Technical Report No. 233
CARBON DIOXIDE EVOLUTION AND CELLULOSE,
ROOT, AMD LITTER DECOMPOSITION IN SOILS

AT THE COTTONWOOD SITE, 1972

Vennance H. Lengkeek
and
Robert M. Pengra
Microbiology Department
South Dakota State University

Brookings, South Dakota

GRASSLAND BIOME
U.S. International Biological Program

September 1973



.
il B e

TABLE OF CONTENTS

Title Page . . ., . . .. ...
Table of Contents
Abstract .
Carbon Dioxide Measurement . . . . e e
Introduction . v .
Materials and Methods .
Resuits and Conclusions ., . .
Cellulose, Root, and Litter Decomposition
Materials and Methods . ., . . .

Results and Conclusions .

Literature Cited . . . . . . . . . . e .

- Appendix I. Field Data . . . . . .

L)
N ok vk ok

SO~~~



.
==

ABSTRACT

The rate of mineralization as measured by carbon dioxide evolution
from soil and decomposition of litter from litter bags and cellulose from
filter paper sheets was measured. Seasonal fluctuations are apparently
related to temperature and sol} water varjations. We were not able, how-
ever, to show good correlation between soil water content, temperature, and
decomposition rates. This may be from microecosystem variation and,
therefore, may require more intensive sampling.

Both root and filter paper samples gained weight. This gain was from
growth of roots and fungal mycelium into the samples.

Most of our methods of measuring decomposer activity in soil are very

crude and need to be refined and/or replaced.



CARBON DIOXIDE MEASUREMENT

Introduction

Measurement of CO2 released from the soil is generally the accepted
measure of metabolic activity of soil microorganisms. It is also the most
commonly used means of measuring the rate of 'soil respiration." This
respiration includes heterotrophic breakdown of organic matter by microbes
as well as respiration by plant roots, nematodes, and other soil inhabitants.
Eventually there will be a need to determine the role of each component of
the population in total soil respiration. For now, the total soil respiration
is sufficient to measure the activity and thus energy use of the decomposers

in this ecosystem,

Materials and Methods

The most common method of measuring CO2 evolution from the soil is
absorption of the CO2 in an excess of known strength alkali solﬁtion fol-
lowed by back titration with a standard acid. The method is outlined
by Coleman {1971).

Aluminum irrigation plipes, 10.16 cm in diameter and 27 cm in length,
were driven into the soil to a depth of 17 cm. The 10 cm protruding above
the ground formed a canopy in which vials of KOH could be ﬁlaced for absorption
of C0,. The CO2 canopies were emplaced on 8 April 1972. Emplaced were 24
canopies, 12 in the low range condition and 12 in tHe high range condition.
The area inside the protruding aluminum containers was clipped of all
photosynthetic material before the emplacement of the canopies as well as
on sample dates before emplacement of the KOH for absorption of COZ' A
20-dram plastic container containing 20 ml of 0.6 M COz-free KOH was placed
in the canopy. The canopy was capped with plastic and covered with aluminum

foil to shield from heat trapping. After a 24-hr period, the KOH vial was



removed, capped, and taken back to the laboratory for titration. Four con-
trol samples of the same volume as the experimental samples were set up
also--two for each condition. At the time of retrieval the temperature
directly above 8 cm below ground level was recorded. Samples of the

soil for percentage of water were also taken from both high and low range

condition.

Results and Conclusions
All 002 is expressed as grams CO2 x 24 hr-] X m—z. Results of 002
investigations are depicted graphically.

=2

Generally the low range condition produced more CO. x 24 hr-I x m

2
than did the high range. This may be explained in terms of root biomass.
The low range had considerably more root biomass than did the high range,
In measuring the C02, the root respiration is also included; and, if there
is a higher root biomass present in one condition than in the other, then
the condition with more root biomass would presumably ''respire'" more and
evolve more COZ.

Fig. 1 depicts the results of CO2 evolution, In both conditions
there is a peak in CO2 evolution occurring in May followed by a gradual
decline. It has been suggested that perhaps the graph of CD2 depicts the
death of part of the ecosystem and is not quantitative for the actual pro-
duction of COZ. In emplacement of the cylinders into the ground, some
roots were severed. Thus the production of CO2 may come not so much from
microbial activity on the natural mulch, but from the death and the
resulting decomposition of the severed roots. Samples of root biomass
will be taken from both inside and outside the cylinders as soon as possible.
Comparisons will be made as to any differences in root mass from inside

the canopy vs. root mass outside the canopy. The results will show if

there was any difference in €0, production due to severed root decomposition
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if the canopies were emplaced permanently in the soil or if they were

emplaced before every COZ trial. Also, work is being done to detect if

there is any difference in CO2 evolution caused by removal of the photosynthetic
material. It was suggested that if the photosynthetic material is removed
before every CO2 trial, then the natural condition of the site would be

altered the same as that of a site which is exposed to heavy grazing. Results
of the lab experiments should show if it is necessary to rempve the
photosynthetic material before the CO2 collection or not.

Fig. 2 shows the percentage of soil water for the period that CO2
evolution was measured. The graph for the high range corresponds roughly
with the graph for the low range. Peaks of soil water occurred in May and
June and again in August. There was no real basic correlation between rain-
fall and CO2 production. However, rain presented a problem at Cottonwood,
because a substantial rainfall filled the open cylinders with water.
Evidently, because of the soil type, water would not drain from the
canopies so the water had to be bailed out of the cylinder before
CO2 production could be sampled. This condition definitely would have
a detrimental effect on 002 production and the CO2 observed would not be
quantitive.

Fig. 3 depicts the temperature of the soil at a depth of 8 cm
for the sampiing period. The temperature is quite similar in both con-
ditions. The highest temperature occurred in late June and then tapered
of f for the remainder of the summer. While the 002 evolution reached its
peak in mid-May, the temperature and soil water had not. A multiple
regression was run using 602 production as the main variant and tempera-
ture, percentage of soil water, and time as the covariants., The regression

coefficient was 0.42. Thus the relationship between temperature, percen-

tage of soil water, and CO2 evolution was weak under our conditions.
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CELLULOSE, ROOT, AND LITTER DECOMPOSITION
Experimental procedure for 1972 was similar to sampling done at
Cottonwood for 1971 (Pengra, 1972). Celluiose filter paper and standard
litter representative of the condition were used as a method of deter-
mining rates of decomposition. Thls year the iitter samples were
composed of litter taken from the respective high and low conditions

sites as sampled in September of 1970.

Materials and Methods

Representative samples of litter from both the high range and low
range were sewn into bags of nylon net with a mesh size of 20 squares/cmz.

The samples were collected in September of 1970 so the litter should
be the same as that which was still on the plots. The nylon bags contain-
ing the 1itter were emplaced on 8 April 1972. Twenty bags each were placed
below ground and above ground for each transect, There were three transects
per replicate and two replicates per condition. There were two conditions
--a high range and a low range. Also 20 nylon bags contalning filter paper
(Whatman No. 1) were placed below ground for each transect on 17 May to
sample pure cellulose decomposition. Samples of roots were buried. Five
bags were buried in the low range, and six in the high range.

On each sample date two bags of both above- and belowground litter
and two bags of cellulose were pulled from each transect. Root samples
were taken three times during summer.

All prepared bags were weighed and the weight of the nylon net was
subtracted from this. Thus, for each bag, the weight of the litter on
a dry basls was known before emplacement. Upon retrieval the bags were
transported to the laboratory and decomposition of the litter was deter-

mined by weight loss.
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Soil samples were taken from both the high range and the low range for
determination of organic soii content. Organic content of the high
range was found to be 20%, the low range 15%. Also samples were taken
of the litter to determine the organic content of the material. For
the high range where western wheatgrass (agropyron smithii Rydb.) is
the predominant grass, the percentage of organic matter of the {itter was
90.6%. These correction factors were placed In the formula:
{mulch wt. upon retrieval) - [(soil ash wt.) + (organic material of
the soil lost) - (% mineral content of mulch)] = (actual mulch weight).
The weight of the mulch upon emplacement minus the actual mulch we ight
will equal the amount of decomposition of that particular titter.
The procedure for determining decomposition of filter paper is bas-
ically the same as that for determining decomposition of mulch. However,
filter paper is nearly 100% organic material; thus the mineral content

of the filter paper can be disregarded.

Results and Conclusions

All decomposition is expressed in grams lost per gram of original
material per sample date. Resuits are expressed graphically.

Fig. 4 shows the decomposition of aboveground mulch for the
period B April to 27 October. The graph depicts a more or less linear
relationship between percent decomposition and time. Several points show
a decrease in percentage of decomposition from the sampling date preceding
it. This can probably be explained as the result of a change In micro-
climate from site to site. The composition of litter samples may also
vary in lignin content, etc. This would give a variabitity in decomposi -

tion. In many cases two samples would be pulled adjacent to each other.
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One would show obvious decomposition, the other hardly any. The micro-
climate between the two probably has a great deal to do with these -
differences in decomposition, and it is definitely altered whan the samples
are emplaced in the soil.

Fig. 5 shows graphically the decomposition of belowground mulch.

The difference in amount of decomposition of belowground mulch and above-
ground mulch i{s not great.

For all decomposition rates for both high range and low range, the
peak of decomposition seemed to occur between 20 July and 23 August, Com-
paring this with C0, production (Fig. 1), it is evident that where the peak
of decomposition has occurred In July and August, the Co2 production Is
declining to quite an extent. Both soil water and soil temperature are
approximate to that of the date when COz production reached Its peak In
May; yet, with temperature and soil water at an optimum and decomposition
occurring at a maximum, COz production tends to fall off, Perhaps this
tells us that, Indeed, we are measuring "'the death of an ecosystem."
However, the flooding of cylinders which occurred in mid-summer
invalidating the CO2 output data Is an equally likely explanation.

As in previous years, cellulose decomposltion was negative. In other
words, In the period from 8 April to 27 October buried cellulose gained
weight. In many cases the retrieved cellulose samples were covered with
mycelium growth, yet the decomposition of that filter paper as measured
by weight loss was not at all evident. Perhaps the mycelium Is adding
weight to the sample. There is alsc a question as to whether minerals
may migrate to the filter paper from the soil. This would also cause the

fllter paper to gain weight.
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Fig. 6 depicts graphically the decomposition of roots. All the
problems mentioned concerning decomposition of other material relate also
to root decomposition.

1f sampling Is to be continued at Cottonwood the following recommen-
dations are made: (1) cylinders for CO2 measurement should be emplaced
just prior to collection of CO,; (ii) they should be emplaced 5 cm deep
and moved to a new location each time; this should prevent measuring the
decomposition of severed roots; (1ii) the photosynthetic material should
be clipped only enough to allow the KOH containing vial to be emplaced;
this will prevent an ''over-grazed' ecosystem microcl imate; and (iv) only
litter representative of the range condition of the treatment should be used

for decomposition rate studies.
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APPENDIX T
FIELD DATA
C02 Evolution Data
The data for the 13972 002 evolution analyses at the Cottomwood
Site were taken on form NREL-4E. The [BP designation for these data

is A2U4OL4. Examples of the data and data form follow.
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*of XAMPLE OF DATA®S

CE0AVML0704T21]1 07A0T.5 15.6 1 2 o6 19,1 175 1.6
h(OtVHLO?GkT?]I 07807 5 15.6 |} 4 «t  19.1 1T.2 1.9
PrPpangerorvirs 3 JSe67) T
SEROYINOTINIZLR 07 fugggi‘} y

AEOAVHLOTO&T212 07807.5 15.6 1| 24 26 19.1 17.2 1.
CEOAVHLOTOAT212 07807.5 15.6 1 24 6 191 17.2 1.

sEOMVML OTROTRN]
&IGQFHLC!H‘Yﬂﬂi

#EO‘VHL070$7?¢1 07812.5 22.2 1 24 «6 19,2 17.% le
AEDAVHLOTOATZ24]1 07812.% 22.2 1 24 «0 19.2 17,1 2.

AZOAVMLOTSATINZ 97
AEOAVIL 0 TONTRS2 ©

4FO4VHLOTOATZ42 8TBL12,.,5 27.2 ) 2e
AEDAVHLOTOAT242 0T812.5 22.72 ] 24

SEQOVMLITOSTPEL 781860 38e6 | 3¢ -

AEOAVML]ITHNT21) $7818,0 1S.0a 1 M
~AESANNLL ISR 28180 28l e D ; ¥ . -
AECAVHLITOST?1] OTR1I8.0 15.6 1 24 6 19.7 154 4.3
AFOAVHLITORT2]] 0TRIB.D 1%.+ 1 24 o6 16,7 19,1 6

~AGOAMML1LI087213 8781840
AEOANWL 17087217 07818.0
AEOAVIL 1 TOST212 §T810.0

i!ObVHL!?OST?l? 87R818,0 15.6 1 24 o6 19.7 1%.0 4.7
ABO4AVHLITOST212 07818.0 15.6 1 24 e 19.7 18.8 1.7
CEQLUNLITONTR4] 078188 - kK e e Se®
SEOAVMLITIEI24]L 078188 1 3 ¢ 6.0
—SEOAMMLIINER AL OTALELS.  WIDEERE NSRRI 2. i)
4F04VIL1T08724] 07818,5 1 24 o6 19,2 16,0 S.2
AEQ&VHL]T0S5T2a] 07818.% 1 o2

Ll o6 19,72 14,0

5
AEOMVILITOBT7242 07818,5 2.2 § 24 o6 19.2 10.2 9
4E0AVHLITOST242 0FB18.5 22.2 1 B4 .06 9.2 9.8 9

SEQAVHLITOST?6? G7818,.5 22.2 ) fu «& 19,7 10,3 [
AE0AVMLLITOS P47 0T7818,.% 22.7 1 2n 6 19,2 11.7 Te
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Decomposition Data

The 1972 microbiology decomposition data were taken at the Cottonwood
Site on form NREL-4D. The IBP designation for these data is A2U4004 .

Examples of the data and data form fol low.
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#if A avLE OF DATawS

)| é 3 4 5 & 7

1334561&90}?34ﬁh1395+?3¢5ﬁ183&}3345@1Hﬂu}136551AQQl¢54561896%3345h43804;

490}9&5040633++~3wv859h€b~——480344«4#4——deawwﬁwﬂﬁ——Ov&G~i4vﬂﬂw+4vo¢
4NCIRLSOT06T21]1 2 .8%9 2 180371 4427 3,26 3,83 1.84 14.90 la.o?
4001RLS07067211 2 .8%9 2 220471 412 3,30 4,24 3,35 14,90 16,862
b9G&ﬂbSGJ0Q1?++*?ﬂv850—P~——~??0#14m4+3L—%H¢4—~4w0-—§134~+4v54—+#TOQWA"a

4NCIFLS0T06TPIL 2 JAR9 7 Cal6T] 389 FoBl 34058 (417 1a.90 la.be
4DOIRLSNTNETPL] 2?2 A%y 2 04067] 309 2.R2  3.AF 1KY (4,90 [4.hn2
4IRS 0706 1218 2 By BB bl T B g il g Bk g Bl gty —
ADCIRLSOTO6T?212 2 JRRG 2 1A037) 447 2,67 3,00 1,46 14,90 lé.62
4O0IRLSOTOLTZ1Z? 2 .RSG 2 220671 412 3,03 7.10 S.4R 14,90 14,02
‘99}9&%%1@%394$W3“1359-FW'%“339“1+“*4@H"3v94—+@f++mmava¢—+*vﬁﬂm+‘vﬁﬁ~
4INIRLSOTORT?1? 2 JRR9 ¢ N0406T1 309 2,97 3.7 | 8Y 14,90 J4.62
4DOIRPLSNTORTZAYI? 2 o8& 2 GeuBeT]l 484 P77 w07 3,74 14,90 Je.b?
4B01RESDTORT A2 889 d P0IBT 44T BTy i BBl e
4aDOIRLSOTOGTP3] 2 .B%9 2 180371 447 3,17 3,17 1,68 H4,64 52,63
4DOIRLSOTORTZ2IL 2 RS9 2 210471 413 2.89 4.01 3.52 54.64 52,63
5nﬂ4ﬂl$ﬂlﬁblaa¥m3~v“ﬁg43»—w—34##14~*43~wavﬁlwmﬁkﬁ§l~*4vﬁa~5‘vbhhh&vbawmw
ADOLIRLSNTORTZIL 2 JHR8y 2 040671 39 2,79 2,77 1404 Hb, ke “2.63
4DONRLSNTORTZ3] 2 «HHQ 2 D40RT] 369 Pahd 2,40 ] 4HH Ha b4 52,64
4BOIRLE0TL6T23d 2 o BEY - 180T i-wil. G2 8 oI5 Dhobh B2 6S . .
400C1RLSOTORT2I2 2 .RBG 180371 447 3,3% 5,99 4,03 54,66 52,563
ADOLIRLSOTO6TZ232 2 AS9 2 ClOAT] 417 P.6R G882 H.1B8 564,66 S2.03
4AD0IRLE0TVMI232 2 8280 2. 210471 413 ke 3.3} 1 .NI Bh ki S2o03 .
ADDYIRLSNTORTZ2IZ2 2 RRI 4 040671 109 2.70 Ra20 l1eF9 NS4 ,04 H2.n3
4DQLIRLSOTONT232 P2 RSQ MaRBTL 3b9 2,97 S,R2  J,92 Sa4.646 AP .k3
4001RLS0T06T201 -3 oBT2 2 1BU3BT] el }o82 2.5 ..}l Hhebhk 52 .63
4NDOLIRLSOTORTZI] 3 .RT72 2 186371 447 1,51 2.23 1.16 Se.64 92,63
“DOIRLSOTOBTZIY 3 .ATZ2 ? 2208T] 412 1.1% S.,00 4,56 54,646 52,63
4D0IRLS0T06Z21] 3 872 2 220w} 412 0,83 .78 _1.07 Séebb 52.63.
SOOIRLSOTORTZ2I1 3 RTP 2 260STLE 4TH 0479 w.4]  3uky Sé,.64 52,043
4D01IRLSOTORTPLI] 3 JRT? » CRONTL 378 JoMa 7,21  H47% S4.,64 9¢.63
ADLIRLSOT067212 3 o872 & LBU3TL 4bd 1ot Lol _1o23 S . bl 92,64
4NOIRLSOTORT2IZ 3 ,AT2 2 1BU3TL «a7 (.87 4,28 2.8% S4,64 52,03
4NO]IRLSOTORTPIZ2 3 LAT? 7 2P047]1 817 0(.R2 2.13 1497 Sh. 64 52,63
4DOIRLSNTIO062LZ. 3 872 2 . 2206t} 412 LD.%8 5.35% _a Il - Sh b S2.63 .
4D0]1PLSATORT?I? 3 RT7P 2 PERUSRTY o {1 s Ra 4 . H{ 3.90 Ha,.64 52,63
4ROLRLSNTORTP Ly < AT 7 FEUGT T (TH 1,99 “el d “al() Sk, ha B2, 613
6DDlRLSﬂlﬂb123¢_3mcﬁiln2-&wwlﬂﬂﬁzLwﬁil%hlol#—&&ohhw¢l+5£~h&‘14mhlﬁﬁJhw
GNOIRLSNTORT23) 3 LR77T 2 180371 447 1,81 1a95% U.79 9,73 47,94
4D01IRLSOTOOT?23Y 3 877 7 210471 413 0.89 0,95 0,27 9,73 4«7.93
4001RLSOT067231 3 LBXT. 2 . 2108F) 413 0,85 _1.25 0.5 49,73 &7.93.
ADOIRLSHTORTPI1 X LHTT 2ROST L 7w (a9 3.37 Cab?2 w9, T3 aT,.93
4NOLIRLSNTORTPI) 3 RV AROST 1 TR .78 1a74 o999 49,73 «7,.93

WDOIRLSODTO06LTZ23e 3 L8112 PELATL weZ loll weeq  3.03 29,73 af.93.
aDOIRPLSNTOGTZ2I?2 3 .A77 10371 w47  1.39 3.11 1.89 49,73 4«7.93
4DOIRLSNTOLTZ?3Z2 3 RT7 PlO4T] 413 Q.88 2,60 1.H81 49.73 47.93
4DOIRLSO7667232 3 LAT7 2  210aTl <13 O.88_  J.6]1 US98 £9.73 wl.93
4N01RLSOTORT?23I? 3 877 7 PRONET L TR L T L b 1.3 Y Td wTL 4
&ROIRLSOTNETZ37 3 JRTT » . PRURTL W 7A (ars v 0] wlP a9, T a7 Y
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