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EFFECTS OF SOIL TYPE AND PLANT DIVERSITY ON SOIL RESPIRATION AND LITTER
University o DECOMPOSITION IN A TALLGRASS PRAIRIE BIOFUEL PRODUCTION SYSTEM

Northern Jordan Young and Kenneth Elgersma

|0Wi:'l Department of Biology, University of Northern lowa, Cedar Falls IA

IOWA EPSCOR

Background Results Conclusions

* Global climate change largely depends on the atmospheric carbon e Soil type (p = 0.0189) and plant diversity (p = 0.0386) both had significant effects on soll * Soil respiration rates were higher on clay and loam soils than on sandy
balance, of which soil respiration and litter decomposition are respiration (Fig 2). soils. This result was expected given the differences in chemical and |
ignifi . . e . L. . . hysical ' he th 1 . "
significant components o Sampling round had a significant effect on soil respiration (p < 0.0001), and the effect of plant diversity physical properties between the three soll types
 Native perennial prairie vegetation is being tested as an alternative to was most apparent during time of peak respiration in mid-July and August (Fig 3).  Soil respiration rates increased with increasing plant diversity on the
corn for renewable biofuel production. clay and loam soils as expected based on the results of previous

* No relationship was detected between soil temperature and respiration (Fig 4); soil respiration

e Mixtures of this vegetation, unlike corn ethanol, are considered ‘carbon e : : : :
. S, geta . 3 SIder | decreased with increasing moisture on clay and loam, but increased on sand (Fig 9). L . .
negative’ because net CO, sequestration exceeds atmospheric release-.  Respiration rates varied over the course of the growing season as

expected, and the effect of diversity was most apparent during times

studies that showed respiration to increase with species richness®2,

e Studies have shown that aboveground biomass and the rate of carbon

sequestration are both increased by planting a diverse mixture of - . of peak respiration.
species versus a monoculturel. B e The unexpected negative relationship between respiration and soll
o 1 moisture may be attributed to soil saturation. Previous studies suggest
, 0 ‘o 20 that respiration may decline at very high moisture levels34.
Research Questions i - N . N . |
‘ = — e e Litter decomposition rates were highest on clay soils followed by loam
. . . . . . L O
How do soil type and the diversity of biofuel vegetation mixtures E 6 _L J_ T _I_ £ . and sand as expected.
affect soil respiration? How do soil temperature and soil moisture x X 1  Decomposition rates were highest in the high-diversity treatments,
affect soil respiration? - L ! l likely due to the presence of legumes in the mixtures, which are high
How do soil type and the diversity of biofuel vegetation mixtures o ° © g g T it | w 1 w nitrogen and accelerate decomposition™".
- 4 M il  Soil respiration and litter decomposition only account for two carbon
affect litter decomposition? I I i |
0 ’ output processes. Recommendations regarding the use of native
, 0 | | | A i © © 0 0 - A ‘; prairie vegetation for biofuels will require further research investigating
: clay loam sand May Early-June Mid-June Early-July Mid-July Aug Sept Oct t b bal
| Figure 2. CO,, flux (umolm2s?) across treatments within soil types. Dashed lines Figure 3. CO, flux (umolms?) across treatments within sampling rounds.
represent means for each soil type. Values are presented as model prediction Dashed lines represent means for each round; different letters indicate .
means +/- 1 SE. significant differences between rounds (p < 0.05). Values are presented as ol . -
” model prediction means +/- 1 SE. ’ [ FUtu re DI reCtlonS .'
Ly -1 |
A N * Full spatial analysis of soil respiration data rv
1
f‘ | 010 010 é e Pairing of respiration data with aboveground productivity data ;
r B . ° %‘ e Continued collection over multiple growing seasons J
¢ o 0% AP : o «» 0.05 Lo e et . Greater litter bag replication at the plot level, alternative bag material,
4 E R 3 oy i 2y | and collection over the course of a full year
2 0.00 ~sand @ - sang
& & 0.00 ‘
: \
‘ -0.05; A .o . A
\ 005 .o e Co . (
: : . \
, -0.10{ ' ) ’. \
- 10 15 20 25 0 10 20 30 40 50 ' q
Soil Temperature (C) Soil Moisture (%) . ;
Figure 4. Residuals from model lacking soil temperature effect Figure 5. Residuals from model lacking soil moisture effect plotted ) '
plotted against soil temperature by soil type and linear regressions against soil moisture by soil type and quadratic regressions for each .
- for each soil type. Positive residuals indicate under-prediction of soil type. Positive residuals indicate under-prediction of respiration, :
_ _ respiration, and negative residuals indicate over-prediction of and negative residuals indicate over-prediction of respiration. . : '
Research Site, Blackhawk County, lowa. Plots are coded using respiration u
a letter to denote field and a number to denote plot within that / ' )
field. ;
_ _ _ . e Litter decomposition did not differ significantly between soil types or diversity treatments > 0.05, )
* Experimental Design: 4 replicate plots of 4 diversity treatments on 3 @ Figs 6 and 7)p & Y yP y (P o ACknOWIGdgementS
‘ =ell WPGS_ | * Dr. Mark Myers and Dr. Mark Sherrard
v DNerS'tVTreétmentS' SO'ITVD?S'_ _ L \ * UNI graduate and undergraduate students: Jessica Riebkes, Sarah
1 - switchgrass monoculture === Spillville-Coland Alluvial Complex (clay) i 0.0041 —
B 5 - warm season C4 grasses Waukee loam (loam) ' \" Huebner, and others
! 16 - grasses, forbs, and legumes = Flagler sandy loam (sand) X o < 0-004 e Tallgrass Prairie Center, Greg Houseal, and Dave Williams
32 - grasses, forbs, legumes, and sedges c c T : 1 . : :
. | 2 0.003 2 * National Science Foundation
, ‘ * Soil respiration was measured at 3 collars within each plot 8 times P g S 0.003] e , e lowa EPSCoR grant EPSC-1101284
throughout the growing season (May - October 2015) using a Li-COR LI- / § § 1 e |
- 8100A Automated Soil CO, Flux System; soil temperature and moisture o 000% - 8 5 002 Y
; £ £ : :
ji  Werelalsorecorded ) 5 5 L & Literature Cited
* Soil respiration data were analyzed using a general linear mixed-effects g 0:001] 2 0.001 1. Tilman D, Hill J, Lehman C. 2006. Science 314:1598-1600.
. model and ANOVA ' X X ¢ 2. Dias ATC, van Ruijven J, Berendse F. 2010. Oecologia 163:805-813.
, . : - 17 _ y
* Litter bags were set in each plot in June and collected in August and 1\ 0.000 0.000 3. Dav.'dson EA, Belk E, BOOT‘e RD. 1998. Global Change B.'Ology 4.'217 221
November 2015: decomposition rate (k) was calculated following ash Ciay — - 1. : e 5 4. Curiel Yuste J, Baldocchi DD, Gershenson A, Goldstein A, Misson L, Wong S.
_ ’ P Soil Type Treatment 2007. Global Change Biology 13:1-18.
correction 4 Figure 6. Litter decomposition rate (k) across soil types. Values are Figure 7. Litter decomposition rate (k) across diversity treatments. . 5. Hector A, Beale AJ, Minns A, Otway SJ, Lawton JH. 2000. Oikos 90:357-371.
e Litter decomposition data were analyzed using a parametric ANOVA presented as means +/- 1 SE. Values are presented as means +/- 1 SE. 6. Zhang D, Hui D, Luo Y, Zhou G. 2008. J. Plant Ecol. 1:85-93.
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