml aliquot was mixed with 2
ml of vandomolybdate color reagent and mea sgred for absorbance at

380 nm.

Results and Discussion

- Different trends in the pH and phosphorus changes occurred in
the fumigated versus the non-fumigated treatment (Table 8). This
observation was substantiated by significant statisticél interaction.
This discussion concerns pH and phosphorus changes in the fumigated
and non-fumigated treatment. A complete list of results is presented

in Appendix 1.

Non-fumigated treatment. .Trends show a significant rise in soil

PpH in the root core and zone 1 (0-5 mm). The outer zongs {(5-50 mm!
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showed a slight but even decrease in pH as the sample distance increased
from the root core. The increased pH of 0.5 units in the root core
represents a five-fold decrea;e in hydrcgen ion activity. Since the
-solls were not fertilized, nitrate was the predominant source of nitrogen
(Table 2). By supplying an sxcess of negative charges, the nitrate
caused the root tc-'ic»nically balanca the chafge by feleasing OH™ and
HCOj3 ions. V‘I'he Udalf and Udcll, pH of 5.5 and 6.3 respectively,
and having a lower buffering capacity (C E. C., Table 2) showed the
greatest pH change. The Ejstoll, pH 7.2, having the highest C. E. C.,
showed little pH change.

The éverage inoréanic phosphorus tended to decrease in soil
zones closest to the roots, thus repres_enting’ depletion patterns and
concentration gradients. Along with pH changes, the simultaneous
uptake of P causing an equilibrium shift and replenishing the phosphate
from mineral- sources, tends to mask any effect on raised pﬁ and phosphate
availakilitv. In someﬁases the increased pH corresponded to an
increase in H,80,~ extracted phosphorus (H,80,-P). However,

H,804~P generally showed only slight changes.

Fumigated treatment. pH was reduced by more than 1 unit by the

. fumigation treatment (Appendix 1). The reason for the drastic pH change
was not resolved. However, the lower pH corresponded with a 25%
increase in available P for all zones and scils. Little change was

noticed in H -P (Table 8).

-

SO

2774
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Trends in rcot induced pH changes also ¢hanged in the fumigated
treatment. Cor_atrary to the non-fumigated treé_xtments . PH values showed
a decreasing trend as the sampling distance became closer to the root.
The distance of root influenc'/e was still the same, being the root core
and zone 1. If the fumigated treatment somehow released ammonium
or the roots preferentially tocok up an excess of cations, then the
decreasing trend in root-ihduced pH changes could be explained. These
decreases corresponded With.a considerable increase in ayailable P,

especially for the Ustoll having an initial pH of 7.3. The Ustoll, with

decreasing pH trends also showed decreasing I—I2804_-P frends.

Conclusions

Root-induced pH changes occurred in the central root core and
zone 1 (0-5 mm). The direction of pH change was probably controlled
by the external soil supplying an excess of catioas or anions to the
root. Supporting the work of Socon and Miller (1977b) and Smiley
(1974a) this stqdy showed when root induced pH values dropped,
considerable phosphorus became available. However, when these pH

values were raised to a more optimum pH, a corresponding increase in

available P did not occur.
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ABSTRACT

A rhizosphere sainpling device was developed to quantify the
effects of phosphatase, pH, and phosphorus in the rhizcsphere of
corn. Socil phosphatase was enriched uvp to 40% by corn roots in the
central core and 5 mm away from this central root source. The
increased phosphatase near roots did not correspondingly éecrease
the organic phosphorus levels during the time of this experiment.
Awvailable phosphorus generally decreased in soil samples closer to
roots. The' roct-induced pH change differed 0.5 units between the
root cecre and outer soll zones. Wien the roct-induced pH change was

lowered, available phosphorus tended to increass.



