Do Simulated Rainfall Events Induce Foliar Nutrient Leaching In Senescing Switchgrass?

Ruth Burke, Ken Moore, Emily Heaton
Department of Agronomy, lowa State University

Introduction Preliminary Findings Preliminary Conclusions
Switchgrass (Panicum virgatum L.) Analysis of first year data indicates that
IS currently being considered as a FNL does not seem to be a significant
source of biomass for either biofuel driver pf nutrient loss from actively
or combustion purposesl_ Depending Change in Autumnal Leaf Macronutrient Concentrations Change in Autumnal Leaf Macronutrient Concentrations senescing or post-senescent leaves.
- - Upper Canopy HORET (L This begs the question of how mineral
On the b_lomass COI:]VEfSIOn process 09/01 09/15 09/29 10/13 10/27 09/01 09/15 09/29 10113 10/27 09/01 09/15 09/29 10/13 1027 09/01 0?!15. _ .O‘:?Jf2€.l _ .11'31'13' . '1'012?: _ nUtrlenth Contlcrl']ue tO dI’O |n Senescent
used, mineral nutrients such as e e e o loo  wf Niwogen || Phosphorous R _ i 'fp 1 TeoLEl
nitrogen (N) or potassium (K) can & | i | ?Svﬁg't\’\:?;?ir d:i(z/ rgfss i PrECIPILETT]
negatively contribute to ash and g ol | 2 “’\ |2 J |
slagging?. g s S s — > Bt
§ o 1908 & °f Ja0 8 Because a concurrent drop In biomass
Tl i o T g i g 4 . _ L E z yield occurs over winter alongside the
=z %\M p - M S~ - - -
ra_ns Sl et e O_ 2 C_' ek e_ j . O | : additional loss of mineral nutrients, it
main cause of active mlner_al nutrient 16 | § - Sulfur 1100 14| N — - IS posgib|e that over-winter leaf dr()p
movement from Ieaves durlng 12: Il 12 F ?::euartc::rﬁe%ft\fariation gf F-g.aalge DPngéLge P may be driving mineral nutrient IOSS.
senescences. Current research has 0PN entoms & a0 005

10 }

1
(8)]
o

(%) BONY JEDT] USRI

1
(8]
o

(%) BONY JEDT USRI

found that standing biomass left In

Nutrient Concentration (g kg'1)
Nutrient Concentration (g kg"1)

8
the field over winter continues to i 1% 1%
lose mineral nutrients after | 20 2 :
: 7 2 e S — .. Future Analysis
senescence?. Because translocation is 0 0 0 :
d FI ST | Magnesium Calcium 100 Over-winter samples of leaf, stem, and

not possible after full senescence,

. . : E e \ ‘ panicle biomass will be collected each
foliar nutrient leaching (FNL) may ° 12| I e A S—s e . .
be a passive form of mineral nutrient = //@ 00 5 ; 8 : Sourca of Varetion. o Eralue Pruaiue f o o month until March. These samples will

L . 5 = - Treatment 2 5.18 0.0084 1 o _
| (Ij:I) i fhe t i+ int g 8T % g Al S A %’ DEe analyzed for macronutrient content
S e S LB 1 - : 0l [Fe =i e and stem : leaf ratios will be tracked.
dormancy In perennial grasses». 5 b e o R 0 5 N . - o 20
o L. . | | . . 4 Al SRV ARSIl 0 020 2 IR "SR -
. \ 09/01 09/15 09/29 10/13 10/27 09/01 09/15 09/29 10/13 10/27 09/01 09/15 09/29 10/13 10/27 09/01 09/15 09/29 10/13 10/27
We hypothesized that simulated
rainfa” WOUId IndUCe FNL On E g;zﬂnl_eeﬁlzﬁeer?t{ggncentration E ngzﬂnl_eel?ltlﬁeer?t{g]cgncentration ACknOWIedgementS
- A Pre-Rainfall Concentration A Pre-Rainfall Concentration - -
SG”ESClng or pOSt—Senescent a  Post-Rainfall Concentration a  Post-Rainfall Concentration ThlS researCh Was SUppOrted IN part by
SWi’[ChgraSS Ieaves. Figure 2a & 2b. Change in autumnal leaf macronutrient concentrations in upper canopy leaves (2a - left) and lower canopy leaves (2b - right). Green background corresponds with percent green leaf the lowa State UnIVGFSIty Ag ronomy
tissue as leaves senesce (right axis of graphs). Symbols and line represent treatment - control (circle), pre-rainfall (yellow triangle) and post-rainfall (blue triangle) treatments (left axis of graphs). Department Research Fel IOWShIp and
P - values are included in graphs where significant differences were found. :
by funding from the North Central
: Regional Sun Grant Center at South
Materials & Methods e

: : I iterature Estimates Dakota State University through a
usmg d port_able outdoor ra!nfa” grant provided by the U.S. DOE
simulator (Figure 1), pH adjusted Bioenergy Technologies Office under
“ramnfall” was applied to ﬁ;’e plots Estimated Over-Winter Mineral Loss « Date was significant for all nutrients in both upper and award numpber DE-FC36-05G0O85041.
for one hour (~120 mm hr= of rain) 14 lower canopy (P-value <0.0001 at a = 0.05) (Figure 2a
on five dates throughout September and b).
and October for two seasons (2014 2l
and 2015). Five additional control  Declines in concentration with time were seen in N, P and
plots did not receive simulated 3 K, while S and Mg remained steady, and Ca increased.
rainfall. %

=  Rainfall treatment slightly but significantly affected tissue
Vg 3 concentrations for K and Ca in the lower canopy.
r However, both estimated differences were within the
® ; i . : .
T 6 detection limit margin of error for the analysis equipment
& and were not deemed practically significant (Figure 2b).
4 h
» Current research regarding delayed harvest of perennial
Nl grass attributes over-winter nutrient loss to FNL, which References |
2 N = - ! : 1. M. Sanderson, P. Adler, Int. J. Mol. Sci. 9, 768 (2008).
contradicts these preliminary findings (Figure 3). 2. 1. Lewandowski, A. Heinz, Eur. J. Agron. 19, 45 (2003).
3. C. Beale, S. Long, Biomass Bioenergy. 12, 419 (1997).
iR e T 2 "\ _ _ _ 4. J. Johnson, G. Gresham, Bioenergy_Res. 7, 68 (2014).
Figure 1. Rainfall simulator used in this experiment N (4,6-7,10-14) P (4,9-10,13-14) K (4,9-14) Ash (468, 10-12) » Based on our preliminary findings, we hypothesize that >: H Tukey djanpirRey, Eraniiingsi0l (2l §870)
_ _ _ A . ! 6. E. Heaton, F. Dohleman, S. Long, GCB Biol. 1, 297 (2009).
| eaf Samples were taken at 0 and 60 Mineral Nutrient (Literature Reference) over-winter changes to nutrient concentrations may be 7. D. Wilson et al., Crop Ecol. Physiol. 105, 285 (2013).
| - - - - nter mi due in part to leaf drop or other passive processes S o LT 4
minutes from a” p|OtS | eaves were Figure 3. Estimates extracted from the literature regarding over-winter mineral P P P P . 9. D. Christian, A. Riche, N. Yates, Bioresource Tech. 83, 115
' nutrient loss from standing perennial grass biomass potentially due to FNL (2002).
dried at 60° C for 48 hours ground to 10. H. Kludze, B. Deen, A. Dutta, Fuel Proc. Tech. 109, 96 (2013).
_’ 11. I. Lewandowski et al., Agron. J. 95, 1274 (2003).
1 mm, and analyzed for mineral 12. P. Adler et al., Agron. J. 98, 1518 (2006)
- 13. D. Christian, N. Yates, A. Riche, J. Sci. Food Agric. 86, 1181
nutrient content. (2006).
IOWA STATE UNIVERSITY 14. A, Sadeghpour et al., Agron. 3. 106, 290 (2014).

Department of Agronomy



