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Abstract:

Soil samples were collected from six major plots at Colstrip, Montana during April, August, October
and December, 1974. Three of these plots were native soil plots and the other three plots were spoils
which resulted from the disturbance caused by coal strip mining.

At each plot, samples were collected from within the root region of several different plant species.
Sampling experiments were conducted to determine the amount of variability which could be expected
within the soil system itself and that which was due to different plant species.

Duplicate samples were collected in April 1974 and soil chemical and physical analyses were run on
the duplicate samples.

The soil samples were air-dried, sieved and blended in the laboratory before performing analyses.
Following this treatment, measurements were made of respiratory activity (by measuring O2 uptake on
a Gilson respirometer), phosphatase activity, pectinolyase activity and the number of pectinolytic
bacteria for each soil sample.

Attempts were then made to correlate the measurements of each microbiological parameter with the
physical and chemical properties of the soil, seasonal variation and every other microbiological
parameter. The phosphatase activity of native soil was the only microbiological parameter which
correlated with several of the physical and chemical properties of the soil in April, 1974. Those
correlations included positive correlations with percent clay and magnesium and negative correlations
with potassium, calcium, sodium and percent silt. These correlations appear to be related to the clay,
which may be adsorbing the enzyme onto its surface. Respiratory activity in native soil correlated with
only one soil characteristic, water-holding capacity, and that was only for native soil. This relationship
is related to the pore space of the soil. Spoils did not exhibit this correlation, lack of which could be
attributed to the more heterogeneous textural types.

All four microbiological parameters were observed to exhibit significant seasonal variations for both
native soil and spoils, although these seasonal variations did not coincide for all four parameters.
Respiratory activity and the number of pectinolytic bacteria both tended to peak in October whereas
phosphatase activity tended to peak in August and pectinolyase activity was high in August and peaked
in December. The possibility of seasonal variation in physical and chemical characteristics of the soil is
also suggested.

The variation in the four microbiological parameters were found to be not significantly due to different
plant species.
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ABSTRACT

Soil samples were collected from six major plots at ColEtrip,
Montdana during April, August, October and December, 1974. Three
of these plots were native soil plots and the other three plots were
spoils which resulted from the disturbance caused by coal strip mining.
At each plot, samples were collected from within the root region of
several different plant species. Sampling experiments were conducted
to determine the amount of variability which could be expected within
the soil system itself and that which was due to different plant species.

~ Duplicate samples were collected in April 1974 and soil chemical

and physical analyses were run on the duplicate samples.

.The soil samples were air-dried, sieved and blended in the laboratory
before performing analyses. Followihg this treatment, measurements
were made of respiratory activity (by measuring Oy uptake on a Gilson
respirometer), phosphatase activity, pectinolyase activity and ‘the
number of pectinolytic bacteria for each soil sample.

Attempts were then made to correlate the measurements of each
microbiological parameter with the physical and chemical properties

-of the soil, seasonal variation and every other microbiological

parameter. The phosphatase activity of native soil was the only
microbiological parameter which correlated with several of the physical
and chemical properties of the soil in April, 1974. Those correlations -
included positive correlations with percent clay and magnesium and
negative correlations with potassium,calcium, sodium and percent silt.
These correlations appear to be related to the clay, which may be adsorb-
ing the enzyme onto its surface. Respiratory activity in native soil
correlated with only one soil characteristic, water-holding capacity,
and that was only for native soil. This relationship is related to the
pore space of the soil. Spoils did not exhibit this correlation, lack
of which could be attributed to the more heterogeneous textural types.

A1l four microbiological parameters were observed to exhibit
significant seasonal variations for both native .soil and spoils, although
these seasonal variations did not coincide for.all four parameters.
Respiratory activity and the number of pectlnolytlc bacteria both
tended to peak in October, whereas phosphatase activity tended to peak
in August and pectinolyase activity was high in August and peaked in
December. The possibility of seasonal variation in physical and chem-—
ical characteristics of the soil is also suggested. .

" The variation in the four microbiological parameters were

found to be not significantly due to different plant species.
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The statistical analyses of the microbiological parameters
shows that-differences exist between each plot for each of the four
parameters, but the differences are not significant for spoils plots
as compared to native soil plots. _

The only correlation found between the four parameters was
that of pectinolyase activity with the numbers of pectinolytic
bacteria. This correlation is higher for native soils than for spoils,
which might suggest that. by following the correlation of these two

‘measurements, an ecological trend could be observed.

It was concluded that the four microbiological parameters ‘as
applied to the ecological state of the soil were effective in showing
differences. The importance of thése differences is a question which
requires further research. : ’




Chapter 1

s

INTRODUCTION

The snrfacee of land altered by‘coal etrip mining are a“diverse
mixtureiof rockeland:soils driginetlng.from_the orerburden lying -
over the coal.‘ This oﬁerburden is commonly‘termed "spoile"_follow-:
" ing reblacement efter'mining and isfessentially:a new medium for’
plant gromth. |

There are'numeroue'publications dealing'wlth the”revegetetlon
" of epoil arees'which,renortbboth'succesees and failnreS'in reveéée'
itation ofwsnch areaetz ln the past, reclamatlon reseércb has been
'carriea'ont.inteneively on epoils from strlp-mining in the eastern
United-Statgs, 'Recently, such researcb has been initiated to etudy
_ the reclamation”potential ot western coel_lends.. These‘western
coal lands differ.most'markedly from thoee in tbe eastern'portions
of.the'United States by generelly low levels of pyritic materiels
in tbe coal and by.occurring in a much more arid climatic zone.

f Therefore, the well-known problem of aCldlC sp01ls assoc1ated w1th
edstern coal is not. a problem involved in reclamation of western
coal lande.

Reclamatlon research conducted up to thlS time has been focused
on euch factdrs as: - surface manloulatlon, topsolllng,.degree of slope;

native and introduced.plant species trials; fertilizet ‘treatments and




5
_timelof.seeding ~—.all of which are designed'to enhance successful
reclamatiOn.” Howeyer, the 1ong—range success of these treatments
is difficult to predict for once vegetation is established on sp01l
1ts continued success depends upon the phy51cal chemlcal and
biological factors that are so complexly 1nterrelated in the soil
condition known as fertility; Therefore, the reclamation research
.actiyitiesrcited abowe'can'no longer be considered as an ailfinclusive
‘.approach:to,restoration'of‘a desirable and.productive environment
in the shortest time possible, sincefit is necessary to observe the‘
: trends of the.spoils' potential for productivity.ﬁ

“It hasllong been known that m1croorganisms are the active
agents in the s011 forming processes and in the cycling of nutrients
between‘soll,and'plant.' Microblal activity can be sald to.prepare
the.enwironment for the plant, and it then depends on.the directionr
and 1ntens1ty of blologlcal.processes in soil whether the requirements
‘.of plants for nutrltional elements w1ll be satlsried Therefore,
'the degree and type of m1crob1al act1v1ty 1s probably 1mportant in
determining the speed and permanency of reclamation of spoils from
'strlp mining | |
| . In newly manlpulated sp01ls;'1t would be expected to find rel—
.atlvely low levels of mlcroblal actlvity in1t1a11y due to‘a few.rather
:|:w1dely;adapted phys1olog1ca1 groups of microorganisms. As the spoiis

'progress to the state which supports plant 11fe and is self-maintaining
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(i.e. approaching natural conditions) the leveilof microbial
activity can be expected to increase, and popﬁlations of spécifiéaliy—
adapfed phyéioiogical grouﬁs of microorganiéms, especially‘th5se aid-
ing iﬁ'thgtturnoﬁer.of materials‘in tﬂe'soil, WOuldllikéwise increase.
'This developing eéésyétem'in thé spoi}s,ié Probably qui?e’diffefenf
. from fhat of thg pfe—existing native fangelaﬁd, which Would'lendjﬂ
even moré-impdfténce éo the use 6f_micfobia13acfivity as a measure
of the proéréssléf'¥eglamatidn, | |

| ffadifionallj, studies of soil Eéctéfia'have‘been concerned Witﬁ
;axonqmic identificatioﬁ and‘populationé. Hoﬁéver, in récént years
incfeaéiné_atéenfiog has been giveﬁ to the detection'of specific
.énzymgs and ﬁetabolic path&gys in the soil in éddition-to the uéuai
, enumé;ation‘téchniques.' Thgsé_pérameters have been uSed-té obtain. -
:'inforﬁatioﬁ-on tﬂe inteﬁsity ofAbiological ﬁrocesse; takipg plécé:
in the ébil;' The sum-df tﬁese mgtabolic ;ﬁproaches has'ﬁéen termed
. "biqlogicél éétiﬁity"ﬁl.The main_drawpaﬁk of thesé;ﬁrpcedﬁres is
:ﬁoé the uselof‘éényeﬁtioﬁéi.méthéas, but‘rétﬁer, the absenée‘of

~sténdardized pfoéedgfés; o o l

Statement of Purpbse_
The long~range success- of surface reclamation of strip.mined,
spoils'is related to the microbial activity of thé'spoils in proceeding .

. ‘from pioneef.to climax ecosystems}, Thé purpose of the present research
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is‘to combine the tools of biochemistry and physiology to evolve
parameters of biological activity of the soil. Specifically,
parametets that measure that biological aetivity which is mediated
by or ditectlp telated tq ﬁicroorganisms in the soil. ' These param—
eters would he_usefui.ih determiqingfthe ecological state of
::the disturbed soillas‘telated to its ﬁaturallstate and in determihing
_its_potential fer maintaiaihg.a steady;state populatioﬁ.

~ The specific aspects;‘of this stuay inpolve: .(1) soil sampling
ffieid experimentation in an atteﬁpt'te detérmine the inherent variation
of the system, (2)'ah in'XiEEQ examihation of the oxygen uptake or
respiratory act1v1ty of the soils, microblal extracellular phosphatase
ehzymatic activity, the extracellular pectinolytic enzymatic activity
and a plating technlque for the 1solation and enumeratlon of pectinoly—'
t1c orgahlsms as'the microbieloglcal parameters, (3) an examlnation of
the physical and ehemlcal propertles of SOllS as they 1nterrelate to
the microbiological parameters, and (4) a study of a spec1f1c biochemi—

" cal taxonomic tool for the identification of soil organisms.




. Chapter 2 °
MATERIALS AND, METHODS

Study- Area V

The study:area; as desoribed'hy Sindeiar, et. al. (1975), is
located 1n.southeastern Montana. at Colstrlp, Where coal strip mining
3- has'occurred for over forty years. Weatern_Energy Company and Pea-
'fbody Coai-Company have active ooal mines in the immediate area.
They diéturb approximatelfy802heotaree;(l98_acres> of,rangeland annu-
.aliy Whrie oroducing about 8§ - lO'million tons‘of subfhituninous |
ooal; and:these‘fighree'ame'expectednto increase inlfuture‘years due
' tolcurrent energy.deﬁands.

éoutheastern Montana is part of . the Miseouri Plateau, an ungla—
lc1ated reglon of the Northern Great Plains in the Mldland phy81ograph1c :
:area of Montana, Geologlc materlals are prlmarlly Cen0201c sedlmen—
tary rooks.with_some colluv1um lard down.ln the‘Quaternary perlodr:
”hiatinotive'sandstone-ridges, meeas andfescarpments dominate much of
the landsoape:wdth.broad ralley lined withhalluvialhfans, Foot slopes .
and'etreaﬁ terratea. The dendritlc dralnage pattern generally flows f
northward to the Yellonstone River.

The elevatlon of Colstrip is. 981 meters (3, 200 feet) Theﬁtonti_
nental cllmate is cold-ln winter, warm 1n’summer and has large'nari—ﬁ

‘ations in seasonal precipitation. Average annual precipitation is:.-
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38f4 ceﬂtiﬁefers.(l5 inches) and méﬁimum precipita;ion occurs in
:: April throughrngy,-with about 30 percent of annual precipitatibn
odcur:iné'as sn&&.: Thg'gréwing éeéédn.exténds from Ap:il'throﬁgh'
.quly With_ﬁ'frosf;frgé;pefiod of 126—124 déys.- July is generéily:r'
' fhé'w;rﬁestﬁmon;he ;nd.summers'are~hot, dry andjwind& Wiéh eiﬁfeme
eVapdrétion fates. o | |

Moéé soils'in thé.étudy area .are férmed on‘weakly'cpnsoiida;éd
sandstone,and silfstone, sératifiea sands, residuum an& éolluvium
.from séndétone; clay anq'silt shales and siltsfone. Soil develop-
ment is ofFen.iimiteé to a weak accuﬁulatioh éf;organié métter,to
'form-thé A ﬁorizons;* Residuum froﬁ shale or other salty materials
,of#en is affecﬁed b& tﬁé dfy climate and~patterﬁé of soil dréinage
to pfoduce.ogéassiénglly saline aﬁd'alkéline soils. Thése‘soils
'_aﬁé_the‘area piiﬁéﬁe.réstrict ﬁegeﬁatioq to.adaﬁted drbught.énd
_ $aliﬁg—alkaii foléraﬁt.s?éciés.

' Végééation.éf'thé;Colstrip'grea is primarily mixed—ﬁféirie .
gfassland iﬁtersperée& Wifh-pOgderosé.fiﬁe"océdr¥iné on ééétéered
séndstoneléutcroppinés..fLivéstoék'cafrying:capacity iélabout
1.2 - 2.4 ﬂéctare (3.0 - 6.0 -acres) pér animal uniﬁfmonfh depénd—

ing on range conditions.




Sampling
Samples were collected from a total of fifteen sample plots

'cons1st1ng of 7. spoils sites and 8 native s011 sites (Table 1)

o during the period of September 1973 through December 1974 on five

different dates. Thé three ‘dominant plants at’ each s1te Were
selected and sampleS'were taken from:an arbitrary locationqunder
.these dominant plants at each plot. Stakes were'placed at.each of .
these 81tes during the April sampling and subsequent sampllng -

1n August, October and December was conducted at these stakes.
Following the April sampling, three representative spoils plots
'(Figures 1 - 3) and three representative native 5011 plots (Figures
4 and 5 ) Were selected for further study (Table 2) ‘ A data sheet

- was completed for’ each sample in the field (Appendix) '

Samples were taken as close to the particular plant‘as poss1ble
“to include the finer plant roots. The litter was scraped a51de,and d'
soil Was sampled to the depth of‘6 inches With a spade{ The samples, -
cons1st1ng of approx1mately one quart of SOll Were placed in plastic
. "lined brown—paper sampling bags supplied by the M.S. U SOils Lab.

" The collected‘samples were.immediately placed on ice and subsequently
placed-in'a 4C refrigerator upon arrival back in the'laboratory,
'-after approx1mately 6 hours had elapsed |

| Each sample Was stored at 4C until it was air- dried for eight

hOurs, sieved through 4 1 mm mesh Brass s1eve, blended*in a-Twin shell




Table 1. -Sampling sites, desériptipﬁs,:detes sampled and plant species.

-Site

ﬁescription;'Dates Sampled and Plant- Species

B

- -Cape Olrverl
,Deme

; brylend Pesture
"Gouge*

McDopald

- MP Lower

:Natlve 3011° sampled September 1973, Aprll October and
‘December.1974; Agropyron smithii, Artemisia frlglda and

St1pa comata.

Spdiis, sampled September 1973 and April 19?4 Agropy~
ron Smlthll, Chrysothamus nauseosus and Gutlerre21a
sarothrae.

Sp01ls,_samp1ed September 1973, April, August,.October

“and December 1974; Agropyron cristatum, Bromus inermis
“‘and Melllotus off1c1nalls

Sp01ls, sampled September 1973 and Aprll 1974; Agropy-
ron crlstatum, Agropyron elongatum’ and Dactylls glomer—

; ata.

~‘Spoils; sampled Septeﬁber 1973, April, August, October

and December 1974; ‘Agropyron cristatum, Agropyron elon-

_gatum, Artemlsla cana and Bromus inermis.

. Natlve 3011, sampled September 1973 and Aprll 1974

Koelerla crlstata and Stipa comata. -

Native soil; sampled September 1973 and April 1974;

"Gutierrezia sarothrae and Koeleria cristata.-




Table 1. (continued)

Site

Description, Dates Sampled and Plant Species

‘MP Upper-
Native Range Fertilized
Native Range Unfertilized

Raw Spoils ~ 1 month old
Raw Spoils - 1 year old
Streeter

01d Spoils

Topsoil Gradient

: Nafive soil; sampled Seﬁtember 1973 and April 1974;

Bouteloua curtipendula, Rhus trllobata and " Schlzachzf
rium scoparium. :

Natlve soil; sampled September 1973, April, August
October and December 1974; Carex spp., Gutierrezia
sarothrae and Stipa comata '

Native s0il; sampled September 1973 April, August,
October and December 1974; Carex spp., Gutierrezia
sarothrae and Stipa comata.

Spoils; sampled April 1974; No'végetation.

Sp011s, sampled September 1973 and April 1974 No

vegetation.

Native soil; sampled September 1973 and April 1974

Agropyron spicatum, Pinus ponderosa and Stipa comata.

Spoils; sampled April 1974, Chrysothamnus nauseosus
and Oryzopsis hymenoides. ~

Spoils; sampled September 1973, Aughst, October and
December 1974; Bromus inermis.




10

Photograph of Demo spoils plot.

Figure 1.
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Figure 2.

Photograph of Gouge spoils plot.
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Figure 3. Photograph of Topsoil Gradient spoils plot.
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Figure 4. Photograph of BN native soil plot.
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Figure 5.

Photograph of Native Range Unfertilized and Native Range
Fertilized native soil plots.




Table 2. Six major piets and:their descriptions .

Plot

Description.

Bi

Native Range Fertilized
. - _

Native Range Unfertilized "

Native soil; mixed prairié grassland, not.grazed for

‘some ‘time (7 8 years), range condition good to very
~good ‘dominant species are Agropyron sm1th11 Stipa
.comata; total biomass productlon/year ranges between
900-1200 kg/ha; no treatment; no fertilization; no

complete description of soils available as yet,

Native soili mixed prairie grassland, not grazed in the
past 5 years, range condition fair to good, dominant .

" species are. Agropyron smithii, -Stipa comata, Koeleria
cristata.and Gutierrezia sarothtae; total above ground -

production/year ranges between 2611-3365 kg/ha; no

"treatment; fertilized in spring - 80 lbs/A Nitrogen, .

100 1bs/A PhosphoruS' 50113 deep and 511ty, mean bulk
den51ty 1. 42

Native 5011; mixed prairie grassland, not grazed in the

past 5 years, range condition fair to good, dominant
species are Agropyron smithii, Stipa comata, Koeleria

.~ cristata and Gutierxezia sarothrae; total above ground
'-_productlon/year ranges between 1449-1589 kg/ha; no

treatment; no fertlllzatlon‘ soils-deep and silty, mean
bulk den51ty 1.42.

ST




E Table 2. (cqntiﬁued)

. Plot-

Description

"Demo

- Gouge

-»TopéoillGradient'

_Spoils;_seede&"tp introduced perennial;grasSeé and
 forbes, major species are Agropyron cristatum, Dacty-
lis glomerata, Triticum aestiwum, Melilotus officinalis,

Onobrychls viciaefolia; total above ground productlon/
year ranges between 1731-2200 kg/ha; shaped -and top-
soiled spoils; fertilized in spring - 76 1bs/A Nitrogen
50 1lbs/A Phosphorus; top301led sp01ls, mean bulk densi-
ty 1.61-1.78.

Spoils; seeded to natlve and introduced grasses, forbes’

‘and shrubs, major species are Agropyron dasystachyam,

Agropyron elongatum, Agropyron 31ber1cum, Agropyron

" smithii, Astragalus cicer, Atriplex camnescens, Bromus
‘inermis, Melilotus officinalis, Oryzopsis hymen01des

" ‘total above -ground production/year ranges between

3524-4376; untop501led, shaped spoils which were mechan-
ically gouged; fertilized in. autumn - 150 1lbs/A Nitro-

. gen, 100 1bs/A Phosphorus and 50 1bs/A Potassium; un-

top501led spoils, mean bulk den51ty 1.66.

Spoils; seeded to introduced grasses and'forbes; majoxr’

‘species are Bromus inermis, Atriplex canescens; total

above ground. production/year ranges between 2297-2563;

- topsoiled spoils reshaped to slope gradieirts of 4:1,

3:1 and 2.531; fertilized in spring - 40 1bs/A Nltro-'

"gen and 20 lbs/A Phosphorus, topsoiled spoils, ‘mean

bulk den31ty 1.45.

9T
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dry blender (Patterson-Kelley Cpmpany,~Pennsylvania) and then re-
_ turned to 4C until analyzed. After analysis, the samples were
‘frgéen'at -20C to store for futqre reference.

Experiments were conducted to determine the number of replicate
samples necessary to eliminate the‘effects.éf a large paft.of thé
inherent variability of the soil system itself. Three experiments
Wére éonducted at different sampling periods éo'determine vari-
aﬁce within a.plot and variance due to planf species. |

In_fhé first expgrimenf, samplés were taken, as previbusly
desqribed? from arbitrary logatiqns throughouf a revegetated spoils
site_(Demo plot, see Tables 1 and 2) during the.August'sampling.

. A total of four sampies were taken for this pﬁrpoée._ Samples for
the seéond éxperiment were‘téken, agaiﬁ as déscribed, at the same
éite.durihg fhe'Aggus;‘sampliqg from 10 arbitrarily selécted Broﬁﬁs'
inermis‘piants; |

Two methods ﬁere used for coﬁgafisoﬁ in the third eiperiment,
and these.Were giVén-tpe titles of Stéked Variation and Qﬁartered
Variation.- buriﬁg the,August and Ocﬁobef_samplihgs, fivé_éamples
'Weée”taken from within a one foot radiué of a staked plant at the
Demé and Nétive Range. Unfertilized plots (see Tables 1 and 2)., Two
" square feet ‘of soil; with the samé dominant plant sfecies as at the
stake, weré gxcavatéd to a depéh of 6 inches and the soil was

-mixed thqrdughly by the quartering procedure. Five arbitrary samples
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were taken from-this "quartered" treatment. This procedure was, .

followed for two different plant spec1es at each of the -two plots.

‘8011 Analyses

Duplicate samples were taken from each site during the April.

sampling and the duplicate samplefwas sent to the Soils Lab at

Montana .State University for_chemical and-physical analyses.

" The percent of.Water remaining'in each soil at 0.3 atmospheres °

. was determlned by a standard procedure.'

' The pH- and conduct1v1ty were determlned Wlth a Beckman Zeromatlc;

'II pH Meter and a Serfass Model RCM: 1581 Conduct1v1ty Meter on ten

grams -of s01l to whlch twenty mllllllters of dlStllled Water had been

'added.

The avallable ca1c1um, magne81um, pota881um and sodlum in each

‘:so1l sampile was determlned on a Model 290 B Perkin Elmer Atomlc

Absbrption Spectrophotometer following an ammonium acetate extraction;-

The avallable phosphorus 1n each sample was determlnedvby Brays
Method l as mod1f1ed by Smith, ElllS and Grava (1957) and Olsen and |
Dean (1965) |

Avallable nltrate was determlned by a nltrophenoldlsulfon1c

' color1metr1c method u31ng a Spectronlc 20 spectrophotometer follow1ng

extractlon w1th a CaSO4 - Ag2804 solutlon,'

The_s01l organhic matter was determined by the colorimetric

method of.Graham'(l948) as modified by Sims_and Haby. (1971).
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The percentage of sand, silt and clgy was'determined by tﬂe
Bouyoﬁcgs (1926) method of mechanical analysis. |
The mean bulk denéity was determined by the.Montahé Aéricui—
tu;é} Expériment étatioq using the méthod of Sindelar, et. al. (1975).
Above.Grpund“?ppduétion:was'éléqsdegerminedﬁby thé ﬁontana
IAgfiéuiturélZE?perimént:Stétioﬁ uéipg:thé method ‘of Munshower;
.Siﬁdglar'and.Néuman <l975>. -
. Respiration |
. fhe_%éter-holdiﬁg cépaéity for éach‘soii>Waé detefmined by
the following method. A wetteé’filte} p;per disk was piéced in’
; pléstiq cgﬁ wifh.numerogs‘hdles in'the bottom, 'Thé cup ;ﬁd filfér
éaper Were.wéighed‘pn a Mettlef Analytical Bélange and ten grams‘
‘of g6i1~ﬁefe_added.:'Thé cué was then alloﬁéd to sit in a dish of
distilled wa&ér.untii.exéess waﬁér was visible'at tﬁe sqilisﬁrface.
.Affér remoyai-frqﬁ Fhe'ﬁater, the Eup Wéé placgd ontan abSOfban£
épénée.to rgmové'tﬁé'visible excésélﬁatér from‘the top su;face oif
fhe'soil. .Whén:;o'excegs Wétér couldlbe 6béér§ed, thé.cqp Qas |
agéin ﬁéighéd; Tﬁe:difference bétwéeﬁ7Wet.Wéight and dry Weight
.gaﬁé‘an ekpefiméntal Qater¥holdingﬂéépacit§‘value for teﬁ éréms
of eagh'par;iculafﬂséil éamplé. | | | B
Five érams bf:ai;*ériea éoil %ere plaéea in Warbﬁrg‘résf

‘ pirémeter flasks,fdistilled'water was added to bring the 'soil up
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.:to 100/ water—holdlng capac1ty and the fiasks were stoppered and
allowed to. eqU111brate over night. Two-tenths m11]111ters of

407 potassium.hydrox;de and filter paper~Wick Were placed in the
cénter Qells.' The Warburg flaské were placed on .a Gil;on biffer;‘:
"ential Respirdméter énd equilibrétgd-at,ZSC for oﬁe—hélf‘hour;
Thé.respifometer was connected and a-bérbmgtriq pressure réading
was takénzwith aﬁ S.&‘M Surveying‘Anaexoid. .Réédingé %ere taken
éach half hour for a tofa]_of'éight hburs. LThe rgspi#étory.rate :
was calculated from five:£eplicates of ea;h'saﬁple_andhthese_Wefe,
,correpfed'tp-stgndéra coﬁditions uéing'tﬁe eqﬁétion giﬁén in'the
"instpﬁqtion maﬁual fof the GilSonhggépiréééter. This'prbcedu;e
Qas based.én ekpéfiﬁeﬁts'to detgrm%ne the 6ptimum Wéter;hbidiﬁg
f‘ "capécit?.and'tﬁe_effect'of~sémp¥é size.

An:gkperiﬁéntlwas cpnducted to dtermine the Qaté;éholdiﬁg:
capaéit?-whiéhiwsuld prodhce Lhejma#imum.fésbiraéién.raté.' Samplés
ilwere run at 507, 70/ 9OA, lOOA, llOA, 1254, 150% and 200/ water—
-holdlng capac1tyr

To determlne if less varlablllty was.posulble with larger
'quaﬁt1t¥es.of‘%oil,;specia} flésks'@erelconstructed ngh-a capagity
'iof éOigféms‘of séil; ;Withxthesg fiéské,:an ekperiménplﬁés5conducted .
‘;oqﬁaring respir#tory‘;ates‘for 5; 1Q;-15 and ZO'éram portion;'pf‘éoil.
o Pﬁbséhatése' ' B o

' ?he methéd dsedﬁfor:tﬁe de;ermin?tion'of'pBOSphatase'énzyme
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activity'was taken from Khazlev (1974). Five grams of air-dried soil
were added to twenty mllllllters of 0.3% disodium phenyl phosphate
and 3~4 drops of toluene. These were stoppered and 1ncubated in a
30C shaking water.bathvfor one hour. " Following incubation,leighty
miliilitets of distilled uater.wefe added and this was'theh centrifu-
éed at 8,QOO rpm ou a ﬂorvall RC—ZB ceutrifuge for ten uinutes._ Five
milliliteis of this solutiou were placed‘in a SQ.ml volumetric flask
to which was added'5 ﬁls of borate huffet‘(pﬂ 9.0), 3 mls of 2.52
'pota581um ferrlcyanlde and 3 mis of O. 5/ 4—~amino anti pyrine. (Freshb'
solutions of K3Fe(CN)6 and 4 amino anti pyrine were made daily.)
--The_volume was‘brought to 50 mls and after 10—15 mlnutes a stable
rose—colored-complex formed with the 1ibetated phehol and this was.
‘read on a SpectronicTZO spectrophotometer at 510 nm. The quantity'
of - phenol.wasidetermlned with a standard curve of phenol for each
“sample and the phosphatase act1v1ty was calculated as umoles of’ phenol
per gram of soil.

An‘experiuent Was‘cohducted to detetmine the effects of air-
drying, sieving and:blendiﬁg'on enzyme activity. Phosphatase'activity
was determined for samples both at the,watet content.as‘sampled”
(without hlending) and after air-drying, sieving and blending."

Pectinolyase

The determiuation of pectinolytic enzyme activity followed the -

~'meth'c)d"'.of Kaiser.and DeAscohegui_(l97l){"Two grams of. air-dried soil
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were mixed with 2 ml of toluene, 15 ml of Tris buffer (Tris hydroxy-
methylaminomethane, pH 7.5) and 5 ml of a pectin solution consisting
of 0.7 g pectin, 1.1 g NaCl, 0.25 g phenol, 0.018 g CaCly~2Hp0 and
100 ml of distilled water. These were stoppered and incubated for
24 hours at 25C. Following this, the solutions were centrifuged
at 8,000 rpm for 10 minutes aﬁd filtered through Whatman #4 Quali-
tative filter paper. The filtrate was evaporated just to dryness
in porcelain evaporating dishes over a boiling water bath. The dry
material was then retﬁrned to solution by the addition of 1.5 ml of
distilled water. One ml of this solution was then added to 2 ml of
1 N HCL and 5 ml of 0.29% thiobarbituric acid. This mixture was
boiled for one-half hour, coo;ed, centrifuged at 5,000 rpm and then'
read on a Spectronic 20 spectrophotometer at 550 nm.

A galécﬁuronic acid standard curve was constructed, but pectino-
lytic activity was reported as optigal density at 550 nm.

An experiment was conducted to‘determine the effects of air-
drying on pectinolytic enzyme activity. Pectinolytic activity was .
determined for samples both at' field water content and following
air-drying.

Pectinolytic Plate Counts

The procedure used to determine counts of pectinolytic organisms
from the soil was modified from Hankin, Zucker and Sands (1971).

Mineral pectin medium (MPM) contained, per liter: (NH4)ZSO4, 2 g;
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KH2P04, 4 g., NazHPO4, 6 g.3 FeSO4-7H20 1 mg.; MgSO4, 0 2 g.;
CaCly, 1 mg.; H3BO3, 10 ug.; MnSOg, 10 ug.; ZnSO4, 70 ue: ; CuSO4,
50 ug.; MoO3, lO-ug.' The pH was adjusted to 7.4 and then 5 mls of

0. 4/ alcoholic brom thymol blue solutlon 1 g. of yeast extract

) g. purlfled pectln in 5 ml of 95/ ethanol and 15 g. agdr were

added

The'nurified pectin was prepared by combining‘250 grams of com-—

'mercial pectin with 500 ml of 70% ethanol, shaking fqi'z hours,

filtering and repeating the above proeedure once. Following the

" second filtration, the pectin was placed in-a 37C incubator and

allowedzto dry for 24 hours prior to use.

| Thie medlum was sterlllzed by autoclav1ng at 121C for 15 manutes,
poured 1nto sterlle petr1 dlshes and allowed to dry for 24 hours
prior:to usei | | |

Fiye”grams'of.soii were added to 495‘mls of”éterile double-

diatilled water in a sterile Waring ‘blender. head and blended at

‘high speed for one-minute. One ml was removed with a sterile

plpette, Whlle the blender was in motlon and this was added to a

; sterll 9 ml dlStllled water dllutlon blank. The d11utlon blank‘

, Wlth the added 5011 was shaken on a Varl-Whlrl (VWR 801ent1f1c)

and 1 ml was removed and added to a. second 9 ml dlStllled water

,dllution‘blank; ‘A second 1 ml was removed, of whlch 0.2 ml was

added. to three‘senarate MPM plates. .Theseamesprocedure was followedv '
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for the second and thlrd 9 ml dilution. blanks resultlng in three

'MPM plates each of a lO -3

s 10~% and 10™5 dilution. A bent glass
_rod was d1ppedr1n alcohol. flamed and used to.spread the liquid on
.the surface of the medlum. The plates Were,then fnﬁerted'and'ln—
cubated for 48 hours at 30C. Followlng incubalfon,-the numberjof
colonies was counted‘on a New Brunswick Sclentific Colony Counteril
The number of bacterla per gram of soil was theh calculated from
f1ve'rep11cat10ns of the above procedure for each sample..

Plates were'flooded with l/ hexadecyltrimethylammoniumbromide
;:(aqueous) and zones of-pectlnolys1s were taken as clear zones
surroundlng any colony after flfteenlmlnutes to. one-half hour.

| An experlment was tonducted to compare. th-s modlf1ed Mlneral

‘ Pect1n Medlum (MPM) w1th the or1g1na1 Mineral Pectln Medrum con—
"ftalnlng unpur1f1ed pectln.and also w1th,0011'Extract Medium. The’vgl ;
' Mlneral fectjn Medlum Wlth unpurified:pectin was the same as MPﬁ.
'eacept'that'commerclal pectin was used-with no further purification'
’and the'Soil Extract'Medium‘used was tahen from Bunt and 3ovlra (1955).
;Samples were plated on:MPM anddelther’Soil Extfact Medium;or‘the
orlginal'Mineral'Pectin Medium; then incubated and counted‘as above.,

Pure cultures.of 1solates from the soil and'stock cultures (from

Lhe Montana State Un1vers1ty Mlcroblology Department) of Bacillus

'n subtllis, Batll]us macerans and Erwinla carotovora, all of Whlch were

known to he péctinolytic; were also streaked on, MPM to -confimr the
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effectiveness of the medium for determining pectinolytic organisms.
An additional gontrol check was run on the MPM by replicate
plating from MPM onto thé same mediuﬁ without pectin, without

veast extract and without both pectin and yeast extract.

Isolation and Identifi@ation of Soil Organisms
Se&eral charactefistic colonies were isolated and standard
biochemical tests were performed for identification according to
the Seventﬁ Edition of Bergey's Manual of Determinative Eacteriologyﬁ
One isolate was also used to determine the possibility of iden-
tificatioﬁ by means of_the thermal melting poiunt of the organismé' DNA.

Isolation of DNA and Determination of Thermal Melting Point

The method employed for determining the Thermal melting (Tmp)

'value is based on the observations of Thomas (1953) and Marmur and

Doty (1962), which state that when a DNA sample is slowly heated a

sharp increase in the extinction coefficient occurs at the tempera-
ture at which the double-stranded DNA separates into a single-stranded
random coil. Theimidpoint of the rise was called the T, value and

it was. found that the value dépended on the G+C content of the

DNA samﬁle.

| A large volume (12 .liters) of sterile TSY 5roth with 37 yeast
extract was inoculated with a 24-hour culture of the organisms

deslred. This was incubated for 48 hours at 30C. Cells were collect-

ed by continuous-flow centrifugation.on a Sorvall RC-2B centrifuge at
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15,000 rpm. The cells were washed in a saline-EDTA solution
(0.;5 M- ).1 M at pH 8.0, recentrifuged and then resﬁspended'in'306
ml of the saline~EDTA solﬁtion. The DNA was isolated from these cells
by following the method of Marmur (1961). The isolated ﬁNA was dis-
. ‘éolved in 19 ml'éf saline—sddium ciltrate éolution tO.lS M- 0.015 M)

.at pH 7.0 gnd 1 ml‘of this final solution of extracted DNA was used

. to determine the‘concentration.of DNA present in the sample according
fo Fhe dipheﬁylamine mthod‘of Bufton (1956) . The extracted ﬁNA
was then adjusfed to an approximate concentration of 50 ug/gl in‘
saline-sodium citrate. | |

five—tenths-ml of the DNA suspension contaiﬁing 50 ug/ml was
placedAinva‘qdartz microguvette’and 0.5 ml of saline-sodium citrate
solution was addedtfo a second quartz microcuvette as the blank.
The aBsofbance'was-read at'25C at a wavelength of 260 nm on a Varian
Tech;rén 635 UV-Vis Sbectrophotometer; A Heto Ultrathermastat (London
~ Company) was then-usea to raise thé’tépperaturé in the épectophofo—
. metef-sampie hoidérs; The temperature was'firét q@igkly raised to
, SdC and ‘the absqrbénde recorded. Thé temperature was then raisea
1C evéry.lo.minutes until no increasé in abso?banée was noted fér
conéecuﬁivé temperature increases.
The T was calcﬁlatéd as that temperature cérresponding'to 50% of

" the iﬁﬁrease in gbsorbance using the Normal froﬁébility faper method

of Knittel, et. al. (1968). The % G-C was calculated according to
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the method of Bowie,'et; al. (1972), using the equation: Tp =
53,07 + 0.41 %G-C. |
Fo.r éomparisqn ,O‘f ?esults, sev«arél determiﬁations were ma&e
vfor-fhgfséil;isélate, én E. Egli éﬁl£u£é from the MSU Micrébiolbgy
.bepé&tmehf{gﬁd for E,'égli Type VIiI‘DNA from Sigﬁa'Cﬁeﬁital Compény..
* §tatistics - \ |
':Aﬁalysis,onQinance was comﬁuted by using a computer p;pgram
titled "One-way ané multi factor éﬁalysis ofﬂvarignce" by R.ﬁ._Lun&,
Statistical Léboratory, MSU; F-tests We?é calculated'?rom thé
coﬁpﬁfer prog¥ém according to the ﬁethod of Snedécéf and'Cochraﬁ (;967), -
section 11}2;- Corrélgtion coefficients werg-computéd on é Victor
model 3606 statistiéal dhlcuiétof, ‘Cﬁi—Sqﬁﬁre was,calculgfed Erom
Baftletts'.Teét of Hbmogenéity of Variance as found iannedgcor and

Cbchran'(l967). B




Chapter 3

RESULTS

Variation ih a Plot at Large

in.ah éxperiment-;o determine.the amount .of variation to be
expectedlatvany one pléf, four sites were arbitrarily selected on‘__'
fhevDeﬁo plo£ August, 1974, Fallowing the rouﬁine procedure'of
' air;drying,isieving‘and blending;_thé three ﬁafameters of respira-
tory éctivity, phosphatase enzymatic activity and pectinolytic en-
zymatic'activiﬁy were méasﬂred in 5 repiications for each of these
four samples. The resdits of these threé tests are presenteéd in
Table 3 with their respective statistical analy;és} .Béth the
phosbhatgse enzymatic activity and pectinoiytic enzymatic activity
- showed large varidtions between plots, while the variation exhibited
'by respiratory activity was much les;. It appears from this that there
is a great deal of iﬁherent variation aue to the soil‘systeﬁ itself.
which must be taken iﬁto consideraﬁion when analyzing results of

this or any other soil study.

Variation Under a Particular Plant Species

The variation in results that could be expected from measurements

for ome pérticular plant sPécies was determined by taking samples

beneath ten individual Bromus inermis plants (Lincoln Smooth Brome)




Table 3. Variation in a plot at large - Demo plot, August 1974

Sample # Respiration Phosphatase Pectinolyase-
(ul 07/g/hr) (umoles phenol/g) (0.D.)
102 1.7363 35.20 0.284
103 - 1.7683 34,00 0.282
111 1.2656 12.68 0.455
112 2.0573 33.20 0.262
Mean 1.7063 28.77 0.321
Standard |
deviation 0.4123 11.259 0.117
Chijsqﬁare 2.00 (n=20) 88.12 (n=20) 0.86 (n=20)"
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on the Demo plot (Table 2) August, 1974. Measurements of respira-
tory activity, phosphatase enzymatic activity and pectinolytic

enzymatic activity were made on 5 replicates of each of these

samples, Table 4 presents'the_resuits of these measurements. From

these data it appears that any particular plant at one plot also
has a large variation associated with it at arbitrarj locations.

The differences between the same plant species on different

plots at the same time can be seen from Table 5. 1In addition to

the variation found for one plant specics at a particular time,
Table 6 presents the data for plants sampled at different times.
These data indicate that a variation can again be éxpected for a

particular plant on a specific-plot at different times.

Variation in Sampling. Techniques

Two differentimgthods were eﬁployed in éampling.for this. ex-
ﬁefiment. In the first method, 5 samples'wére taken within a oﬁe;“
foot ?édium about a staked'pl;nf; this method was termed '"Staked
Variafion". The second method inwvolved field miiing the top‘six
inches of soil Wifhin a two—squére foot area dominated by thé same

plant species.as'that at the stake. TFive samples were then taken

" from this "Quartered Variation" site arbitrarily. The data for

respiratory rate of the 5 replicates for both Quartered and Staked

Variation can be seen in Figure 6 for Stipa comata at the Native
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Table 4., Variation under a particular plant species-— Demo plot,
August 1974
Sample # Respiration Phosphatase Pectinolyase
(ul 05/g/hx) (umoles‘phenol(g) (0.D.)
90 1.5084 32.2 0.264
91 1.0675 27.5 0.232
92 $2.3383 38.8 0.205
93 2.3780 31.0 10.218
94 2.1927 29.2 0.480
95 1.9350 23.4 0.440
96 3.4610 40.6 0.333
97 2.0897 41.8 0.349
100 2.3626 43.6 0.391 |
101 ' 2.5019 64.0 0.361
Meén ' 2.0835 37.2 0.327
standard - | -
0.501 0.097

deviation

13.618




Table 5. Variation under a plant.speciés at different plots April 1974

Plant and Plot

Respiration? Phosphatas‘eb

Pectinolyase® Pectinolytic

d
Plate Counts

Bromus inermis:

. Gouge
Demo
standard deviation

Stipa comata:

McDonald

BN

Native Range Fertilized
Native Range Unfertilized
Streeter

standard deviation

Gutierrezia sarothrae:

Cape Oliver

MP-Lower

Native Range Fertilized
Native Range Unfertilized
standard deviation

1.1414
0.3478
0.570

1.7643
1.8758
1.7386
0.3572
0.4017
0.6940

1.4339
2,3101
1.7008
0.2577

0.7450

15.20

56.30
20.55

60.00
120.00

. 75.00

103.70
253.30
" 68.75

36.70
80. 30
- 81.00
33.30
22.86

OCOOOOO0O

ococooco o

0.225
0.

O‘

293

034

.364
. 207
.118
.296
.396
.102

.123
.293
.137
.275
.078

35.373
6.513
14.430

nd®
2,256
5.567

. 8.183

nd
2,425

nd

nd
9.427
1.833
3.797

[{ = Vo T = il 1

o

= ul Oz/g/hour'
= umoles phenol/g
= optical density at 550 nm

number of bacteria x 10%/g’
not determined

A
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Table 6. Variation of plants with sampling time - Demo and Native Range Unfertilized

Plant and Time ) Respiratiéna Phosphataseb Pectinolyase® Pectinolyticd

Plate Counts

Bromus inermis (Demo): _ : _ . .
April 1974 0.3478 56. 30 0.293 6.513

August 1974 . . 2.4671 52.30 . 0.268 6.084
October 1974 ' ' 3.7490 54.60 0.163 8.087
December 1974 O 2.7140 45.40 0.222 1.280
Mean 2,5386 - 51.70 0.230 5.491
Standard deviation 1.1453 7.47 0.057 2.874
Stipa comata (Native Rangé Unfertilized)£

April 1974 ' 0.3572 . 103.67 . 0.296 8.183
August 1974 3.0962 206.00 C0.147 © 33.763
October 1974 3.1460 109.60 ~0.088 22.800
December 1974 i 0.8760 11.30 - _ 0.419 ° " 12.133
Mean - '1.8688 107.64 © 0,238 19,195
Standard deviation : 13.7390 " 68.88 0.129 9.954

ul 09/g/hour .

umole phenol/g

optical densiZy at 550 nm
bacteria x 107/g

=P e Il Al

t 0 n

€€
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October, 1974. Figures 7, 8 and 9 present the daﬁa for phosphatase
enéymatic activity, pectinoiytic enzymatic activity.and pectinoly-
| tip~plate éount)';éspectively, for these two plots with their
agssociated plant species.  The analysis of va:iénce for this
composite data; as presented in Table 7; shows that the comparison

> .

of variances between these two éampling-treatments is not signifi-

v

cant.

Soil Hoxizon Comparisdn

During the August 1974‘samp1ing, the soii at Demo élot was
gamﬁled at. two aifferent depths to determine if there Wés a diff-
erence in leﬁels of .activity cor?esponding éo the soil hofizbns'
‘in spoils. .The upper six inches ﬁere taken fof the Upper‘Soii
Horizon and soii from below 6 inches-ﬁas sampled as the Lower
Soil Horizon. The.fpﬁr'propdsed micréBialiacﬁivity parameters
were then mgasured oﬁ 5 replicates from each of these sgmples and
ﬁhe resglts are pres§nted in-Tabie.é., The difference in levels

of activity, as measured with these four tests, is not obvious or

significaﬁt..

Soil Anglyses -

Soilianélyses,;including pH, phosbhorus,.potassiu,_nitrate—




PHOSPHATASE ENZYMATIC ACTIVITY (pmoles of phenol per gram of soil)
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REPLICATE SAMPLE

FIGURE 8. PECTINOLYASE ENZYMATIC ACTIVITY FOR SAMPLING VARIATION.
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PECTINOLYTIC PLATE COUNT (BACTERIA x10% per GRAM OF SOIL)
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Table 7. Analysis of variance for quartered and staked sampling

treatments

Plot and Tieatment ' ssa ‘dfgs MS€. dfﬁs © Fe g2 sigf
Native Range Uhfertilized: '“

Staked Variation .062 4 -,00 68 .20 .05 ns®

Quartered Variation ' 062 4 .02 . 72 “34 .05 ns
Demo:

Staked Variation . .004 4 00 .70 .01 .11 s

QuarteredeVariatioﬁ - .058 "4 .02 70 .19 .08 ns

.Sum - of Squares

degrees of freedom: for sum . of squares
.Mean -Square

degrees of. freedom for mean square’
F-test i, variancte ratio

sighificance

not significant

IR )
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Table 8. Soil horizon comparison - Demo plot August 1974

b

Soil Horizon Respirationd Phééphatase. Pectinolyésec Pectinolytic

Plate Counts

d

Upper ©1.3880 . 29.5 0.340

Lower 1.0554 | 20.6 0.245

Mean -7 01,2217 25.0 0.292

Standard - ' L
deviation 0.166 4.45 ' 0.048

2.167
12,200

2.184

£ 0.023

I

a ul_Oz/g/hour

b = .umole phenol/g

" ¢ =optical demnsity at- 550 am
d = bacteria x 107 /g.
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nitrogen, conductivity, organic matter, calcium, magnesium, sodium,
percent available water at 0.3 atmospheres,and percent sand, silt'

and clay were completed only for the samples taken during April, 1974;
These values, along with the values of experimental Water-holding
capacity, mean bulk density, fertilizer treatment and above ground
production (Appendix) . were correlated with each other to determine
any interrelationships. Table 9 presents,tne,significant correlations
within these soil analees for both the native soil and spoils. Tnevﬂ-
chemical and ph&sical properties.of spoils show very few significant
internelationships in comparison with the same‘properties of-native
soil., This fact appears to support'the tneorf-that‘spoils are verp
heterogeneous. The large differences ma&,‘in turn, represent dif-
ferences between the .developing ecospstem.ofﬁspoils as compared to
that of the native‘soils.

For the native soils}” the properties of pH organic matter,'

| experimental water—holding capacity and mean bulk density appeared

to be independent of all other physical and chemical properties. Both
nitrate and phosphorus correlate with fertilizer treatment and above
ground production. Among the other properties a complex interrela-
tionship appears to be involved as illUStrated by the positive
correlation between potassium and /silt and the negative correlation
between potassium and Z%clay, while there also exists‘a negative

.correlation'betWeen.%siltrand %clay.




Table 9. -Significant correlationsvwithin_soil analyses for native soils and spoils April 1974

‘Significance

Soil Type Correlated Properties
Positive Negative Level
Native Phosphorus:Above Ground Production Magnesium:Sodium 5%
Potassium:Conductivity Magnesium:ZSand
Potassium:Calcium
Nitrate:Fertilizer
Nitrate:Above Ground Production
Conductivity:Sodium
Conductivity:Fertilizer
Conductivity:Above Ground Production
Sodium:ZSand
Phosphorus:Fertilizer .Potassium:Magnesium 1%
- Potassium:Sodium Potassium:%Clay
Potassium:7ZSilt Calcium:7%Clay
-Conductivity:% H,0 at 0.3 atm Magnesium:%Silt
Calcium:Soedium o © Sodium:%Clay
Magnesium:Z%Clay %Sand:%Clay
#8111t :7Clay
Spoils Phosphorus: Sodium Organic Matter:ZClay 5%
%ZSand:Mean Bulk Density 7%Sand:Above. Ground Production
Water~holding Capacity:Organic '
Matter
pH:Potassium 1z

ZSand:7Silt

(47
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Spoils, however, show much less complex'interrelationshipé
between soil physical and chemical ﬁroperties. Although for spoils
there is only a total of two more properties than for native soils
that are.indepehdent, only two of fhe interrelated properties are
correlated with more than one other property. Thus, there are only
seven significant correlations for spoiis as compared to twenty-

four for native soil.

‘WéterAholding Capacity for Optimal.Respirafbry Rafe

| Tﬁe respiratory ra£e of samples>at water-holding capacities of
50%, fO%, 90%2 100%, 110%, 125%, 150% and 200% were measured to
determine the water—holding capacity which would résult.in opti-
mal respiratory aqtivity. In each case, the respiratory activity

was greatest at 1007 water-holding capacity, as seen in Table 10.

‘Variability in Respﬁratory Rate Due to Quantity of Soil

“ In attempt to déérease thé va?iation between replicates of
resplratory activity, different quantitieé of soil were used for
detérﬁiniﬁg'resPiraﬁory ac£ivity. Five grams, 10, 15 énd 20 grams
'of soil wefe used in these measureﬁents of respiratory rates.
Table 11 shows the fesults of these experiments. In each case,
increasing the quantity of_soil tended to increase the variance

and decrease the repiratory rate. per gram of soil.




Table 10. Water-holding Capacity for Optimal Respiratory Rate

Percent Water-holding Capacity

Sample  100% 90% . 70% 507 . 110% -125% 150% 200%
#1 10.7369 nd. 7.7876 7.6852 nd 8.8529 8.6379 7.5953 °
_ 11.8421 - nd © 8.9793 8.1725 nd’ 7.3998 8.9726 - 7.7242
Mean 11.2895 8.3834 7.9288 8.1264 8.8052 7.6598
T-value® 6.194 9.644 6.002 7.452 11.300
P P .01 P .01 P=.01 P .01 P .01
#2 15.6444 10.0069 7 nd nd 11.3070 nd - nd nd
- 12,9915 11.0856 nd nd 10.3027 nd nd nd
14,8074 10. 8350 nd . nd 11.8290 nd nd - nd ~
Mean 14,4811 10.8350 ‘ ' 11.1462 =
T-value 4,526 3.697
P P .025 P .050
#3  14.673 10.0708 ‘nd nd 11.7515 nd nd nd
14,2927 12,4709 - nd nd - 12.6969 nd nd nd
: 10.4993 13.2145 nd nd 13.8442 nd nd nd
" Mean 13,1550 11.9187 12.7642
T-value 0.756- 0.778
P P .500 P .500

* T-value calculated comparing 100%

capacity.

Water-holding capacity with the given Water-holding
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Table 11, Variabilit§ in respiratory rate due to quantity of soil

' Run Number

Quantity of Soil(grams)

5 10 15 20
#1 13.9838% nd nd 43.1415
14.8078 nd nd 54,2022
15.2390 nd nd 39.8979
13.0580 nd . nd 64.9799
12.6223 nd nd 64.6265
.11.9813 nd nd 54.9255
14.7202 nd nd 51.9139
Mean 13.7732 53.3839
Mean/gram 2.7546 2.6692
Standard S o ’
deviation 1.147 8,887
#2 ‘nd 27.5451 " 37.1718 45,9272
' nd 26.9220 41.2732 50.3269
nd 26,7316 39.1134 38.4718
nd 31.4732 34.6079 46.9614
nd 25.7867 30,8716 nd
Mean 27.6917 36.6076 45.4218
. Mean/gram 2.7692 2.4415 2.2711
Standard .
deviation 1.973 " 3.613 4.330

a = respiration rate in uliters 092 /hour
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Interrelationship of Respiratory Activity and Soil Chémicai and
Physical Properties

Qorrelatioﬁs were calculated from the respiratory activity of
both native soil éndispoil samples from April, 1974, versus the
‘correspoqding values of the soil analyseéL There were no signifi-
cant correlations for spoils. The only significant correlation for
native soil.was for water-holding capacity which was significant

at the 5% level.

Respiratory Activity for Three Native and Three Spoils Ploté
FigurellQ-illustrates.the results of the respiratory activity
measurements for the six major plofé,,ﬁative Range Unfertilized;
Native Range Fertiiized, BN, Gouge, Topsoil Gradient and Demo
(Table 2), on samples taken April, August, Oétober and December, 1974.
Ai analysis of vériance to determine the effects of different plaﬁté
and different‘times for each.plot is given in Table 12. In-all cases,
the effecfs of time and plants are not additive since the F-test
was signifiéant. The lower level of sigqificance for the Topsoil
‘Gradient ploi caﬁ be easily accounted foi by fhe smaller number of
samples coilééted at that plot. TFor the éffeétélof plant spécies
alone;‘the analysié Qf‘variaﬁce giveh in Table 13 shows that indivi-
duél plant Spécieé had no significant effect on respiratory activity.
This value could not be calculated for fhé TopséillGradient plot

since-only one plahf.was sampled. ’
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Table 12. Analysis of variance due to plant and time for respiratory
activity of six major plots :

Plot daf? MSQ dsS MSd Fe : sigﬁificaﬁcef
Native Range . -
Unfertilized , 6 4,059 42 0.379 10.70 - 0.5Y%
Native Range : o .
Fertilized 6 51.669 44 2,427  21.29 0.5%
BN | 4 77.313 30  0.654 118.25 - 0.5%
Gouged ‘ 9 6.352 56  0.650 - 9.77 0.5%
Demo 6 7.425 42 0.548  13.54 0.5%
' Topsoil Gradient 2. 68.775 12 4.014 17.13 6.14%

= degrees of freedom for the Mean Square of time and plants
Mean Square of time and plants
degrees of freedom for the Mean Square within
Mean -Square within
= F-value calculated from Mean Square, /Mean Square_, where the
null hypothesis is that the effects of time and plants are additive
f = null hypothesis rejected if significance is below 5%

oOAan Tp
it
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Table 13. Analysis of variance due to plant species for respiratory
activity of six major plots

Plots’ df§Sp Msg df&stp usd_ P significannef

Native Range

Unfertilized 2 9.166 6  4.059 2.26 _ ns®
Native Range

Fertilized 2 . 131.398 6 51.669 2.54 ns
BN 2 9.754 4 77,313 0.13: ns.
Gouge 3 13.728 9 6.352 2.16 ns
Demo 2 1.049 6 7.425 0.14 ns .
a = degrees of freedom for the Mean Square of plant spec1es
b = Mean Square of plant species
c = -degrees of freedom for the Mean Square of time and plants (Variance)
d = Mean Square of time and plants
e = F-value calculated from Mean Square /Mean Square.,, where the null

hypothesis is that the variance due"to each plant species is equal
= null hypothesis rejected if significance level is below 5%
g = not significant

+h
1
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Seasonal Variation of Respiratory Activity

The effects of seasonal variation on respiratory activity -are
shown in Table 14, These effects are not- significant at the two
native soii plots, BN and Native Range Fertilized, but ;re signifi;
" cant for all three spoil plots and the other native soil.plot;
Native ﬁange Unfertilized. In an attempt to detéfmine the inter-
relationships of these seasonal variations, correlations were
computed for respiratory activity at each plot for each sampling -
date agéiﬁst evéry other sampling date. Table 15 gives the
significant corrglations for these data. There seem to be large
differenées between plots in the interreiationéhips of sampling

times on respiratory activity.

Effects of Air-drying Soil on Phosphatase Activiﬁy_.
._To obggrve the effects of air-drying the soi; on phbsphatase
activity, an experiment was conducted comparing activity of samples
at field moisture with that of saﬁples which had beeﬁ“aif-dried.n
Table 16 lists the méans of phosphatase éctivity for samples ét
field moisture versus'air—dried and the correlation is highly sig-
nificaﬁt. It was therefore concluded that ‘the routiné treatment

oflsoii samples by alr-drying did not alter the phosphatase activity.
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+h

Table 14. Seasonal variation of respiratory act1v1ty of six magor
plots
Plot dfﬁst MSE dfgz . MS:Z Fé significancef
Native Range .
Unfertilized 50 462.856 3 4,802 96.39 1%
Native Range
- Pertilized ' 52. 155.661 3 64.315 2.42 nsé&
BN 36 58.540 2 41,808 1.40 ns
Gouge ‘ 68 266.208 3 9.413 28.28 1%
Demo 50 407.902 3 5.730 71.19 0.5%
Topsoil Gradient 12 68.740 2 4.019 17.10 8%
a = degrees of freedom for the Mean Square of time
b = Mean Square of time
c = degrees of freedom for g2
d = Mean Square of s
e = F-value calculated from Mean Squaret/s , where the null hypothesis
- is that the effect of each time is the samé
= null hypothesis reJected if 51gn1f1cance level is below.5%
g = not significant
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Table 15. Significant correlations of seasonal variation for
respiratory activity of six major plots

Plots Correlated Sampling Dates rR® significance

Native Range . :
Unfertilized 4 April:December _ .829 >17%

August :December .546 >5%
‘Native Range . .

Fertilized October:Decenber : .778 7 1%
BN ' October:December . =704 > 1%
Gouge August:0October .501 > 5%

' Demo ‘ . April:December -.909 7 1%
April:October -.929 >17 .
August :October .501. >5%
October :December .681 > 1%

Topsoil GradientB

a = Correlation coefficient (R)
= No dates were significant

os)
|
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Table 16. Phosphatase activity for air-dried and field moisture
treatments of soils

Phosphatase Activity?@

Sample . Field Moisture Air-dried
#25 . . 26b | : 42
#26 130 ' : s
#27 - . ' 53 o ' 44
#28 | 500 . : 290
#29 R 47 I 4
#30 s 325
#31 | 14 2%
#32 . 390 345
#33 . 25 a0

e - | 1.6 0.6
#35 - 15 S 13
#36 - 200 250

Correlation coefficient = .930°¢

= phosphatase activity measured in pmoles phenol/gram of soil
Mean values '

a
b
¢ = 717 significance

LI O
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Interrelationship of Phosphatase Activity and Soil Chemical and
Physical Properties ’

'Correiations were ‘calculated for the phosphatase activity
‘of both né;ive soil and spoil samplés ffom April, 1974, vérsus
values for the soil aﬁalyses-corresponding to each samplg.' There
ﬁere no significént cbrrelations fo£ spoils versus soil analyses;
Table l7 gives the significant cofrelétions betweeﬁ'phosphatase
éctivity'and soil analyses for native soils. It is interesting
to note also thaf those  soil properties which do correlate with
phosphatase gctivity also'correlate with one another. Refe?ring
back to Table 9 of signifiéant correlations within the soil analyses,
‘an exaﬁple of the complex interrelationship exhibited is that po-
'tassium, calcium,‘éodium and silt; which all correlate negatively
with phosphatase acfivity, élso correlate poéitiVely with each

other.

Phosphatase Activity for Three Native and Three Spoils Plots

Figure 11 éives the reéults of the phosphafase measurements
for the six major plots, Native Range-Unfertilizéd, Native Range
fertilized,-BN, Gouge, Demo and Topsoil Gradient, on éamples
taken dqriﬁglApril, August, October aﬁd December,‘l974. Both
Native Rénge sites,peaked'in August; this peak was not discernible

in any of the othef sites.
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Table 17. Significant correlations -between phosphatase activity and
oo the soil analyses for native soils in April, 1974

Correlated Pfoperties . Rra ' significance
Potassium:Phosphatase Activ;tyB —,762 '752
Calciﬁm;PhoséhaEase Activity - —.747' o >5%
Magneéium;Phosphatase Activity _ .912° 1%
Sodium:Phoéphatase Activity —;766 ’ > 5%
Silt:Phosphatase Acfivitf ) —.957 . > 17

Clay: Phosphatase Activity .872 > 17

a = correlation coefficient; R ‘ )
B = Phosphatase Activity in umoles phenol/gram of soil
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The influence of individual plants on this activity was deter-
mined by an analysis of'variance, which is summarized in Table 18.
In all sites except BN thé‘influence of individual plant species was
not af gfeat signifipénce.'

Another analysig of variance was calculated to deterﬁine the
inflﬁence of.the cbmbiﬁation of individual plants:and seéafaté tiﬁes.
on.phosphataSe aétivity. iablé 19 shows that in all éases the ﬁull
_ hypéthesis that“thé effécts_éf timé'and planté.are additive is re-
jected, which meahs that the effecté of time are not the same aslﬁhe

effects of plants.

Seasoﬁal'Variation of Phosphatase Activity

| The effects of seaéonal variation on pﬁosphatase.a;tivity are
shown in‘Tablé 20. Thesé effects are significant for all plots
except native'soii plot BN. Thé level of significance'is grea?er_
for:spoils than for the native soil plots. The interrelationships
of_these'seasoﬁal variations were examined by computing céfrelations
within each plot for phosphatase activitylat each sampliﬁg-date
against every other-sémpling date. Those datalwhich-were significant,
as shown in Table 21, suggest the involvement of complex interactipﬁs.
For example,zéhe cor?élations in the_ﬁative Range Unfertilized plot,
one sampling date; Aprii, correlated with two ofher éampling dates,

August and October, Whiéh'aregin turn correlated with each other.
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Table 18. Analysis of variance due to ﬁlant species for phosphatase
activity of six major plots

' : a - ) : e
Plots _ : dfMSP MSE df{,:[Stp Msgp Fe 51gn1f1cangef
Native Rangé- T ’
' Unfertilized 2 176.608 6 27.216 6.49 17.1%
Native Range . _ .
Fertilized 2 59.136 6 31.044 1.90 ns
" BN ~ : 2 506.521 = 4 16.511 .30.68 - 2.9%
Gouge g 3 27.861 9 2.865 9.72 - 4.6
Demo . ©2 42,134 6 4,390  9.60 10
. ‘ o .

Topsoil Gradient - e - —— - -

= degrees of freedom for the Mean Square of‘plant species

a

b = Mean Square of plant species

¢ = degrees of freedom for the Mean Square of time and plants

d = Mean, Square of time and plants (variance)

e = F-value calculated from Mean Square_/Mean Squaret ,» where the null
hypothesis is that the variance due to each plant species is equal

f = null hypothesis reJected if s1gn1f1cance level is below 5%

g = not significant.

h = not computed for TG since only one plant sampled
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Table 19. Analysis of variance due. to plant and time for phosphatase |

activity'of_sigfmgjqr-plgts
Plot df;étp wsh,  dege. s Fe. significance®

Native Range . : : ‘

Unfertilized 6 27.216 42 1.444 18.84 >0.5%
Native Range ' , ‘ , ' .

Fertilized "6 31.044 - 42 0.650 47.75° >0.5%
BN 4 16.511 29 1.206 13.69 1%
Gouge 9. 2.865 56 0.795 3.61 2.5%
Demo 6 5,390 42 0.655  6.70 29
Tﬁpsoil Gradient 2 180.600 | 12 2.183 82.72 2%

a=
b = Mean Square of time and plants
¢ = degrees of freedom for the Mean Square within
d - Mean - Square within
e = F-value calculated
null hypothesis is
f = null hypothesis is

degrees of freedom for thé Mean Square of time.and plants

from Mean Squaretp/Mean Square , where the
that the effects of time and plants are additive
rejected if significance is below 5%
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Table 20. Seasonal varlatlon of phosphatase activity of six major

plots

Plot dfﬁst ',. MsP d£S? Mng Fe significancef

ﬁativé Rangeli » :

Unfertilized 50 463.4111 3 49.997 9.27 5%
Native.Réhge o o

- Fertilized 50 164.394 -3 32.699 5.03 11% .
BN | 35 '72.392, 2 137.392  0.53 ns
Gouge 68  167.772 .-3 10.703 15.68 3.5%
Demo 50 142.580 - 3 13.19% 10.80 4%
Topsoil Gradient 180.600 2 183 82.73 1.5%

12

2.

2

= degrees of freedom for the Mean Square of

time

is that the effect of each time is the same

a

b = Mean Square of time

c = degrees of freedom for s
d = Mean Square of s

e =

f.

g = not significant

F-value calculated from Mean Squaret/s , where the null hypothe51s

= null hypothes1s is’ reJected if significance level is below 5/
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Table 21. Significant correlations of seasonal variation for

Topséil Gradientb

Plots Correlated Sampling Dates R® significance

Mative Range . . ,
.Unfertilized April:August . 864 >1%
April:October .621 > 5%
August :October .673 >1%

Native Range :

Fertilized April:October .904 > 17
. April:December _ .968 > 1%
October:Deceémber .902 > 1%
BN April:chober .979 > 1%
April:December .955 Z 1%
. October:December .963 > 1%
Gouge April:August -.771 > 17
April:October -.557 > 5%
Demo August:October ©.900 > 1%
August:December .623 =17
October:December .687 > 17

a = Correlation coefficient (R)

o
|

= No dates were significant -
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April correlated significantly with October for the three native .
soil pldté and ﬁor the spoil Couge plot. Demo plot shared the
October:December correlation with Nétive Range Fertiliéed_and!BN,
and the Auéust:October correlation with Native Rangé Unfertilized:

while the August:Decembetr correlation was limited to the Demo plot.

Effects of Air-arying on Pectinolyase Actiyity

| To observe the effects of air-drying the soil on pectinolyase
actiQity, an experimenflwas conducted comparing the activity of
samples at fiel& moisture with that of samples which had béen air-dried,
Table_Zé lists the mean'pecfinolyaseractivit& for samples at field
moisture and éfter-air—drying. Sincé the ‘correlation betwéeﬁ tﬁege'
ﬁWO'tréatmépts is significant at greater thap the 57 level, all .
fﬁrthe; pectinol&ase'activit§ measureﬁents were done.uéing air-dried

soil.

Interrelationship 6f‘Pectinolyase Activity and Soil Chemical and Physical
Properties - : ' :

qurelation coeffiéients were caiculated for‘thé pectinolyase
activity of both n;ﬁiVe soil and gpoil samples from Aprii, 1974, versus
values fof the soil énalyseé éorrespondiqg to each sample. There were
no'signifiéaﬁt correiations Between pectinoiyase ac;ivity and‘tﬁé soil .

- analyses for either native soil or spoils.
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Table 22. Pectinolyase activity for air-dried and field moisture

" Péctinolyase Activity?

Sample . I Field Moisture Air-dried
#25 ' -‘ . 0.295° ‘ 0.229
#26 - 0.435 - 0.291

#27 | 0.472 C 0219
#28 h 0.475 B © 0,174
g9 - 0.142 | " 0.108
#30. 0.165 . 0.084
#31 . 0.202 - 0.145
#32 0.130 | £ 0.100
#33 S o0.ars o 0.231
#34 0.159 | ; 0.239
#35 - - oam o 0.186
#36 SR 0.142 - 0.201

~ Correlation coefficient = .487°

pectinolyase activity measured as optical density at 550 nm
Mean values ‘ . '
>57% significance

o'
|

(e}
Il
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Pectinélyase Actiyigy'fdr:fhréétﬁativé and Three Spoil Plots
| Figure 12 gives the regults of the pectinolyase acfivity
: measuremenis'fof the.six,major plots, Native Range Unferﬁilized,
Native Range ‘Fertilized, BN, Gouge; Demo and Topsdil_GradienF; on
samp;es taken du;ing April, August, Octoﬁer aﬁd December 1974.
With thg'exqeption of the BN plot, the pectinolyase activity follows
the same general trend at éach Plot, en&ing with a peak for the
December measureﬁents. |
. Té ex;mine-the question of Wﬁether individual plant species
greatly influence éectinolytic géti&ity; an anaiysis of variance,
summarized in Table 23, was computéd. The resﬁlts show thaf.the
influencé of individual plant spéciés is not signifigant_in all cases.
“An analysis of variance fo determine the influénqe of- both
- time and plant on bectinolyase éctivitytis suﬁmérizéd in Table 24.
The effecfs'of time'ana plaﬁt.together.are'significgnt and thérefore,

they are not additive effects for all plots except Demo.

Seaéohal'Variafign,of'Pectinolyase Activity

The effects éf seasqnal variation on pectinol?ase activity are
shéwn.iﬁ Table 25. These effects show a high level of significance
for gach"plot; excepting only BN, The‘2§%_levél of significance
found for. seasondl variation at BN is not a good level of significance,

" but it may nevertheless be important for a generalized idea of




(0.D. at 550nm)
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Table 23. Analysis of variance due to plant species for pectlnolyase

activity of six..majozr.. plots

Plots df§SP MSE dfﬁSt Msg, F¢ significancef
Native Range . . .
Unfertilized 2 74.559 6 48.842  1.53 ns®
Native Range- . .
" Fertilized o2 6.352 6 73.315 0.09 ns
BN 2 . 14,810 4 54.215 0.27 ns
‘Gouge | -3 17.624 9 12.510. 1.41 ns
6 5.616 1.78 ns

Demo ‘ 2 9.997

Topsoil Gradient L —_

degrees of freedom for the Mean Square of plant species

degrees of freedom for the Mean_S%uare of time and plants

F-value calculated from Mean Squarep/Mean Squaretp, where the null

hypothesis is that the variance due to each plant species is equal

a=

b = Mean Square of plant species

c=

d = Mean Square of time and plants (s%)
e:

f

g = not significant

h = not computed for TG since only one plant sampled.

= null hypothesis rejected if significance level is below 5%
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Table 24. Analysis of variance due to plant and time for pectinolyase

® A0 T

' Plot o dgg MSEP‘ e, Msd F®  significancef

Native Range Co . , '

Unfertilized - 6 48.842 42 1,922 25.42° 0.5%
Nativé Range ' . - T : :

Fertilized 6 - 73.315 42  4.708 '15.57 - 0.5%
BN 4 54,215 30 11.320 4,79 8%
Gouge 9 12,510 . 56  3.436  3.64 2.5%
Demo C 6 5.616 .42  4.823  1.16 ns®
Topsoil Gradient 2 1260.470 12 12.992 97.02 1%

= degrees of freedom for the Mean Square of time and plants

= Mean Square of time and plants ’ T

= degrees of freedom for the Mean ‘Square within

= Mean Square within ’ ‘ :

= F-value calculated from Mean Squaret /Mean Square_ , where the

., null hypothesis is that the effects Bf time and pYants are additive

f = null hypothesis rejected if significance is below 5%
g = not significant ' o '
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Table 25. Seasonal variation of pectinolyase activity for six major

plots
Plot. dfﬁst MSE dfgé Msgz Fe significancef

Native Range

Unfertilized .50 3811.38 - 3 36,556 104.26 - 0.5%
Native Range i ) ‘ )

Fertilized 50 3842.42 3 57.111 67.28 " 0.5% .
BN 36 289.86 2 61.135 674 253
Gouge 68 1349.61 .. 3 22.035 61.25 0.5%
Demo 50  988.50 3 21.886 45.17 0.5%
Top;oil\ Gradient 12 1260.47 2 12.992 97.02 2%

degrees -of freedom for the Mean Square of time

is that the effect of each time is the same

a‘=

b = Mean Square of time

c = degrees of freedom for g2

d = Mean Square of s

e = F-value calculated from Mean Square/s
£ =

2, where the null hypothesis

‘null hypothesis is rejected if significance level is below 5%
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gseasondl effects oﬁ pectinolyase activity.: To examine any possible
interrelgtionships between different season effects, corrglatioﬁ
céefficienté»wére calculated for pectinolyase activity at each plot
for eaéh sampling date against every other'saﬁpling date. Those
data showing significant corrglatiqﬁs are found ih Table 26,A The
correlations appeared to bé.quite inéependent for.éach plot. Iﬁ»
only two,iﬁstanceé Wés.there‘any‘overlap in significant correlation
and_tﬁose were the correlation of Apfil ﬁith Deéember shared by thé
Native Range Unfertilized and Gouge plots and the correlations of
ddtpber with Decenber sﬁéﬁed by thé'Native Range Fertilized.and BN plots.

Effecfs‘of Purifying Pectin on Selective Platihgﬁof.Pectinolytié Bacteria

It was initially found that the commercial péctiq used as the
sole parbohydrate source in a selectiveAmedium for pectinélytic
organisms contained other carbohydrate residues. Therefore, a
procedure for purifying péﬁtin was developed énd a comparison made
of samples plated pﬁ coﬁmercial pectin medium and on medium with
pufified pectin. The,fesﬁlts of this comparison are found in Table 27,
Ihe numbérs of bacferia using purified pectin were significantly lower
“than thé.number of.bactefia enumerated With.qomﬁercial pectin. All
further.isolation and enuméra;ion of pectinolytic bacteria was made

using medium containing purified pectin.
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Table 26. Significant correlations of.seasonal variation for

Plots - . . .Correlated.Sampling Dates i significance

Native Range

Unfertilized ' © April:December .580 5%
Native Range ' o -
Fertilized: o April:August ~. 895 1%
April:October W 745, 1%

October:December -.505 5%

BN October:December - —,486 - 5%
Gouge ' _ April:December .718 1%
Demo ) August:Décembef 471 5%

b

Topsoil Gradient ‘ - S -

a = Correiation coefficient (R)
b = No dates were significant
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Table 27. Comparison of pectinolytic bacteria selective media with

_commercial pectin and purified pectin

Sample _Péctinol&tic:é;ééériaA _ Significance
Commercial Pectin Purified Pectin t-value Level
#78 2,3833 : 29 ' - 13.06 - 99.9%
#79 1,560 . 13 012,70 99ﬂ9%
#83 25 3 14.31 . 99.9%
"A = number. of bacteria x .10% per gram of soil
B =

mean of five relicates
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Effects of Air-drying Soil dﬁ‘PectinOIYtié‘Bacteria Fnumeration

'The effects of air-drying the soil prior to the enumeration of
,ﬁecf;nolytic'bgcferié Weré studied by comparing the resﬁlté from
eﬁum@ration of_field moist and air-dried'Manhattan éilt loam.u These
results; shown in Table 28, demonétrgté that rather than decreasing
'the pumber of bacterié, air-drying usually increased the numbers.
This relé;ionship ié supported by tﬁe negativg correiafion coefficient,

which is significant,at‘greéter than the 57 level.

Relative Proportion of Total Soil Bacterial Population Estimated as
" Pectinolytic Bacteria

To determine thé relative proportion of the total soil bacterial
population which the pectinolytic bacteria constigute, é‘cémpariéon
was made between numbqré of bacteria on Soil Extract Medium for the’
','total'.l soil bacteria and numbers of bacteria on Mineral Pectin Medium
with purified pectin. The results of .this comparison can be seen in
Table 29. The nﬁmbef of pectinolytic bacteria, averaged 8.36% of the

total séil bacterial. population, moétwcompérisons beiné'rated highly

significant.

Interrelationship of Pectinolytic Bacterial Population and Soil Chemical
and Physical Properties

“

To examine the interrelationship between the numbers of pectino-

lytié bacteria and soil chemical and physical properties, correlation
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Table 28. Number of pectinolytic bacteria for air-dried and field
 molsture treatments of soils with Manhattan silt loam
Sample o 'Nﬁgbér'of Peétinolytié Bacteria
' Field Moisture Air-dried
# 102.00P . 109.33
#2" 63.33 236.00
#3 86.00 - 46.33.
4 83.78 ) | 130.56
' Correlation coefficient = ~,678, significance’ 5%-
2 = number of bacteria % 107 per gram of soi},

‘mean of five replicates .
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Table 29. Relative proportion of soil bacteria as pectinolytic
: bacteria. A '
Sample Number of Bécteriéa %Soil Bacteriad t-value significance
. Total b _:Peétinc :
#78  360.00 © 19.00 - 5.28% 14.16 0.1%
#79 470.00 - 33.76 7.18% 2;71 5% -
#81  873.33 .  4.01 - 0.46% 4.27 10%
#83  294.67 3.84 L 3.97 0.5%
#82 145.33 . 27.75 - 19.1% - 7.45 O.SZ
#171 | 60.36 3.36 5.57% 24.48' 0.1%
#173 65.22 4.87H.I . 7.477% 17.06 0.1%
#180  155.57 -7.09 ' 4.56% 8.54 0.1%
#181  390.34  86.59 22.18% 5.77 0.1%
#182  215.90 ; 22.62 : 10.48% 3.96 0.5%
Mean 8.36%
a= numBer of b;cteria x 10% per gram of soil
b = total soil bacteria from Soil Extract Medium
g i Pectinolytei bacteria from Mineral Pectin Medium

percent of total soil bacteria .as pectinolytic bacteria
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coefficients were calculated for these values at ﬁative soil and
at spoil plots fofﬂApril, 1974. There were no significant corre-
lations between thé number of pectinolyfic bacteria and the soil

‘analyses for either native soil or spoils.

Pectinolytic¢ Bacterial ‘Population for Three Native and Three Spoil Plots

Figure 13 gives thé results of the pectinolytic bacteria counts
for the six majo% blots, Native'Range Unfertilized, Native.Range
"~ Fertilized, BN, Demo,'Goug; and Topsoil‘Gradiént,.on samples taken
dﬁring April, Aﬁgust; October and December, 1974. The numbers of
fectinolytic bacteria follow the samé general trends for'all plots
gxce?t.BN. The moét striking feature of this trend is the peak
for Octobef,11974. |

To determine if the numbers of pectinolytic bacteria were
directl& influenced by-individﬁal_plant“species, an-analysis of
variance (Table 30) was computed. Tﬁié shows thgt_individual plant
épecies Were.largely significant in determining the numbers of
pectinolytic bacteria at the BN plot, ﬁuch less significant at the
- Demo plot and‘not significant at all pther'plots.'

The influence of time and pianp together was also examined by
an analysis of variancé (Table 31). The analysis éf variance shows
that-only.fdr Ehe BN plot was the influence of plant and time not

significant. Thus, for all other plbts the effects of plah; and time
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Table 30. Analy51s of ‘variance due to plant spec1es for number of
' pectlnolytic bacteria of six major plots

Plot : a : MSb d lMsd ' e . i f
- dﬁMSp.__ 5p fistp Sh F "51gn1f1cance

Native Range

 Unfertilized . 2 0.252 -6 4,165 0.06 . nsB
Native Range S : - .
' Fertilized _ -2 "118.795 6 98.681 1.20 " 'ns
BN . 2 2.000 4 0.011 177.09 . 0.8%
Gouge ’ 3 207.261 -9 116.376 1.78 ° ns
Demo: - 72 7 23.353 6 1.650 14.15 - 7.8%
‘Topsoil Gra&ieﬁth il - - — - -
a= degrees of freedom for the Mean Square of plant species
b = Mean Square of plant species
¢ = degrees of freedom for the Mean Square of time and plants
d = Mean Square of time and plants (s2) ’
e = F-value calculated from Mean Square_/Mean Square, ., where the null
hypothesis is that the wvariance due to each plant® species is equal
f = null hypothesis rejected if .significance level is below 5%
g = not significant '
h = not computed for TG. since only one plant sampled
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Table 31. Analysis of variance due to.plant and time.for number of
pectlnolytlc bacteria of six major plots

' a s aad e £
Plot dfMStp MSZ, dfftsy MSy F significance

Native Range .

Unfertilized 6 4.165 48 0.720 5.79 2.5%
Native Range . . .
Fertilized 6 - 98.681L 48 1.179 83,69 0.5%
BN . o 4 0.011 36 0.112 0.10. ns8
Gouge 9 116.376 64 10.443 11.14 - 0.5%
Demo . 6 1.650 48 0.137 12.04 0.5%
Topsoil Gradient 2 47.922 12 2,805 17.09 6%
a= degrees of freedom for the Meah Square of time and plants
b = Mean Square of time and plants
c = degrees of freedom for the Mean Square within
d = Mean Square within . .
e = F-value calculated from Mean Squaretp/Mean Squarey, where .the
null hypothesis is that the effects of time and plants are addltlve
f = null hypothesis rejected if significance -is below 5%

g = not significant




.79
are not additive which means that there were interactions between
plant and time.

Sedsonal Variation'df'thé'Number‘of’Pectinolytic,Bacteria'

The effects of seasonal variation on the pectinolytic'bacteria
population are shown in TaBle_BZ.‘ The seasonal variation appears

to have significant effects on the pectinolytic bacterial population

1' at all plots with the exceﬁtion of BN. To determine if there were

any interrelationships between the effectd”of one sampling period
versus every other sampling period; correlation coefficients were
calculated. for the pectinolytic bacterial population at each plot.

Those data which were significant are shown in Table 33. There were

‘no significant corrélations for the Native Range Unfertilized .plot.

The Odtoberipecgmﬁer correlation %as ;ﬁe only cor;elation significant
for bofﬁ of the two ﬁétive sqil plots, Native Range Fertilized and-

BN, and the twd spoil‘plots; Gouge and Démo. In comparihg plots,
Native»Raﬁge Fertilized and Demo shared tﬂe égﬁe correlations, although
Deﬁo.ha& ;hree additiénal correlations, and BN shared correlations

with Gouge, éltﬁough Gbﬁge had one additional significant correlation. .

There appear to be some complex interrelationships as exhibited by

- the éignificanthorrelations of the BN plof where April correlated With ‘

both Oétoher'and December, which in turn correlated with each other.
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Table 32. Seasonal variation of the number of pectlnolytlc bacteria
. for six major plots.

P AN T

is that the effect of each time is. the same

th
|

g = not significant

Plot . defe © msB dfgy  wmsdy F® ' significancef

Native.Range - " :

Unfertilized . 56 29.629 3 1.073 27.621 I /4
Native Range S

Fertilized . 56 366.197 3 - 15.827 23.14 2%
BN - . 42 0.090 2 0.192  0.47 ns®
‘Gouge 76 849.30L 3 30.756 27.61 1%
Demo - 56 8.696: 3 1.128  7.71 C 7%
Topsoil Gradient 12 47.900 2" 2.804 17.08 6%

= degrees of freedom for the Mean Square of time

= Mean Square of "time

= degrees of freedom for s2

= Mean Square of s2-

= F-value calculated from Mean Squaret/sz, where

the null hypothesis

= null hypothesis is rejected if significance level is below 5%
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Table 33. Significant~correlations of seasonal variation for
numbers of pectinolytic bacteria of six major plots

Plot Correlated Saﬁpling Dates R2 significance

Native Range Unfertilized None

Native Range Fertilized . April:August 2553 5%
' August :October - -.512 - 5% .
October:December 916 - - 17
BN . . April:October < 549 5%
April:December . .668 1%
October:December 545 5%
Gouge- - April:October 591 1%
' April:December .602 : 1%
Augugt:December’ .603 1%
October:December .677 1%
Demo’ April:August . 884 17
L ' April:October .873 ' 1%
April:December .830 1%
August:October - .959 17
August:December o L9111 1%
October:Decémber .951 1%
Topsoil Gradient None

a = Correlation coefficient, R
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Interrelatidnship'df'Miérobiologiéal'Parameters

Coppelation coefficients were calculated between each microbio-
lpgical parametef and fhe,other thfee microbiological parameters for
the.three,nétiﬁe.soil p;ots, the th?ee.spoil plqt; and for all six
:plotg cpmbined; Theée.cprrelations_are tabulétéq asv; complete mafrix
in Table 34."The onl& significant correlation was between pectinolyase
aqtiyity'an@_the number of pectinolytic Bacterié.- The relafionship

-that'exists between these two is also shown by Figure 14 in a linear -

regréssion plbty

Overall An#iysis of Variance for the Microbiological.Paramete?s

The Chi-square was éalculated to compare variahces'for eéch
microbiclogical parameter on nétive soil ploﬁs; spoils plots and all
si# plots combined. - The results, shown in Table 35, demonstrate
that although for each'ﬁicrobiological parameter the intraplot
variances differed frdm plof to plot, there were differences which
were not significant between spoils and native soii. The nétive soil
on the whole had smaller.differences in intraplot variances from
plot to. plot for both respiratorf_activity and phosphatase activity
than did.quils. . ﬂ

Table 36 gives the pooled variances of native soil and spoils. The
ratio of these pooled variances is significant only for the numbér of

pectinolytic bacteria and this is due to an extremely high variance for




Table 34.
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Correlations of four microbiological parameters as measured

at three native soil and three spoils plots during April,
August October .and..December,. 1974 .

Native Soil Res?: Phosb Pecc PecPLd
Res - .307 _.267 .393
Phos .307 - .116 ~.318
Pec -.267 . .116 —_— -.611%
PecPL .393 . -.318 ~.611 —

Spoils Res -~ 'Phos Pec PecPL
Res — 458 ~ . 446 171
Phos .458 —_— L144 -.296
Pec - 446 .114 “— -.575%
PecPlL’ 171 ~.296 ~.575€ _—

6 Plots Cbmbined _ Res Phos Pec " PecPL
‘Res _— ..118 -.318 .274
Phos . .118 - .036 -.325
Pec -.318  .036 - -.523°
PecPL -.523¢ -

274 -.325

DN oe
nmoau

Respiratory activ1ty in ulOz/g/hour

phosphatase activity in umoles phenol per gram of 5011
pectinolyase activity in optical density at 550 n
number of pectinolytic bacteria in bacterla x10
significant at 5% -

per gram of soil
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Table 35. Chi-square for the four miérobiélogical parameters

| Test X T P d? X'N -P df . .X‘S P df
Respiration  66.3 0.005 5 9.1 0.010 2 29.7  0.005 2
Phosphatase  20.1 0.005 5. . 6.6 0.025 2 ° 8.6 . 0.010 2
Pectinolyase 33.2 0.005 5 27,1 0.005 2 11.0  0.005 2
Pectinolytic | | |
Plate Count 308.7 0.005 5 43.1 0,005 2  146.3  0.005 2
X2T = Chi-square total

b
N
=2
i

= Chi-square of native soil plots -

>
SN
v
I

= Chi-square of spoil plots




Table 36. Pooled variances of microbiological parameters

86-

Test Pooled Variances Ratio®
Native Spoils
Respiration 1.226 0.978 1.2548
Phosphatase . 1,088 0.893 1.2182
Pectinolyase 5.420 5.008 1.0822
Pectinolytic b
Plate Count 0.720 0.125

5,714

a
b
c

not significant at 107 level: -
significant at the 0.17 level
test for equality of pooled variances; test is especially poor
when variances within are unequal '
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the spoils Gouge plot. The lack of significance can be interpreted
as meaning that both native soil and spoils are approximately the

samé .regarding homogeneity.

Isolation and Identification of Soil Organisms

Several colonies commonly occurring on the Mineral Pectin Medium
were isolated and biochemical tests were performed for identification.
By this means, several organisms were identified as Bacillus spp.

~ An additional organism showed pleomorphic morphology and was not

identified with certainty. This organisms, a suspected Arthrobacter,

was used for the DNA Tm determination.

Isolation of DNA, and Detefmination of Tm to I&entify a Soil Organism
DNA Waélisbiated from the unidentified soil organism; the final

_coﬁégntration of DNA was determined to be 280 ug/ml and the thérmal

melting point Waé detérmined twice for a solution of the DNA containiﬁg

.56 ug/ml. fhe Tm was determiﬁed as 86,60 and from this the percent

G:C equals 81.78. The normal probébility plot of the Tm is shown in

Figure 15.




88
99.99

1
®

92.2°C=100%

9.99
99.8

1

991
98t

95

90

70
60
50
40}
30

0.5

0.2+
0.l
0.05

T

0.0l 1 1 1 1
70 75 80 85 90

TEMP °C

FIGURE 15. NORMAL PROBABILITY PLOT OF T, FOR ARTHROBACTER
(T, = 87.2°C)




Chapter 4
DISCUSSION

.Many:atfempts fo improve coal strip mine réclaﬁatidn have been
@ade; but thé majority of.these attemﬁts have been focused on re-
vegetatibh triéls (Strﬁthers and.Vimmerstadt, 1965a, l965b; Roger,
1951;-Jacob§, 1969; apd Everett and Henyy, 1974). While the impor-
tance of soil formation as a fundamental objective ;f strip mine
reciamatioﬁ has often been recognize&,~this objective has been over~
looked to a large ektgﬁt. As rgseafch éontinqes on strip mipe
reclamatiop, however, revegetation ané other typeé Qf‘fiéld trials
will no longer prove to be the best means of approaéhing the problems'
since it is_neceésary to recognize that better success in revegetation
&epends on improving the grbwing conditioné_direcfly.

A feasible approaéh to studying the actual soil-forming processeé
.dirécfly is through the gtudy_of the micfoorganisﬁs in the soil;l
Microorganisms play numerous roles iﬁ soil genesis and their importance
- for plant nutrition'is acéeptéd. Soil ferpiiity iélin greaﬁ measure
contro-led by fhe diverse biochémical éctivitigs of the miérofiora,
which are coliectively-called biologicéllactivity.

., From the time’ of Kocﬁ and~Pasteur; microorganiéms have been studied.
by incubation 6ﬁ nutrlent media. 6riginally, the aétivity of soil

microorganisms was determined thfough ¢lassical techniques by counting
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bacteria, actinomycetes and fungi; Winogradsky and Beijerinck, in
the‘late ninteentlhi century, devised the methods using ;elective
media baséd upon physiblogical or nutritional reguirements and this
concgpt has.since‘been enlarged upon by mény. Lochhead and his
choileagues (Lochhead éna Chase, 1943) succeeded in grouping soil
microorgénismé into sévgn nutritional categories. The greétest
problems involved in these methods, ‘as illustrated by the findings
of Starkey'(l958) aﬁd others, are that less than 10% of the bacterial
" population of the soil was recovered with plating procédures.
In recent years, So#igt ana European scienfists‘have attached

great imporfance'to the évaluation 6f the biological state of the
éoil With biochemical and ph&éiologicél methods (Kup;evich, 1951;
'MéghtakOV, Kulakovskafé_and Gol'dina, 1954). These‘metﬁbds aim not:
only to detect particular physioiogically or métébolically functional
groups of micrpdrganisms, but to also determine the approximate numbers
of bacteria in each group. This activity depends on the number of
bac;eria within a given group, in ‘addition to the 1éye1 of their
ﬁetabolism and growth %ate. |

| Respiration is one of the earliest aﬁd still most. frequently used
indices of miérobiél activity in soil (Fred and Waksman, 1928).
_-Recently, the recognition of enzymes in soil and development of methods
for their measuremen£ have led to_their usé fo; studying biological

activity in soil (Hofmann, 1962). The fesﬁiratory intensity of soil
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Qe

makes it possible to characterize the general biological activity'of
soil, hut;the_study of.the enzymatic activity of soil makes it possible
to devise methods to.stimulate the transformation of individual organic
compounds 1mportant Tor plant nutrition and enzynatic activity reflects
the dynamics.of readily ass1milable substances in soil (Galstyan and
Ashkhbabyan, 1960). Some authors (Katsnel son and Yershov, 1958;
. Mashtakov, et. al., 1954) have found a direct relationship between
the activity of enzymes, the numbers of mictoorganisms and the amount
of oxygen uptake (or respiration) and consider that these indices can
give a picture of soil fertility.; However, many others discount this
direct correlation and'the direct correlatlon occurs so 1nfrequently
that it seems tolbe the exception rather than the rule. However, with
combinations of these,various techniques an overall eyaluation ofzsoil i
hiological,activities can be obtained.

As research continued on the biological'activity of the soil, it
was recognized that'the microbial populations and their activities
were a reflection of the 1nterplay of the many physical, chemical and
blological factors in a spec1f1c environment. Attempts were made to
determine the intluence that various factors, such as seasonal variation,
tempefature, pH, oxygen, soil minetals, so0il structure and clay content,
had on hiological activity.- In 1966, Mishustin recognized. that the
dynamic state.of the soil microflora.was determined by several factors.

influencing the condition of microorganisms;, including soil humidity,
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soil.temperature, penetration of organic compounds into soil and others.
Mishusfin élsb found that the variation of the micfobial population
in fhe soil did'nbﬁjobliterate'the specificiﬁeatures that éharacterized
the.cﬁmbosition of'thé soil popﬁlation in the individual soil types.
(Mishustin, 1966). |

| It was shown in:several investigations (Krasilnikov and Nikitina,
1945) that différent.microbia}_populations are responsible for iﬁdivi—
dual'stageé iﬂ-the decompositien of organic substances, and almost
any kind of disturbance promotes microbial activitf (Dobbs and Hinson,
1960). Theréfore; ;he sharp changes in the course of the soil processes
brought aﬁout'fy strip ﬁiﬁing should open the way for entirel& different
gtages of associations .of soil micrqorganisms. It has been previously
obse;ved.tﬁat an area disturbed by strip mining seldom reachés the
same ecblogical equilibrium that éxisted prior to thé disturbance -
_ &NaﬁionallAcadémy of Science, 1974). This possibility of different |
microbiél ecosystems existing in close proximity and even within the
same soilAseries has £een previously suggested (Ekert, 1956). There
is 1imited information doncerning the succession of-soil ﬁiﬁroorganisms '
acbompanying'p;aﬁﬁ communities, but on.developiﬁg soils clése associa-
tions héve been found Eetween the development of soil microflora
‘ and tﬁe,progress of_vegetational succession (Stout, 1961; Ross, 1965;
”Clark;anleaulg 1970;. Remacle and Déleval, 1975). In addition to

these observétions, enzyme activity has been observed to change as
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soils were developing (Galstyan, Sarkisyan and Bakhalbashyan, 1962)..

‘While very few studies of strip mine reclamation have included'cpnsider—

étions of sqil micrdorgaﬁisms, and these have been mainly patterned
after the cl#ss%eal techniqugs,of enumeration and.iéoiation of micro-
organisms pre§emt"(Grég§t:;nd Laﬁg? i958; Wilson, et. alf, 19653
Richardson and Dicker,‘1975); it méy prove to be‘a véluable means éf
assessing the bioldgical'facto£s and interactions involved in establish-
ment and ﬁaiqtenaﬁce 6f the climax neceséar§ fpr succeésful.reclamation.
In_deéerminations of-thé biological activity of soil, the excééa-
ingly heterogeneéué.nature-éf:soil must be recognized. Man&_have noted
that the hetefogeﬁeous character remained even foilowing sieving And
blending of tﬁe 5011 taken froﬁ a discrete soil horizon (Stotzky, i965;
Pochon and Tardieﬁx, 1968; Pérkinson, Gray and-Williémé, 1971). The
results of the microbiblogical paraﬁeters on air—dried, sieﬁed'éﬁa
blended soils.in sampling experiments performed éf the Demo plot (Table.
3) confirmgd thi; persiétent hetefogeneity of the soil. It may be
that the vgriations shown in Table 3 simply représent the héterogeneity

of soils studied. Sampling ffom tﬁg same plant species throughout

the same plot. failed to decrease the standard deviation of these micro-

biological parameters (Table 4). Therefore, the variance found for
one plant species at different plots (Table 5) would be‘expectéd to be
greater than that for a given planf at one plot. The differences of

results obtained at different sampling times for a particular plant species
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at a specified plot (Table 6) would haﬁe been due to the heterogeneous
nature of ;ﬁg soil'itself, and to the diffeient stages in the plant
grbwth cycle exhibited° Atgempts to decréasg the sampling\variabilify‘
had no éignificant effect, és shbwn from the analysis of variance for
tﬁe-two sampling techniqueé used (Table 7),' staked and quartered varia-
tions: The F-test for variénces was not significant in any case and
the varianée-for each of the t&o-treatments was not significantly
different from that for'the4bther sampling treatment. fhe accuracy
of the miqrobiologicalAparameters in representing ihe soil processes
depended on' the Variabiiity within the soil unit (Parkinson, et. ai,, 1971).

Thds{ these determinations of the variability within the soil unit

‘were considered necessary and duite useful for all further study.

In éddiiion to the déterminationélof the general variability through;
out a ploﬁ, the va?igtion with. depth was determined. The statistical
analysis forxr ihe microbiélogical parameters, as measured at two depths,
(Téble 8) showed no siéﬁificant differencéé. Tﬁg variability in
samples tgken from arbitrary‘locations ;f one plot were not present

in this analysis of samples taken from two different depths in the same

‘plot. IThié implied that the Variability within the soil unit was not

due to variability of depth, within the top 12 inches of soil.
The biological activity of soil has been found to be closely inter-
related with the complex physiochemical properties of the soil (Coliins-

George, 1962; Russell, 1961; Stanford, Kelly and Pierce, 1942; Chapman,




95
'1965; Stotzky, 1968); Although some chemical properties of soils
.have been found to be fairly_constant over the course of a year,
as determined at monthly intervals, various other chéﬁical propertiés
of soil, including potassium and pﬁosphorus, varied sigﬁificantl&
(Weaver, 1975 - personal communication). ‘However, very little work
has’béen‘doné to. determine the possiblg correlations between variations
in éoii propeftiés and variations. in the activity of soil microorganisms
(Hagedorn and Holt, 1975). The'Qériations.in the physiochemical proper-
ties of strip mine spoils, although expected to be quite large, have
themselves been infrequently studied (Sandoval, et. al., 1973). In
terms of vegetation alone, these prbperties of spéils assumeig signifi-
cant role which becomes éﬁén_more important in determiﬁing-micfobial
activity. | |
During-éoiliformation, a homogenizing effect transpires.. Soils
in the same'climatié—yggetationai zones but formed,from mineralogiéally
different parén£ matérial (different C horizon) are more similar than
the pafent,rock. So spoils should be more heterogeneous than native
range in the Colstrip area., This-hetérogeneity should decrease with
time due té éhe effects of weathering, plant gfowth and microbial
activity.
To determine any obvious effects of the soil physiochemical.pfé—

perties in the.study areé in this iﬁitial study, soil chemical and

_physical analyses were conducted on samﬁles taken during April 1974(Appendix).
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There was a difference in the mean of these propertieé for spoils as
compared to native soil.in all but the soil property of conductivity.
In addition to these differencés between native soil and spoils, the
spoils tended to have a greater range of most properties. -In general,
the méan gpoils- values were lower than thevnative'soil valqes for all
but phosﬁhorus, pH, sodium and percent saﬁd.

| The. mean spoils pH of 8.6 as domﬁared to the mean pﬂ.of native soil
of 8.22 has been foﬁndﬂto often indiqate problems.in'Great Plains.
soii, e.g. undesirable'soluﬁlé carbonate content; low soluBiliFy of
calcium salts, nutritional imbalance and others (Sandoval, et. al, 1973).
fhe mean coﬁcentratioﬁ éf avaiiabie_phosphorus.in spoils was approxi-
mately two times as ﬁighlas that'in native:;oilg . possibly this was due'
.to the increased availabilit§~of.minerai or sorbed phosphates in sandy
soil (SWéEy'aﬁd Sperﬁer, 1958) or the decreased percentage of cléy in
spoils which would decrease adsorption sites for.phosphorus.“ The
potassium. (ppm) in spoils was twice as high as that found in native soils;‘
one possible explanation for this was the:finding thafibiological activity
increasea potassium availabilify:(Chapman; 1965).. The. nitrate concénj
tratibn in nafive éoil was almost four times as great as éhat in spoils,
and thé'respeéfive valuésvwere 5.714 ppm and 1.37 ppm; this diffgrgnce
was poséibly due to the differenée in‘iength of time during which nitrogen
fertilizer was applied éﬁd the greater time periéd‘of organic matter

decomposition, -since organic matter is a primary source of nitrogen in
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soil. The nitrate éoﬁcentration in spoils was below the value of 3 ppm
which is considered to be the concentration below which only nitrogen-
fi#ing plants grow well (Sandoval, et. al., 1973). The mean conductiv;'
ity for both spoils and native seil was the same at 0.6 millimhos and
a conductivity of less ‘than 2 millimhos signifies that salinity has -
little effeqt‘in these soils (Sandoval, et. al;, 1973). The organic
matter of spoils was lowér than that 6f native soil and this was expect-
ed sincé spoils &ere.ﬁereiy neﬁly established soils. The miiliequiv—
alents of_calcium in native soil and spoil were quite similar values,
which could possibly be attributed to similar calcium composition of
topsoils (native) and overburden (Spoils) soils. On the whole, spoils
contained less magnesiuﬁ'than native soils, whi;h might be attribﬁted
t§ the original mineral compositibn of parent material., The sodium
concentration of spoils Was'higher,thaﬁ that for native soil, poséibly
due ﬁo imperfect drainage conditions and high surface evapofation rates.
There Qas-a large difference between the available water-holding.
capacity percent at 0.3 atmospheres'of spoils in comparison with native
soils, with the spoils having the lower valﬁe. Evidence has been
présénted %hich shéwed that the available &ater—holding capacity was
directly relétgd to the textural éomposition of the soil, aﬁd higﬁ clay
and silt percentages have a higher water-holding capacity in comparisoﬁ'
to soilé cpnsiéting pfiﬁarily of sand (Bﬁckman and Brady, 1969). These

results followed these findings since époils_consisted primarily of sand
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and had a much lower water-holding capacity. In a cqméariéon of soil
textures, spoilé_genérally héd a much.high percentage of.sand and were
classified on the basis of this goﬁposition (Buckman and Brady, 1969)
as sandy loams. Native soilg, on thé other hand, ﬁere.compoéed prima?—”
ily of clay and silt which led te the classification‘of native soils
as clay loam and loam (Buckman and Brady, 1969). The.mean 5ulk density
of spoils was- slightly higherithén'that.of ﬁative soils. This property
is alsé related to the texturallcomposition_of soils since less dense
soils are ioose,,poroﬁs and'compesed of small partiéles whereas soils
with higher degsity ha?e less pore space, are more compact and are
composed of 1arger particles (Buckmén and Brady, 1969) .

Aécording to Souﬁhard (1975),'the s&ils in the Colstrip aréa'aré
.of the Béinvil;e—Flashef—Badlands ééil series and have a dominant
surface texture of éilthloam, which also dominates the subsﬁil, The
underlying material consists of soft siltstone and séndstone and this
soil type is subjeét to wind and water erosion and is used almést
exciﬁsively for grazing. In the 1938 Great Soil Group‘classification
these soils were élassed as Lithosois. More recently, in the 1968
sbil classification, the§ were classed as Torriorthent.v However,
duying 1974land again in 1975, the soils at Colstrip aﬁpear to have
been moist- for a longer period than that described for Torriorthents,
which was three_cdnsecutive months,

Of-the significant correlations within soil apnalyses (Table 9)
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for native soils, several correlations between certain soil properties

are easily explained. The positive correlations for native soil

"between potassium and conductivity and ‘also sodium and ‘conductivity

(both éignificant at the 5% level) are to be expected since both
ébdium and potassiuﬁ'are-the.two mdét motile cations and are not
substantially fixed in the soil so tﬁey have ‘the largest influence
on conductivity. Bbth nitrate. and phoSphorqs positively correlated
with ferﬁilization-and apoveAground froduction and fhis indicated

that the fertilized plots still had.nitrate and phosphorus available

for plant growth. In addition to these correlations for native soils,

the correlation between magnesium and clay also represents a pheno-

"menon which was expected. The predominant type of clay at Colstrip

has been determined to be,mgntmorillonife and it is know that mag-
nesium‘océupies some of the sites within the lattice of this clay.
Tﬁerefore, magneéium,wquld be expgcted_fo vary in proportioﬁ with
thg amount of cléy.

Tﬁe significant correlations within soil analyses for spoils
are much 1es3'cémplex than those for ﬁative gcils. Thé'corrélation
between percent_sand and mean bulk density is an obvious one since the
greétgr tﬁe percent sand'present,-thé higher fhe mean_bulk depsity will
be. Qrgaﬁic matter,correlates-with water—holding cépacity since orggnic
matter is a majo;'factor in the water-holding capacity of a soil.

The remaining significant correlations are not so easily explained and
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may ‘be due to a number of things including interactions with cther

physical and chemical properties not measured in this snalysis.

Although significant correlations were obtained within the

scil analyses, thetre is no basis for the assumption that cause and

‘effect relationships exist. t is. possible that the increase in one

soil physiochemical property is the direct result of an increase in'
some other soil property, but there is no hasis for making such an
assumption. Further studies would be #ecessary to determine a proper

interpretation of these correlations, but the fact that significant

correlations were observed is interesting in itself.-

" One of.the earliest indices of soil'mibrobial activity ﬁas the
respiratiéﬁ of microorganisme in g&il and it is still ome of'the most
frequently used (Stotéky, 1965).. Originally, Boussingault and Leww
(1853), Moller (1879) and Wollﬁy (1831) use&’the production of COé as
an #® situ measurément of the microbial activity of soils. Probably
ihe first t;‘use this‘measurement-in the 1a£orétory were Deherain and
Demoussey (1896). Meégureménts of respirétion have been extensively
used by Russell (1965), Nelle; k192é), Waksma and Starkey (1924) and
subsequently many others in soil microbiological studies. The measure-
ment of respiration by means of Qz uptake has‘been found to have wider.
applications since CO; was found to have evélved from anaerobic as Wéll.
as aerobic énVifonments and some €Oy evolved from scil may have non-

biological origins (McLaren and Skujins, 1971).. The quantities of 09
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consumed have been fognd to depend on the tvpe of substrate, thg-
environmental coﬁditions and the micﬁoorganisms involved (Stotzky, 1965).
Measurements of feépiratiog have been found to be well correlated with
other parameters of microbial activity such as’ organic matter content,
nitrogen or fhosphorqs‘trénéformations,'metabolic interﬁediates? pH,
average microbial numbers énd changés in soil ﬁeight (Hausenbuller, 1950;
Stotzky and Ndrﬁan, 1961;‘Stotzky, 1965; Ross, 1965).

AIn the past, a 6Q~70% of water-holding capacity has been assumed
tc be optimum for aerobic microorganisms. Therefore, the measu;emént-
of_02 uptgke in vitro has usually-been determined with soil which wés
.Brought to.60% éf Waterwhbiding capacify (Stotzky, 1965; Ross and Robefts,_
1970). However, since.the 0o uptake of.soiliwas found tc be dependent
an tﬁe degree of Wétér,saturation (Buckman and Brady,-1969), the possi-
bility that oétimgm 0o uptake in vitro occurred.at a water—holdigg
capacity different than 60% was invéstigéted'in this study. A pre-
liminary study.by Ross and Boyd (1970)Ifound that optimum 02 uptake -
in vitro did not necessarily occur at 607% of Qater—holding ;apacity.
Among various percentages of watgr;hpldiﬁg capacity.which were inves-
tigated in this research, optimal 0o uptake was found to occur at 100%
of the water-holding capacity (Table 10}. Consequently, all fespiratory
measurement; were made with the soil -at 1007 of water-holding capacity. .

Using'thevGiisoﬁ respirometer in determining Ozluptake, it was

hecessary to run 5 replicates of each soil sample to ensure a statistically
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acceptable &alue. An attempt was made to determine‘thé possibility
of reducing the variation between replicates by increasing the
quantity of soil used for respitratory measurements. The results
from this experiment . (Table ll)lshowed that by increasipg the éuantity
of soil used in the determinatién of.respiration, the standard |
deviation between replicates was increaséd and the respiration réte,
per gram of soil was decreased. This was in contrast to fiﬁdings of
Stotzky (1960),' A possible explanation is that the specially constructed
larger vesseis provided subqptimum‘conditidns. In particular there |
was a pdssibility tha; the. decreased 09 uptéke rate in larger vessels
resultéd‘from.é 1ess.efficient gas exchange and a poofer 02-soil particle
contact per soil volume. with increased éuantities of soil. Based
on thesg findings; gqbsequent'mgasurements were made with standard
vessels and smaller quanéities (5 grams) of soil.
| The iﬁterrelationship of respirdtory activity and tﬁe‘physical
andlchemical pfopérties of soils has.not been investigated in great
detail. In'the past, measu?émenfs of respiration have been found to
be éorrelated With.organic'matter content, pH, cation exchange capacity.
and surface area of clays (Hausenbuillér, 1950; Stotzky, 1960; Stotzky:
-énd Norman, l961).i However, the respiratory activity in-the present
Iiﬁvéstigation was fouﬁd to havé no highly significant interrelation-
ships Qith tﬁé phyéiochemical properties of tﬁe soil. The only correla;

" tion found betwéen respiration and soil properties was that obtainéed
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with water-holding capacity din nati&e soil. This dinterrelationship
could be attributed to soil pore space, texture and density since soil
With higher Watef_hoiding capacity in all likelihood is more péfous
Whiqh Wouldifesult-in‘higher respiratory aétivity. Usually this inter-
reiationship'is alsé related to orgéﬁic matter conteﬁt,-but no such
iﬁterfela;ionship_was observed in this casé. The lé;k‘of significant:
correlations betweén fespiration éﬁd physiochemical propérties of the
soils investigated ﬁay be due to the heterogepeous nature of the soils
involved or to interrelationships which are not readily apparent at
this time. There egists the possibility that if the soil properties
were to be examinéd in conjunction with réspiratioﬁ at various.differeﬁt'
times, interrelationshipé would become apparent.

There was no overéil pattern“in respiration for the six major plots
(Figure lO). However, the respifatéry activit& for each Plot changed .
ﬁith time and there_appeared to bg a péak in October for the respiratory
activity of spoilé, Thg analysis of variance due to the combination
of plants and times (fable 12) shows that the effects of times and plants
are not additive for all plots, while the-analysis of variance due tou
plant species aloqe (Table 13) shows that the variance due to ome plant
species 1s essentially the same as that due to auy other plant specioes.
The variation in respiratory activity exhibited by these 6 plots thus
seems to be a function of time rather.than plant species. The analysis

of variance for seasonal variation (Table 14) confirms the effect of time
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in determining variaﬁion which was significant for all but two plots, -
théseﬂof Native Range fertilized and BN. Both of the plots for
which time effects Wefe not sigﬁifidant were ﬁétive soils. These
results lead t; the speculationg that in these Fwo'cases the influénée-
of fime,was insigﬁificant for thé réason that native soils exist in
é relatively‘stable state in.cémpéfison ﬁo spbils. The vavriation exhib;
ited by these two nétivé soils (seen in figuré 10) may be due to some
other factor such as physiochemical properties since it- cannot be
attributed‘to.éither plant species or 'to times. The correlafions of

the respirafory activity at different times (Table 15) do'not reveal

a pattern among plots. Such a pattern for sampling times at different

.plots would be expected if the seasonal effects were the same for each

piot. This lack of'paﬁterﬂ"suggestéhthat facfofs other that time are
also important in defermining réspira?ory activity and that the plots
are generaliy different'in regard tq'fespiragion.

Thése findings of seasonal variations have ﬁarious implications
for eqolpgicai studies utilizing respiratory activity measurements.
Of?en, the measuremént of respiratory activity jis made only one during
ecological studies based on the assumption that soil respiratory
activity is_relatively constant with fiﬁew' One example of this is .a
study to determiné-the effects on soil réspiration of weather modifica-
tioﬁ (Weaver and.Klarich, 1973). The assumption of stable soil respira-~

tory activity with time is invalidated by the results of the present study.
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The total living constituency of any single soil, although
closely éssociated with the origin of the living soil, has never
been s&ccessfully_isolate& and identified. Very little is known
even now abéut the mgke¥up of the species of soil inhabitants.
Therefore, the most useful aﬁprpaéﬁ to a study of soil microargénisms
is.throﬁgh'the transﬁormation‘af‘subSttates taking place in the soil,
mediated b& enzymes of microbial'origin, At present, the number of
enzymes-whose.actiVity has been deteéted in soil approaches 50
(MéLaren'and Skujins, 1971). Howeyef, not more tham 10 of these have
been .studied iq detail.

Most phésphorus in soil exists as organic phosphate. The assimi—
lation of @hosphates from organic cémpounds bf plantg and microorganisms
is pfece@éd by their hydrolysié catalyzed by extraceliular phosphatase;
(McLaren and.Skujinsb 1971). Therefdre, the Phosphataée activity.in
soil has Been_increaéingly linked Wi£h the activity qf'microorganisﬁs
living in the soil. Fifteen to twenfy sepﬁrate enzymes have been
characterized as phosPhatases,and-are‘involved‘in.the metabolism of
carbohydrates, ﬁucleotides and phospholipids. These include phytases,
gl&cerophosphatase, fructosediphosphataée, lecithinase and nucleases

among others. The phytase (myoinositol polyphosphatase) activity of

Aspergillus niger was known for a lbﬁg time (Dox.and Golden, 1911);
Rotini (1931( was one of the first investigators to describe soil phos-

phatases and MacFadyen(1934) found phosphatases in a number of soil
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microorganisms. The inovrganic phosphate released from substrates
was assayed and correlatéd with enzymatic activity by Roger (1942)
and he suggested that phosphatases were excretéd from plant roots.
Other examined the relatlonshlp between phosphatase activity and the
clay content of soil (Mortland and Gleseklng, 1952) A varlety of
substra;es Was_uséd in assaying for soil phosphatasg activity inciuding
phenylbhqsphafé (Kroll and Kramer, 1955), phenolphthalein phosphate
(Krasilnikov and Kotelev, 1957) and glycerolphosphate (Skujins, Braal -
and Mctaren, 1962). The qut éomméniy used substrate was phenyl
phosphate because its ﬁse involved a simple pfocedﬁre and phenyl phosphate
was nét absorbed by soil conétituénts, This substrate was used by
Kramér énd Yerdedi (1959):in:fheiristudies of the'correlation between
phosphatasé gétiviﬁy and.soilvfertility.

The literature on phpsphaﬁaée aetivitj in soil is numerous, but
contradictofy in observations and interpretations. Various subjecfs
such as the pH of maximal phosphaéase aétivity (Keilling, et. all, 1960;
qubnikoQa, 1961;), inhibition by inorganic phophorus (Kuo and Blumenthal,
1961), absorption’ of the enzyme by clay minefals (Xroll and Kramer, 1967
Ross, 1965), influence of phy81ochem1cal propertJes of soil (Halstead,
1964; Paw and Hughes, 1974), adverse effect of air-drying soil (Jansson,
.1967, Ross, l965),'q§rrelationé wifh microorganisms and otﬁefs have
bgen studied.

Contradictions resulted from the majority of these investigadtions.
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However, Krasilnikov and Kotelev (1957) have demonstrated that:
phosphatase is produced by a large number of soil bacteria and
other investigators have shown that it accumulates as a result of
mictobial activity (Gelle? and Dobrotvorskaya,_l§61; Jacquet, Villette
and Richou, 1956). In general, it can be coﬁéluded that there
exists in soil a wide range of mlcroorganlsms capable of dephosphor~
ylating all known organic phosphates (McLaren and Peterson, 1967), and
the. enzymatic activity in soil appears. to be correlated with the concur-
rent or immediately paét activity,of intact cells (Kuprevich and Shkcher-
bakova, 1971). |

The preservation of the initial biological activitynﬁresent‘in a

s0il sample at the time of sampling is still an unsolved problem because

it is iwpossible to store a soil sample fcr more than a few hours

Witﬁout chaﬁgeé occurring within the microbial population (Jémeé and
Sutherland, 1939; Groésbard and Hall, 1954). Hoﬁever, according to

G. Hoffman (1959),‘the enéyﬁe activity of‘a soil did not change during‘
the course of a yeaf following proper air-drying and storage. 'éontrast—
ing results have been reported by many (Jansson, 1967), but Rosee (1965)
concluded from‘stﬁdies of invertase activity that the‘storage of soil

samples. at 4C does not cause.substéntial changes in enzyme activity and

Hofmann (1962) suggested that air—dryihg'stabilized the enzymes activity.

The effects of alr—drying the 5011 on. phosphataae dct1v1ty in

this study were determined (Table 16) The change 1n_phosphatase

_ actlvity mediated.by-alr—drylng was not sigﬁificant,' Therefore, this-
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procedure was adopted to facilitate the handling of a larger number
of-samples.

The effects on phosphatase activity of various physiochemical

properties of the soil have been discussed by many authors (Drobnikdva,

1961;Kroll ;nd Kramer, 1955; Risé, 1958; Janossy,;1963)‘ In this
presenf étud&, although soil analyses were performed at onl§ one
sampling period, an attempt te e%amine the interrelatiéﬁéhip of
phqsphatése éctivity with’individual soiilproﬁertiés was made. The

phosphataée activity of native soil (ﬂuring April 1974) significantly

_correlates with several soil properties (Table 17). Potassium, calcium,
‘and sodium all negatively correlate with phosphatase activity at the

5% level of significance and percent silt also correlates mnegatively,

but at the 1% lgvel of significahce;iIHowever;.both magnesium and percent
clay correlate positively with.phosphatase activity at the 1% lével‘.

of significéncé° This pattern of correlaﬂion suggests that phosphatase
énzymes are adsorbed by clays. -This suggestion is strengthened by re-
examining.the correlations ﬁithiq soil propérties (Table 9). Potassium,
sodium,.calcium and percent silt all appear to be interrelaked in that

they share posltive correlations with each other and also share negative

‘correlations with magnesium and percent clay. Together, these correla-

tions suggest that the phosphatase enzyme competes with potassium,

sodium and calcium for adsorption sites on the clay and since the type

of clay is largely montmorillonite, magnesium oécupies sites within

the clay lattice and this. contributes to the high cation-exchange capa-
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.city of the clay. However, it must be remembered

along with their possible implications, only hold

April 1974 sampling time since soil analyses were

ény other time. Therefore, this apparent pattern
by seasonal changes and, in fact, may only appear

periods. In addition, it must be emphasized that

that these results,

true for the

not conducted during
might be affected .
dﬁring certain time

the appearance of

such an apparent pattern does not allow any definite conclusions to be

drawn regarding cause and effect relationships without further detailed

research into the problem. In contrast to native

soils, the 'spoils

exhibited no significant correlations between phosphatase activity and

the soil properties. These results lead to the speculation that: (1)

in terms of: phosphatase activity, spoils and native soils are dissimilar

and (2) any significant correlation between phosphatase activity and

'soil properties was masked by some other properfy

physiochemical nature of spoils.

or the heterogeneous

In the present study, both Native Range Fertilized and Native

Range Unfertilized plots had a peak in phosphatase activity in August

~ 1974 (Figﬁre 11) which was not discernible for ény of the other plots

at that time. The phosphatase activity did not follow any general

patterﬁ for.the various plots at the four other sampling times. The

analysis of variance of phosphatasc . activity due to different plant

speciles (Table 18) shows that, although the level

of significance was

actﬁally.oniy écceptablé fotr the BN plot, there may be some minor
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effects on phosphatase activity caused by different plant species at
all plots except Native Range Fertilized. No.real conclusion can
be drawn from these sfétistically rather weak significaﬁce le?els,
but fhey do sgggest-that the effects.of individual plant sﬁecies on
phosphétase aqtivityléénnot be completely disregarded. In contrést
to the analysis of variance due to plaﬁts, the analysis of variance
due to thé combinatién of plants and times (Table 19) was statistically.
significant for all plots. Thus, the effecté of time and.plant are
not‘additive.. Since the effects of plants alone were‘not highly
significant, the effects of different times on phosphatase activity
may be more imporﬁant. The analysis of variance for the effects of
differeﬁt times én phosphatase activity (Table 20) confirms this
idea since the time effects Were.significant for all plots with the
exception of the BN plét. The énly other plot for which time effects
were not_higﬁly significant was Native Range Fertiliéed; which, in.
addition, showed no significance for the effects of plants. Apparently}
somé other pheﬁomenop is largely’responsible fdf the variation éf
‘phosphatase activity at this piot, although further‘in§éstigatioﬁs are
necessary to confirm this result. Although the effecté of planés are
significant for ‘the phosphatase activity.of the BN plot, the time effects
are not signifiéaﬁt and thus, the effects of tiﬁe and plant are_ﬁot
additive. From this it can be assumed that the phosphatase activif&

is different for at least the Native Range Fertilized piot, where the
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variation Waé due to time and pqssibly‘some other factor, and the BN
plot, Whére the variation was due to the effects.of plants. By
contrast, the other four plotg the vafiation was dominantly dué to
times, but Wés also affected by plants to some‘extént. “Another
- interesting result from these analyses of variance is the fact that
the époils_plots were more highly significant for both the variance
due to plants and the variance due to time than were the native soil
plots, but the native soil plots were more siénificant for the variance
due to the:combination of plants and times. This might suggest that
tﬁe Variation_of phosphatasé activity for native soil is affected by
sométhing in.addition to time and planﬁ, which might.élso be related
~ to the patté?n of correlations between phosphatase acfivity ana the
soil physiochemical proberties of'the native soil. The correlations
of phosphatase activi£y at different éaﬁpling times (Table 21) show
several common characteristics, but no actual overall pattern. Froﬁ
the results of the previous analyses of variance, the plots of Native
Range Unfertilized, Gouge, Demo and possibly Topsoil Gradient appear
to be the mést closely related in terms of causes of‘variation in
_phosphatase activity. Therefore, if fﬁe variations were due only.to
plants and/or times and these effects were the Same.for each plot,
these four flots would be éxpected té exhibit the same patterns in
terms of seasonal correlationé. This assumption appears to have some

basis between Native Range Unfertilized and Gouge plots, but not for
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Demo and Topsoil Gradient. (Since only one plaﬁt was sampled at
the Topsoil-Gradiént plot, seasonal correlétions could not be
calcﬁlated.)- Howe?er; tﬁe two digsimilar plots; Native Range
Fertilized and BN, also share an identical pattern in seasonal
correlations.  In addition to this, ‘the correlation of April:
Octﬁber Was‘sﬁared by all but two plots, Demo and Topsoil Gradiént.
Therefore, although.inferactions'are éreéént, and ﬁost likely
other factors effect the variation in additionlto time and plant,
it would be impossibie to interﬁret these daté until further inves-
tiéations'are conducted.

These vafious findingé concerﬁing phosphatase activity might
have vérious implications on other ecélogicai studies utilizing
phosphatase activity.’ The possibilities of: intefaction between
phosphatase enzymes and the physiochemical properties of the soil;
variation in activity caused by diffe;ent plant species; variation
in activity with séason; and variation in activity due to other
factors, all must be taken into consideration before any conclusions
can be dréwnAconcérning phosphatase activity.

Essentially, the eéélogical methods which can be used in soil
microbiology afe'bgsed on the dgtermination of functional of physio-
logical groups since the dissémination of microorganisms iﬁ soils
proves to-be a most sensitive indicator of the substrate's properties

(Mishustin, 1966). These are. defined as pobulatidns of bacteria which

Y
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have a common physiological, biochemical or metabolic property,

.enabling them to act together. (Casida, 1968). The methods involve

first detecting the'activity of a particular functional group and
then‘counting the approximate numbers of bacteria'bélonging to that
group. The functional group on Whiéh the present research is focused

consists of the population of soil bacteria responsible for the degra-

" dation of plant pectipr

Pectic substances, péiysacbharides principally compoéed of

=-1,4 linked galacturonic acid, are found in the tissues of higher

plahts.where they have an important étructﬁralﬂrole. Tﬁey are>de—‘"
posited in the primar&léell wall during the early sfages bf gfowth
and in the middle lameila‘where they act as intracellular cement.
The;enzymatic bregkdown of peétic suBétanceé in tbe midd;e lamella
leads to flant”tissue-maqeration (MaéMillan and Sheiman, 1974).

Therefore, the enzymes that degrade pectin are essential in the rapid

‘decay‘of deéd plant'matérial and assist in recycling carbon compounds

-

in the soilh
Historically, the subject of pectic enzymes has beén'one of much
confusion. Originaily, only two maior types of enzymes were thought
to be involved in pgﬁtin degradétioﬁ. The firét, pectinesterase,
hydrolfzed tﬁe ester linkage and tﬁe glycosidic‘linkage was then
hyﬁrolyzed by ﬁolygalgcturonase. 'As.research ébntinued,'more than

one type of,depolymeriziﬁg enzyme was found to exist. Specifiéity'
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for pectin as the subétrate rather than polygalacturonic acid, differ-
ences in the action pattern and exo- and endo- spiitfing enzymes
were among the characteristics determined (Roboz, Barrat and Tatum,
- 1952). Deuel and Stufz (1958) clarified much of the confusion by
classifying the depolyméraseé based on substrate‘éttacked, mode of
attacg and'opfimal pH for enzyme activit&, but thef assumed the only
mechanism for cleavage of the glycolytic bond was hydrolysis. A
pectic enzyme which gplit the &-1,4 bonds of peétin b& a transeliminatidn
mechanism rather than by hydrolysis was sooﬁ found (Albersheim, Neukom
and Deuel, 1960; Edstrom and Phaff, 1964).' Althoﬁgh'the first trans-
eliminases.(péctin lyases) were specific for pectin, enzymes capable
of degrading polygalacturonate with both endo- and exo-action patterns
were soon discovered (Nagel and Vaughn, léél; MacMillan and Phaff, 1966).
A neﬁ classification scheme was proposed by Bateman apd Miller (1966)
which incorporated these new enzymes.. More recently{ énother group
of pectic enzymes has beep described which degrade oligogaiacturonides
and which join the other nine previously described pectic.enzymes. Due
to the confusion concerning pectic énzymes, only a few general studies
have actually been conducted in which pectinolytic activity was assayed
(Kaiser and DeAscongenui, 1971; Hankin, Sands and Hill, 1974).

The decombosition of organic rééidues in soil.presenté'problems
of very great biochemical:complekity. In fhe breakdown of pectin,

extracellular enzymes released by microorganisms diffuse to the substrate
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and cause a relatively simple hydrolytic cleavage of the insoluble

molecule, giving rise to water soluble fragments which can theén

diffuse away from the site of decomposition and become absorbed by

microorganisms in the vicinity (Burges, 1965).- However, studies of

. the incidence of diffetrent enzymes which occur in close association

‘with each other and which come from the same microorganisms have

shown that a cﬁmplex cont;ol mechénisms, i.e. catabolite repreésioﬁ,
is ;esponsiblé for the control of pectic enzyme activity (Voznyakov- -
skayd, Avrova and Andronikashvili, 1974)., Before such an assay can
be generaliy accepted,.the confusion surrbundiné types of pectic
enzymes must be further clarified, |
-. In the present study, the effects of air-drying upon pectiﬁolyéée

activity were .determined (TaBIeIZZ). Although the correlation
between pectinéiyase édtivity'of-field moist soil and air—driéd soil
was low, it was still significént at mote than the 5% level; Since
the treatments of £he-soil éamples for each test Wére kept as uniform
as possible, air-dried soil saﬁpleé were used. |

Mah& enzymes in soil have been found to be related to or
affected by the physiochemical properties of the soil. However,
no-significant correlations between pebtinbiyaée:activity and the
analys¢S~Were bbgained in the present study.

The ﬁectinolyase activity fgr the six major ploté Qersus sampling

time (Figure-iZ) shows- several peaks. The Native Range Fertilized plot
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exhibits a peak at the August sampling and again-in December. All

but the BN plot exhibited a low in pectinolyase activity during

October and a peak again in December. This suggests a similarity

between plots. - From the analysis of variance due to plant species

(Table 23) it can be concluded that the differences in pectiﬁolyase

" activity due. to individual plant species were not significant.

However, the analysis of variance due to a combination of plants and .-

times (Table 24) shows that the effects of plants and times are not

additive for any plots except Demo., Since the effects of individual

plant species were not significant, .this. suggests that the major

of wvariance due to time (Table 25) confirms that the

" pectinolyase activity is due to time for all but the

low levels of significance for variation due to time

combination with plants suggest that the variance in

activity at this. site is caused by some other factor

- variation in pectinolyase activity is due to time. The analysis

variation in

BN plot. The
Loy
and times in

pectinolyase

or factors. To

determine if the apparent relationship between plots, as suggested

by the analyses.of variance, exists in any type of seasonal pattern,

correlations of pectinolyase activity between one sampling date and

each other sampling date were calculated (Table 26).

No real pattern

was apparent; although there were some interrelationships. In terms

of pectinolyase activity, these analyses of variance suggest that

each plot is independent of all other plots, and most important of all,
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- individual plant species do not have separate effects, which is
ideal for the’measurehent of.pectinolyese activity.

ln geherel, the pectinolyese'actirity'varied with‘time and was -
also~bossibly effected by:soﬁe_other uh&etermined fector or factors.

The determinatioh’of the hhmber of pectinolytic becteria.present
in conJunctlon with- the pectlnolyase actlvity 1s a vital part of
the study of functlonal groups in s011

A primary assumptlon in the classical so1l dllution plate method ‘
(Waksman, 1927 Johnson, et. al°9 1959) is that each v1able micro~-
'organlsm present.ln_sorl develops into a v1s1ble colony follow1ng'-
. lhoculetion of a soil suspension'into.the egar'medium and incubation.
However, in comparisohlwith.direct staihihg methods used in observing
'microorgahlsﬁs'froh soil, olating:glves counts of only'lflOZ of.those
obtaineo_directly. ‘This failure to grow.can be due to: incorrect
substrate, improper incﬁhation, sehlle or injhred bacterial cells,
.dormant sporesghantagonlsms between organlsms (Wleringa, 1939),
adherence of the bacterlal cells to soil partlcles (Pochon and Tardieus;
:'1968) and the cohe81on of. cells in colonies (Jensen, 1968)., It has
beeh.generally.eccepted that most soil bacteria have a low metabolic:
rate ahd thet their.hutritionel requirements ere poorly,hnderstood B
fGihsoh; 1957). Many of these.becteria>grow poorlf on the richfmedia
used~for.other bacteriological studies;' However, lt'cen be’assumed

that the limitations apply to'soil'geherally'eho'therefore, for eny.~'
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given group of soil samples, empirical relative microbial populations
can be:énumerated. | |

Again, the confusion surrounding the classification of pectic
_enzymes mgst be taken into.consideration. In additionm, the.problem
of substrate specificity cannot be complgtely overlooked. However,
since tﬁe number of bacteria present and tﬁeir activity in nature
is dependent upon the environmental Eonditioﬁs as well és their
physioldgical‘abilities and the plaﬁt material contaiﬁing pectin
is the actual sﬁbstraté Witﬂin the soil system, the problem of
ssztrate specificitylcan be circquented by using pectin as the
substrate. This recognizes that such'a "pedtinolytic" count does
,nof'define a‘physioiogically precise group 6f bacteria.

With-soil, it is espééially important that.the'medium'for plate
counts ‘be loﬁ in readily available energy materialé sﬁch as sugars
so’that a few fast-growing microorganiSms do not, dominate girowth on
the plates gnd inhibit the development of a‘l;igef number of slow-
growing species (Clark, 1965). In the selective plating of pectino-
lytic organisms,'this,prgcaﬁtion assumes even more imﬁortance since
the enzymeé involved are subject tp_complex confrols.such as éatabolite

_ repression (MacMillan énd Sheiman? 1974; Voznyakbvskaya,JAvrova and
Andronikashvili,. 1974). | |
Reﬁorts of attempts to develop é selective medium fqr the enumer-

ation of.péctinolytic microorganisms are numerous in the literature.
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The type of medium most commonly used relies on finding depressions
qrnsdft #reas in a calcium~polypectate gel medium (Wieé%nga, 1949;
Vaugh, et. él., 1957). Ker; (1953) employed sterile vegetable

tissue to isolate pectinolytic orgaﬁisms.' These media may be useful
‘with differént conditions, but a solid mediﬁm offers distinct
adﬁantages in preparation as ﬁe;l as in‘éétection and enumeration'of
orgaﬁisms.- iayasankaf and Graham (1970) described»a solid medium
containing pectin and,yeast'extrac£ on which péctinolyfic activity‘
was detérmiﬁe& following growth by flodding the plates with cétyi—
trimethylammoniumbromide, which precipitated_iﬁfact polysaccharides.
ﬁaﬁkin,'Zucker and éands (1971) revised this medium to.contain a min-
‘eral base, which had a stimulatory effect on pectinolytic enzyme

" synthesis and.determiﬁed pectinolytic organisms on spread pla£es_with
hexadéc&ltriméthylémﬁoniumbromide. However, it hag.-often been
.observeﬁ“that cbmmerﬁial pectin preﬁarations coﬁfgin ééntaminating'
residues of'gugaysy(Kertesz,_1951; Eirod, 1942; Luh and Phaff, 1951;
Jermyn and.Iompkiﬁs, 19513 Dehorit&,.19é§). This contamination would
reduce the selectiviﬁy of a pectin medium. Therefore, in the present
research, the solia médium of Hankin, Zucker and Sands (1971) was .
modified.by purifying tﬁe péctin followiﬁg a slightly mo&ified‘method
‘of Jermyp and Tompkins (1951). This modified Mineral Péctin Medium
was then used_in the present reseérch to enumerate pectinolytic bacteria.

The indicator used by Hankin, Zucker and Sands (1971) for deterﬁining
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.- )
pectolytic activity did not give good results, so its use was dis-
pensed wiﬁh and the number of colonies per plate of MfM were taken
as the nuwber of pectinolytic bacteria.

A comparisbn of enumeration of pectinolytic bacteria on Eoth fhei
original'Mine?al Pectin Medium with unpurified ﬁectin énd-on the
modified MPM with purified pectin was made (Table 27). In all'céses,
the number of peétinolytic bacteria, as determined on MPM with
purified pectin was‘significantly lbwgr. Thesé.results %ere inter-
preted as follows: the higher.numbers of bacteria on Mineral Pectiﬁ
Medium with unpurified pectin were probably due to the presence of
other carbohydrates in pectin and by eliminating these'cﬁntaminating
residues, the effectivesness of this medium in selecting'pectinolyt%é:
bacteria-wés increased. This justifies the pectin puriﬁication steé
used in:these studies.

-In previous work, it was found that air;drying tﬁe soil réduced
the microbial. counts (Clark, 1965). TIn the present research, éir—dryipg
resulted in increased microbial counts (Table 28). This significant
increasé over soil_which is at fiéld moisture suggests £h§£ by.air-,
drying the soil prior to pla;ing, a burst.of organisms:Waé'stiﬁuiated.
This pattern has been discuésed‘in the literature (Doﬁbs and Hiﬁggn, 1960;
' Griffiths and Birch, 1961; McLaren and Skujins, 1968) and is a well-
known phenomenon attyibuted to the drying process rendefing orgaﬁic matter

more soluble and to the disruption of aggregates.
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Today, a widely aqcepted medium for total counts of soil b;cteria
is Soil Extract Agar (Qasida, 1968). This medium was therefore used
in the_present.research‘to compare the number of pectinélytic bacteria
with the "total population" of soil bacteria (Table 29). In all
cases, fhe number of pectinolytic bacteria was significéntly different
than the number of total soii bactéria. The numbe; of peétinolytie
bacteria as a pé;ceﬁt of the total soil bacte%ia ranged froﬁ 0;462 to
22.}8%, with a meén of -8.36%. 'It-is.of interest to note that the
highest perceptgge Qas for the Gouge plot, which is a spoils piot.

In addition, the réiative percentaée values for £heANati§e Range
Unfertilizéa‘pldt-were quite similar for the two different.sampling
times. Theseyresuits show that the pectiﬁolyfic bacteria comprise
a sméll propoftion of the ;otal soil Bacteria in numbers, although
they mediate a very important prqcesé in the soil.

The numBep of'?éctinolytic bacteria f¥om April 1974 did not
correlate with any of the physiochemical properties of the soils
whicﬁ were also detefmined in April{. This iack 6f correlation is
not known to hqid true for any. othef sampling period, becaﬁéé the.
soil analyses were oniy performed in April. Any speculation about

interrelationships at other times is impossible to make at this time.

,However; this lack of correlation in April suggests that at this time

the numbér_pf pectinolytic bacteria were not related to the soil

characteristics determined. In addition, Mishustin (1966) has
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suggested- that the results of counts of soil microorganisms be reported
as the number of microorganisms per gram of organic mafter réther
than tﬁe ﬁumbgr,of microorganisms per gram of soil; éince.fhe activities
of aicroorganisms are not éonnectedrwith the entire.soil mass, but
only with the organic'fraction of the soil. Thé data fbr pectinolytic
Plate counts of the Apfil samples Weré converted to the number of
bacter/gram of organic matter (Table 3%). From these results, Chi-
square Valueé were calculated as an index of dispersidﬁ and these
values for the number of bacteria/g organic matter were much lower
than the respective values for thé npmber_of Bacteria/g of éoil. These
results-suggest.tha£ there is a realistic association betwéen micro-
oréanisms and ofganic mafter.

The numbefs of peptiﬁolytic bac;eria follow the same general
trends with saméling times for all plots exéept BN (Figufe'13):
The peak for_Octbber 1974 is the most striking feature of this trend.
This trend is obpo;ite that of pectinblyase activity (Figure 12).
The variation due to plant species (Table 30 on the numbe?s 6f
pectinolytic bacteria was highly:significant for only the BN plot,’
a1£hough the Demo plot exhibited a weakly.significant value. ' In
contrast, the analysié of variance due ﬁo the combination of plants
and times (Table 31) showed that these two factors-caused.different
effects for all plbts with the e%ceptidn of BN. The énalysis of

variance due to time (Table 32) showed that the variation in numbers
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Table 37. Conversion of the number of pectimolytic bacteria to number
of bacteria/gram of organic matter for April, 1974

"Plot pecPl2  x2_ °  qomv®  pBomMd x2 e
PPL _ PBORM
Native Range C g . -
Unfertilized 5.904 4.23 2.173 0.137 0.363
Native Range o _ : -
Fertilized - '6.980 1.30 . 2.293 . 0.142 0.042
BN : . 6.269 5.622. 2,693 0.159 0.148
Gouge . 19.040 24,300  0.850  0.236 . 1.566
Defio o 12.538 7.44 1.38  0.149

0.025

percent organic matter

Fh © D;O o'
Il

I

medn of fifteen replicates

pectinolytic bacteria per gram of organic matter
Chi-square of pectinolytic bacteria per gram of organic matter

pectinolytic plate count in number of bacteria per gram of soil
Chi-square of pectinolytic plate count .
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of pectinolytic bacteria was significantly affected ﬁy fime for
all plots with fhe,exception of BN.. The behavior at the‘BN plot
suégeété that the variénce in the numbers of pectinoljtic bacteria
éf that_p;ot is dﬁe to the nature of thé vegététion and/o# some
other factor(s) rather than timés; Thes; results were similar
to those for ﬁectiﬁélyase activity at the native plots, Native
~ Range Unfertilized and Native Range Fertilized, and the spoils. plots,
Gouge and Topsoil é;adient; The pectinolyaée activity analyses of
variance were opposite the mesgults of thé'anéiyses of variance in
numbers of pegtinolytic bacteria at the BN plof. These differences
are.impossible to eiplain on the basis of thé resulfs of this study.
The significant correlations for the numbers of pectinolytic bacteria
ét the different sampling times (Table 33) do not é#hibit aﬁy outstanding
pattern. The only correlétion ﬁéfween dates that was comnsistently
significant for the plots Native Range Fertilized, BN, Gouge and Demo
‘Was October:Décember. These correlations for each plot shared at
lease one correlation with those found for the pectinolyase activity
of the corresponding plot., It is impossiblé to draw any coﬁclusiohs
from these relationships at this time.

Determination of the numbers of pectinolytic.bacteria in a soil
may be important for the degradative capacity of a soll in terms of
land used predi;tions (Hankin, Sahds‘and Hill, 1974). Few studies

have been conducted relation the changes in a given population of soil
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.miCroorganiéms tb cﬁanges in the ﬁroperties of the soil (Hagedarn and
Holt, 1974),‘Bu£ the résults of this study show tha;'interrelationships
occur Which might be useful in determining the stage of soil de&elopf
ment, The effects of plant species - and seaéons én the number of
pectinolytic bactéria in the soil must be taken into.COnSideration
when détermining tﬁis population in the soil.. In addition,‘éalculation
of.thé number of péctiﬁolytic bacterié per'gram of organic matter ma?
be an eépecially useful iﬁdex since these organisms are'directly:
involved .in the cycling of‘carbon in tﬂg soil.

A sﬁfvey of’the results in the literature shows that positive
corréiatiohs between tﬁe enzymatic activify,.respiratqry activity and
numbers of micréprgéﬁismS'in soil is tﬁé exceptioﬁ rather tﬂan the
rule (Gel'ster,-l930; Séotzky; 1965; Khrenova and Kulai, 1966; Ramirez-—
Martinez and McL;fen, 1966; Kuprevich and”Sﬁche;bakova,.l97l).

In.fe;ms of respiratory activity,'the quantitylof 02 éonsumed
depends on the type of substrate, environmental coqditions and micro-
organisms involved. - Stotzky (1965) found respiratory activity-Well:
~correléted with the enzymatic activity of éoil, but‘mggimuﬁ.respira—
Eéry rates pfeqeded the maximum number of microorganisms isolated.
This suggested that fespiration'reflegts metabolic aétivities rather
than density of soil microorganisms.

A numBer of microorganisms in soil releéée phosphatases (Jacquet,

et; al., 1956) and Hofmann and co-workers (1962) believe that micro-
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organisms in the soil afé the equusiveﬂsupplieré of free enzymes,
bqt it has been difficult to establish a correlation betﬁeen numbers
of ﬁicroorganisms and phosphatase activity (Ramirez-Martinez and McLaren,
1966; Balicka and Trzeblinski, 1956).
| The role of pectinolyase activity ih soil has been clearly estab-
1ished as impor;aﬁ; for the decopposition of plant residues'and fe—
cycliné of carbon, bpt little or no Wdrk has been done in attempting
to correlaté fhis eﬁzymatic activity Withlépher indiges of biologicgl
activity in the soii.

Enzymatic actiﬁities of soil 1ikewise are dependent on the presence
of minefals, availabiiity of substrate; environmeqtal conditions and
microoréanisms involved. Since the enzyme content of indiviaual cells
as they are found in soil cannot-be‘measured and in addition to the
extracellular enzymes of viable cells, Both the enzymes present in

] .
nop;viable cells and those liberated by lysed cells may be active,
a poor correlation may exist between‘the number of microorganisms
capablé of carrying out a specific transfgrmation and the actual
ihtensity of the transformation (Krasilnikov, 1962).

These techniques all possess a similar fault in that respirato;y
and enzymatic acfivities are éeneral chafadteristics of the flora and
fauna, both mic¢ro- and macro-, of.the.soil. Hence the sum of these

activities is measured in the above determinations. Thus, it must

be considered that the information gained is an overall evaluation of
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soil biological activities and not necessarily limited to living
microorganisms. It is known that microbial populations, like those

of planfs and animals, do not all peak at the same time, so an éverall
measurementlshould émooth out pofﬁlation peaksl It haé been shown.
that it is pbssibié by meanslof plate counts to dembnstrate
differenceé‘in microbial numbers in different soils (Sauverland and

Marzusch~Trappmann, 1962), but plate counts do not necessarily

" reflect the biological state of the organisms as they exist in soil

(Casida, 1968).
In the present research, the only significant correlation

obtained was between pectinolyase activity and the number of pectino-

“lytic microorganisms (Table 34 and Figure 14). This correlation

suggests. that this épecific group,of microorganisms is ‘a mgtabolically
active‘grdup in the soils studied and since their numberg correlated
with activity, it is possible that these measuremenfs are very useful
in terﬁs of ‘the transformatiops occdfring'in the soil énd the ecological
state‘df the.sbil., It -is interesting. to note (fable 34) fhat thié
correlafion is higher for ﬁative soil ;haﬁ spoils, and thus, this
correlation might.prove an interesting factor to foilow as tﬁe spoils
progress to climax states.

The other two parameters, respira?ory and phosphatase'actiQity,
do not'éiénificéntly,cofrelate with each other or pectinolyase-activity

and the numbers of pectinolytic bacteria. This lack of correlation.




128

may be due to correlations of these pafaméters with other factors
such as the soil physical and chemical properties or seasonal temperature
fluctuations and others. With respect to these parémefers, an
examination of the sail physical and chemical properties,.and.temperature
fluctuations in conjunction with each of the seasonal measurements Qf
phosphatase and respiratory activity might prove'ﬁsefulT In addition,
measurement of the number of bactefié With_phosphgtaée acfivity by
selective plating might also shed some light on the parametér of
phosphatase activity.

Although the Chi—squaré values of native soil for respiratory
and phOSphatgse.aqtiVities are differéﬁt than tﬁose'for sﬁéils (fable 35),
ﬁhis . difference cannot be interpreted as significant. The Chi-

' square tqtal was significant for-all microbiological paramgtefs,'

-which shows that for each test the variances were not homogeneous from
plot to plot. However, the ratio of pooled variances fo; native soils
and spoils (Table 36) are not significant (with the exception of  the
pectinolytic plate count which was due only to a large variance at
Gouge plot) Which_éhows that neither the spoils nor the native soil
were more hetérogeneous than the cher; In summar§ of the analyses
of va?iancetdue to plant speciés and times for each paramétef
(Tables 13,14,18,20,23,25, 30 and 32), ﬁhe'effeéts of time were signifi-
cant in all cases Whereéé the effects of‘plant species Qere only

slightly significant for measurements of phosphatase activity. ' This
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suggests that these parameters of microbiolbgical actiVify'are’generélly
useful regérdless of the‘diversity of the vegetation at a. particular
sité, but the effects of seasonal variation must always be takgn into
consideration. |

All four microbiological parameters Weré observed to exhiﬁit,
significant ‘seasonal. variation for both native soil and spoils, although
thése seésonal.variaﬁioﬁs did not coincide‘for all four pafametefsf
Respirgtory activity and the numberiof pectinolytic bacteria both
tended fo.peak in Octpber'whereas phosphatase activity tended to peak
in Aﬁgust and pectinolyase activity was high in August and peaked'in
Decenber. Although the signifié;ncg'of these diffefeﬁces cannot be
explained on the basis of this research, this finding of significant
séagbnal variatipn;showé that éuch variation'ﬁaf exhibit interrglation—
ships.

Most studies on soil bacteria have-been concerned. either with
the counting”qf the total flora or of'cért;in categories. It is
very difficult to provide information of the taanomic-kind. Identifi-
cation is dépendent on a large number of often cumbersoﬁé biochemical

tests. In recent years,'various new techniques have been developed

based on such characteristics as fatty acid components of cell walls and

DNA base ratio of Guanine:Cytosine.' These techniques are potentially
much more reliable for positive identification of microorganisms and

are actually not any more difficult to.perform than the standard
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biochemical tests used in the past.

The determination of the thermal.melting point of DNA led to thé
conclusion thgt the unideptified soil organism isolatgd during this
étudy éontained a G:Q.base ratio of 81.78%. This.valug.closély
agrees witﬁ the findings of Bowie, et. al. (1972), that the genus

Arthrobacter falls into the range of 80-83%G:C.

This. method of identification may prove to be much more reliable
for soil organisms which often tend to be variable in nutritioﬁal
reqdirements and pleomorphic than the standard biochemical tests for

identification.




Chapter 5
SUMMARY

Soil samples'wéré collected from six major pibts at Colstrip,

Montana during April, Aﬁgust, October and December, 1974. Three
of these plots were qétive soil plots and the other threetﬁere'spoils'
pioté,wﬁiéh-resulted from the distgrﬁance caused by'coalistrip miniﬁg.
_At'é;ch plot; samples were pollecfed from within the root fegidn of -
se&erai different plant speciés. Sampling experiments wgré conducted
to de;érmine the.amount of variébility which could be expectéd within
the soil systém itself and that which was éue to different blant gpecies.

' Duﬁlicate'samples were collected in April 1974 and soil chemiéal |
and physiéal analyses'were run on tﬁe dpplicate sémples.’.These'analyses
included: pH, phosphorué,_potéséium, nitrate—qitrogen,.conductivity,
‘organic méttef;‘célcium, mégnesiuﬁ, sodium, percent av;ilable water at
6.3 atmospheres:and percent sand; silt and clay. E#perimental water-
ha;diné.cépacity, mgan.bulk density, fertilizér treatment and above
:'groﬁnd production ﬁe;e.also'determined.

ihe soil samples were air—dgied, sieved and blended in the laboratofy
before performing ;nalyses. Following this freatment,.measurements
were made of respifatory activity'(by:measgring 02 uptake on a éilson _
respiromeéer), phosphatase activity, pectinolyasé activity and the

number of pectinolytic bacteria for each soil sémple.

N
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Attempts were tﬁén made to correlate the measurements of each
microbiologica; parameter with thelphysical and chemical properties
of the.soil{ seasonal variations and every other microbiologica%
parameter. The phosphatase activity of native soil was the only
mierébiological parameter which éqrrelated with several of the physical
and chemical properties of fhe éoil_in April, 1974. Those correlations
included ppsitive correlaﬁions with percent clay and ﬁagneéium and
ﬁegative‘correlatiops with potassium;, caléium, sodium and_pe?cent silt.
Theée correlations appear to be related to the nature of the cléy,
a montmorillonite typeiwith magngsium associated in the inner lattice,
which may be adsorbing'pﬁosphatase.enzymés onto its surface where the
ehzyme competes with -other cations fof adsorpfion sites. The'absence
of this correlation in spéilsléould be related to the low percent clay
found in spoils. Respifatory activity in native soil correlated with
only one soil characteristic, water—holding'capécity, and tﬁat was
only for native soil. This relationship? altﬁéugh not correlated with
organic matter as is usually seen, is related to the pore space of
tﬁe soil and‘particle size since the péres contain the wgter and
air available for soil biologicai brocesées. Spoils did not exhibif
this correlation, iaék'of which could be attributed to.the more'
heterogengous textural.typeé found in spoils.

. All four microbiological parameters were observed to exhibit -

'significant seasonal variations for both native soil and spoils,
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although these seasonal variations‘did not coincide for al; four
parameters. Réspirapory'activity and the number of pectinolytic
bacteria both tended to peak in Octobér:wheréas phosphataséhactivity
ténded to peak in August and peqtiﬁolyase activity was high in
Auguét and peaked in-Decemberm.’Althéugh_thelsignificance of these
differencés.canﬁot be explained based on the fesults of this research
alone, this finding.of.éigniffcant seasbqal Yafiation_shows that
"such variation:must be cqnsidéred in similar ecolbgicaljstﬁdies
evaluatipg the biéiogical'activity.of soil. ‘The possibility of
séaéonai Variatioﬁ in physicgl and-chemical'characteristics of the
soil is also suggested.

The variation in the four microbiological parameters were
fquna to be not significéntiy'due“to different plantAspecies. " This
fiﬁding suggesté that the general'nafure gf these pérametérs allows
them to Be'applipaﬁle to areas of.dive£se vegetation,

The péséibility of other, ﬁnidentified, factors contributing to
Ithe variation found with the micfobiological pafameters must not be
overlooked.

‘The statistical énal&ses of‘thé microbiological paramefers
shows that differeﬁces exist between -each plot for each of the four
?arameters, #ut'the differenqes are not'sigﬁificantly differenﬁ for

spoils‘piots-as cbmpared to native soil -plots. -
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The only'éorrelation found bétWeeﬁ the four parameters was
that of peétin&iyase_adti%ity with the numBgrs of pectinolytic bacteria.
This correlation. is highér for native soils than for spoils, which |
might suggest that by following the cérrelation'of'these two measure-
ments, an ecblbgical trend could be obsnged.

It was concluded thaf the four miqrobiological parameters as
applied tb £he_ecdl9éical-stéte of‘soil were effectiﬁeﬂiﬁ showing
differences. The.iﬁportance qf thése”differénées iéva'question whicﬁ
fequires‘fﬁffhef reéeafph.; Further research musé take_intpbcohsider—
ation both?variations 4ué to seasons and soil physicél‘and chemical
properties,‘but the influence of various plant species need not be
considered. ihe £rend iﬁ the correlétion beﬁween pectinolyase
actiﬁity and thé‘numbet.of.pectinolyﬁic bacteria could'be.important

in discerning ecological differences.
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' Table 38.- Mean values of all four microbiological paraﬁeters for all sites and plants

9€T

sampled
Plot Date Plant - Resp Phos ~ Pec PecPL
and Sample # . . : :
Native Range Un- 9-12-73 None - . . 2.2563 118 --e -—
fertilized (NRU) #1- ' ' ’ ' o
NRU - #12 " 9-12-73 None - S 1.7089 30.5  0.254-  —-
NRU - #33 _ 9-12-73 None . . 2.2590 40.5 ~ 0.231 - -
Native‘Range Fertilized . " CL
(NRF) - #23 ~9-12-73 None . S 0.5003 - 79.5 0.185 o=
NRF - #22  ~ 9-12-73 Nonme _ o 0.3526 39 0.240 -
NRF ~ #5 9-12-73 None B 3.9608 410 - —
Topsoll Gradient , ' . .
_(TG) - #14 9-13-73 None : . 1.6898 77 0.172 -
16 - #27 -  9-13-73 None 0.2832 . 44 0.219 - -
6 - #37 9-13-73 None . ' 2.7500 23 0.222 -
" Gouge (G) - #7 = 9-12-73 ©HNone © 2.7875 75 — -
a = respiration as uliters of O, per hour per gram of soil e = not detérmined
b = Phosphatase as umoles phenol per gram of soil ' | ‘
¢ = Pectinolyase as optical density at 550nm » ]
d = Pectinolytic Plate Count as number of bacteria x 104 per gram of soil




Table 38. (continued) =’

9-13-73

"0.3708

Plot Date Resp® »Phos.b Pec®: PecPLd
and Sample it : :
G - #18 9-12-73 None 0.8494 - 27.5  0.468 —
G - #38 9-12-73 None 1.6670 13 0.215 —
Demo (D) - #15°° 9-12-73 Nome. 1.5611 40 0.155 -
D - #11 9-12-73 Nome - 1,064 4 0.270 -
D - #35 9-12-73 None 1.4950. 13 0.186 -—
BN - #29 9-13-73 None 0.2541 47 ' 0.108 -
. BN - #30 9-13-73 Nome 1.7106°  325° 0.084 —_—
BN - #32 9-13-73 None 1.6065 345  0.100 —
Cape 0liver(CO) - ' ‘ '

#10 9-13-73 Nome 1.4350 9.2  0.284 S
co - #21 9-13-73 . None 0.9085"  15.5 ' o.?98 -
co - #26 9-13-73 None 0.3460 74 0.291 -
Dryland Pasture

(DP) - #2 None 85 - —

LET




"Table 38. (continued)

- Plot  Date ' Resp®’ ‘-Phosb Pec EeéPLd
__and Sample #. : : _
jil av#ex, 7 7971373 ome 2.5709 - 45 . - -
DR - #24 5}13f73 None 5;3054 21 0.298 -
McDonald (MD) — #9 = 9-13-73 ané- 1;6726. - iéF" ”d.i43f- -
MD - #3  9-13-73 Nome 1,9391 645 - —
MD' - -#28 . 9°13-73 Tone 10.2756 . 290 0.174 —
;;MP - #4 -‘_ 9§i3473 None 4.]8;1:".155 - —
M = $19 ;9—13L73' None "1.2§44‘__ 52 owdzé —
P - #36° g 9-13-73 Nome 2.0346 250 0.201 -
- Raw Spoils 1 month.oid_ . | | ” o
" (RSM) -#20 ' 9-13-73 Nonme 0.3256  34.5. 0.415 -
RsM - #25 . 9-13-73 Nome - 0.6794  41.5  ©0.229 -
RSH - #39': 9-13-73" None 0.6811 2.3 0.225 -—
Raw Sébils 1 year old = . o : ' '
(RSY) - #13 - © 9-13-73 Nonme 10.7608 - - 36 . 0.148 -
RSY'—'#31 | 9-13-73. None . 0.8831 25,5 0.145 -

8¢T




“Table 38.° (continued)

Lower - #51

4-10-74

. Plot " Date Plant ' Resp?. Pﬁ;sB ~ PecC PecpLd
and_Sample # : ‘

RSY - #34 9-13-73 Nome - ' 0:7643 -0.64  0.239 -—
Streeter(S) -#16 9-13-73 - None . . | 2.5878 208 0;129 -
s - f8 9-13-73 None . © o 2.6486  172.5 = —

s - #17 9-13-73 Nome . a.8066 230 0.354 —

Co - #40 4—10—74 Agropyron smithii (Agsm) l.509ll 21.67 '0;121 -

Co. - #41 4~10-74 Gutierrezia‘éaro;hrae(GuSa)1.4339' 36.67  0.123 -

co —.#42 4-10-74 Chrysothammus nauseosus - 1.3212. 40.67 0.150 -
' (Chna) : , ‘

MD = #43 4-10-74 Stipa comata (Stco)- "1.7643 60 . 0'364; —_—

cMD - #47 4-10-74 Roeleria cristata (Kocr) 2.6820 65.67 0;234l -
BN - #44 4-10-74 Agsm S | 4.1940  193.33  0.354 5.920
BN - #45 4-10~74 Artemisia frigida(Arfr) — 1.4392°  446.67 0.370  10.630
BN — #48 4-10-74 Stco - o 1.8758 120 0.207 . 2.256

MP Lower - #46 4-10-74 Kocr - : | 3.2357 74 0.262 _—
‘WP Cusa s 2.3101  80.33  0.293 . --

6eT




Table 38. (continued)

.Plof Date Plant Resp% Phosb Pec® PecPLd
and Sample #
lMP Upper - #49.- 4-10-74 Schizachyrium scoparium“ 2.3269 51.33 0.211 -
-MP Uppér - #50 4-10-74 Boiizigia curtipendula 2.4503 48 0.257 ~—
. MP Upper #52 4-10-74 :Rﬁégogiilobata‘(Rhtr) 1.3577 © 32.33  0.303 -
G - #53 | 4-127-74 Agropyron'elbngatum (Agel) 0.8723 18.67 0.311 5,147
G - #54 4-27-74 Agropyron cristatum (Ager) 0.7045  27.67 0.271 17,813
G - #55 4~27-74 Bromus inermis (Brin) 1.1414 15.17  0.225  35.373
G - #56 4-27-74 Artemisia cana (Arca)  1.1868 13 0.227  17.827
NRF - #57 4-29-74 Carex spp.. 1.6902 41.33  0.216  5.947
NRF - #58 - 4-29-74 Gusa 1.7008 - 81 0.137  9.427
" NRF - #59 4-29-74 Stco 11.7386 75 67118 5.567
NRU - #60 4-29-74 Carex spp. 14181 115 0.126 7.696
NRU - #61 4-29-74 - Stco 0.3572 103.67 © 0.296 8.183
" NRU - #62 4-29-74 Gusa o.zsfj 33.33 0.275 1.833
4-27-74 0.1914  16.23  0.277 _—

DP = #63

Agel

ovT




D

RSY - #76 .

Table . 38. (coﬁtinued)
Plot * Date . Plant Resp@ Phoéb PecC PecpLd

- and Sample # - ' ' '

DR - #64 4-27-74 Dactylis glomerata (D;g;) 0.2257  41.67 0.427 —

DP - #65 4-27-74 Ager 0.2061 75 0.382 -

S = #66 | 4-27-74 Stco 0.4017  253:33 10.396 -

S - #67 4-27-74 Piﬁus ponde?ogé (Pipo) 3.9205 142,33 0.272 - -

S - #68 4-27-74 Agrqpy;on spicatum (Agsp) 1.9737 156.67  0.282 -

D - #69 4-27-74. Ager 1.5253  108.33  0.290  11.147
Z #70 4-27-74 Brin 0.3478 56.33  0.293  6.513

D - #71 | 4-27-74 Melilotus offiqinalis(ﬁeof)0.3722 73.67 0.346 19.953

30-40 year old spoils \ : -

(08) - #72 4-27-74 Bare 0.1306 23 0.203 0.833
.08 - #73 " 4-27-74 Oryzopsis hymenéides(Orhy) 0.2187  29.33 - 0.161 0.393
.05 - #74 4-27-74 Chna 0.8686  21.67 0.204  5.600

RSY - #75 4-27-74 Bare 0.6537  17.33  0.241  0.175
4-27-74 Bare 0.6600 12.17  0.185 0.100

T




8=17-74

Table 38. (continued)
Plot Date " Plant Resp® Phos? fecC PecPLd
_and Sample # - ) :
RSM - # 77 4-27-74 Bare 0.5288 11.33 .0.180 0;927
NRU - {#78 8-17-74 Gusa 2.4189 116.80 0.196 ‘ 19.020
NRU - #79 8-17-74 Stco 3.0962 206 0.147 33.763 :
NRU - #80 8-17-74 Carex spp. 2.9247 259 0.156  20.593
NRF - #81 8-17-74 Carex spp. 2.2638 149 0.197  4.007
NRF": #82'” 8-17-74 Gusa- 2.4062 106 0.385 - 25.593
NRF —'#83. 8—17—74 Stco 2,3108 176;60 0.363A 3.850.
TG - #84 8—17—?4 Brin 4.4725 90.80 ‘ 0.294 ‘321093
Ridge above TG | . l
(RTG) - #85 8-17-74 Bare 1.0775 35.2 0.239 1.847
. G - #86 8-17-74 Arca 1.8036 - 37.40  0.290  44.393
G‘— #87— 8-17-75 .Aggl 1.7202 45 0.231  166.613
G - #88 8-17-74 Brin 1.870? 39.80 -0.254 174,140
G - #89 Ager 1.6996 16.60 0.217 ~ 25.080

T




Table 38. (continued)

Plat "~ Date Resp? PhosP Pec® PecPLd
and Sample # : :
D - (Random Plant Location) . :
“(DRPL) - #90  8-17-74 Brim . 1.5084 32.20°  0.264 -

' DRPL - #91 | 8-17-74. Brin' 1.0675 27.6 .0.232 _—
DRPL - #92 8-17-74 Brin 2.3383 38.80  0.205 -
DRPL - #93 - 8-17-74 Brin 2.3780 31 0.218 —
DRPL - #94-  8-17-74 Brin 2.1927  29.2  0.480 -
DRPL - #95 8.17-74 Brin 1.9350 23.40  0.440 —
DRPL - #96 =~ 8-17-%4 Brin _ 2;4610 46.50 0.333 -

' DEPL - #97 8-17-74 Brin .2.0897. 41.80  0.349 -
D - Upper Soil Horizon Co

(DUSH) - #98  8~17-74 Nome 1.3880 29.50  0.340 2.167
D —'waer Soil Horizon A | . _

(DUSH) - #99 8-17-74 None 1.0554 20.60  0.245 2.200
DRBEL - #100 8-17-74 Brin 2.3626 43.60  0.391 -
DRPL - #101 8-17-74" Brin 2.5019 64 0.361 —

et




Table 38. (coqtinued)
Plot Date Respa Phosb Pec® }?ecPLd
and Sample # '
- D General Plot Variation -
(DGPV) - #102  8-17-74 Ager .7363 - 35.20 0.284 —
DGPV - #103' 8-17-74 Bare .7683 34 282 -
D St.aked Variation - | _

(DSV) - #104 8-17-74 Brin .0710 69.20 0.354 7.380
DSV - #105 8-17-74 Brin 6660 46.40  0.279 4.767
DSV - #106 8-17-74 Brin . 8009 43.20  0.204 4,160
DSV- - #107 8-17-74 Brin .9748 . 43- .zzé 4;680
DSV - #108 8-17-74 Brin .8226 59.60 0.283  .-9.433

D - #109 8-17-74 Meof .8103  124.80 0294  29.380
:DK— #110 8-17-74  Ager .2236 50.40  0.327 '12.853
DGV - #i11 8-17-74 Meof .2656 12,68 0.455 . -

. DGVP - #112 8-17-74 Ager .0573 33.20 .zéz -

NRU - #113 10-3-74  Gusa .980 94 0874 47.947
NRU - #114 10-3-74  Stco 1460 109.60 0,088 22.800

791




56.40

0.161

Table 38. (continued)
Plot Date Resp? | PhosP Pect PecPLd
and Sample # .
'NRU - #115 10-3-74  Carex spp. 2.7054 123 0.102  38.200
NRF - #116 10-3-74  Carex spp. 0.6562 35.40 0.103  211.533
NRF - $#117 10-3-74  Gusa 4.0040 . 71.60  0.089 47.567
‘NRF - # 118 '10-3-74 Stco 3.8164 88 0.090  70.667
TG - #119 io—3f74 Brin '3.8749 66 0.107 - 65.800
RTG - #120 '10-3-74  Bare 1.6789 20.60 -0.141 22,067
G - #121° 10-3-74  Arca 3.1650 39 0.169  68.133
G - #122 10-3-74  Agel. 2.8307 39.20 0.18  97.533
G - #123 10-3-74  Brin 3.2673 31.80 0.141 219.233
G - #124  10-3-74  Ager 2.5815 26;60,_ 0.160 - 172.133
D - #125 10-3-74  Brin 3,7490. 54.60 0.163 | 8.087
D - #126 - 10-3-74  Meof 3.9631 fs.so 0.184  44.706
D --#127 10-3-74.  Ager 3.3424

23.787

Y1




Table 38. (continued)

Plo£ Date Plant ) Respé PhosP Pec® PecpLd
and .Sample f )
NRU - Quarferéd Variation : _
(NRUQV) - #128 10-3-74  Stco 4.5015 ° 125 0.144  33.067
NRUQV - #129 10-3-74  Stco 5.9092 ° 187.40  0.147 8.927
- NRUQV - #130 10-3-74  Stco 4.9934  173.20  0.151 9.660
. NROQV - #131 10-3-74  Stco 5.3567  130.40 o.ioa 9,630
NRUQV - #132 10-3-74  Stco 4.9806  137.60 0.109-  18.153
NRU - Staked Variation : o
(NRUSV) - # 133 10-3-74  Stéo 3.8721 183 0.149  15.013°
NRUSV - #134 10-3-74  Stco 3.9976 123 0.170  10.434.
NROUSV - #135 16-3-74  Stco '3,8174 144 0.152  11.157 .
NRUSV - #136 ;6-3-74 Stco 3.5410  206.60 " 0.141  8.607
.NBUSV - #137 10-3-74  Stco 3.8421  110.80 0.229  10.073
NRUQV - #138 10~3-74  Gusa - 5.6762 98 | 0.271 —
ﬁRUQV - #1395 - 10-3-74 Gusa 7.5553 118 0.221 _—

omT




Table 38. (continued)

Plot Date Resp? Phos? Pecd PecPLd’
and Sample # ‘
NRUQV - #140 . 10-3-74 . Gusa .5007 129 0.202 _—
NRUQV - #141 10-3-74  Gusa . 8807 i19 0.275 —_—
NRUQV - #142 10-3-74  Gusa .3904  123.80  0.274 —
NRUSV — #143 ©  10-3-74 Gusa .1323  161.40  0.120 _—
NRUSV - #144 . . 10-3-74 Cusa .3145  190.60 0.125 _—
NRUSV - #145 10-3-74  Gusa 2781 214 0.110 —
NRUSV - #146 10-3-74  Gusa 6711 '115.60  0.115 -
NRUSV - #147 10-3-74. Gusa . L4121 84.60 6.121 —
- Demo Quartered Variation |
(DQV) - #148  10-3-74 Brin . 8206 86.20 0.151 8.247
DQV - #149 10-3-74  Brin 7137 66.10  0.263 7.967
. DQV - #150 10~53-74  Brin .7197 5¢.40  £.270 . 9.480
DQV.— #151 | 10-3-74  Brin .5216  85.70 0.237 6.860
DQV_ = #152 10~3-74 _ Brin 1657 76,80 0,248

15.020

9T




Table

38.

(continued)

a

Plot . Date Plant . ‘Resp Phos? Pec ecPLd
and’ Sample # '
DSV - #153 20-3-74 Brin 2.3986 30.10  0.113 2.713
DSV - #154 10-3-74 Briﬁ 2.4268 41,20 0.119 3.440
DSV - #155 10-3-74  Brin 2.9533 - 44.70 0.138  -2.427
DSV - #156 10-3-74  Brin -2.2438' 47.90  0.139 3.007
DSV - #157 10-3-74  Brin 2.3602 35.90 - 0.148 2,413
- DQV - #158 10-3-74 Ager 2.6183  57.40  0.150 -
DQV - #159 10-3-74  Ager 2.8925 . 87.20 0.308 -
DQV - #160 10-3-74  Agct 3.3336 1.2 0.296 -
DQ& - #161 10-3-74  Ager 1.8060 66.40  0.294 -
DQ7 - #162 10-3-74  Ager 1.6741 69.40 - 0.331 -
DSV - #163 10-3-74 ° Ager | 1.9418 80.80  0.242 -
DSV = #164 10-3-74  Ager 1.9283 70.60  0.230 —
DSV - #165 10-3-74  Ager 2.1422 9 - 0.190 -

- 8%T




Table 38,

{continued)
Plot ) Date Plant -Respa- Phosb Pec® PecPLd
and Sampling # :

DSV - #166 10-3-74. Ager 1.7500 62.80 0.196 -
DSV - #167 _10-3f?4 Agér 7.1071 65 - 0,234 _—
BN:—_#168 10~3-74  Arfr 4.9373 296 0.216  11.120
BN - #169 10-3-74 s;éo 1.5085 - 146 0.274  4.367
BN - #170 10-3-74  Agem 1.3194  194.40 0,250 7.407
NRU - #171 12-5-74 Gus;_ 0.4731 44,60 0.360 11,420
NRU - #172 12-5;74 Stco 0.8760 11.30  0.419 . 12.133
NRU - #173 12-5-74  Carex spp. 1.4981 75.80  0.323  4.840
NRF - #174 12-5-74  Carex spp. 0.7013 43.70  0.323  35.600
NRF - #175 12-5-74  Gusa 6.2967  102.40 0.341  6.567
NRF - #176 12-5-74  Stco 12,9949 96.20  0.320 6:967
TG - #177 12-5-76  Brin 2.9978 - 53.20- 0.292 3.967
RTC - #178 .12-5-74 ° Bare 0.2993 26 0.266 4.900
G - #179 12-5-74 _ Arca 13,0482 17.30  0.304 __ 00.

487

641




Table 38. (comtinued)

Phosb

Plot Date Plant Reséa Pec® PecpLd
and Sample # . :

G -#180 12-5-74  Agel 2.7531 26,40  0.338 3,433
G - #181 12-5-74"  Brin 1.6506  54.20. 0.297  8.280
¢ - $182 9574 Agc£' 0.7009 31 0.311 4,247
D - #183 1245;74 Brin 2.7i40 45.46 0.222 -1.280
D - #184 12-5-74  Meof 2.4215 66.40 0.234  13.660
D - #185 12-5-74  Ager 1.6610  57.60 0.252  7.473
BN - #186 12-5-74  Arfr 1.3465 273 0.213 - 11.067
BN - #187 12-5-74  Stce 2.3203  112.60 0.229 4.340
12-5-74  Agsm 1.8750 193 0.244 7.193

BN - #188

0ST




Table 39. Physiochemical properties of soils as determined April, 1974 .

b .

Sample # tPH" pP2° K fN03°' Sélté- i oﬁmé 'éa%+f Mgt t8 Na" Hy0 - 0.3
44 8;2 0.35 216' 3;03 0.4 2.76 14.93' 4,53  0.33 16.77
#4580 0:65. 186 2.49 . 0.6  2.66  15.33  4.96 0.3 25.01
#8 8.2 6.65 246 3.03 - 0.4 2.66 12:97  3.95 0233 21.60
#53 8.8 5.70 9?. 1.44 0.4 0.30 25;41-. - 1.99 0.59 13.73.
#54 8.8 0.65 97  1.44 0.6 0.37  23.77. 2.61 0.59. 14.80 ~;
#55 8.81 i.ZO 37 0.93 | 0.5 2.15 21.73 2;45‘._0.55 11,18 P
#56 8.4 5.40 156_‘ .46 1.2 0.58  24.18 - 2,45 0.68 12.68
e 8.2 6.80 475 10.02 0.9 2.86  30.38° 3,51 o,é9 '130.56'
#58 8.2 6.40 395  3.03 0.6 0.84 ° 24.18 3.21 0,63 22.10
#59 8;1 3.:30 " 385 é3{93 0.8 3.18 23.77 3.Si 0.68 21.39
#60 8.4 1.20 385 2,49 | 0.5 4;13 29.96 3:51 0.76 20.54
fo1 . 8.3 0.90 435 1.97 0.7 0.77 -_20.52 3.06 0.72 30,16 .
a = phosphorus in ppm d = conductivity in millimhos g = magnesium in meq/100g
b = Potassium in ppm e ='organic matter in percent h =sodium in meq/100g
c = " f = calcium in meq/loog i = % available Hy0 at 0.3 atm

nitrate in ppn




Table 39.

(continued)

Sample # .’pH ' f ' K _1\103'. Salt’  ORM ca™  wgtt Na H,0 - 0.3
162 8.4 0.90 325 1.44° 0.6 162 32.47.  3.36 0.68 -21.39
#69 | 8.2 8.10 156 1.97 0.7 1.75 11,02 2.30 '0,76 10.11
#7083 3.50 176 144 0.4 1.68 11,407 1.99  0.55 16.61
471 8.6 3.50 126 0.93 0.5 0.71  30.79  2.30 0.59  7.59
#72 84 0 107 1.4k - 46 0.90 27.88  6.25 0.98 18,40
#73 7.9 0 107 1.46 . 6.1 2.66°  39.29 ©  3.06 0.95 20.02
#74 7.9 0,35 L7 144 6.4 477 3546 2.61 - 0.68 21.66
#75 Q.o 0.35 87 1.44 0.4 ' 0.15  20.93 2.45 0.63  7.28
#76 - 8.9 0 77 2.49 0.5 0.37  20.52 . 2.15 - 0.63 10.36
#i7 8.8 0 77 1.97 0.15  24.59 2.15 8.58

0.6

0.55
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Table 39b. Additiona;'physioghemical properties of soils as determined April, 1974

Sém@ie # - ‘l%Sand Zéiitfi-;201a§z ‘Fé%ti;izéd . MBD? »AGPb 'ekperiméntél wheC
#46  43.00 - 29.00 -28.00 w4 153 6651
#5 43.00 2700 30.00 'no S - 1,539 .5468
- #48 7 43,00 31.00 26.00 " no | R '-7 1,539 .5394
#53 71,00 16.00 ;Ai3.oo | yes -~ . 1.66 4,376 3608
454 6100 24.00 ‘is.do.‘. | yes 1.66 4,376 L3725
#55 73.60 -16;00. | 11.,00° - ves .. . 1.66 4,376 " .4579
#56 - 73.00  12.00 ~:15.0Q T yes 1.66 4,376 14225
57 47.00  35.00  18.00 yes 142 3,365 :4@66
#58 49.00  33.00 ~ 18.00-- yes 1.42 3,365 L4742
#59  47.00 '34foo. 19.00 ves . - 1.42 3,365 .5385
#60  51.00 33,00 . 16.00 - no 1.42 1,589 .5234
#61  49.00  35.00  16.00 no S 1.42 - 1,589 . .5496
#62 45,00 37.00 18,00 no  1.42 1,589 4894

mean bulk,denéity in g/ce . .- c

] expefimenpal water-holding capacity
Above Grourd Production in kg/ha ) d

not determined

a
b

£at
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Table 39D,

(continued)

%ZSand

ZClay

MBD

11.00

" Sample # Z8ilt © Fertilized AGP experimental whe

#69 77.00  11.00  12.00 yes 1,70 1,966 4765
#70 79.00 10,00 11,00 yes. 1.70 1,966 .4788
#71 79.00  8.000  13.00 yes .70 1,966 4316

472 31,00 49.00 20,00 no - — -
#73 29.00  45.00  26.00° no - — -
#14 33.00  42.00  25.00 no — — —
#75 . '83.00  8.00  9.00 no | - — _
#76 75.00 12,00 13,00 no - _— _—
#77 81.00 8.00 no — - -

peT
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Figure 16. Soil microbiology field sampling data sheet

SAMPLE NUMBER: ' NAME OF SITE: © DATE:
SITE DESCRIPTION: :
DATE ESTABLISHED: MECHANICAL TREATMENT :
FERTILIZER USED: KIND
' AMOUNT
'DATE

PRINCIPAL PLANTS NOW GROWING, INCLUDING THOSE- SEEDED IN NATURALLY:

CHECK HERE IF GENERAL SITE PHOTO TAKEN:
. SOIL MOISTURE RELATIONSHIP AT SITE, CHECK APPROPRIATE SPACES:

WET AND PUDDLED ' WET, MUDDY TO WALK -ON
SPONGY, SPRINGY FIRM BUT NOT HARD =
HARD AND DRY . SUN BAKED, VERY HARD
DRY, NOT ENOUGH CLAY TO BAKE HARD

PARTLY FROZEN DRY CLODDY____

CHECK HERE IF SAMPLE LOCATION. PHOTO TAKEN __
SAMPLE DESCRIPTION:
IDENTITY OF NEAREST PLANT:
GROWTH STAGE OF THIS PLANT, CHECK APPROPRIATE SPACES:

SPRING GROWTH NOT YET BEGUN IN LEAF BUT LITTLE GROWTH____
GROWTH WELIL UNDERWAY . ' MATURE OR NEARLY MATURE
LATE MATURITY B AFTER END OF GROWING SEASON__
IN BLOOM
AMOUNT OF SOIL LITTER:"
COMPLETELY COVERS SOIL FROM VIEW NO LITTER, BARE SOIL
INCOMPLETE COVERAGE BUT APPRECIABLE AMOUNT SCANTY LITTER
DEGREE OF SLOPE, APPROXIMATE . :
TAKEN FROM THE CREST OF A TROUGH TAKEN FROM THE BOTTOM OF A TROUGH_
PLANT ROOTS IN SAMPLE: ' ‘
PROBABLY ONLY THE NEAREST PLANT NAMED ABOVE___ NO VEGETATION
MAY HAVE- ROOTLETS.OF ONE OR TWO OTHER PLANTS __ NAME THESE:

DENSE VEGETATION, PROBABLY MANY PLANT SPECIES ROOTS i
DIRECTIONS: SCRAPE ALL LITTER ASIDE, TAKE A 6 INCH DEPTH CORE NEAR
ENOGH TO THE MAJOR PLANT SPECIES TO INCLUDE SOME OF THE FINER ROOTS.
TAKE ANOTHER SAMPLE WITH A DIFFERENT SAMPLE NUMBER ON THE SAME SITE
BY THE SECOND MOST PREDOMINANT PLANT.

DESCRIBE HERE HOW SAMPLE EXACT LOCATION CAN BE IDENTIFIED:

TWO PHOTOS ARE NEEDED: 1. GENERAL VIEW OF SITE SHOWING VARIETY OF
VEGETATION, EXPOSURE, SLOPE, ANY SPECIAL FEATURES. 2. CLOSE UP OF

" SAMPLE LOCATION SHOWING PLANT LITTER ‘SCRAPED INTO A PILE BESIDE PLANT,
BARE SOIL.
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