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TBB AIIIIOIUPYIIfO, IIITBII'YilfG AKD USPIBATIOK P01BB 
0'1 CBBTAIII lOlLI I'OUKD Ill TBBEB HABITAT TYPBS 

Ill THI COLUJIBIA BASIII RABGBLAIU>I 

IIITB.ODUCTIOK 

The purpoee o.f this stud)' wu to detenine the 

...onifyina, nitrifyins and respiration capacities of 

certain soils found in selected habitat types in the 

Coluabia Basin ranceland. Except for Dauben.ire'• work 

(10), which included nitrification experi•ents, si•ilar 

studies have not been reported. Thus, the present 

inveatiaation ia conaidered to be an exploration into 

this area of investiaation. 

Dauben.ire (9, p. 503) defines the habitat type as 

"Tbe collective uea which one association occupies or 

will coae to occup)' a• succession advances, ••••"• Tbe 

habitat types included in tbla study have been 

characterized and classified by Poulton (11). It was 

felt that the above •entioned deterainations would 

con.titute additional characterization. These aeaaure• 

aents should also be an aid in evaluatina the fertility 

status of the soils oocurrina in the habitat types. With 

a sinal• exception, the sites chosen for atudJ were 

considered to be aupportina near-cll•ax stands of 

veaetation. Poulton (Personal ca.aunication) defines 

cli•ax as "Tbe vecetation which reaches dyn..ic stabilit)' 

on the undulatina uplands over normall)' developed soils 



where only zonal cliaa'te ud the exiatiq flora lilllt 

the aucceaalon and ultillate nature of the equilibriua 

cOIIIIUnlty". Tbeae relic att• oout1tute an index to 

which their deteriorated counterpart• can be related. 

Bcolociata, and rangeland aanaaera .. well, generally 

recocnize the need for land aanageaent couiatent with 

the natural potential of the laad. An intiaate and 

detailed knowled1e of the few reaaining relic areaa 

which beat repreaent pr1at1ne conditions 1• necessary to 

effectively evaluate the aucceaaional statue and trend 

of present day r&Dielanda. 

It ls well eatablished (10, p. 32) that the popula­

tion of vaacular planta ia altered with continued heavy 

grazing, and accelerated soil eroalon often reaulta. 

In cootraat little ia known about the effects of these 

edaphic-vegetat1ve ch&Die• upon the ability of aoil 

aicroorpn1aa to produce available plant nutrients. 

The queation is then raiaed whether the fertilitr atatus 

of soil is aaterially affected by heavy grazina. Bollen 

(3, p. 1) define• soil fertility as, " •••• the ability of 

the soil to supply nutrients to planta; it ia essentially 

the crop produeiDI power of the soil under liven climatic 

conditions. • •••The function of aoll aicroorganlsma ia 

to render potential fertility available". All a 

consequence of tb..e conaiderationa an exaaple of one 
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habitat type known to have been continually ov Jl'grazed by 

dome8tlc llveatock was 1Dcluded in the study with the hope 

of obtaln1ns an lndicatlon of the effect of ov rsrazins 

on a1crob1olog1cal activity. 
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DBSCRIPTION f6 THE STUDY AREAS 

Two examples of each of the followinl habitat types 

were selected 1 1. The Arte•isia tridentata/Acropyron 

spicatull habitat type, 2. The ~estuca idahoena1a habitat 

type, 3. The Asropzl'on spicatWI/Poa secunda habitat 

type. An additional, cw•:rarazed exuple of the latter 

habitat type was included in the study. These selections 

provided a mu:iiiUII ranse in ecolocical conditiona to teat 

the relation.hipa between aicl'obiolocical activity level 

and phaneros.. ve1etation and soils. 

Location 2£ !!! Habitat TzpeB 

The Artemisia tridentata/Af!Oprron spicatum habitat 

type: ODe eza.ple ia located in Walla Walla County, 

Washincton approst.atelr two ailea south of Wallula, 

w..hiqton. The second eaaaple 1s about ten a1lea to 

the southweat on the north ridee above Juniper Canyon 1n 

Ullatilla County, Ore1on. 

The l'estuca idahoenais habitat type: Both examples 

are in llorrow County, Oreeon. ODe ia approxillately 

twelve •ilea west of Bye Junction on the south aide of 

state highway 74. Tbe other site, also adjacent to 

highway 74, is about ten •ilea southwest of the first 

exa.ple in the Little Butter Creek drainage. 
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The A1ropyron spicatum/Poa secunda habitat typet All 

three examples are in Morrow County, Oregon~ One site is 

about one-half mile east of Heppner, Oregon on the western 

flank of a mountain locally known as "Heppner Bill"~ The 

two reaalning sites, one in climax condition and the other 

heavily overgrazed, are adjacent to each other near 

Eightmile, Oregon and south of state highway 207. 

The geocraphic location of each sa~~pling area is 

shown in Figure 1. 

Th writer has drawn upon his own field notes and 

the work of Poulton (16) for the followina deacripttona. 

Dr. Ellis G. Knox has ctven helpful auagestiou fOI" the 

1denttflcation of sa.e soils encountered in this study. 

1. The Arte•isia tridentata/Asropyron spicatum 

habitat type: The soil collected from both sites belonss 

to the itzville aeries which is representative of the 

Brown areat soil group. The soil of the Washington site 

is a silt loam while that of the Oregon exaaple is a 

very fine sandy lo8.11l. The parent material 1s loess. The 

solum is approximately 50 to 60 inches thick. The 

Washington stand occurs on a southeast tacins slope of 

about 10 percent. The topograpb1' of the Oregon site is 

more or leas flat to gently undulattna. 
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HABITAT TYPES +N 
~ Artemisia tridentata/Agropyron spicatum 

II Festuca idahoensis 
• Agropyron spicatum/Poa secunda 

Figure 1. Geographic location of study areas. 
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811 aaaebruah (Art..i8ia tridentata IUtt.) ia tbe 

d•1nan't abrub of tbia habitat type. Bluebuach wheatgraaa 

(Agroprron 8p1catua (PUrah.) Scbrib. • S.ith) ia the 

doalnut era••· Diatlnct lntenpacea occu• between the 

indlvldual bunchgraaa plant•. Theae lnterapacea are 

dOIIinated bf Sandberc bluegraaa (~ .•.ec_u_n_d~a P.teal.) 

and by vuioua moasea and licbeu. Apopyron apicatwa 

covers about 55 pei'Cent of the area. Art•1a1a 

tridentata and ep1ceowt cqptOIJ-• cover 14 and 10 percent 

of the ground respect1velJ• Poa ........................secunda baa a ••an cover _ 
value of 9 percent. Exposed aoil (Beaultlng aoatly fro. 

rodent activity) oonatitutea about 2 or 3 percent of the 

area. 

Tbia habitat type is considered to be the most 

xerophytic of those selected. It has the driest spring 

periods and the au111111ers are the warmest. The July mean 

maximum temperature is 920r. The January mean minimum is 

about 24°F~ The mean annual precipitation, coming mostly 

in winter, is approximately 8.6 inches. 

Pigure 2 is a view of the general type. Figure 3 

is a cloae•up of a typical interspace. 

IJ. Tbe Featuca idahoensis habitat type: The soil 

at the site twelve miles, west of Nye is an uncoJ'related 

series which might be considered similar to a maximal 

Morrow silt loam intergrading to the Waha silt loam. 



Figure 2. A typical view of the Artemisia 
tridentata/Agropyron spicatum habitat 
type. The photograph was taken at the 
site two miles south of Wallula, 
Washington (4/30/60). 

Figure 3. A close-up view of a representative 
interspace occurring in the site shown 
in Figure 2. The dominant grass is 
(Poa secunda) (4/30/60). 
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It appears to be a maximal Chestnut soil. The soil of 

the example twenty-two miles west of Nye is a Waha silt 

loam intergrading to the Morrow aeries. It represents a 

minimal Prairie soil. Because of the close relationabip 

of these soils they will be referred to as th Waha series. 
I 

The aolua varies from about 20 to 30 inches in thickness. 

The parent material is basalt. Both examples occur on 

north facing slopes of about 5 percent. 

Idaho fescue (J'estuca idahoensis Elm. • ) is the 

d011inant species of the type. The interspace& occulTing 

between the bunches of Featuca idahoeaaia are doainated 

bJ epiaeous cryptocaas and an annual fescue (J'eatuca 

pacifica Piper.) • J'eatuca idahoeuis, cryptosaas and 

Featuca paclfiqa cover 52, 28 and 3 percent of the ground 

respectively. Less tban 1 percent of the area is bare 

p-ound.. Apopyron spicatua is also an iaportant m•ber 

of the community with a mean cover value of 11 percent. 

This habitat type is considered to be the most 

mesopbytic of tb011e studies. The July mean maxiiiWD 

t•perature is 85. sOp. The Janu&rJ mean minillUil is 

23.20 F. The mean annual precipitation is approximately 

21.9 inches, much of it coming in the spring and fall. 

Figure 4 is a general view representative of the 

sites studied. 

III. The !gropyron apicatum/!2! secunda habitat 
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Figure 4. A general view of the Festuca idahoensis 
habitat type about twenty-two miles . 
southwest of Nye, Oregon. At the center 
of the photograph note the interspace 
dominated by the annual fescue (Festuca 
pacifica). A branch of rabbitbrush 
(Chrysothamnus spp.) can be seen left 
of center (5/1/SUY. 
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type: The soils on "Heppner Bill" exist in a complex 

uaociation. The aoil suapled appears to be a Rock Creek•· 

like soil, being very aballow and atony. It is a 

L1thoaol•like soil, the aolum raosins in thickDesa from 

5 to 11 1ncbea. Texturally, it is a very stony loam. 

Tbe parent material is bualt. The site 1a oo a north­

west faciq slope of approsillately 15 percent. .Agronron 

spicatum baa a cover value of only 23 percent. Bpigeoua 

cryptog..s and ~ _aec_.u_n_d_a have cover values of 6 and 16 

percent respectively. About 7 percent of the area is 

bare ground. 

Tba soil of the ezaaples near Bishtmile is a shallow 

phue of the Condon silt loam. It ls a representative of 

the Chestnut great soil 1roup. The solua of the neu­

cliaax site r&D~•• in depth froa about 15 to 19 inches. 

The parent ..terlal is loess adJaixed with basalt gravels. 

The heavily grazed site shows evidence of accelerated 

sheet er0111on. A slicht erosion pav-ant, and what appeua 

to be frost heavqe, ue cOIIDlon. The soil here is ahal­

lower and aore stony than that in the adjacent site. 

Both sites occupy positions just below and on the crest 

of a broad ridce. Tbe slope varies fr011 0 to 6 pu'Cent 

and faces west. 

The naturallJ occurrina example near 11chta:lle is 

da.lnated by !gropyron aplcatua which baa a cover value 
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of about 48 percent. The interapacea are da.inated by 

epiaeoua cryptogaaa and !2! .•ec~u_n_d_a which have cover 

values of 51 and 29 percent respectively. Rabbitbrush 

(Cb!zaothaanua nauae08us (Pall.) Britt.) occurs as a rare 

ca.ponent of pristine stands. 

Tbe vegetation of tbe overgrazed site varies from 

the adjacent near•cliaax stand in the following wayas 

1. The stand of !fropf!OD spicatum ia leas d~nae and leas 

vigorous. 2. Annuals are noticeably in greater nuabera, 

putioululy cheatgraaa (B:rOIIUa tectoruaa L.). 3. Cbryao­

thaanua nauseoaua ia c011111oo. 4. Plant cover la relatlve­

l)' sparse. A well constructed fence protects the near­

cliaas site froa livestock grazing. 

The UJli1"&Zed •-plea of this babitat type are 

judaed to be 1nteraedlate between the xerophytic 

Art•iaia tridentata/M!()Pli'On apicatua a'tanda, and the 

more Maophrtic, reatuca 1daboens1a aitea. The Jul~ 

••u auiaull t•pe:ratue is s90p. The Janua:ry aeu 

IL'lniaua tapeJ."ature is 24'T whi~h is tbe aue as that for 

tbe Arteaisia tridentata/Af!Opyron aptcatua babttat type. 

The aean annual precipttatlon ia approxi•ately 14.5 

inches. 

~igure 5 1& a typical view of tbe protected natural 

site near Bigbtmile. Figure 6 is the adjacent, heavily 

grazed, site. 
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Figure 5. A general view of the A~ropyron 
spicatum/Poa secunda ha itat type near 
Eightmile~egon. The site is in near 
pristine condition. Note the absence 
of rabbitbrush (Chrysothamnus spp.) 
(5/1/60). --­

Figure 6. A typical view of the deteriorated stand 
adjacent to that shown in Figure 5. 
Note the rabbitbrush (Chrysothamnus spp.) 
in the middle distance (5/1/60). 
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PBOCBDURBS AMD IIBTBOOS 

A preliainary study waa conducted by the writer to 

coapare the ._onifyiq and nitrifyina capacitiea of two 

seta of ao11 aaaplea taken fro. a ranaeland aoil in central 

Oreaon. ODe aet of ...plea was collected by first 

re•oviq the aerial portions of individual buncharass 

plants, and then takiDC a core of soil and roots throuah 

the root zone to a depth of about seven inches. The 

second aet waa aiailarly obtained by a..plina the 

interspace• between the individual bunchcr••• plants. The 

results of the study indicate that the ...onifyina and 

nitrifyina capacities of the two seta of a..plea differ 

aianificantly; the respective processes beina areater in 

the soil collected with buncharaa• roots. The nuabera of 

bacteria and •olda were appro.aiaated after incubatina aaar 

plates poured with soil dilutiou. Counts were sliahtly 

hiaher in the buncharaas soil, but not aianificantly ao. 

It was decided, baaed upon these preli•inary reaulta, 

that a si•ilar a..plina pattern would be ..ployed in the 

present study. Plate counts were o.itted as they aenerally 

require too nuaeroua replications to have been practical 

in this study. Furtheraore, bioch..ical investiaationa 

are reaarded to be the •oat rewardina in soil aicro­

bioloaical atudiea. Althouah, when feasible these should 
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be auppleaented with culture studies (19, p. 1). 

Field Procedures 

Field work commenced April 30, 1960 and continued 

through May 3, .of the same year. The first two daya were 

spent selecting exaaples of the three habitat types and 

taking photocraphs. Soil samples were collected the last 

two days. 

Each example of the tbree habitat types selected was 

sampled in the followina aanner. Four individuals of the 

da.inant buncbgrasa species, having about equal basal 

areaa, were selected. A aquare foot plot was then 

delineated about, and centered upon each plant. The 

boundaries were positioned to keep the number of other 

plants occurring within the plot to a ainiaua. The upper 

half-inch of soil and aerial vegetation was then reaoved 

from the plot. The perimeter of the cleared plot was 

incised to a depth of about seven inches or to underlying 

atones where shallow soil was encountered. By trenching 

along one margin of the plot it waa poaaible to cut 

out a block of soil which, when handled carefully, 

could be reaoved intact. The block of soil thus removed 

waa halved. Each half was considered to be a field 

sample. In a similar manner two field aaaplea were 

obtained from each of four selected interspace&. The 
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plots in this case usually contained several species. 

Altbouch, aa aentioned earlier, the interspaces were 

uaually daainated by a very few species. Thus one aet 

of a..ples waa representative of the soil-root caaplex 

of the da.inant bunchcraas, and the other set represented 

the soil-root complex of those species occurrins in the 

interspace&. 

The field samples were placed in plastic bqs, 

appropriately labelled, and sealed. They were tben placed 

in an insulated, iced cooler carried in the vehicle used. 

Tbe te•perature in the cooler was aaintained at or below 

12°C. A total of 112 soil samples were collected and 

broucht to the laboratory. Except for brief periods when 

soil was needed, the aaaples were kept in a cold room 

maintained at 5° t2°C. 

Laboratory Procedures !!! Techniguea 

Preparation of soil samples: The suplee were 

welshed and screened throuah a 10-aesh screen. The 

intractable atones and roots were collected and wei&hed 

separately. The percent roots and atones was calculated 

for each sample on a water-free basis. 

Perc nt aoisture2 Determinations wer made on 

duplicate lOO.araa portions of soil fraa each field 

aaaple. A rapid dryiq Moisture Teller instrument waa 
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uaed for obtainina oven dry soil. In all analyaea aotl 

quantitiea were espreaaed on a water-tree baaia. 

Moiature capacity: Duplicate detenainattons were 

aade for each field a..ple. Calculation• were baaed on 

the uount of water held agaiut aravity. Soil placed in 

Gooch crucibles waa allowed to abaorb water fro. beneath 

until aaturated, and then peraitted to drain to a conatant 

wei1ht in a aoiature saturated at.oaphere. 

f!: Duplicate deteralnattooa were ..de on each field 

a..ple. Detenainatiou were aade on 1:5 aoll auapenaiona 

uailll 25 araas of aoil in diatllled water. After ahakilll 

the aolutiona approxiaately thirty seconda, the coarae 

particle• were allowed to aettle about one ainute before 

aakina readilll& with a aodel 7884 Leeds and Kortbrup pH 

aeter. 

~onification: lOO•ar.. portion& of aoil were 

prepared for incubation in the followinl aanner. The 

wel1hed aoil waa aised with eo-..ah &acto-peptone 

equivalent to 1000 p~ of nitroaen. The aoil was tben 

added in about quarter portions to a pint ailk bottle. 

Quarter portions of distilled water were carefully 

pipetted into the bottle after each aoil addition to 

brlnl the aoil to 50 percent of aolsture capacity. 

Controls were aiallarly prepared by aaittlna the &acto­

peptone. One treated and one control bottle were prepared 
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for each field saaple. The bottles with their content& 

were welshed, capped with lids punctured to penit air 

circulation, and placed in an incubation cabinet 

(28° 61°C) for five to seven days. Durlnc incubation the 

bottles were ebecked for aoisture loss. . Moisture was 

restored to fifty percent of moisture capacity when lQBs 

exceeded tbree 1r..a. 

!fter incubation, duplicate lO.sraa .portlona of soil 

fro. each bottle were distilled with phosphate buffer 

aolution at pH 7.4 (18, pp. 187-188). Prior to distilla• 

tion each portion was wrapped in weishiDC paper to enaure 

that the soil would be introduced directly to the bottom 

of the distillation flask. The distillates were · 

collected in saturated boric acid solution. The ._onia 

was titrated directly with R/14 sulfuric acid uslns 

aethyl red- bra.cresol sreen mixed indicator (lS, pp. 280. 

282). pH readincs were aade on 1:5 water suspensions of 

the re•ainder of soil in the milk bottles. 

lfitrification: The pl'eparation of the soil for 

incubation was siailar to that just described, except 

...oniua sulfate was added instead of Bacto-peptone. 

Prior to aoisteninl, the soil was mixed with calcium 

carbonate (5000 ppm rate) to reduce the acidifyinc 

tendency of the a.maoni\111 sulfate. The latter was added 

at a rate equivalent to 300 ppm of nitrosen with the 
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necessary amount of water to bring the soil to 50 percent 

of moisture capacity. Controls were also prepared in 

which only distilled water was added to the soil. 

Duplicate sets of treated and control soils were made up 

from each field sample. The soils were incubated for 

thirty days at 28° t1°C. Moisture was replen·iahed as 

necessary .. 

Solutions were prepared for nitrate and nitrite 

detenainations in the following manner& 1:5 water 

suapanaiona of the incubated soils wea-e made up in quart 

milk bottles. The bottle& were capped and aaitated on a 

mechanical shaker for ten minutes. S.all aliquots of the 

solution• were taken for pH deten1nationa. "8\lperfloc 

1 " or "Aerofloc 3171" floeeulanta (8) were then added 

at rates of 10 to 20 ppm to the reaaining solutions 

which were agitated an additional two ainutes. 

Clarification was usually iostantbeous. The super• 

natant& were decanted and filtered through Wbatman Bo. 1 

filter paper. Occaaionally clarification was incomplete. 

In · these instance• addition of a U.ttle diatomaceous 

earth or additional abakina by hand were effective in 

co.pleting the clarification. 

Nitrates wel'e detenined by Bal'per•a (11, pp. 180­

183) phenoldlaulphonic acid method with the above noted 

m0dl1-ieation in the elarlfyiag process. Bitl'1tea were 
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detenained bf the atandard American Public Health 

Asaociatlon aethod (1, pp. 301-304). The nitrate and 

nitrite reading• were aade on a Xlett-aua.erson photo­

electric instrument with uae of appropriate filters. 

Microkjeldahl nitrosen: A modified Association of 

Official Agricultural Chemists procedure (2, p. 843) 

was followed. A 0.1 ar.. aaaple was introduced into a 

100 al kjeldahl flask with about 0.1 teaapoon Blbbard '• 

mixture, 2.5 ala concentrated sulfuric acid and a 

aelenized granule. The mixture was diaeat d for thirty 

minutes. The digest was cooled, diluted with fifteen 

ml of distilled water and transferred to a aioro­

kjeldahl distillation apparatus. About ten ala of 

concentrated sodium hydroxide was then added and the 

mixture distilled until fifteen mls passed over into five 

mla of a saturated solution of boric acid. The 

distillate was titrated with l!f/70 sulfuric acid using 

methyl red•br011creaol green alxed indicator. 

Total carbon: Tbe method used was dealaned by 

Dr. w. B. Bollen at Oreaon State University. The tech­

nique is not published. 

Total carbon was detenained by combustion at 1400°C 

uains a Lindberg, rapid combuation, tube furnace. An 

oxygen pressure system is uaed wherein, purified oxygen 

is delivered at 400 mla per minute to the furnace. 
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Inherent carbon dioxide and moisture in the oxygen supply 

are r•oved by paaaing the gas through towers of soda 

ltae and sulfuric acid. Just prior to entering the 

combustion chamber, the purified oxygen is passed through 

aercury in an apparatus so designed, that in caae of 

backfire during coabustion, carbon dioxide will not be 

lost. The gas leaving the combustion chaaber is filtered 

through glass wool fro. where it is passed into a 

catalyat furnace to convert any carbon monoxide to carbon 

diozide. The gas 1a then dried by paaainc it through 

anhydrous bariua perchlorate. Pinally the carbon 

dioxide ia absorbed ln a cartridge of soda ltae. The 

quantity of carbon dioxide released :froa caabustion is 

directly proportional to the net increase in weight of 

the sorption cartridge. 

Respiration: Respiration powen were determined for 

one interspace and one bunchgraaa sample collected in each 

of the following exa.plea of the habitat types. 1. The 

Arteaiaia tridentata/Ag!opzron apicatua exaaple in 

Ullatilla County, Oregon. 2. The Festuca 1dahoenaia 

ez..ple about twen'ty•two allea west of Kye .Junction. 

3. The adjacent natural and overgrazed exaaples of the 

Agropyron apicatU!/!!! secunda habitat type. 

The roots obtained :from tbe interspace aaaples within 

each exuple were coapoaited, air dried, and ground to 
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eo-mesh using a Weber pulverizing mill. Total carbon and 

mlcrokjeldabl nitrogen were then deter.ained for eacb aet 

of ccaposited :roota. Buncbp'ua roote were prepared and 

analJzed in a atallar aanner. Carbon deteralnatlona. were 

made in triplicate. Bitroaen deter.1nattona were aade in 

duplicate• 

. Soil for incubation in plnt ailk bottles waa pJ'epared 

in the uaual aaoner with the followi~ treat.enta. 

Duplicate, lGO-graa port10DS of soil from each interspace 

and buncbcraaa saaple. were aixed with their respective 

root aaterial at rates equivalent to ~000 p~ · carbon. 

Th aaount of ammonium nitrate neceaaai'J to adjust the 

C:N ratio of the roots to 20 was added with appropriate 

quantlt1ea of dlattlled water to attain 50 percent of 

moisture capacitJ. Duplicate controls were prepared ln 

which onlJ distilled water was added to the soil. 

Tbe prepared bottles were connected to a aodlfled 

Potter and Spyder (17, pp. 16-95) respiration apparatus 

designed bJ Bollen (4, p. 359), and incubated at 

28° *1°C. The soils were maintained at fiftJ percent of 

moisture capacity. BYolved carbon dioxide was absorbed 

tn tubes containiq N/1 aodiUil hydl'oxide. The tubes were 

replaced at the end of 22, 48, and 96 hours, and 8, 18, 

and 28 daJs. Carbon dioxide wu detenined bJ differ­

ential titration (1, p. 592) ualna a Beckman automatic 
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tltrator. 

Statlstlce: The paired observation deelgn (13, 

pp. 98-98) waa uaed .1n all experiment•. Where appropriate 

the t-teat wae used to test the significance of sample 

maana. 
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RESULTS 

Pei'Cent roots a It can be seen fro. Table 1, baaed 

upon the ua.ac•eened weishta of the field aaaplea, that 

the aean percentaaea of the buDCbcra•• roots in the aolla 

as aaapled are hisher thaD tboae for the respective 

interspace roota (8ipiflcant 0 the 11 significance 

level). Ratios of bunobaraas to interspace roots were 

calculated (Table 1). Tbe aitea representative of the 

Arteaiaia tridentata/Af!oprron aplcatua habitat type have 

ratios of 4 and 2 with an average ratio of 3 which is 

intermediate between those of the other habitat types. 

The narrowest root ratio (1.7) waa found in the Featuca 

idahoenaia habitat type; the average ratio far the type 

be1ns 2.2. The highest ratios, about 4, were found for 

the cliau atanda of yronron apicatull/!!!! aecunda 

habitat trp ; the overgrazed exaaple havins a ratio of 

approximately 3. Relative to the saae habitat type, there 

1a a sreater concentration of roots in the interspace 

aoil of the deteriorated site than in th& analagoua soil 

of the adjacent cliaax stand (Bisnificant the ll 

a1cn1ficance level). 

lfrdrOJeD ~concentration: The resulta for the pH 

deterainat1ona are shown in Appendix B. The Ritzville, 

Bock Creek and Condon aeries tend to be alishtly basic. 



Table 1 

Percent by weight of air-dry roota per unacreened soil sample. 

Babitat Types Arteaieia tridentat.t Festuca idahoen•~s A&roerron •elcatu./~ secunda 
Ajroerron aplcaiua 

Soil Series Ritzville Waha Rock Creek Condon 
Locatiou Wallula, U.ati1la KJ•, Ore. K;ve, Ore. "Heppner Bighblle Eishtmile 

Wuhington Co., Ore. 12 •l.,W. 22 •i., W. Hill" (Cllllaz) (D)• 
Saaple

De8lpatiolllll B I 8 I B I B I 8 I B I B I 

0.20 0.03 0.08 0.08 0.28 0.06 0.32 0.20 0.76 0.06 0.34 0.10 0.28 0.18 
.29 .03 .11 .08 .28 .06 .27 .17 .38 .09 .50 .11 .32 .14 
.10 .03 .10 .03 .30 .10 .17 .23 .54 .09 .26 .08 .80 .09 
.08 .03 .09 .09 .26 .01 .18 .15 .30 .14 .18 .09 .42 .08 
.19 
.12 

.02 

.03 
.11 
.15 

.oe 

.03 
.32 
.29 

.20 

.14 
.38 
.23 

.15 

.09 
.58- .20 

.14 
.23 
.29 

.08 

.11 
.58 
.42 

.10 

.19 
.12 .05 .13 .05 .24 .11 .43 .us .43 .13 .67 .08 .19 .13 
.14 .05 .10 .05 .22 .08 .38 .21 .24 .19 .41 .08 .20 .17 

an 
Percenta1es2 .16 .04 .12 .06 .27 .10 .29 .17 .a .10 .37 .09 .40 .14 
Batioa 4 2 2.7 1.7 4.3 4.1 2.9 

1 "B" and "I" deeignate bunch,raas and interspace suplee r ..pectivel;v. 

2 The differences between 'the aean percentages within a 
hlshly sisn111cant 0 the 11 significance level. 

location are 

• (D) desisnates Deteriorated. 
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The Waha soil teDda to be neut~al. 

~onificatlon: Aa shown in Fipre 7, except for the 

buncblraaa soil of the site 12 ailea west of Kye, the 

ranae of ...onifyina capacities ia about " to 58 pel'cent. 

The ...onifyiq capacity is essentially tbe a..e for the 

buncJJaraa• and the intenpace soil wi'&hin each eaa~~ple of 

the Artealala tridentata/Af!oprron apicatua habitat type 

on Ritzville soil. However, tbe soil at the Wallula 

location baa a 8 to 10 pe~ent areater capacity than the 

soil at the Vllatilla location (Sisniflcant 0 the 11 

aianlficance level). 

The soils of the Rock Creek aeries have a1a1lar 

capacities of about 50 percent. On the other hand the 

buncharaa• soils of the Condon aeries have approximately 

a 6 to 7 percent hlaher capacity than the respective 

interspace soils (Sianificant e the 5~ sianificance level). 

The ...onifying capacity in the respective soils of the 

deteriorated site appears sliahtlJ lower than their 

counterparts in the adjacent cliaax comaunity, but not 

aianificantly ao (Rot aianificant the 51 alsnificance 

level). 

In contrast to the situation in the Condon soils, 

the Waha series baa a areater ...onifJing capacitJ in ita 

interspace soils. In the site twenty-two ailea west of 

Rye, the interspace soil baa a capacity of about 6 percent 
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Table 2 

Amoalficatt• of peptGoe added at nte equ1Yaleat w 1000 PI* o1 attropa.
••lu• an 81YeD iD pr- •rnoa:la-attZ"O&ea. fte Ill~ pB Yalue obta.t.aect 

to. MOll u:t of Pollll dUriDir iacubaUoo S. altao atwea• 

.bitat Ty~*J 

-ple 

wallula, 
WI Olre. 12 Ill.... 

......,.,Ore. 
.,_laD&Uou2 I I B I 

470 a1a aa 
313 480 
393 
408 &13 
3S3 810 

t70 

l Yalu• ue aeau of cJupllcate detend.D&Uoaa. 
"B" aact "I" cte.lpate b&mcbr- aacJ ln._..pace aoll ....,..u••l7· 

• (D) de81pa.t. Detutoated. 
Ptuoeeat •mOD1ft.ca'toa: 100 a PI! ·=· atgcwea 
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Figure 8. Nitrifying capacities of soils from selected 
habitat types. Habitat types: Agsp/Pose, Agropyron 
spicatum/Poa secunda; Artr/Agsp, Artemisia tridentata/ 
Agropyron-spicatum; Feid, Festuca idahoensis 
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the Wallula location (Significant the 5$ significance 

1 vel). 

Except for the bunchgraas soil at the alte twenty• 

two miles west of HJe, the ao.ila of the Festuca idab.oensis 

habitat type have similar nitrifying capacities of about 

7 or 8 percent. The excepted buncbgrasa soil has a 

capacity approximately 5 percent greater than the other 

soils (Significant 0 the 11 significance level). 

A aumaary of results is given in Table. 3. lt will be 

noted that in about 10 percent of the samples, significant 

amounta of nitrite nltroaen accumulated. ltitrl-te 

accumulation ... highly variable ranging from 4 or 5 ppm 

to about 70 ppa in a011e of the lfaha soil samplea. There 

appears to be a greater tendency for nitrite accumulation 

in the soils from the Weatuca idahoenaia habitat type 

than in those soils from the other habitat types. 

CarbonUUtrogen ratioa: The carbon and nitrogen 

analrses for the various roots are given in Table 4. The 

C:lf ratioe of the buncbaraas roots varied from 64 to 79. 

The rati~ fo~ the interspace roots were generally 

narrower, ranging from 43 to 68. However, the respective 

C:H ratios in the Festuca id&boensis habitat type are about 

the same; that is, 68 for the interspace roots and 71 for 

the buncqrass roots. 

Respiration; Figure 9 shows the results of the 



Table 3 

B1tr1f1cat1on of ...oniua sulfate added at rate equivalent to 300 ppm of 
...onia-nitrosen. Values are aiven in ppa nitrate-nitrosen or 

nitrate-nitrocen plus nitrite-nitrocen. 

Habitat Types Agropyron spicatua/Poa secunda......... Artea1s1a tridentata/
Asropyron splcatua 

Featuca idahoenais 

Soil~Siries - ~~-- Condon ~Bock Creek JU.tzvill.------­ 1fili& 
LOCations 

suple 
Dea1snations2 

Elshtlllle Blshtlille "Beppner
(D)• (Clillax) 8111" 

~ -~~ 

B I 8 I B I 

Uiiatilla------.allula 
Co., Ore. Waabinston 

B l B I 

Bye-,Oi'e.-wye~ore. 
22 mi. ,w. :1.2 •1~._ ,w. 
B I B I 

" 
47 48 43 48 30 58 28 #15 25 38 30 #10 #15 

54 43 31 41 28 24 27 30 27 31 26 #17 #29 " 
4:0 38 119 42 35 31 #34 32 #10 II 9 1177 39 #26 #33 
42 43 #25 40 40 32 33 35 #19 #23 #73 36 #20 #24 
34 51 #12 48 #Sot 31 43 23 25 18 #38 #18 34 31 
43 50 #30 39 53 27 38 27 34 22 38 #15 30 32 
49 43 #27 4:0 50 30 39 36 #23 21 36 1127 31 #18 
41 47 #24 33 44 35 35 28 21 #34 34 29 #30 

leans 42.5 48.8 28.0 39.5 43.1 30.5 38.99 30.4 22.8 22.0 45.8 28.3 24.828~ " 
Means (-) Av~. 
of controls 37.5 41.0 23.6 36.9 35.9 25.6 35.9 27.7 20.0 20.0 41.0 24.3 22.02.t.O 
I Hltrlflcatlon 12.5 13.1 7.9 12.3 11.9 8.5 11.9 9.3 8.7 8.7 13.1 8.1 7.3 8.0 

1 Values are means of duplicate determinations. 
2 "8" and "I" desisnate buncbpass and interspace soil respectively. 
• (D) deaianatea Deteriorated. 
I Mitrate-nitroaen plus nitrite-nitrogen. 

Percent nitrification a 100 x Bitrified ammonia (ppm) Col) 
~ . 300 
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Table 4 

Analysis of roots tor total carbon and total nitrogen. 

Habitat Saaple* Total Total C:K 
Type Carbon MltrC)IJen Ratio 

' I 

Artr/Agsp 8 33.0 0.52 64 

l 38 .87 47 

Peid B 40 .48 71 

I 38 .56 88 

Acap/Poee B 38 .48 79 
(Climax) 

I 23 .54 43 

Aaap/Poae B 38 .52 73 
(Deteriorated) 

I 32 .71 45 

Artr/Agap • Arteaiaia trldentata/Agropyron spicatum 

Feid - Peatuea ldaboeaaia 

Agap/Poae - Af!oerron apicatum/Poa secunda 

• "B" and "I" dealanate buncbgraae and interspace 
roots respectively. 
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respiration experiment. The l'ange of apparent decompoal• 

tlon of added native roots varies from 9.3 percent in the 

Waha bunehgra.. soil to 19.3 percent in the Condon 

interspace soil of tbe deteriorated site. Apparent 

deca.~ltion in the deteriorated interspace ao11 waa 

about 7 percent greater thaD that in the buncbgrass soil 

of tbe same site, and 8 percent greater tban in the 

interspace 8011 of the adjacent cliaax site. Tbe buncb­

grass soils of the overgrazed and protected sites gave 

decomposition values of 11.9 and 15.5 percent respectively. 

The apparent decoapoeltion in the bunobgrass soil of 

the Ritzville series was about 5 percent greater than that 

in the Bitzville interspace soil. The Waha interspace 

soil gave a decomposition value of about 4 percent greater 

than its associated buncbgrass soil. 
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DISCUSSION 

Percent rootas In virgin sites one would expeot a 

greater denaity of roots in the soil directly supporting 

Aaropyron spicatum or ~eatuca ldahoenela aa opposed to 

the aoil aupporting interapace vegetation. The bunch­

grua roota ue relatively coarse and arow deeply and 

profualy. In cODtraat the fine roots of Poa aecund•• _........,.........,........,. 
a do.inant of the interapacea, are concentrated in the 

upper two or tbree inchea of soil (10, p. 33). The 

ep1geoua cryptogaaa, by virtue of their preaence, tend 

to liait the apace which aay be occupied by rooting 

species. Featuca eacifica, an annual interapace 

dominant, is shallow rooting but foi'IUI a vert dense •at 

of roota. It is likely thia cb&racter1at1c accounts for 

the relatively nurow root ratios in the Featuca 

idahoenaia habitat type. Very few Festuca 1daboens1a 

roota were found in the interspace soil. 

It waa noted that tbere was a areater concentration 

of roota in the interspace soil of tbe deteriorated site 

than in the interspace soil of the adjacent cllaax atand 

(Table 1). Thia is conaiatant with tbe reaulta obtained 

by DaubeDJDire (10, p. 34). Tbeae l'esulta se• 

attributable to the increaae of annuals and !2! .••-c_u_n_d_a 

a1nce the Aq02fi'OD decreaaes under heavy arazing 
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aisnificantly fr0111 the averase capacity of the Condon 

soils. Finally, in tbe Waha aeries the interspace aoile 

have aipificantly sreater ...onifyiq capacities tban 

the buncbgraaa soils. The capacities are also 

sianificantly different between the two locations. 

It would be preawaptuoua to -intain that the 

variations obtained here should be used as criteria for 

different1atinc the soils amonc the various locations. 

It should be r ..e.bered that tbe soils were collected 

in the sprins and thus the variations at best only reflect 

envirou.ental conditions present at the tiae of s..plins. 

As 'lakuan atated (20, p. 49) "The nuabers of aicro­

orsaniaas in the soil va~ with the season of the year, 

beinc hishest in sprins and fall and lowest in suamer and 

winter". It would seea, proper characterization of these 

soils baaed upon variation within habitat typea would 

require data that represents seasonal chances as well aa 

site and inherent aoil variations. 

It can be seen in Pleura 7 that in ceneral the 

a-onifyinc capacities ranae between about 40 and 60 

percent. Tbeae results ar typical of those obtained for 

aany and varied ...onification experiaents which com.only 

ctve .-onifyinc capacities ranaina between the values 

just civen (5, p. 11). That atrik1DC differences are 

unca.aon is attributable to the fact that amaoni:fication 
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can be effected by a areat variety of aicroorganisas. 

Adequate explanations for the varloua alcnificant 

differences found are not available at this ti•e. It ts 

unlikely tbat the altcht changes in pH durinc incubation 

(Table 2) would aaterially affect aicrobial activity. 

Kitrification: Acain, results were generally 

irregular or anomalous. Several significant differences 

in nitrifyinc capacities were noted (Figure 8). These 

differences cannot be explained at this tiae. However, 

there appears to be a relationabip between locations of 

the Ritzville soil with respect to ammonifying and 

nitrifying capacities (Figures 7 and 8). Aamonlfication 

was greater and nitrification was lower in the aolla at 

the Wallula location than in the soil& at the U.atilla 

location. Thouch tbis relationship cannot be currently 

explained, it suggests that whatever tbe causative 

factor& aay be, they are operatina in both bunchgrass and 

interapace soils. It would appear that this relatlonahlp 

•ay be attributable to BOlle inherent soil features other 

than the enrlcbaent culture provided by the plant roots. 

The soils used in this study gave comparatively low 

nitrifying capacities. A capacity of 80 percent, •ore or 

leas, ls considered to be lood (5, p. 11). A low 

capacity is not neceaaarily a poor cbaracterlatic. It is 

well known that nitrate nitrogen can be readily leached 



fro. the soil (3, p. 14). However, a good nitrifying 

capacity ia generally indicative of a fertile soil 

(3, p. 14). In as much aa nitrite nitrogen can be toxic 

(14, p. 452) and because it baa been shown tbat it can 

accuaulate in some of tbe soils studied here (Table 3), 

future 1nvest1tations of its role in ranaeland soils may 

be warranted. In view of the low nitrification values 

obtained, an investtaation of the ability of iaportant 

range plants to take up -oniua nltro1en may also be 

warran.ted. 

Respiration& It should be pointed out that when 

a nonal soil is treated in any aanner to increase 

•icrobial activity tbe carbon diaaide evolution from the 

inherent orsanic aatter in the soil is soaewbat increased 

(5, p. 13). Therefore, tbe percent decoapoaition of the 

added roots, with or without ...oniua nitrate, is 

reaarded aa apparent decoapoaition. 

In general, reaults were anomalous (Wlgure 9) 

which is often the caae when aamoniua sulfate is added to 

the soil in respiration expe•imenta (5, p. 13). Tbe rate 

of carbon dioxide was distinctly sreater in the interapace 

soil of the deteriorated site. This aay be due to the 

introduction of organic matter and microorganiaas from 

the feces of the domestic livestock. Althouah, if tbia 

is the case, it would •••• • aiallar response should have 
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been obtained for the buncbarass soil. 

As previously noted the buncb;raas soil of the Waha 

aeries at the location 12 miles west of Nye bas the lowest 

amaonifying capacity of the soils tested (Figure 7). 

This same soil also gave tbe lowest apparent decomposition 

(Figure 9) and one of the lowest nitrifying capacities 

(Figure 8). It appears that in this particular soil, 

microbiological acttivity may be affected by environ­

mental factors intimately associated witb the buncbgraaa 

rdOts. 

C:B ratios: In moat cases the CsN ratios obtained 

for the respective roots (Table 4) indicate that in the 

natural envtronaent, microbiological activity may differ 

more between buncbarasa aDd interspace oil than 

indicated in this study. The generally wider CaN ratios 

of the buncblrass roots may indicate a greater conaerva­

tton of nitrogen by •tcrooraanisms within tbe bunchgrasa 

aoil (14, p. 165). Such a difference would not be 

expected in the soils of the Waha aerie since the inter­

space and buncbgraaa roots had similar C:N ratios. 
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--- - -------------------------------

SUMMARY AND CONCLUSIONS 

An exploratory investigation was made to test the 

relationship between microbiological capacities, habitat 

types and soils representative of the Columbia Basin 

rauaeland. Except for the selection of one deteriorated 

site the study areas were considered to be in near-climax 

condition. 

Baaed upon the results of a preliminary study a soil 

sampling procedure was used wherein two seta of samples 

were obtained from each site. One set represented a 

soil-root complex of the dominant bunch1rass plant, the 

other set representing a soil-root ca.plex of interspace 

vegetation. 

The percentages of roots, moisture, moisture 

capacity and pH values were determined for each a..ple. 

C:N ratios were determined for selected bunchgrass and 

interspace roots. The aamonifyina and nitrifying 

capacities were dete~ined for the Ritzville, Waha, Rock 

Creek and Condon soil series. Except for the Rock Creek 

soil, respiration powers were deter.ined for 

representative samples of each soil. These were baaed 

on the apparent decomposition of native roots added at 

a rate equivalent to 2000 ppm carbon with ammoniua sulfate 

to adjust the C:N ratio o f the roots to 20. 
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these differences are laoJdng at the present time. 

lD future work of this nature the intensity of field 

supling could probably be reduced without aeriouslJ 

affecting results. Hewever, samples should be taken in a 

manner to include various soll•root complexes. A 

ccaprebensive studJ would entail the testiq of soils 

collected at seasonal intervals throughout the year. 

Culture studies (e.g., plate counts) should be included 

to elaborate possible variations in the population of 

microorganisms in tiae and apace. 
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APPDDIX A 

Soil Moisture Determinatiooa• 

I. Art..1a1a tridentata/As!opyron apicatua habitat type 

A. Wallula, Washington (Ritzville silt loaa) 

Buncbp'a•• Soil Interspace !!!!!_ 

I Jlolature• I Moisture I Moisture I Moisture 
Capacltr• Capacity 

3.7 45.1 4.7 31.2 
6.8 50.8 7.8 a.o 
4.8 42.1 1.2 32~2 
5.5 41.8 2.8 36.3 
8.1 42.3 8.8 40.9 
8.3 41.7 7.4 41.3 
8.7 41.7 8.6 42.6 
8.2 42.2 7.2 41.7 

Mean 7 -44 6 -40 

B. lllaatilla Co., Oreson (Ritzville very fine 
sandy loaa) 

Bunc!!fraaa ~ Interspace !!!!,! 

I llolature I Jlolature I lloiature I lloieture 
Capacity caeaclty 

10.6 58.0 8.7 47.7 
8.3 52.1 8.1 49.5 
8.8 51.2 9.1 47.2 
7.8 48.2 8.9 51.8 
8.1 52.3 10.0 46.2 
9.1 52.4 3.2 41.7 
9.4 52.4 9.1 48.4 
7.8 50.2 8.6 48.4 

Mean 8 51 8 .f.8 

• Valu.. are averac•• ot duplicate deteninatlon. 



APPBIDII A (continued) 

11. l'eetuoa idahoeuie habitat type 

A. 12 llilea We8t; Bye, 0re1on (Waha ellt loam) 

Buucbpu• Soil Interepace !!!! 
I Jlo1a'ture S Jloleture I Moisture I llo1sture 

ca2ac1tl C&J!&eitl 

5.8 55.8 2.2 39.8 
11.9 84.3 2.0 52.1 
12.2 56.9 7.6 51.2 
8.3 55.8 17.5 51.9 
9.8 62.3 18.6 69.7 

11.5 80.2 10.7 61.6 
10.9 59.3 8.3 52.0 
21.0 84.0 5.9 48.6 

llean -11 -80 - 9 -53 

B. 22 111188 •••t• .,., Oreson (1faha e1lt lou) 

Buncbpa•• !!!! lnter•P!C• !g!.! 

S lloieture I Jlo1eture I llo1ature I Jloiature 
CapaclV Capacitl 

~ ~ 

19.0 83.2 17.2 81.8 
19.8 83.1 12.7 74.5 
12.5 10.6 18.7 82.8 
7.5 88.7 13.0 87.2 

14.9 78.1 4.1 82.8 
18.7 11.0 4.5 58.3 
18.8 88.7 15.4 75.2 
18.3 82.2 4.0 52.9 

llean -15 -78 -15 -89 
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APPBKDIX A (continued) 

Ill. !Jroezron apicatua/!!! secunda habitat tree 
A. "Heppner Bill" (Bock Creek very aton.r loam) 

Buncl!graas Soil 
I Moisture 

12.9 
11.2 
11.7 
17.0 
7.9 

13.8 
19.8 
16.8 

lleanJ:r' 

I Moisture 
Capacity 

63.8 
54.7 
59.2 
89~8 
56.8 
61.6 
70.3 
68.7 -ar 

Interspace ~ 
I lloiature I Moisture 

caeacltz 

16.8 86.. 7 
15.3 65.1 
18.9 73.4 
19.2 64.4 
15.9 71.4 
17.9 70.7 
24 .. 1 76~5 
21.2 73.5
.-,:r "'"'1r 

B. E1ghtaile (Condon ailt loam) 

Buncyraaa !ill 
I Moisture 

18.3 
20.5 
17.8 
13.0 
15.8 
12.1 
18.2 
13.8 

11ean-nr 

I Moisture 
Capacity 

65.4 
61.1 
58.4 
56.2 
82.2 
55.2 
53.7 
44.8,­

I Moisture 

20.2 
21.7 
20.5 
18.9 
20.8 
22.1 
20.0 
19.6 -n­

e. Deteriorated (Condon silt loua) 

9.6 
10.1 
10.1 
14.8 
11.0 
13.0 
12.6 
14.8 

llean-,:r-

Interspace !S!!! 
I Moisture 
capacitz 

63.1 
68.0 
70.9 
60.7 
73.4 
73.8 
50.2 
49.3 
-n­

Bunc!ylrau Soil Interspace Soil 
I llolsture ,; IOlature I llolstiire I Eiiture 

Capacity Capacttz 
56.5 12.2 56.3 
55.0 10.0 49.3 
59.9 10.1 45.2 
84.3 10.7 48.8 
52.2 9.2 46.9 
62.0 10.0 53.3 
80.9 10.0 49.9 
89.1 11.5 53.2 
-.m- -nr -su­



APPDDIX B 

S,drosen ion determinations aade on 1:5 soil suspeuiona.
J'ipres are avera1es ot duplicate pH values detenained. 

Habitat Types Art•iaia trldentata/ J'estuca 1dahoensis Aaropyron •2tcatu./Poa aecunda 
!iroezron s2lcafUi 

Soil Series Ritzville 'Iaha Rock Creek Condon 
Locatlou Wallula 

Washington 
Uiitl11a 
Co., Ore. 

lye, ore. 
12 at., w. 

lye, ore. "lippner 
22 •1. ,'I. 8111" 

llchtil1e llchti11e 
(Clilaas) (D)* 

Saltple
DesiKDAtiooal B I B I B I I B I B I B I 

7.5 7.8 1.4 7.3 6.9 7.0 7.1 6.9 1.4 7.3 7.4 7.4 7.3 7.3 
7.4 7.2 7.5 7.0 6.8 7.0 6.6 6.9 7.3 7.5 7.5 7.4 7.3 7.3 
7.5 7.o6 7,.7 7.3 6.8 7.2 6.7 6.9 7.3 7.4 7.3 7.4 7.3 7.4 
7.5 7.4 7.7 7.5 6.8 7.4 6.8 8.8 7.5 7.4 7.4 7.4 7.3 7.5 
7.5 7.3 7.8 7.2 6.6 7.1 8.8 1.0 7.3 1.4 7.5 7.3 7.4 7.3 
7 •• 7.4 7.8 7.3 8.8 7.0 6.9 8.9 6.8 7.4 7.2 7.3 7.3 7.4 
7.4 7.2 7.5 7.2 7.0 8.9 7.0 7.0 7.5 7.3 7.2 7.7 7.1 7.3 
7.2 7.2 7.5 7.1 7.0 7.0 8.8 6.9 7.6 7.8 7.1 7.6 7.2 7.3 

1 "B" and "I" designate buncbgrasa and interspace samples respectively. 

(D) designates Deteriorated •• 
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APPBMDIX C 

eu.ulative totals of age of carbon evolved as carbon 
dioxide. Values are averaaes of duplicate deterainationa. 

Daze 
1 2 4 8 16 28 

Soil c~ Bvolved, •KC/100 gaa aoil 

Jl1tzville 
Buacbgraaa 6.6 8,8 15.6 23.9 35. 54.1 
Soil only 3.0 4.5 8.3 9.6 13.1 19.0 

Interspace 5.7 10.0 17.2 26.4 35.6 47.5 
Soil only 2.6 4.6 7.2 11.2 15.1 21.5 

'Iaha 
Buncbp'aaa 2.8 5.5 8.3 13.6 22.0 39.2 
Soil only 2.4 4.5 6.7 8.7 12.7 20.6 

lnterapace 3.3 7.2 11.6 18.2 26.3 40.9 
Soil only 1.0 2.7 4.2 6.3 9.3 14.6 

Condon 
(Cliaax)

Bunctacrasa 3.9 7.0 11.8 28.7 34.3 55.4 
Soil only 2.5 4.6 7.3 6.8 12.9 25.3 

Intenpace 5.3 11.7 17.5 24.0 32.7 51.6 
Soil only 3.2 8.0 8.8 12.5 18.4 28.0 

Condon 
(Deteriorated)

Buncbgraaa 4.9 8.9 14.4 22.6 35.9 66.7 
Soil only 2.6 8.2 9.8 14.8 21.8 43.0 

lnterapace 5.8 12.1 28.8 41.1 52.1 72.1 
Soil only 2.0 3.7 6.7 10.4 17.0 33.8 




