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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




4
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:.-




.6

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.
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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




‘21
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)"




30
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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FIGURE 9. PECTINOLYTIC PLATE COUNT FOR SAMPLING VARIATION.
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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 )




40

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. ’


















































































































































































































































































































































































