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ABSTRACT

Part I

Soil temperature is a more important driving variable than soil water
in the decomposition model for the Osage Site. Analysis of 1971 data supports
this hypothesis.

Decomposition rates for cellulose and native Iittgr and CO2 evolution
were higher in the grazed treétment than in the ungrazed treatment. Though
other factors may influence these processes, temperature was always higher in
the grazed treatment during the growing season. |

Soil water at the Osage Site may have been high enough to decrease 602
evolution. This is especially true for the ungrazed treatment, where soil
water averaged 3.3% greater than the grazed treatment.

The present method for measuring root decomposition is inadequate,
making it difficult to distinguish between new roots which have entered the

substrate bags and the initial sample.

Part II
Carbon dioxide evolution experiments made at the Osage Site from April
through December 1972 showed a difference in CO2 evolution between the
grazed and ungrazed treatments. There were no significant differences between
replicates within each treatment. Carbon dioxide evolution correlates sig-

nificantly to temperature but not to soil water.



PART I

MICROBIAL DECOMPOSITION AND CARBON DIOXIDE EVOLUTION

OBSERVATIONS AND RESULTS

Abiotic Factors

Soil temperature and soil water.were taken on each sampling date (Table
1) according to U.S. IBP Grassland Biome Technical Report No. 145 (Swift and
French 1972). Soil water was higher in the ungrazed treatment than in the
grazed treatment for the entire samp]ing season (Fig. 1). Soil temperature
increased gradually thraugﬁrth; gﬁmmér and wés élﬁéys higher in the grazed

treatment (Fig. 2}.

CO2 Evolution

€O, evolution was higher in the grazed treatment except for June (Table

2
2). This variation in COZ production does not correlate with changes in

either soil temperature or soll water.

The total amount of CO2 produced showed gradual increase throughout
the season (Fig. 3) and was apparently influenced primarily by soil tempera-
ture. The data indicate that the lack of soil water was not a limiting
factor in CO2 evolution. The 3rd and bth degree polynomial regression plots
of €0, evolution vs. soil water (Fig. 4) show that €0, evolution decreased

as soil water increased.

Decomposition

Surface and belowground samples of cellulose, litter, and roots were
established on 22 April! and recovered on 6 June, 7 July, and 8 August. The
results are summarized in Table 3. The rate of decomposition in grams/month
was higher for all substrates in the grazed treatment (Fig. 5). Cellulose,

both above- and belowground, decomposed more rapidly than native litter.




Table 1. Soil temperature (°C) and percent soll water for each treat-
ment at Osage, 1972.

Date "Parameter Ungrazed Grazed
22 April Temperature 14.0 16.0
Water 37.5 31.5
16 May Temperature 15.0 17.5
Water 30.1 26.1
6 June Temperature 17.5 20.5
Water 19.1 12.1
7 Jduly Temperature 18.5 19.7
Water 24.9 24 4
8 August Temperature 19.8 22.3
Water 19.4 17.0
2 September Temperature 19.3 22.5
Water 29.3 26.5
4 November Temperature 9.0 9.0
Water 24.9 24,7
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Table 2. Summary of CO2 evolution data.

2 Soil Temperature Soil Water

Date Treatment g 002/24 hr/m (°C) (% dry wt)
22 April Ungrazed 5.76 14,0 37.50
Grazed 11.09 16.0 31.40
16 May Ungrazed 4 44 15.0 30.10
Grazed 10.01 17.5 26.08
6 June Ungrazed 11.89 17.5 19.05
Grazed 11.37 20.5 12.07
7 July Ungrazed 9.23 18.5 24 .90
Grazed 9.75%/ 19.7 24.35
8 August Ungrazed 13.81 19.8 19.40
Grazed 19.00 22.3 17.00
2 September Ungrazed 15.21 19.3 30.05
Grazed 21,582/ 22.5 26.50
4 November Ungrazed 3.73 9.0 24 .94
Grazed 4.20 9.0 2h .66

; B . o
a Data available for Replicate 1 only,
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Table 3. Mean percent lost for each substrate, Osage, 1972.
Surface Buried
Date Treatment
Cellulose Litter Cellutose Litter Roots
6 June Ungrazed 5.12 -3.82 35.10 7.09 -17.91
Grazed 8.44 7.88 26.76 11.02 -15.73
7 July Ungrazed 3.10 0.44 29.55 7.82 -7.12
Grazed 3.98 2.38 31.0v 12.73 -9.93
8 August Ungrazed 2.25 2.80 26.83 8.03 -4.30
Grazed 2.94 3.13 26.91 8.71 -2.35




g/month

|.O
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

[.O
0.9
0.8
o7
06
0.5
0.4
0.3
0.2
0.1

Fig.

[ Jungrazed
Grazed

Surface Cellulose

MAVANANY

N8 nAe

Surface Litter

Buried Cellulose

AILETLRRARRRARARANNANNNY

1

A AL1HLLHLEIILRLR R RARRRNRRRNNY

Ju

=

2 AV RTTNTY

>
c

L

vy

Sz
Buried Litter
z

S

ZIn

2 [1E

7 “

~Jul Aug

Comparison of the decomposition rates, Osage Site, Summber 1972,




=10~

Data on root decomposition wérérfnconclusive, showing a “negétive loss,"
apparently because living material Penetrated the samples. New roots growing
into the sample bags were not easily distinguishable from the substrate

and thus were not removed from the samples. (Control bags containing an
inert inorganic filler such as fiberglass, or empty bags, placed in the
ground and removed with the substrate bags may facilitate measurement of

the amount of new root growth into each substrate sample.) Fig. 6, 7, and

8 show mean percent loss for buried cellulose, litter, and roots.
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PART II
AN EVALUATION OF THE EFFECT OF SOIL WATER
AND TEMPERATURE ON CO2 EVOLUTION

CARBON DIOXIDE EVOLUTION IN THE UNGRAZED AND GRAZED TREATMENTS

Carbon dioxide evolution experiments at the Osage were designed to
detect any differences in rates of CO2 evolution in the ungrazed and grazed
treatments. Each treatment was composed of two replicates. On all but one
date where a statistical test was possible, the grazed treatment demonstrated
a significantly higher rate of €O, evolution (t test, p < 0.1). There were
no significant differences for €0, evolution (Table 4) between the two rep-
licates in each treatment. The rates from the grazed treatment were more

variable throughout most of the season (Table 5).

CORRELATION BETWEEN C02, TEMPERATURE, AND SOIL WATER
IN THE UNGRAZED AND GRAZED TREATMENTS

We have reported that CO2 evolution seemed to be more highly correlated
with temperature than with soil water at the Osage, and a closer look at our
1972 data supports this opinion. Table 2 contains a revised summary of CO2
evolution, temperature, and soil water for each treatment. Table 6 summarizes
the correlation for these parameters in each treatment. Correlation between
temperature and CO2 evolution was significant in both treatments at the 0.05
level. Correlation between the other parameters was not significant. The
dynamics between 602 evolution and temperature follows a second degree poly-
nomial regression curve (Fig. 9). The correlation of the curve to the data

and the equations are shown on the graph.
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Table 4. Carbon dioxide (g/24 hr/m2) and temperature (°C} for repli-

cates 1 and 2 in each treatment.

Simple correlation between

CO0, and temperature shown for each replicate.

Temperature C?z ng
Ungrazed
14.0 6.04 5.52
15.0 3.52 5.35
17.5 11.92 11.85
18.5 10.06 8.58
19.8 14.00 13.62
19.3 15.30 15.10
9.0 3.60 4.06
r 0.86 0.85
Grazed
16.0 11.49 ' 10.75
17.5 11.56 8.46
20.5 11.79 10.95
19.7 8.75 o
22.3 16.79 21.20
22.5 24,58 --
9.0 k.30 h.12
r 0.79 0.83
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Table 5. Coefficient of variation for €0, evolution in the ungrazed
and grazed treatments, Osage Site.

Date Ungrazed Grazed
April & 21.53 ' 24.98
May 16 | 59.91 4h.66
June 6 14,38 32.89
July 4 17.34 27.08
August 8 11.51 28.37

September 2 28.34 5.80
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When CO2 evolution, temperature, and soil water were submitted to a

multiple linear regression with two independent variables (Z = AO + A]X + AZY),

77% of the variance of 602 evolution was accounted for by the data in the un-

grazed treatment and 70% in the grazed treatment. When Z = C0,, X = HOH, and

2,
Y = °C, the equation for the ungrazed treatment is Z = -3.12 - 0.13%X + 0.98Y

and the equation for the grazed treatment is Z = -16.74 + 0.26X + 1.29Y,

CORRELATION BETWEEN 002 AND TEMPERATURE
BETWEEN REPLICATES IN EACH TREATMENT
Table 4 shows the data for each replicate and the simple correlation
between CO2 and temperature. In all cases the correlation is significant to
the 0.05 level,
Fig. 10 and 11 show second degree polynominal regression curves for the
ungrazed and grazed replicates respectively.: Correlation betweeﬁ the data
and the curve as well as the equation for each regression are shown on each

graph.



-20-

"H8°0 = 7 °3ed(|dos ‘/g'g = 23ed(|des :ejep o3 ydesb
. I : 40
{zd) uol3zejsauo) iusunea.y pazedbun sy u; 7z pue Pmmumu:n_ol_‘_o..vo..:um._oasmu.m> :o_u:_o\,mwonu.op .m_.._

(Do) dinipiadway

6l Ll gl gl 1 6
_ X _ _ _ 0
: , . -2
2X210+XL62-22L1=A 2doy :
2XPI0 + XGO'E—61'6 =A | day —
—H9 w
O
dg
~
A o
= H
ot 2
N
H21 3,
i
ekl

NOISS34934 A10d -'8|



-21-

"6L°0 = 7 ®redyqdaa ‘/0 = @jed)(des :eiep o1 ydeub Jo

N H . P -— . —. OU —.—. -

(Do) d4njpaBdWA]

G2 ¢z 12 6l 2l gl ¢l I 6
[ _ _ X X _ I T 0
. ¢
2X60°0 + X06'1 - 00bi=A 2doy 2
2X600 + X891 ~GO'€l=A |day 14
—H6 &
A O
. 21 &
yf ~
. no
H
—H61 =
<
3
l.._w_ n
12
4¥2

NOISS3H93d A10d —4¢8



-22-

SUMMARY

1. Carbon dioxide evolution at the Osage showed a difference between
the ungrazed and grazed treatments significant at the 0.1 level. Replicate
differences within each treatment were not significant.

2. Carbon dioxide.evolution is more variable in the grazed treatment
than in the ungrézed.

3. Soil temperature is more important than soil water in the prediction
of decomposition rate at the Osage Site.

L. The dynamics for CO2 evolution at the Osage Followﬁ a second degree
regression curve suggesting the hypothesis that within the limits of soitl
water in the 1972 growing season, CO2 evolution increased as soil temperature

increased.
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APPENDIX I

FIELD DATA

Microbial Decomposition Data
The microbial decomposition data were collected at the Osage Site on
form NREL-4D in 1972. The IBP designation for this data set is A204009.

Examples of the form and the data collected at the Osage Site follow.



S — e e AAESRIRENT 24¥Ls UOVH0I00 - AMOLYHO0YT AD0M02Y 33YN0S3Y VENLYN  On-T34N o

puncJbmojag gz

vc:oLmu>0mK i

uoriesoq

53004 anjiey €

48311 2An3eN 7
ASGIn

terioey o[ dweg

Aluo ek

[EL , .IUsJun3 pazelbup

S ) pozaib Al (Arey
e SR pazedS Ajszelapoy
S S © - pazesb A3yB|q

pazesbup |

EDTTRY-EINY

NN W ™

o . : : : 4
| : ‘ JVuMES ||
. . ¥ajuey g1

PRI - sbesgp go
o epeusor go
upnbeor ues /o

shey gg

uosuIyatg 50

POOMUO1IG] g
, . a8bpiag gg
o o . _._Om...n N.Q

P ERL A R

L diig

uo|} | soduosep

- ABofojqoia \
+dX| vieg

A “_ a4
A e ve-Eefzgeiefon-6z] sz-92 [ 4z | zzos1. | 0y Lgr - fe-aifii-on 6-g- e
, ﬂ..‘_ - Luo.) yauoy \.u.n .‘ c o _ .‘u t.,..._-nr g_u;.ot., Awg - " . m
£3 £ (5. —L E et g, [ B E 5 fe |2
B S H g |5 8= 13512 5 , s |50
I R I R T I R STl E[EEL e o E[F
i B R _ NOILISOGH0330 ~ AB0I01G0HITH~L33HS Y1V0 Q314
N e NVHOONd T¥O1D010IE TYNOILYNNILNI ‘s

A T INOIE ANVISSVYHD



=26~
*REXAMPLE OF DATA®e
1 2 3 4 5 6
12345678901234567890l23456789012345§789012345678901234567890123456789

4D09SWMO06067211 1 1.00 |} 220472 044 3.0 29 0.060 7.97 7,28
4D09SWMO06067211 | 1,00 1 220472 044 3.0 2.8 0.054 7.97 7,28
4D0ISWMO6067211 1 1,00 1 220472 044 3.0 249 0,078 7.97 7.28
4D09SWM06067211 1 1,00 1} 220472 044 3.0 28 0,063 7.97 7.28
4D09SWM06067212 1 1,00 ) 220472 044 3.0 209 0.050 7,03 6,43
4DOISWMO6067212 1 1.00 ] 220472 044 3.0 2.8 0,069 7,03 6,43
4D09SWMO606T212 1 1,00 1 220472 044 3.0 2¢9 04061 7,03 6.43
4D09SWMO606T212 ) 1.00 ) 220472 044 3.0 2¢7 04081 7.03 6443
4D09SWMO06067211 2 773 1 220472 044 3.0 2.8 0.319 7.97 7T1.28
4009SWMO6067211 2 773 1 220472 044 3.0 2e6 04230 7.97 7.28
4D09SWM06067211 2 .773 1 220472 044 3.0 249 0,386 7.97 7,28
4D09SWMO606T211 2 .773 1 220472 044 3.0 2.8 0+.308 7.97 7.28
4D09SWM06067211 2 .773 1 220472 044 3.0 2¢8 04341 7.97 7.28
4D09SWM06067212 2 .773 1 220472 044 3.0 2¢9 0.381 7,03 6,43
4D09SWM06067212 2 ,773 1 220472 044 3.0 2e6 0e24]1 7.03 6,43
4D09ISWMO606T212 2 773 ] 220472 044 3.0 2eT 0250 7.03 6.43
4D09SWM0E6067212 2 773 1} 220472 044 3.0 2¢6 04245 T.03 6.43
4D09SWMOG067212 2 .773 ) 220472 044s 3.0 29 04402 7,03 6.43
4D09SWM06067211 1 1.00 2 0S 220472 044 2.0 17 0.890 7.97 7.28
4D09SWMO6067211 } 1.00 2 05 220472 044 2.0 le2 0.509 7.97 7.28
4D09SWMO6067211 1 1,00 2 05 220472 044 2.0 l1e6 0.270 7.97 7.28
4DO9SWM06067211 1 1.00 2 05 220472 044 2.0 1.5 0e480 7.97 7.28
4D09SWMO6067211 1 1.00 2 05 220472 044 2.0 1.2 0.542 7.97 7.28
4D09SWM06067212 1 1,00 2 05 220472 044 2.0 1.5 0.284 7.03 6.43
4DO9SWMO606T212 1 1,00 ? 0S 220472 044 240 le4 0o416 7.03 6,43
4D09SWM06067212 1 1.00 2 05 220472 044 240 146 0,271 7.03 6.43
4D09SWM06067212 | 1,00 2 0S5 220472 044 2.0 1.5 04485 7,03 6,43
4D09SWM06067212 1 1,00 2 05 220472 044 240 047 0.133 7.03 6.43
4D09SWMO606T211 2 .773 2 05 220472 044 3.0 2¢5 04570 7.97 7.28
4DNISWMO6067211 2 .773 2 05 220472 044 3.0 245 04425 7,97 7T.28
4DO9SWM06067211 2 773 2 05 220472 044 3.0 2¢6 0477 7.97 7.28
4D09SWM06067211 2 .773 2 05 220472 044 3.0 2.3 0.468 7,97 7,28
4DO9SWMO6067211 2 .773 2 05 220472 044 3.0 2.5 0.680 7.97 7T.28
4D09SwWM06067212 2 ,773 2 05 220472 044 3.0 2.5 0,405 7,03 6,43
4D09SWMO6067212 2 .773 2 05 220472 044 3.0 2¢9 0,708 7.03 6,43
4DO9SWMO06067212 2 .773 2 05 220472 044 3.0 3.1 0.980 7.03 6.43
4D09SWMO6067212 2 .773 2 05 220472 044 3.0 2eb 04245 7.03 6.63
4DO9SWM06067212 2 .773 2 ¢S 220472 044 3.0 2¢7 04483 7,03 6,.43
4D09SWMO6067211 3 .641 2 05 220472 044 6.0 S5¢7 0.796 7.97 7.28
4DO9SWM06067211 3 .64]1 2 05 220472 044 6.0 5.8 0733 7.97 7.28
4D09SWM06067211 3 .641 2 05 220472 044 6.0 Se4 0.520 7.97 7.28
4D09ISWMO06067211 3 641 2 05 2206472 044 6.0 Sel 0.301 7.97 7.28
4D09SWMO06067211 3 .641 2 05 220472 044 6.0 S¢7 0755 7.97 7,28
4009SWM06067212 3 .64]1 2 05 220472 04e 6.0 5¢1 0,354 7.03 6.43
4DOISWMO6067212 3 641 2 05 220472 044 6.0 5¢4 04517 7.03 6.43
4D0O9SWM06067212 3 .64]1 2 ¢S 220472 044 6.0 502 0431 7.03 6,43
4D09SWM06067212 3 .64]1 2 05 220472 044s 6.0 5S¢4 0,506 7.03 6,43
4D0O9SWM06067212 3 .64]1 2 05 220472 044 6.0 Sel 04345 7.03 6,43

4D09SWM06067251 1 1,00 1 220472 044 3.0 3.0 04194 5,40 5,15
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CO2 Evolution Data

The COZ evolution data were collected at the Osage Site on form
NREL-4E for the year of 1972. The IBP designation for this data set is

A2UL049. Examples of the form and data collected at the Osage Site follow.
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##EXAMPLE OF DATA#+
1 2 3 4 5
123#5678901234567890123456789012345678901234567890123456789

22 1.08 B.79 4.50
22 1.08 B8.79 4.70
22 1408 B8.79 4,75
22 1.08 B.79 5,50
22 1.08 8.79 5.75
22 1.08 B8.79 5,60
22 1408 B+79 4.85
22 1408 B,79 5,80
22 1408 8,79 5.50
22 108 8.79 5,40
22 1.08 8,79 5,35
22 108 B8.79 5,65

4EO9SUN0606721178.5170519-05 1
4E09SWM0606721178.517.519.05 1
4E09SWMO060672117TA.517.519.05 1
4E°9SUM06067211780517o519o05 1
4E09SHN0606721l?qQ5170519o05 1
45095““0606721178o517-519005 1
4E09SWM0606T721173.517.519.08 1
4E09SUM060672117805170519-05 1
450953"06067212730517.519.05 1
4EOQSHM06067?1275-517.519.05 1
4E09SHN0606721278-517-519.05 1
4E095NM06067?1273.5170519.05 1
45095&"0606721278.517-519.05 1 22 1.08 8,79 4,70
4EO9SHM060672]278-5170519.05 1 22 1.0B B.79 5,50
4E09SHM0606721278-517.519.05 1 22 1.08 B8.79 4,30
§£09SU"060672517B-5200512097 1 22 1.08 B8.57 5.35
4E095UN0606725173-5200512o97 1 22 1.08 B8.57 6.35
4EO09SWM0606725178.520.512.97 1 22 1408 B.57 5,50
4E095H"0606725178-520-512.97 1 22 1.08 B.57 4.75
4E09SUH0606725178-520-512.97 1 22 1.08 B.57 2.50
4E09SWM0606725178.520.512.97 1 22 1.08 8.57 4.75
4EO9SUN0606725178.5200512097 1 22 1.08 B.57 5.80
6E09SHM0606725278.520-511-17 1 22 1.08 B8.83 5.90
45095HM0606725278.5200511017 1 22 1.08 B8.83 5,45
4E09SHM0606725279-520-511-17 1 22 1.08 B8.83 5,.7%
4E09$ﬂ"060672527ﬁ.5200511017 1 22 1.08 B8.83 6.80
45095“”0606725278.520.511-17 1 22 1.08B B8.83 3.45
4EO95UH0606725278.520.511-17 | 22 1.08 8.83 5.80
4E09SNM0606725278.520-51l017 1 22 1.08 B.,83 5,45
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