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EFFECTS OF SILICON ON SOIL CRUSTING AND SOIL QUALITY

Abstract

by Taylor LynnMarie Beard, M.S.
Washington State University
December 2013

Chair: Dr. William L. Pan

Silicon (Si) levels have a wide range of variation in plant and soil systems
depending on abiotic and biotic factors. In the inland Pacific Northwest the predominant
cropping system relies on wheat (a Si accumulator). Within this region, studies have
shown high levels of total soil Si and evidence of Si compounds becoming potential
cementing agents therefore degrading soil quality. The dependence of Si cycling on plant
type, environmental factors, and agronomic inputs needs to be assessed in order to
determine if introduction of canola (a nancumulator of Si) could enhance soil gyal
by reducing the occurrence or severity of sailsting in comparison to whedbminated
systemsBoth wheat and canola were grown in a greenhandgepon harvesthe wheat
residue accumulated betweeri 6% more Si than canol&his residue was tharsed in
a laboratory incubatiowith soil pH as avariable. The results suggest thatigherpH,
rather than resige type, was the primary factor positiveffeating surface resistance,
water soluble Si (Qt), and amorphous S8{). The greenhouse lidsieswere also used
in a decomposition study, which showeleat had a slightly faster decomposition rate
compared to canalaonsistent witlthe lower starting C:N ratio of the wheasidue. An

additionalincubationwith applicatiors of amorphous silicgSiO,) confirmed thasuch



applicatiors positively influencevater loss, soil Si, surface resistance, and crust
thicknessIn addition to the silica treatments, soils from two cropping systems were used:
one previously cropped in wheat and the other noleaThe soil previously cropped in

wheat had higher sd8i,m, surface resistance, and crust thieks compared to the canola
systemdemonstrating the influence crop rotation can hav8iarlated soil properties. A

field surveyof Siys, Siam, and surfae resistancshowed little dependence across cropping
systems. As shown from the experiments under controlled conditions, it can be concluded
that Si cycling does affect important soil physical properties. The lack of confirmation in
the field survey suggsts that other factors influence the state of Si in active cropping

systems and should be the focus of further research.
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CHAPTER 1
INTRODUCTION

Soil Silica Cycling:

Silicon (Si) is the second most common

content of 28.8vt% (HansWedepohl, 1995)Although it isacommonelementthe
understanding of Si pools and fluxes in terrestrial biogeosystems is lacking due to the
complex weathering and nefmrmationprocesses, whictreate a variety of $ihases
within the soil The solid phase of ®iccurs in mineral soils developed frootks or
sediments and are mainly composed of primary crystalline silicates such as quartz,
feldspars, mica, and secondary silicates, especially clay mij8ealsr et al., 2006)
These minerals can also contaations such as iron, aluminum, copper, zinc,
magnesium, and calcium (fraer et al., 2005)Silicate minerals generally have a
tetrahedral arrangement of Si surroundeddoy oxygen atomglLindsay, 1979)The
solubility of suchminerals in terms of silicic acid ¢8i0,) is expected to range from 10
24 M (SiOzm) to 10*°M (quartz) with othesilicateminerals havingntermediate

solubilities(Strober, 1967)

Most soils contain Si of biogenic origin (BSi), mainly in the form of phytoliths,
and pedogenic amorphous sili&@®.,) (Drees et al., 1989T.he solubility ofsuch

silica in soils is intermediate between quartz 8., An example of aequilibrium

reaction would be Sigsoil) + 2H0 — H.SiO.° (Lindsay, 1979)The chemistry of
silica is very complex and equilibrium relationships are difficulittain This difficulty

was demonstrated by Strober in 1967 whemkasured the solubility ailicic acid in

el



agueous suspensions containing different forms of silica and concluded that surface

adsorption of silicic acid often preverggquilibriumrelationships from beingchieved.

In the liquid phase, dissolved silicic acid primarily occugsrenomeric silicic
acid (HiSiOy) (ller, 1979). It is within this phase that the readily available pool of Si can
be found. Typical concentrations of Sigail solutions fd betwee less than onand 65
mg Si/L; however concentrations catliffer widely in space and time depending on the
particular soil minerals present and other abiotic and biotic factors (Sadiq et al., 1980;
Wickramasinghe and Rowell, 2009he dissociation of bcic acid and the

polymerization of silicate species in solutialso vary, howevermaexample of an

equilibrium reaction would be 4$i0,° - HsSiO4 + H' (Lindsay, 1979)Under the
conditions that silicic acid in soil solution is controlled by soil S&¥els Lindsay
(1979) found thaonly at pH values above 8.5 do the ionic silicates contribute
significantly to the total Si@in solution. In the normal pH range of soils, silicic acid
comprises the major silicate species.

Silicon and itseffectson plants.

Silicon is absorbed in the form of unchargednomeric silicic acid, k5i0O,, by the
plant rootwhen the solution pH is below niiiigla and Yamaji, 2006). Uptake can occur
either passivelycoinciding with the uptake of watesr as an active form of tent
recruitment depending on the plant species (Prychid et al., 2004). Following uptake by
the roots, Si is translocated to the shoots via the xylem. In the shoot, silicic acid is further
concentrated through transpiration and is ultimately polymet@&d,, (Richmond and
Sussman, 2003). Deposition usually takes place in cell lumens, cell walls, and

intercellular spaces or external layers (Casey et al., 2003). It is present in roots, leaves,



and inflorescence bracts of cereals (Epstein 1993). Thepmedion of silicon into cell
walls has at least two energetically positive effects. First, the role of Si is comparable to
lignin in that it is a compression resistant structural component of cell walls (Epstein,
1993). However, the metaboliost of synheszing one silicon atom is only one
adenosine triphosphatATP) while an equivalent amount of lignin costs about 27ATP
(Van Soest 1996 5ilicacan therefore be considered an energetically inexpensive
structural omponent of the cell wall. Second, the erect habit and disposition of the leaves
of plants with high amounts of Si favor light interception and consequently
photosynthesis (Epstein, 1993).

Of all the elements found in plants, Si has shown the greatésioaibetween
plant parts, plant type, and species ranging from 0.1 to 10% on a dry weight basis
(Epstein, 1993; Bilbro et al., 1991). The only significant trend is that monocots have the
ability to accumiate more Si than dicots.ifferences in Suptakeoccurbecause the
transport of Si in plants is much more complex than in other silititining organisms
In plants,additional modes of transpateneeded to enable long distance transport
across specialized tissues and compartments from the rdabesgtomata. Studies done
by Mitani and Ma (2005%uggest thatie density of the transporter thiegnspors Si
from the external solution to the cortical cells, and the occurrence of a transporter to
transport Si from the cortical cells to the xylenifatis among plant specidgs addition
to the transport system numbeiof ecological factors includingimate, soil
characteristics, moisture, and plant matuaiffgct silica body development by
influencingtheamountof silicain the soilthat is ava#ble to plants (Prychid et al.,

2004).



Silicapositively affects the growth and development of many playtontributing
to the mechanical strength of cell walls, keeping the plant erechedpicig in the
positioning of leave$or light interceptionBilbro et al., 1991). Silica also helps protect
against muiple abiotic and biotic stressesn additionaleffectof Si is that numerous
studies have shown it is effectiveimhibiting diseases caused by bdtimgi and bacteria
in different plant specg This is primarily due to the reinforcent@f the cell wall by
depositedpolymerized silicawhich actsas a physicabarrier (Epstein, 2009). The silica
in trichhomedends leaves the roughness and toughness that impede the penetration of
herbivores ad pathogens through the cell walls. Other benefits of Si include aiding in
multiple bioticand abiotic stresses including toxic metals, high salinity, water deficits,
andlodging in wheat (Euliss et al., 2005; Currie and Perry, 2007; Hashemi et al, 2010;
Janislampi, 2012).

The dissolution of straw silicavhich releaseSi to the soilsolution,depends not
only on the purity of the silica, but also on the degree of exposure of the phytoliths.
Surface dumbbell cells and protuberances are more exposegtamattar amorphous
silica enclosed in the plant matrix and are likely the source of the reatlilylefraction
when straw is placed in solution or in the gbla and Yamaji, 2006). Decomposition of
the straw will in the long term expose more silicaduse phytoliths will be released
from the plant matrix and dissolved. However, the rate of decomposition appears to be
influencedby theconcentrationsf inherent silica and other structural components
(hemicellulose, cellulose, and lignim)the ¢raw. When crop residues are incorporated
into the soil, the ultimate concentration of Sthe soil solution is expected to depend on

the rate of decomposition, dissolutiateof the phytolithSi, adsorption of Si by the spil



and other environmental factqiBrown and Mahler, 1987b). While there is no single
indicator of the rate of residue decomposition in gakitivecorrelations have been
observed betwedmigh hemicellulose levels amdecompositiomate(Voroney et al.,
1989) while high lignin contenhigh C:N ratios, and low total N can lower
decompositiomates(Soon and Arshad, 2002; Lupwayi et al., 2006; Stubbs et al., 2009).
Therefore crop residue management may have an important impact on Si solubility and
movement.
Why should we be concerned thi Si level®

With such variability of Si levels within plants, residue management has an
important impact on Si solubility and movement. Studies have shown that Si levels can
be linked to pan formation at deeper depths within the soil profile increasiolganical
resistance to roots, impairing drainage, and therefore may reduce plant growth and
production (Brown and Mahler, 1987b; Gollany et al., 2006). While this relationship has
been well researched, the relationship between Si levels and surfaceydnastyet to be
determined. Surface crusting is a common occurrence in many cultivated soils in arid and
semtarid regions. Important eftts of a surface crust includeduction of infiltration
rate (IR), enhancement of runoff, alteration of erosiod,ranst importantly interference
with seed germination. The Pacific Northwest (PNW) has the deepeding depth in
the world (up t®20 cm) for both canola and winter wheat in order to reach adequate
water for germination. Due to this extreme seeding défthnot the coleoptile that
emerges from the soil, but the first leaf. This can be an issue leabaulrst leaf is thin,
hasweak structural support, lacks the emergence force or lifting capacity, and is therefore

susceptible to kinking resulting m emergence (Schillinger, 2011). Kinking generally



occurs when rainfall takes place after planting, but before emergence, causing the
formation of a thin, fragile soil crust that the first leaf cannot penetrate.
Crusting formation:

The general sequeaof events that leads to crust formation under rainfall
conditions are as follows: (i) breakdown of soil aggregates caused by raindrop impact or
slaking; (ii) movement of fine particles into the upper few millimeters of thevgodre
they are deposited the voids; and (iii) subsequent drying of the soil surface to form a
thin film, which restricts further entry of water and movement of soil particles
(Wakindiki and BerHur, 2002). Two main types of soil crust, namely structural and
depositional crustsre generally recognized, according to their mechanisms of
formation. Structural crusts are due mainly to walt@p impact, whereas depositional
crusts are formed by translocation of fine particles and their deposition at some distance
from their origindlocation. The tendency of a soil to form a crust depends on aggregate
stability. Aggregate stability has been found to increase with increasing clay content but,
conversely, increasing clay content can also promote crust formationHBeat al.
(1985)explained this paradox by suggiag that in soils containing more thad% clay,
the clay fraction acts as a cementing material, stabilizing soil aggregates against the
beating action of raindrops, and so preventing crust formation. On thehatiekrinsoils
containing less tha20% clay, the clay acts as a substrate for crust formation, decreasing
the steadystate hydraulic conductivity of the crust. Soils with high amounts of silt, low
organic matter, and therefore low aggregate stability, such ss thond in the PNW,

have been identified as particularly susceptible to crusting.



Factors dfecting crusting:

In addition to climate, there are multiple management factors that can influence the
development of surface crustswever, for the purpose dfis research the main focus
will be on two factors: the effects of fertilizer use and the influence of cropping rotation.
Increased use @mmonium KH4") basedertilizers in farm management systems during
the last 70 years has affected the chemistsudfce soils in the Palouse area of northern
Idaho and eastern Washingt@rown and Mahler1987a) The nitrification of NH" has
acidified the top 25 cm dhesoils and has resulted in reduced plant productivity and
increased lesis of soluble S{Gollany et al., 2005). Variations in acidity influence
reactions of Si, either causiaglsorption(higher pH) or maintaining Si in the solution
phasglower pH) Additional research done [§yollany et al. (2006¢xamined the
interactive effect®f N fertilizer andcrop residue managementwater soluble SiSiys)
in a wheatfallow cropping system on a Walla Walla silt loaitrogen fertilize
applicationdecreased & by 17%as a result deaching Amendments including larger
guantities of crop residue ireased thsoil organic carbonJOQ concentratiorand Siys
by 10%.High SOC reduced Si dissolution, illuviation, and depasitiAlthough the
form of this Sjs and SOCassociation was not determined, it is likely that$i@C
reduced the siliceous surtaavailable for dissolution. Gollany et al. (2006) suggpbst
that the additions of sufficiemtop residuanightincrease SOMind Sjs interactiors by
forming phytoliths Siam Or Si complexes. Either one of these processes can account for
reduced biodegdation and reduced siliceous surface area available for dissolution.

In arid and sermarid areas, where soils are more susceptibteusting it may be

beneficial to consider both the structural composition (specifically Si levels) of crops and



fertilizer use within the cropping system. Introduction of ctbpsaccumulate less Si,
such as canola or other dicots, may aid in decreasing the severity or occurrence of soil
crusting therefor@nprovingseedling emergence asdbsequentrop productivity.
RESEARCH GOAL

The overall goal of this research was to determine if introducing canola into a crop
rotation could reduce the occurrence or severity of soil crusting in comparison to wheat
dominated systems.
Objectives:
The thesis objectives are to:

1) Detemine the role and allocation of Si in both wheat and canola grown with
varying fertilizer rates.

2) Determine how various fertilizer rates influence the hemicellulose, cellulose, and
lignin levels of both wheat and canola in order to suggest potential desiiop
rates.

3) Evaluate the decomposition and release of Si into the soil from wheat and canola
residue and the effects on soil crusting.

4) Determine how wheat and canola may affect soil crusting and silicon levels over a
long period of time.

THESIS ORGANIZATION
Each chapter of this thesis is setintained. Chapter 2 addresses objectives 1&2
through a greenhousxperiment. Chapter 3 contains two laboratory stualiesessing
objective 3. Chapter 4 introduces a laboratory/field study addressing objeetsveell

as additional questions raised by the experisyamorted in chapter 3.
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CHAPTER 2
THE CYCLING AND ALLOCATION OF SILICON IN CANOLA AND WHEAT
GROWN WITH VARYING NITROGEN RATES
SUMMARY
Silicon (Si) content of crops can ba important factor to consider for

residue management due to the fact that rate of decomposition can be affected by the
inherent Si content and other structural components (hemicellulose, cellulose, and lignin)
of the strawln addition to decompositiorate, the cycling of Si back into the soil is also
an important factor due to its potential as a cementing agent (Brown and Mahler, 1987).
Therefore it may be beneficial to introduce crops into a rotation that have lower Si levels
such as canolather tha Si accumulators such as wheat in order to assist with residue
decompositiorand lower soil crusting potentidtertilizer use and its effect on soil psi
another influential management factor of soil Si levelriationsin pH can influence
reactions 6Si, either causing sorption calcareous soils or maintaining Si in the

solution phase for plant uptake as seen in more acidic soils (Brown and Mahler|i987).
orderto further explore the role and allocation of Si and other structural components with
varying fertilizer rates,@ing whea{Triticum aestivun® L o u iarsdgpingcanola
(Brassica napuswere grown in a greenhouseperiment Plants were grown in a 50/50

mix of Palouse silt loarand Sunshine Mix #2.dbeled fertilizer tNH,),SO, was

applied at four different rates: 6, 60, 180 and 420Ny . Each treatment was split

into threeapplicationsemergence, tillering, and stem elongatiomce plants reae
maturity, they were harvested and partitioned to separate grain,egsdts, ad soil

components. Planamples were anatgd for total C anéll, atom %N, fiber, and Si
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conten. Soil samples were analyzéat total C and NNH,4", NOs, pH, water soluble Si
(Siws), and amorphous Sb{zm). Canola produced more li@ass with increasmfertilizer
however;the recovery of fertilizer N in wheat biomass was greater. The Si and fiber
analyses showed that the biochemistry differed between wheat and canola, but not
significantly with fertilizer rate. Wheat had significantly more Si and hehulose
compared to canola, which had significantly more lignin and cellulose than wheat. This
suggests that canola may rely more on lignin for strength and protection while wheat
relies on Si.
INTRODUCTION

Silicon (Si) is the second most common elentefit t he eart hds crust
Wedepohl, 1995), however, the importance of Si in soil systems and therefore plant
nutrition had not been brought to light until fairly recently. Emanuel Epstein (1967, 1994,
1999, D09) has been the main advodaterecogniziig Si as an essential element for
plant nutrition due to the fact that multiple crops benefit frormppiication. Although Si
is adominant element imostsoils, weathering and nelmrmation processes create a
variety of Siphasesand the understanding thfe phases and fluxes is mampletely
understood. In addition to natural processes, agricultural management practices can also
effect the Si cycle. The mosifluential management factor @oil Si adsorption is
fertilizer use and its effect on soil pfhe soil solutiorpH influences reactions of Sin
soll, either causingdsorptionn calcareous soils or maintaining Si in the solution phase
as seen in more acidic soils (Brown and Mahler, 1987). Increased use of ammonium
(NH*") based nitrogen (N) andpsphorus (P) fertilizers during the last 70 years has

affected the chemistry of surface soils in the Palouse region (northern Idaho and eastern
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Washington). The nitrification dfH," has acidified the top 25 cm of the soil and
therefore increased the lds@f soluble Si available for plant uptake (Gollany et al.,
2005).

The Si content of crops can be an important factor to consider for residue
management due to the fact that the rate of decomposition appears to be affected by the
Si content and otherrsictural components (hemicellulose, cellulose, and lignin) of the
straw. With the increased adoption oftilbor reduced tillage management practices in
the Palouse region, slowly decomposing residue can become an issue. Excessive residue
can slow plantig, reduce the rate of soil warming in the spring, reduce soil to seed
contact, hinder seed germination, and inhibit seedling emergence (Stubbs et al., 2009).
While there is no single indicator of straw quality that can predict residue decomposition
in thesoil, the structural components of residue and total C and N have shown
correlations with decomposition rates (Baggie et al., 2004; Goh and Tutuna, 2004). High
hemicellulose has generally been linked to rapid decomposition while high lignin content,
high C:N ratios and low total N are associated with slower decomposition (Stubbs et al.,
2009). However, composition and decomposition rateswéhycrop type and even
amongcultivars. Therefore, knowledge of how fertilizer application effects residue
composiion may aid in designing rotations that incorporate more rapidly decomposing
crops and cultivars while maintaining economic feasibility. Consequently, the objectives
of this study are to 1) determine the role and allocation of Si in both wheat and canola
grown with varying fertilizer rates in a greenhouse environment and 2) determine how
varying fertilizer rates influenchemicellulose, cellulose, and lignin content of both

wheat and canola in order to infer potential decomposition rates.
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MATERIALS AND M ETHODS

Two plants were used in the experiment: whéaaiticum aestivun® L o u iarsde 6 )
canola Brassica napus The plants were grown mnekg oven driecb0/50 mixture of
soil acquired from Palouse Conservation Field Station (Paloussifipemixed,
superactive, mesic pachic ultic haploxerol) and Sunshine Mix #2, with a background N
content of 20 mg N Kg(see Table 2.1).4dbeled fertilizer tNH,),SO, was applied at
four different rates: gcontrol), 60 (low), 180(medium)and 42Q(high) mg N kg™.
Fertilization was split into thre@applicationsemergence, tillering,ral stem elongation.
There were fiveeplicationsper treatment for a total of tgotsper fertilizer rate, with a
total of 4 pots. Plants were timed after emergence to attain thpits per potThe
bottom of each pot was sealed in order to try and eliminate leaching and therefore loss of
>N Pots were randomly distributed within the greenhouse, anadn@omized and
watered every two to thregays with a measured amount oftillied water as needed. Pot
weights and water amounts weeeordedn order to maintain consistent moisture within
treatmentsSenesced canola leaves were collected throughout the course of the
experimentand kept in a room temperature oven until analy3iee plants reacd
maturity, they were harvested and partitioned to separate grain, residue, roots, and soil
components in addition to the previously eotked canola leaves. The plamaterials
were dried at 45°C for 48 hours and ground to agm&der usg a roller grinder. Plant
samples were analyzed for total C aNdatom %"N, fiber, and silicorconten. Soil
subsamples were stored in a @f&zeruntil extractionfor total C and NNH;", NOs',

pH, water soluble Si (&), and amorphous S${,,) content
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Plant analyses

Total C and\ were determined through combustion using a Truspec Gant
Nitrogen Analyzer (LECO)Plant®N atom % was determined using a coupled elemental
combustion system (Costech Instruments) and Thermo Finnigan delfadplaistage
stable isotope ratio mass spectrometer (Thermo Fisher Sciefifiej.analysis was
conducted using a modified version of the VanSoest et al. (1991) procedure using the
ANKOM automated system utilizing filter bags (ANKOM Technology Corp., jeair,

N.Y.). This includes a series of extractions to determine the fiber content of a plant
sample. The neutral detergent fiber (NDF) solutiemovessoluble cell contents such as
carbohydrates, lipids, pectin, starch, soluble prot@ng norprotein ntrogen. The
fraction that is left contains hemicellulose, proteins bound to the cell walls, cellulose,
lignin, andotherrecalcitrant materialsuch as SiThe aid detergent fiber (ADRprocess
removeshemicellulose antound proteinsThe fraction lefbehind contains cellulose,
lignin, and recalcitrant materials. Thiepal acid detergent lignin (ADLjprocess removes
cellulose Jeaving only lignin anatherrecalcitrant materials. After the ADL procedure
samples are ashed using a muffle furnace in dodéetermine the amount of recalcitrant
materials Plant silica was extracted and analyzed using methods modified from Van der
Vorm (1987).A 0.1 gsubsamplef residuewas ashed ia muffle furnace at 500°C for
six hours. FortynL of 0.08 M HSQO, was usel to rinse ash into polyethylene centrifuge
tubes and..6 mL of 4851% HF was then added to each sample. Tubes wetersfa
onehour and allowed to tsover night. The solution was then adjusted to 50 mL with

0.08 M HSO, andthreemL of 2.5% boric acidvasadded to neutralizéaeremaining
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HF. Silica amounts were then determined by the colorimetric method outlined by Van der
Vorm (1987).
Soil analyses

Ammoniumand NQ" were measuredalorimetricallywith a Quickchem 8000
Series FIA+ system and ABamper (Lachat Instruments). Soil pH was measured using
a 1:1 soil to water ratio. For each samplgy of soil and 1@ of water were placed into a
polyethylene container and shaken vigorously for 30 seconds. Samples were allowed to
settle for 15 minutes tineagitated before the pH meter was submerged into the soil
slurry. Water soluble silicon extraction methods frAtorecht et al. (200bwere
followed. Fiveg of soil and 25 mL of distilled water were placed in polyethylene tubes,
shaken for 30 minutes, allowed to setiieernight centrifuged for 10 minutes, and then
filtered with WhatmanNo. 42 filter paper.Amorphous soikilica is operationally defined
as the Sextracted bya NaCO; solution (Follett et al.1965) This method is used due to
the fact that the solubility of Si stronglyincreases at higher pH leve@neg of soil and
25 mL of0.5 M sodium cabonate were combined in a polyethylene tube, shaken in an
80C water bath for 10 minutes at 100 RPMés.
settle at room temperature and centrifuged
solution was filtered witWWhamanNo. 42 filter paper and stored in a cool environment
until analysis. Both §js andSi,y, solutions were analyzed using colorimetric procedures
outlined by Van der Vorm (1987). One mL of extragspipettedinto small
polyethylene contagr and dilutedo threemL with DI water. Samples extrged with
sodium carbonate had ond. HC| added and a few drops of potassium permanganate to

adjust the color from a slightly yellogolution to a clear solution. OmeL of 0.5 M
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H,SO, was added ansamples were afgited and incubated at 402for 20 minutes.

OnemL of 5% ammonium molybdate was added, agitaded, left to sit for fiveminutes.
OnemL of both 5% oxalic acid and 1.5% ascorbic acid were also added. Solution level
was adjusted to 10 mL with DI waterdhagitated. Samples were left to sit for 20 minutes
and then read with a spectrophotometer set at an absorbance of 700 nm. If color was too

dark samples were diluted 10 times in order to reach an attainable reading.

Statistical analyses

All results were malyzed using a twavay ANOVA in the SAS system. To
establish differences between treatmémésTukey method was used with-&agdue of
0.05. The two factors analyzed were fertilizer treatment and crop type. Plant organs were
analyzed separately.

Calcuations

%Ndff = (atom %"N planti 0.3665)/(atom %°N excess in fertilizer)

Whereatom %"N excess in fertilizer = 4.6

Reference backgrouratom %N = 0.3665

Utilization% = (atom %°N excess in plant * Dry yield of specific plant organ * Plant
organN)/ (atom %"N excess in fertilizer * Fertilizer application rate) * 100
Recovery % = (Fertilizer N in soll, roots, residue, grain)/ (Applied fertilizer N) *100
%NDF = ((NDF dry wti bag wt.)/sample wt. @108)*100

%ADF = ((ADF dry wt.i bag wt.)/samplevt. @105C)*100

%ADL = ((ADL dry wt. i bag wt.)/sample wt. @106)*100

%Ash = ((Ash dry wti bag wt.)/(sample wt. @106*sample moisture))*100

Soluble cell components = ((1666NDF)* total residue dry wt)/100
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Hemicellulose = ((%NDF %ADF)* total residuedry wt)/100

Cellulose = ((%ADF %ADL)* total residue dry wt)/100

Lignin (recalcitrant components) = ((Y%ADL%Ash)* total residue dry wt)/100
Ash (including silica) = (%Ash * total residue dry wt)/100

g Si/100 g = ((*(1/1000)*(50/sample wt)*(1/1000))*10®8.0855/60.0855)

Si g/pot = (g Si/100 g * total residue dry wt)/100

Table 2.1.Initial greenhouse soil data

Parameter Initial Value
pH 7.1
Total N (mg N/kg soil)| 20
Siwsg Si/kg soil 0.4
Siamg Si/kg soil 13.8
Atom %N 0.37
RESULTS

Yield respomse to N rates

Both plant type (pralue < 0.001) and fertilizer treatment\yalue < 0.0001)
proved to be significant factors for straw, grain, root, and total yield (Table 2.2). Wheat
straw increased from an average of 12pbtfo 22.5 gpotwith increaing N rates while
canola straw increased from 9/pgtto 23.8 gpot Both wheat and canola grain yield
increased with increasing fertilizer rates, however wheat grain yields were much higher
than canola. The wheat grain yields ranged from an averagé gpotin the control
treatment to 17.6/gotin the high treatmenwhile canola grain yieldsanged from 2.8
g/potin the control treatment to 11.1Ipgtin the high treatment. Theoola leaves were
collected sepately and also showed an increasgi@id with increasing fertilizer (2.1
g/poti 5.9 dpot). The roots showed a slight response to increasing fertilizer rates, but the

relationship was not as severe as the residue and grain yields. The high fertilizer wheat
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treatmentesulted inthe most rots (5.3 ¢gpot) followed by the medium (4.2/got),
control (3.0 ¢pot), and the low fertilizer treatments (2.5gt). The high fertilizer canola
treatmenproducedess roots compared to wheat with a value of 40tdollowed by
the medium (3.1/got), low (2.2 dpot), and control (2.1/got) fertilizer rates. Canola
generated the mogital resdue compared tovheat undethe medium and high N
fertilizer rates. Total canola yield ranged from 16&ogin the control to 44.8/gotin
the high fertilize treatment while total wheat yield ranged from 23/@otin the control
to 35.4 gpotin the high treatment.
Total N

Total N for both wheat and canola positivedgponded to Mates (Table 2.3).
Compared to canola, wheat straw had the highest ambbhinahe control, low, and
high fertilizer treatments. The total N amounts for the wheat straw ranged from 54
mg/potin the low treatment to 128 raptin the high treatment while the total N
concentrations for canola straw ranged from 3@omitgn the @ntrol to 102 mpotin the
high treatment. The grain total N increased with increasing fertilizer rates and was
generally higher in the wheat treatments. The total N amounts for the wheat grain ranged
from 68 mgpotin the control to 291 nigotin the hid fertilizer treatment whereas the
canola ranged from 65 rfEptin the control to 296 migotin the high fertilizer
treatment. The canola leaves showed the same trend of increasing total N with increasing
fertilizer levels (22 to 51 mg Adot). When takingnto accounthe totalaboveground
biomass (straw, grain, and leavdsjal N was greatest for canola at the low, medium,
and high ratemostlydue to the ecumulation of N in its leaves (Figure 2.lr).terms of

belowground N,wheat consistently had m®N accumulated in rootd each rate of
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fertilizer. The wheat root total N ranged from 17/paj at the low fertilizer rate to 45
mg/potat the high fertilizer rate while canola only ranged from 13 rgptat the low
fertilizer rate to 31 mg Kbotat the high fertilizer rateTotal N inthe soil after harvest
was not significantly different between treatment, however, there was slightly less N in
the wheat treatments (ranging from 1843 nmigdtito 1908 mg Npot) compared to the
canola treatments (rangifiggm 1804 mg Npotto 1913 mg Npot). Thegreatebiomass
production accounted for the increased N accumulation in canola andsiragathus
resulting inincreased C accumulation as wéls a result, increasinfgrtilizer N rates did
not lead tosignificantly lower C:N ratiosof wheat and canola straw (Table 2.4)
>N enrichment

Canola and wheat exhibited similar patternstier %N derived from fertilizer
(%Ndff) among thalifferentplant organs (Table 2.5). As fertilizer levels increased so
did the %Ndff in the straw. Wheat had higher levels of %Ndff (55Z.1%) than canola
(3.217 56.6%) at all fertilizer rates. Canola leaves also showed an increase in %Ndff with
increasing fertilizer levels and was even slightly higher than amounts fourelgaribla
straw ranging from 4.0 61.9%. Therefore if the leaves and canola straw were combined
as would be in an agricultural field the canola would have higher %Ndff values than
wheat (Figure 2.2). The %Ndff in the grain was very similar when compatiegt and
canola at each fertilizer rateréater proportions of grain driginated from fertilizeat
higher rates, which ranged from about 22% in the low N rate toatQBehighest rate.
Incorporation of fertilizer N into soil N wasinimal and could &ive beemasked by

high levels of soil organic N.
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The recovery of fertilizer in the system ranged from 73% to 1Wwitthcanola
having slightly higher values than wheat (Table .2 B)e various fatesf fertilizer N
included strawsenesced canol@aves grain, roots, and soilncreasing the level of N
fertilizer generallyresulted ina higher utilization of fertilizer Nn grain, leaves, and
residue Additionally, less fertilizer N was recovered in the soil at higher rates. The
partitioning of fertilzer N was similar in canola and wheat plamd the highest Nate,
about half of the fertilizer N was utilized in the canola and wheat grain. More fertilizer N
remained in théotal canola residue (includingaves than wheat, while wheat roots
generdly contained rore fertilizer N than canoladnterestingly, more fertilizer N
remained in the soil after canola than whaahe medium and high rajggerhaps due to
loss of fibrous canola roots or a lower uptake efficiency.
Plant Hemicellulo®, Cellulcse, Lignin, and Silicon

Only the residue (straw and canola leaves) of both crops was analyzed for fiber
and silicon components. Without taking yield into account, the fiberesdrations did
not vary amondertilizer treatments, but they did vary betweeap type (Figure 2.3 and
2.4). However, when multiplying the concentrations by the yield, the fiber concentrations
increased with increasing biomass (Table 2.@nda accumulated higher aomts of
soluble components, cellulose, and ligthian wheat. Iitontrast, wheat accumulated
more hemicellulosand Si than canoldhe amounts of ash were very minute and similar
across all treatments. Without considering yield, the Si concentrations seemed to decrease
with increasing fertilizer levels from approxinegt 5.5% to 3.5% in wheat and from
1.9% to 1.5% in canola (Figure 2.5). However, when multiplying this concentration by

the plant yield, Si levels increased with increasing fertilizer rates (Figure 2.6). Silicon
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amounts were significantly higher in wheasidue ranging from 0.65gptto 0.79 dpot
compared to the amounts found in canola ranging fromg@git to 0.48 gpot (Table
2.7). From these results, it seems as though plant type has the greatest significance in
allocation of fiber and silicon compents rather than fertilizer levels. However, any
effect N levels may have on these factors is obscured due to the increased residue levels
with increasing N rates.
Si Cycle

In order to better understand the Si cycle a Si budget was completed on the
greerhouse samples. The initial s&i,level for all treatments was approximately 13.8
g Sian/kg soil. Soil samples taken after harvest indicated that plant type was the most
significant factor in the amount of Si left over in the soigue <0.001) withmore Si
remaining in the soil in which canola was grown. This may be due to the fact that canola
takes up less Si compared to wheat as se€abtes 2.7 and 2.8 he increase in soBiam
content (10.4 fxg soilto 12.9 dgkg soil) with increasing fertilier as seen in the canola
treatments may be due to the acidifying effect the fertilizer has on the soil. The pH for the
canola treatments ranged from 7.3 in the control to 6.9 in the high N rate. The wheat
treatments, however, showed the opposite trenghih@nged from 7.0 in the control to
7.2 in the high fertilizer treatment. Although this range is slightptstharvestsoil
samples reflected this effect of pH in B, results ranging from 9.7/kg soilin the
control to 9.59/kg soilin the highfertilizer treatment. With increasing fertilizer and
therefore increased yields the straw, root, and grain Si increased. Wheat accumulated
significantly more Si in both the straw (0.6fpgtto 0.79 dpot) and the roots (0.41/gpt

to 0.98 gpot) comparedo canola straw (0.21/gotto 0.48 gpot) and roots (0.09/gotto
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0.27 dpot), especially at the higher N rates. The amount of Si found in the grain of both
crops was minimal. Taking theostharvestsolil, residue, roots, and grain Si content into

accoun the difference seen in the last column of Table 2.8 ranges frogigatto 3.1

g/potor 0.822.5% of Si unaccounted for.

Table 2.2.Average yield per pot for each N fertilizer rate

Fertilizer Yields (g/pot)

mg N/kg Straw Leaves Grain Roots Total
6 12.7c 6.1cC 3.0 b 21.8d
60 13.1c 6.1c 23 21.5d
180 17.6b 12.4 b 4.2 ba 34.2Db
420 225a 17.6 a 53a 354D
6 9.5d 2.1c 2.8d 2.1d 16.5e
60 116 3.4c 3.4d 2.2d 20.6d
180 17.6b 4.4b 6.3 C 3.1 bat 31.4 cb
420 23.8a 59a 111 b 4.0 ba 44.8 a

Table 2.3 Average total N per pot for each N fertilizer rate

Fertilizer Total N (mg/pot)

mg N/kg | Straw Leaves Grain Roots Soll
6 61 bc 68 e 19 1844 a
60 54 c 78 ed 17 c 1908 a
180 63 bc 168 b 3lb 1860 a
420 128 a 291 a 45 a 1843 a
6 39d 22 C 65 e 1l4 ¢ 1911 a
60 50 c 26 84 c 13 ¢ 1804 a
180 69 b 33b 154 b 20 d 1913 a
420 102 a 5la 296 a 31lb 1902 a




Table 2.4 Average residue C, N, and C:N per pot for each N fegtiliate

Fertilizer mg ]
N/kg g C/pot g N/pot C:N
6 5.9dc 0.06 bc 98.7 a
60 6.1c 0.05c 113.1a
180 6.2 0.08 bc 80.8 a
420 106b 0.13bac |83.2a
6 5.4dc 0.06 c 89.4a
60 6.7¢c 0.07 bc 98.5a
180 10.1b 0.10 bc 100.1 a
420 13.7a 0.15 ba 89.9 a

Table 2.5 Average percent of N derived from fertilizer (%Ndff)

Fertilizer YoNdff
mg N/kg | Straw | Leaves| Grain | Roots Soll
6 5.2 fe 3.8f 2.4 gf 0.7f
60 182 c 21.8e |13.8def |2.8d
180 39.1b 48.0c | 24.4dc 3.6cd
420 57.1a 70.0a |40.3ba |56Db
. caoa
6 3.2f 40d |35f 4.1 of 1.1fe
60 16.3dc| 17.5¢c |24.8e | 16.1de | 2.1 edf
180 36.0b | 39.5b | 54.6 cb| 28.8 bc 4.9 cb
420 56.6a |61.9a|705a |43.6a 7.6a

Table 2.6 Utilization of fertilizer N by plant organand recovery efficiencies

Fertilizer Utilization % Recovery %

mg N/pot | Residue| Leaves| Grain | Roots Soil Total

6 12.4 ba 10.1cd|1.7a |48.2bdc | 72.3b

60 12.3 ba 21.1cb|2.7a |66.7ba |102.7 a

180 12.3 ba 404 a |(3.7a | 33.9ed |90.3ba

420 16.7a 46.4a |4.1a |235¢e 90.7 ba
- caoa ]

6 50b 3.4b 8.7d 3.1a | 80.8a 101.0 ba

60 10.2ba |55b 25.8b |[2.9a |48.0bdc | 92.4 ba

180 125ba |6.5b 422a |3.0a |47.2bed | 111.3 a

420 13.2ba |7.3a 474a |3.0a |32.7ed |103.5a




Table 2.7.Average solubleomponents, hemicellulose, cellulose, lignin, ash, and Si in
wheat anctanola straw

Fertilizer| Soluble| Hemicellulose| Cellulose| Lignin | Ash Si Total
mg N/kg | (9/poY) (g/pot) (9/pot) | (g/pod) | (g/poY) | (g/pol) | (9/poY
6 34f 3.5dc 4.3 edf 15b 0.02a | 0.65ba| 13.4 de
60 3.5fe 3.7c 4.6 ed 1.2b 0.01a | 0.66 ba| 13.7de
180 41fed |5.0b 7.3 cb 1.3b 0.01a | 0.71ba| 18.4c
420 5.0ced | 6.4a 9.2b 1.8b 0.02a | 0.79a |23.2b
6 4.7 cfed | 1.5 fe 4.8 ed 15b 0.02a | 0.23de| 12.8de
60 58cb |19e 5.6 cd 1.7b 0.02a | 0.21de| 15.2dc
180 7.0b 29d 89b 3.1a 0.02a | 0.34dc| 22.3b
420 100a |39c 12.2a 3.6a 0.02a | 0.48bc| 30.2a

Table 2.8.Average amounts of Si found in the initial spistharvestsoil, plant residue,
roots, grain, and the ffierence or unaccounted for Si
Fertilizer | pH | Initial Soil | PostHarvest | Straw Si| Root Si | Grain Si| Difference
mg N/kg Si (gkg) | Soil Si(gkg) | (g/pod) | (9/poh | (g/pot) | (g/pot)

6 6.96 | 13.8 9.7c 0.65ba | 0.41cb [0.010a |3.0&
60 7.06 | 13.8 10.0 bc 0.66ba |047b [0.0l11a |2.7ab
180 7.14 |13.8 9.6¢C 0.71ba |0.95a [0.012a |2.5ab
420 7.22 | 13.8 9.5dc 0.79a |0.98a [0.023a |2.5ab
6 7.34 |13.8 10.4 bc 0.23de | 0.09cb [0.005a | 3.1ab
60 7.26 | 13.8 10.9 bac 0.21de | 0.13cb | 0.004a | 2.6 ab
180 7.24 |13.8 12.2 ba 0.34dc | 0.26¢cb [ 0.007a |1.0b

420 6.86 | 13.8 129a 0.48bc | 0.27cb [ 0.023a |0.1b
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Figure 2.1.Average total N of above ground biomass per fertilizer treatment for wheat
and canola
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Figure 22. Average % nitroge derived from fertilizer (Ndff) for wheat and canola
(straw + leaves) residue per fertilizer rate (mg N/kg)
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Figure 2.3 Fiber concentrations in wheat residue per fertilizer treatment
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Figure 2.4.Fiber concentrations in canola residue (straw+legvesfertilizer treatment
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Figure 2.5.Total Si concentration (%) for wheat and canola at each fertilizer rate
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Figure 2.6. Averageresidueaccumulation of $pot by treatment and crop type (%Si *
yield)
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DISCUSSION

As expected, crop yields, %Nd#N utilization, %N recovered, Total N and C
generally increased with increasing fertilizer rates as seen in multiple other field and
greenhouse studies (Hocking et al., 1997a; Hocking et al., 1997b; Cheema et al., 2001,
Hocking et al., 2002; Malhi et &006; Malhi and Lemke, 2007; Gan et al., 2010;
Gombert et al., 2010). Increased yields and therefore increased leaf area with higher N
rates resulted in a higher rate of photosynthesis causing an increase in total C and
therefore no significant differencesC:N ratios were found between fertilizer rates. The
results from the chemical composition analyses indicated that crop type is the
distinguishing factor for fiber and silica allocation and accumulation due to physiological
differences. When just congidng concentrations of NDF, ADF, and ADL no significant
differences were seen between fertilizer treatments suggesting that fertilizer rates did not
have an effect on fiber concentrations. However, when the increasing yields with
increasing fertilizer r&s are taken into account the accumulation of these components
does increase. These results are consistent with multiple studies exploring the effects of N
rates on crop fiber content (Keady et al., 2000; Lemus et al., 2008; Guretzky et al., 2011).
Si con@ntrations without factoring in yield appeared to decrease in both crops with
increasing fertilizer rate. Early studies have obtained similar results (Lawes and Gilbert,
1884; Jones and Handreck, 1967) and determined that this could be a result of the
dilution factor which is defined by Jarrell and Beverly (1981) as when the relative rate of
dry matter accumulation increases more rapidly than the rate of nutrient accumulation,
resulting in lower final concentrations in treated plants. An inverse relatphstween

silicon and lignin levels can be seen in these results suggesting that canola relies
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primarily on lignin while wheat relies on Si for structural support. From this experiment,
it seems that fertilizer levels did not have a significant effect:dh fiber, or Si levels,
andtherefore may not affeckecomposition rates. Crop type consistently had the biggest
effect on such factors. Future studies might include using such residue in incubations or
decomposition studies in order to determine howdifferent crop types may affect fiber
and Si release into the soil.

The Simass balancehowed that wheat accumulated more Si in both the residue
and roots compared to canola resulting in pEsstharvestSiam levels in the soil. This is
primarily due tathe wheat roots ability to take up Si from the soil (Ma and Yamaji,

2006). For both crops, the most unaccounted Si was found in the control and low N rates
suggesting that due to the lower yields tibtal Si uptake waslso lower and therefore
may have ben lost from the system. Although the greenhouse experiment was
considered a closed system due to taping the bottom of the pots, it is possible that some
of the unaccounted Si was leached out of the Aabther possibility is thasome of the
Si was trasformed into a less labile or less soluble form.

CONCLUSION

In this experiment, it is clear that the characteristics of residue production varied
among crops. Both crops produced more biomass with increasing fertilizer, but overall
canola produced a highguantity of residue than wheat. In terms of N accumulation,
canola had a higher amount than wheat when considering both leaves and straw.
However, neither fertilizer level nor crop type proved to establish significantly different
C:N ratios. The recovenyf fertilizer N in wheat biomass was greater than canola.

Therefore, wheat was more efficient in taking up N from fertilizer, and produced more
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grain per unit of N. The fiber analysis showed that the biochemistry differed between
wheat and canola, but nsignificantly with fertilizer rate and did not show any evidence
of a dilution effect. Crop type had the most significant effect on Si levels and an inverse
relationship between ADL and Si was recognized suggesting that plants with lower Si
content and Igh lignin may rely more on lignin for strength and protection. When
looking at Si concentrations amotige different fertilizer rates, a decrease with
increasing fertilizer rates was shown. However, when taking into account the yield it is
evident that trs pattern was due to a dilution effect. These results suggest that fertilizer
rate does not have a significant effect on fiber or Si accumulation.

The Si cycle analyses showed that the higher fertilizer treatments utilized the most
Si. Wheat accumulatetie¢ most Si in both the roots and straw therefore leavin@lgss
remaining in the soppostharvest Higher amounts of unaccounted Si occurred at the
lower fertilizer rates. Due to the lower yields and therefore lower Si requirements at these
N levels tle unaccounted amounts of Si could have been leached from the system. These
results suggest that crop type does in fact influence fiber and Si uptake regardless of
fertilizer level and therefore crop type should be an important consideration in systems

wary of decomposition rates, fiber and Si release into the soil.
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CHAPTER 3
EFFECTS OF WHEAT AND CANOLA RESIDUE ON SOIL CRUSTING AND
SILICON LEVELS
SUMMARY
Depending on the type of residue, large amounts of Si can be cycled through the
plant and back into the solh the Palouse region (northern Idaho and eastern
Washington) the dominant crop is wheat, which can have large amounts of Si compared
to other cropsigch as canola (Casey et al., 200@hen crop residues are incorporated
into the soll, the ultimate concentration of Si in soil solution is expected to depend on the
rate of decomposition, dissolutioate and exterdf phytolith-Si, adsorption of Si by #h
soil and other environmental factors (Wickramasinghe and Rowell, 2006 in
solutionor suspensignSi compounds are subject to leaching within the soil profile and
possible deposition as potential cementing and blocking agents resulting in surface
crusting (Brown and Mahler, 19871 order to apprehend the relationship between the
decomposition of Si frorwheat and cano)a laboratoryncubationand decomposition
study was initiated. The laboratory incubation consisted ofgldf(Ritzville silt loam
and 0.8 g of wheat or canola residue. Half of the samples received a surface application
of 200 mg N/kg of soil. The incubation lasted 20 weeks and was kept at room
temperature (25°C). The results from this incubation showegkhedther than crop
type was the dominant factor influencing the soil Si levels, crust thickness, and surface
resistance. Samples that received fertilizer applicatiaddowernpH, less soilSiym, Siys,
lower surface resistance, aneflucedcrust thickness. The decompositiondst utilized

six different residue types: field grown wheat fertilized 0, 50, and 100 Ibs N/ac, field
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grown canola fertilized at O Ibs N/ac, and wheat and canola grown in a greenhouse
fertilized with440 mg'®™N/kg.Hoagl andodés sol uti amewasas appl i ed
maintained within the storage container in ordegrtbancemicrobialactivity andresidue
decomposition over a 12 week period. These results showed that residue weight
decreased over time while %Si increasdte mos dramatic differences occurred
between weeks 0 andshen more labile components were decompdsadngless
labile Si andmorerecalcitrantorganicmaterials behind for a much slower decomposition
rate.
INTRODUCTION

Crop residue management may have an important impact on siligaol(®ility
and movement. Depending on the type of residue, large amounts of Si can be cycled
through the plant and back into the soil. In the Palouse region (northern Idaho and eastern
Washington) the dominant crop is wheat, which can have large anudBitsompared
to other crops such as canola (Casey et al., 2004). The dissolution of straw Si depends not
only on the purity of the Si, but also on the degree of exposure of the phytoliths. Surface
dumbbell cells and protuberances are more exposed thaunlgr amorphous S&{m)
enclosed in the plant matrix and are likely the source of the resadiliplefraction when
straw is placed in solution or in the soil (Ma and Yamaji, 20D6tomposition of the
straw will in the long term expose more Si becausgoliths will be released from the
plant matrix and dissolved. However, firesence of Si in the plant matrix appears to
increase resistance decomposition (Richmond and Sussman, 2003). When crop
residues are incorporated into the soil, the ultirsatecentration of Si ithe soil solution

is expected to depend on the rateesidue decomposition the rate and extent of
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phytolith dissolutionadsorption of Si by the spindenvironmental factorsuch as
temperature, moisture, and soil proper{l@ckramasinghe and Rowell, 2005). One of
the most important factors affecting the adsorption of Si is the soil pH. At higher pH
levelsadsorption occurg/hile at more acidic pH levels the Si is released into solution.
Within the Palouse region, soil pH withthe top 25 cm of the soil is primarily affected
by fertilizer type and application rate (Gollany et al., 2006). Once in solution, Si
compounds are subject to leaching within the soil profilsurface deposition as
cementing and blocking agents resgtin surface crusting (Brown and Mabhler, 1987).

Surface crusting is a common occurrence in many cultivated soils in arid and
semtarid regions. Important effects of a soil crust on surface and other phenomena
include: reduction of infiltration rate (IRpp@o, 1993; Zuzel and Pikul, 1994; Belur et
al., 2004), enhancement of runoff (Clymans et al., 2011; Cornelis et al., 2011), alteration
of erosion (Remley and Bradford, 1989; Feng et al. 2011), and interference with seed
germination (Schillinger, 2011)nlorder to decrease the occurrence of surface crusting
and therefore Si levels in the soil solution it may be beneficial to consider the addition of
crops with lower Si levels, such as canola, into a cropping rotation. Therefore the
objective of this reseeh is to evaluate the decomposition and release of Si into the soil
from wheat and canola residue and the effects on soil crusting through a laboratory
incubation and a decomposition study.

MATERIALS AND METHODS

Laboratory Incubation

In order to deternmetherelationship between the releadfeSi from wheat and

canola an incubation was initiated for a period of 20 weeks. Each sample contained 100
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g of Ritzville series silt loam acquired from Ralston, WA (See table 3.1). Soaiwas

dried and sieved tbugh a twanm sieve prior to incubation. €wheat and canola
residuewas grown with 200 mg labeléeN fertilizer per kg of soil in a greenhouse

study. The residue was cut into small piecesiranfyom two to fivecm and0.8g was

added to each 10§ sal sample and thoroughly mixed. total of 120 samples of wheat

and 120 samples of canola were created following this procedure. Half of the samples
from each residue type received 200 mg N/kg of soil fotal bf fourtreatments: canola
with no fertilizer (CNF), canola with fertilizer (CF), wheat with no fertilizer (WNF), and
wheat with fertilizer (WF). Samples were placed in polyethylene containers, arranged in a
completely randomized design and stored in a room temperature ovVe).([Egery

three daysamples were brought up to field capacity (~30%) in order to simulate a
wetting and drying cycle. Prior to watering, each sample was weighed to determine the
amount of water loss between wetting cycles and to ensure samples were all receiving
approximate) the same amount of wat@®estructive sampling occurrevery two

weeks and analyses includg, total C & N,**N, soil water soluble Si (&), soil
amorphous SiSi,m), surface strength, crust thickness, and residue Si cobiening the

destructve sampling process, soil arekidues were separated using a o sieve.
Decomposition Study

A 12-week soil incubation witlsix different residue treatments was conducted
under laboratory conditions. An autoclaved, acid washed, coarse grain samskedas
instead of soil. A subsample of 15 g was weighed into 50 ml polyethylene centrifuge
tubes prior to amemdent with residue. There were six residue treatments ansbdne

control, in quadruplicate for each week of sampling. Four of the residuesallected

41



from previous field fertility studies: spring wheat fertilized with 0 Ibs N/ac, 50 Ibs N/ac,
and 100 Ibs N/ac from Spillman Agronomy Farm in Pullman, WA, harvested in 2011,
and spring canola fertilized with 0 Ib N/ac from the Palouse ConsenfgtthStation

(PCFS) in Pullman, WA, harvested in 2010. Two residue treatments were collected from
a greenhouse study of wheat and canola fertilized with 448Nifkg. Residues were
steamed prior to the addition to sand at a rate of 1:10 residue/sgnolenio obtain a
microbial inoculum containing a large number of different microorganisms with a wide
range of decomposer abilities and land management histories, a mixture of four eastern
Washington soil series were used including: Prosser, Ritzvilegdaix, and Palouse,

each contributing equally to the mixfter incubation of the mixture for ten days at 50%
water holding capacity, a soil:water suspension was prepared following the procedures of
Marschner et al. (2010T.he residues were inoculatedtiva total of 2.5 mlof microbial
solution Soils were extracted with a ratmf oneg of soil with 10 ml of deionized water,

and allowed to settle overnight. An additional 2.5 ml ofadified Hoaglan@ solution

was added to each sample (providing 2pthN). The tubes were then placed in a sealed
plastic container with an open water source to maintain constant moisture and prevent
drying at 20°C. Tubes were destructively sampled for resichight loss ani levels

after 0, 8, and 12 weekBuring thedestructive sampling process, soil apdidues were
separated using a twom sieve.

Laboratory analyses

Soil solutionpH wasrepresented by a 1:1 soil to water extr&dr each sampling
period 10g of soil and 1@ of water were placed into a polyethyéecontainer and

shaken vigorously for 30 seconds. Samples were allowed to settle for 15 minutes then
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agitated before the pH meter was submerged into the soil slurry. Total C and total N were
determined through combustion using a Truspec Carbon and Mithogdyzer (LECO).
>N atom % was determined using a coupled elemental combustion system (Costech
Instruments) and Thermo Finnigan delta plus Advantage stable isotope ratio (Thermo
Fisher Scientific).

Water soluble silicon extraction methods frédbrecht et al. (200pwere
followed. Fiveg of soil and 25 mL of distilled water were placed in polyethylenestube
shaken for 30 minutes, allowed to setileernight centrifuged for 10 minutes, and then
filtered with WhatmanNo. 42 filter paperAmorphous soikilica is operationally defined
as the Sextracted bya NaCO; solution (Follett et al.1965) This mettod is used due to
the fact that the solubility of Si stronglyincreases at higher pH leve@neg of soil and
25 mL of0.5 M sodium carbonate were combined in a polyethylene tube, shaken in an
80 C water bath for 10 minutes at 100 RPM. Samples weredl@med to cool and
settle at room temperature and centrifuged
solution was filtered witWWhatmanNo. 42 filter paper and stored in a cool environment
urtil analysis. Both Sjs andSiam Solutions were analyzed usicolorimetric procedures
outlined by Van der Vorm (1987). OmeL of extraction wapipettedinto small
polyethylene container and diluted to thned with DI water. Samples extrged with
sodium carbonate had ond. HCl added and a few drops of potassipenmanganate to
adjust the color from a slightly yellogolution to a clear solution. OmeL of 0.5 M
H.SO, was added then samples were agitated and incubated at 46t20 minutes.
OnemL of 5% ammonium molybdate was added, agitaded, left to sit fo five minutes.

OnemL of both 5% oxalic acid and 1.5% ascorbic acid were also added. Solution level
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was adjusted to 10 mL with DI water and agitated. Samples were left to sit for 20 minutes
and then read with a spectrophotometer set at an absorban@roh7D color was too

dark samples were diluted 10 times in order to reach an attainable reading.

In order to determine surface strength a Humboldt MFG. CO. pocket penetrometer
was used. Measurements with the penetrometer always occurred at theasid of e
wetting and drying cycle in order to maintain consistency between measurements. Crust

thickness was measured in mm using a caliper.

Residues werextracted and analyzddr Siusing methods modified from Van
der Vorm (1987)A 0.1 gsubsample of residuwas ashed ia muffle furnace at 500°C
for six hours. FortynL of 0.08 M BSO, was used to rinse ash inttagtic tubes and.6
mL of 4851% HF was then added to eaample. Tubes were shaken for twoeir and
allowed to set over night. The solution when adjusted to 50 mL with 0.08 M&0,.
ThreemL of 2.5% boric acid was then added to neutralize remaining HF. Silica amounts
were then determined by the colorimetric method outlined by Van der Vorm (1987).
Calculations

%"°Ndfp (%N in the soil derivedrom labeled plant residue) ¥ atom%treated soil
i 0.37) /"N atom% plant residuie0.37)

Value 0.37 is a standard value for natdrhl abundance in soil

Soil Si = Si ppm * (mL of extractant/g of soil)( L/1000 mL)* (1000 g/1 kg) * 10 (if

diluted) =g of Si/kg of soil
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Statisticalanalyses

Data was analyzed by the PROC GLM procedure in SAS 9.3 at a 95% confidence

Laboratory Incubation

Water Loss

interval using Tukeyds met hod of tigtieammpari son.
aralyses: crop type, fertilizer treatmeatd time.
Table 3.1.Initial soil data
Soil Parameter Initial Value
% Sand 18. 6
% Silt 67. 8
% Clay 13.6
% Moisture 16. 5
pH 5.5
Total C % 0.99
Total N % 0.09
NO3; mgkg 8.0
NH,;" mgkg 1.0
Water soluble Sf mg/ kg [5. 0
Amorphous Si (mg/kg sbi 1852
Bulk density (g/cm) 1. 4
Table 3.2.Initial residue analysis
Residue | %™N | %NDF | %ADF | %ADL | %Ash | %Si | C:N
Wheat 2.2 28.4 40.8 7.6 0.07 0.3 80.7
Canola 2.0 13.2 40.1 14.4 0.10 0.15 100.1
RESULTS

Water loss stasd fairly consistenrdmongstreatments for each watering cycle

and showed no significant differences over t(igee Figure 3.1).
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pH

The applicatia of fertilizer was the&eterminanbf soil pH (pvalue <0.0001). On
average, the application of fertilizeaused the soil pH to drop to approximately 4.6
while the treatmentwithout added Nhad an average pH of 5.5. The WNF treatment had
the highest average pH of 5.6 followed by CNF 5.5, CF 4.6, and WF 4.5 (Table 3.3). The
effects of fertilizer application rerapidandpH levelswere quite stabléhroughouthe
experiment
Total C&N

The total soil C did not show any significant effeatith crop type fertilizer
treatmentpr time. Soil total Nonly showed significant differences wifertilizer
treatmen (p-value <0.0001)Fertilizer application for bihh wheat and canola residues
resulted inhigher amounts dfoil N (0.099%) compared to contsdmples, which did
not receive any fertilizer (0.085%lhis effect on soil N also causdtesoil C:N ratios ©
decrease in samples that had fertilizer applicgsee Table 3.3Plant total Cand total
N wereprimarily affected by crop Canola residue consistently had the most total C
throughaut the incubation with galue of 26.91% C compared to the wheaidhss value
of 22.81% C. The canola residue consistently had more total N (0.77%) compared to the
wheat residue (0.70%). Taking these total C and N values into accoavetiageC:N
ratiosafter the initial two week periochn be evaluated. Plant C:N mawas significantly
affectedby crop type (pvalue = 0.0085). The CNF had the highest @ftdr two weeks
with a value of 38.71 followed by CF 34.57, WNF 33.15, and WF 32.80 (see Table 3.3).

When considering the initiaésidue C:N with canola at 100.acawheat with a value of
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80.7these rabs were almost halved by week tvlthis suggests that during this two
week periodsignificantmineralization may have occurred.
*INdfp

Over time, the level of R in the soil was expected to increase as the ldhgmnt
residue was decomposed in the soil. However, the only significant difference was seen
between crop types primarily due to different starting valué3\bés seen in Table 3.2.
Throughouthe entire incubation regardless of fertilizer applicatwimeat residue
consistently contributed ~30% madr¥ to the soil compared to canola. The WNF soil
had the highest #Ndfp (0.20% followed by WF 0.19%, CF 0.14%, and CNF 0.14%
(Table 3.3 & Figure 3.4).
Soil Siys& Siam

Water soluble Si showed the biggdgferences not between crop type, but
between fertilizer treatments-y@alue <0.0001)Throughouthe course of the incubation,
the WNF treatment had the highest average amoun{,of0586 g Si/kg soil) followed
by CNF (0.81 g Si/kg soil), CF (0.598¥kg soil), and WF (0.55 g Si/kg soil) (Table 3.3).
In addition to the differences seen between treatments, time also showed sign{peance
value >0.0001). From week two to week #ie values were fairly consesit. However,
starting at week eiglandlasting until week fourteea peak in all treatments values for
Siws Was seen (see Figure 3.5). Week sixteen through twikatyalues decreased back to
values similar to those seen in the beginning of the incubation.

The fertilizer treatments had the st@ignificant effect o%iym (p-value = 0.04) as
seen in the Qi results. Throughout the course of the incubation, the WNF treatment had

the highest average amount3i, (37.6 g Si/kg soil) followed by CNF (37.2 g Si/kg
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soil), WF (31.6 g Si/kg soil),rad CF (28.8 g Si/kg soil) (Table 3.3)hese results suggest
that with higher pH more Giand Sinis being adsorbed to the soil particles within the
upper few mm of the soillime also showed signifamce (pvalue >0.001). Weeks two
through sixwere varable however, a peak Bi,n, levels starting from week six lasting
until week twelvewvas see (see Figure 3.6). From week twebeethe end of the
experiment th&i,y, values stayed fairly consistent between treatments.
Surface Strength

The biggest factan determining surface strength, and therefore the giinesr
presence of the crust, wtee application of fertilizer Gwvalue <0.0001). The WNF
treatment consistently showed the strongest surface strength throughout the course of the
incubaton with anaverage value of 62.7ap? followed by CNF 51.0 fgn?, CF 42.5
g/len?, and WF 34.0 fgn?’ (Table 3.3). Although treatments had a significant effect on
surface strength, an increase in sft@rover time was not seésee Figure 3.7).
Crust Thickness

Fertilizer treatments had the most significant effect on crust thicknessug
<0.0001). The overall average by treatment showed WNF had the thickest crust 23.1 mm
followed by CNF 22.0 mm, WF 19.0 mm, and CF 18.7 mm (Table 3.3). Over time, the
crust thicknes$or all treatments steadily increased from approximately 16.5 mm to 24.7
mm (pvalue <0.0001)(see Figure 3.8).
Plant Si

The samples gathered for plant Si throughout the experiment showed significant
differences between plant type\plue <0.0001), fertiter treatment (fvalue = 0.009),

and time (pvalue <0.001). As expectedheat had the highest average amount o¥iti
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a value 00.51% while canola was only comprised@B1% Si. The average individual
treatmentvalues are as follows: WNF 0.53 % SiPW.49 % Si, CNF 0.34 % Si, and CF
0.28% Si (Table 3.3)These values suggest that the application of fertilizer enhances
residue decomposition therefore decreasing the concentration of Si within the WF and CF
treatmentsThe percentSi for all treatmentsvas fairly consistent from weeks two to ten

then a peak in %Svas seen beginning from week tmd lasting throughout the rest of

the experiment (see Figure 3.9).

Table 3.3.Average values by treatment for pH, C#-°Ndfp (derived from labeled
plant esidue), Sis, Siam surface strengtlrrust thickness, and plant %Si

Siws | Si Surface Crust
. o 0, 15 S am
Treatment | pH CS:ol\|II é:r '(L\I /ng g/kg | g/kg | Strength | Thickness Iz/lasr}t
P P | soil | soil | glem? (mm) 0
Wheatno |5.6 |11.94 | 33.15|0.20 |0.86 | 37.6 | 62.4 231 0.53
fert (WNF) | a a b a a a a a a
Wheat fert | 4.5 | 10.27 | 32.80 | 0.19 | 0.55 | 31.6 | 34.0 19.0 0.49
(WF) b b b a b b b b a
Canolano | 5.5 | 12.22 | 38.71 | 0.14 |0.81 | 37.2 | 51.0 22.0 0.34
fert (CNF) | a a a b a a a a b
Canolafert| 4.6 | 10.24 | 3457 | 0.14 | 0.59 | 28.8 | 42.5 18.7 0.28
(CF) b b ba b b b b b b
Average Water Loss (Q)
——CF —@—CNF WF == \WNF
30.5
30.0
S 295
@ 29.0
-
& 285
: 7/
= 28.0 //
27.5 \J
27.0 T T T 1
0 5 10 15 20
Weeks

Figure 3.1.Average vater losgg) per pot for each watering cycle during a two week
periodfor each treatment
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Average Soil C:N
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Figure 3.2.Average sil C:N over time per treatment
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Figure 3.3.Average fant C:N over timgoer treatment
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Average %15Ndfp
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Figure 3.4.Average%™Ndfp (%N found in the soil derived from labeled plarsickie)
over time per treatment
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Figure 3.5.Average sil Siws (9/kg soil) over time per treatment
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Average Amorphous Si (g/kg)
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Figure 3.6.Average sil Siam (9/kgsoil) over time per treatment
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Figure 3.7.Average sil surface resistance/enr’) over time per treatment
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Average Crust Thickness (mm)
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Figure 3.8.Average sil crust thickness (mm) over time per treatment
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Figure 3.9. Averageconcentratior(%) of plant Si over time per treatment
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Decomposition Study
Weight Loss

Both croptype (pvalue = 0.0009) and tim@-value <0.0001) significantly
effected weight loss. Wheat had a higher rate of wéagiststarting at 1.5/got at week
zeroand ending wapproximately 0.8 /gpot at weekiwelve Canolastarted at 1.5/got
and by week twelvéhe residue weight was approximately 1/pog(see Table 3.4 and
Figure 3.10).
Plant Si

Silicon concentrations were affected by crop typgdlue <0.0001), fertilizer
level (pvalue<0.0001), and ve& (p-value = 0.0052). Wheat consistently had higher Si
concentrations than canola as expected due to wheat being a Si accumulator. Throughout
the duration of the experiment, the wheat residue that was grown under the 100 Ibs N rate
had the highest Si coantration followed by wheat O Ibs N, wheat 50 Ibs N & wheat GH,
canola 0 Ibs N, and canola GH. Over time, the wheat Si concentrations increased while
the canola Si concentrations slightly decreased (Figure 3.11). By multiplying the Si
concentration by theesidue weights at each time point the g of Si per sample was
determined. These values were also significantly affected by cregdyp <0.0001),
fertilizer rate (pvalue <0.0001), and week-y@alue <0.0001). Over the 12 week period
all residue treatmestdecreased in the amount of g of Si due to the overall weight loss of
the residue (see figure 3.1Zhis suggests that other soluble components are being
decomposed first including some soluble or labile Si leaving behind the more recalcitrant

pool to bedecomposed later on.
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Table 3.4.Averageresidueweight loss (g), concentration of Si (%), andfdsi over time

per treatment

— Canola 0 Canola Wheat 0 | Wheat 50 | Wheat Wheat
ee
Ibs N GH Ibs N Ibs N 100 Ibs N GH
Weight (g/pot)
0 1.49 a 1.49 a 149 a 1.49a 1.50 a 149 a
1.08b 1.12b 0.96 cb 1.08b 1.09b 0.96 cb
12 0.97 cb 1.02 cb 0.76 c 0.79 cb 0.88cbh |0.79cb
% Si
0 0.31fe 0.21fe 1.24bc 0.81dc 1.59ba 0.61de
0.28fe 0.15fe 1.65ba 0.87dc 1.80a 0.97dc
12 0.19fe 0.13f 1.62 ba 1.03dc 1.79a 0.99dc
g of Sipot
0 0.005 hgf | 0.003 hgf | 0.019 bac | 0.012 edc | 0.024 a | 0.009 edf
0.003 hgf | 0.002 hg | 0.016 bdc | 0.009 edf | 0.020 ba | 0.009 edf
12 0.002hg |0.001h 0.012 edc | 0.008 egf | 0.016 bdc| 0.008 ehgf
Residue Weight Over Time
=¢=Canola 0 = Canola GH=%=\Wheat 0
=@=\Wheat 50 ==¥=\Wheat 100 Wheat GH
1.6 .L
15%
‘g 1.4
3 13
5 12
()
g 1.1
o 1.0
3
2 09
¢ 0.8 s
0.7
0.6

Weeks

10

12

14

Figure 3.10.Average residue weight ffgot) over time per treatment.
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Residue Concentration of Si %

=—¢—Canola 0 =#—Canola GH=>=Wheat 0
=@0=\Wheat 50 ==¢=\Nheat 100====\Wheat GH
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Figure 3.11.AverageresidueSi concentration (%) over time per treatment.
Grams of Si Over Time
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Figure 3.12.Average gams ofSi/pot over time per treatment
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DISCUSSION

Plant Si concentration differences were seen primarily betweertygep The
treatmentgontainingwheat residue were expected to have higbéiSi,s andSiym
levels compared to canola due to the higher amoiu8i present in wheaHowever,
crop type was not as significant as expeetétin this parameterThe fertilizer
treaments had the biggest effect by decreasing the ptapparently enhancingi
releasento the soil solution. This release could h#aetto leaching of the silicon
towards the bottom of the container as seen in field studies conducted by Brown and
Mabhler(1987). Since samples were only collected fromstiméacecrust in this
experiment it would be interesting for future experiments to collect samples from both
the crust and the bottom of the containeolttain a complete mass balance

Since the residu@as mixed into the solil it was impossible to retrieve all residue
during destructive sampling. This prevented weighing the residue to determine weight
loss and therefore total residue weight at each sampling time point. This is why the plant
Si values camnly be expressed as a concentratifurch obstacles lead to the initiation of
the decomposition study.

The decomposition study showed thaist of thedecomposition took place
during the first eight weeks. With a decrease in ntetsde components of theesidue,
the Si concentratn was slightly higher at week eight than at time Z&éhe wheat 0O Ibs
N/ac treatment was expected to have the lowest concentrations of Si within the wheat
treatments. However, this was not the case as seen in Figure 3.Xéa3te for the
much higher concentrations of Si within this treatment is unknown, but could e due

different environmental factofgEpstein, 2009)When considering the weight loss, loss
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of Siin g was much less than the residue as a wiowifrming that the Si concentration
does in fact increase over time (Daughtry et al., 28ti@uciunieneet al., 2012)
Comparing the Si concentrations from the laboratory incubation and the decomposition
study, the decomposition study seemed to leefaster rate alecompositionThe
laboratory incubation did not show an increas&ii concentration until week twelve
rather than week eiglas seefn the decomposition study. Having the weight loss rates
from the decomposition study, the hypothesis that the contientd Si increased as
decomposition increased in the laldorg incubationcannotbe rejected
CONCLUSIONS

Although the laboratory incubation showed no drastic differences between soil
parameters over time, some important interactions were observeeebdareatments.
The samples that did not recefegtilizer treatments had higher pBiym, Siws, and
surface strength values compared to the treatments that did receive a fertilizer
application. This suggests that pH is the primary factor influencihnstavels and
therefore surface strength. The wheat treatments contributed INa@the soil and had
higher Si concentrations compared to the treatments containing canola residue. However,
these results are primarily due to the physical aspects ofdpeand the conditions in
which the crop was grown rather than any affects from the incubation. As seen in Table
3.2, the wheat residue started out with a lower C:N ratio and higher %Si therefore the
wheat residue was able to decompose slightly fadtsasiag moré™N into the soil and
maintained higher Si levels in the residue compared to the canola treatments. When
considering the original C:N ratios of the residireytwere almost halved by week two

suggesting that a large amount of C and N wadiost the residue during this period.
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The decomposition studshowed that decomposition occurred nragidly between

week zero and week eight then slowed down from week eight to week téhvaugh

the residue weights decreased, %Si increased withatsnseen in the laboratory

incubation. When looking at the amount of Si in g lost over time, the greenhouse residues
lost more between week®and slightly less betweerl? weeks. Like the laboratory
incubation, this suggests that less Si is being redyudek into the soil. While both
studiesshowed distinct differences between Si levels in crop type, such levels did not
seem to have an effect on the other soil parameters analyzed. The most important factor
that effected soil Si levels, crust thicknemsd surface resistance was pH. Future studies
are needed in order to learn more about the effects of Si cycling with different crops.
Although this work did not confirm the hypothesis that by introducing canola into a
cropping system soil crusting woulddoene less of an issue, it did confithat fertilizer
managemenplays a significant role in Si cycling within the soil and thereforay

contributeto soil crusting, surface strength, and crust thickness.
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CHAPTER 4
A COMPARISON OF TWO ROTATION HISTORIES
SUMMARY
Plants greatly differ in their ability to accumulate Si, a-esgential, but
beneficial element and therefore, the amount of silicon dyslaighly dependent on the
cropsoccurring in he system (Richmond and Sussman, 2003; Ma and Yamaji, 2006).
order todetermingheeffects ofthe decomposition of Si fromvheat and canolan soll
crusting an incubatiorand field surveyvas initiated Each sample contained 2§®f
Ritzville seriessilt loam acquired from Ralston, WAhe sol was harvested from two
fields. The first field was previously cropped in wheat and the second field was
previously cropped in canolkour levels o monomeric silicic acid solutiof{SiOy)
solution wagandanly applied to 21 samples of each soil type/bg(control), 0.105
g/pot (low), 1.05 dgpot (medium), and 10.5/got (high). Samples were destructively
sampled every, 3, 7, 10, 14, 21, and 28 days. Analyses included: surface resistance,
moisture, watesoluble silica (Sis), amorphous silicaSiam), crust thicknessnd
scanning electron microscof$EM). The resultonfirmed that application d44SiO,
increasedvater loss, soil Si, surface resistance, and crust thickness. Significant
differences weraot seen with increasind,SiO, levels, just between the control and the
treatments. The soil that was previously cropped in wheat had higher soil Si, surface
resistance, and crust thickness compared to the canola $ieild survey was conducted
in orde to furtherdetermine théong-terminfluence canolanight have on a rotation in a
field setting. Six research locations were chosen throughout eastern Washington:

Davenport, Reardan, Ralston, LaCrosse, Odessa Irrigation Site #1, and Odessa Irrigation
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Site #2. Each field was sampled 10 &isrby a field penetrometer and thogefoot soll
cores were taken. Eachilkcore was separated intel® cm, 1620 cm, and 280 cm
depth increments. Each core and respective depth increment was sampled for moisture,
Siws, Siam @and pH.The field survey did not show much significance with crop rotations
and these parameters. Penetration resistance, soil Si levels, moisture, and pH all varied
with location and soil depth suggesting that the climatic differencesta®geeat for
relationships to be seen across all sites.
INTRODUCTION

Terrestrial ecosystems recycle large quantities of silicon (Si) through the Si
uptake by crops, grasslands, and forest vegetation (Bartoli, 1983; Alexandre et al., 1997;
Epstein, 1999; Meuer et al. 1999; Blecker et al., 2006). Plants greatly differ in their
ability to accumulate Si, a neessential, but beneficial element and therefore, the amount
of silicon cycle is highly dependent on the types of plants occurring in the system
(Richmondand Sussman, 2003; Ma and Yamaji, 2006). Most studies of Si uptake in
higher plants have been focused on monocots, which are typiaat@nulatorsSilicon
is taken up as aqueous monosilicic acigSi@,) andtrandocatedo transpiration sites
within the plant where it polymerizes pBytoliths, which consists @morphous
biogenic opal Phytolithsreturn to the soil within organiesidues (Cornelis et al. 2010)
so that thisiogenic silicon (BSi) is distributed between plant andisdiérrestrial
easystemsResearch on forested ecosystems demonstrates a prominent biologic role in
silica storage and export from terrestrial environments. The annual Si uptake in forested
systems has been linked to transpiration and thus depends on tree species @aheli

2011). Bartoli (1983) found that the biological cycle of silicon is fast in the deciduous
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forest ecosystem (26 kg/ha/yr absorbed) and, in contrast, slow in the coniferous system (8
kg/halyr absorbed). These different rates of Si recycling styonfijience the rate of BSi
restitution to the topsoil, given the high mobility of Si in g@ént systems.

Recent papers hagemonstrated that land use changes can have significant
effects on Si mobilization. A study performed by Clymans et al. (2€drhpared silica
(SiOy) pools within soil profiles under four different land use types in southern Sweden:
continuous forest, grazed forest, pasture, and arable land. The continuous forest area had
the highest amount of amorphous (66,900 kg/ha) and wer soluble SiQ(952
kg/ha). The arable land had the secomghést values with an amorphoB88D, content of
28,800 kg/ha and water soluble S 239 kg/ha. Pasture halightly lower amorphous
SiO, (27,300 kg/ha) compared to the arable land, but hgtiehiwater soluble Sidevels
(370 kg/ha). Thgrazed forest haamorphousSiO, amounts of 23,600 kg/ha and water
solublelevelsat 346 kg/ha. This study demonstrates how differences in vegetation and
management can very easily effect the terrestriaySec

Silica cycling in agricultural sites have not been as extensively studied as in the
forested areas and no significance has been placed on crop type thus far. A long term
wheat residue management field experiment was initiated in 1931 at the &endlet
Agriculture Research Center in northeastern Oregon on a Walla Walla silt loam. |n 1984
Douglas et al. conducted a study on the silicic acid and oxidizable carbon movement
within these reearch plots. They found that$iO, levels tended to decrease hvgoil
depth. Within the top 15 cnH,SiO, levels ranged from 22-88.6 g Si/m. The 1530 cm
depth rangéadshowed values between 288.6 g Si/m. Both the 3045 and 4560 cm

depth ranges hdd,SiO,ranging from 22.83.7 g Si/mM. Penetrometer readiagvere
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also taken. Tie sites and the deptrequiringthe greatesamount of forcealso hadhe
highest amounts of Si. Twentwo years laterGollany et al(2006)conducted another
study on these sites looking at the source carbon (C) and nitrogent{ikateon effects
on carbon storage and soluble silica,{Sievels. All plots had approximately the same
amount of Sjs ranging between 18.86.3 g Si/Min the Ap horizon and 11-23.2 g
Si/m in the BA horizon for 75 years ebtablishment. The goaf the presentesearch is
to determine whether long term cropping with cereals versppicrg systems including
canola #ect soil Si levels osurfaceresistance throdga laboratory incubation arfield
survey.
MATERIALS AND METHODS

In orderto deteminethe relatimshipsamong cropping systems, residue
decompositionand soilSi from various cropssoils from different cropping systems
were incubated fo28 days. Each sample contained 85df Ritzville series silt loam
acquired from Ralston, WA (Sé¢able 4.1).The sdl was collected from the top 15 cof
the surface from two diffent fields. The first field has beenopped ina cerealgotaion
(winter wheat, summer fallow, barley, and spring whiatpver 50 yearand the second
field has beerropped ina canolasummer fallow winter wheatotationfor
approximately 9 years Both soils werair dried and sieved through a twon sieve A
total of 84 samples of wheat soil and 84 samples of canola soil were created following
this proceduref-ourlevels ofH4SiO, solution were then randomly applied to 21 samples
of each soil type: 0/got (control), 0.105 {pot (low), 1.05 gpot (medium), and 10.5
g/pot (high). The low value is approximately equivdlémthe amount of Si found in two

g of canolaresidue and the medium valtepresents the amount found in tgrof wheat
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residueSamples were placed in polyethylene containers, arranged in a completely
randomized design and stored in a room temperature ove@)(ZFvery three days

samples were brolgjup to field capacity (~23%) in order to simulate a wetting and

drying cycle. Prior to watering, each sample was weighed to determine the amount of
water loss between wetting cycles and to ensure samples were all receiving
approximately the same amouriitveater.Samples were destructively sampled evierg,

7, 10, 14, 21, and 28 days. Analyses included: surface resistance, moisture, water soluble
silica (Siys), amorphous silicaSjan), crust thickness, and scanning electron microscope
(SEM).

In addition to the laboratory incubation, a field survey was conducted in order to
determine the long term influence canola may have on a rotation in a field setting. Six
research locations were chosen throughout eastern Washington: Davenport, Reardan,
Ralston, LaCosse, Odessa Irrigation Site #1, and Odessa Irrigation Site #2. Depending
on the rotation history and presence of canola atetbearch site anywhere between two
and sixfields were sampled at eaclt&tion. The representatifield was sampled 10
times ly a field penetrometdfieldscout SC 900and threenefoot soil cores were
taken. Eachdl core was separated intel® cm, 1620 cm, and 2680 cmdepth
incrementsandsampled for moisture, @ Siam, and pH. A summary of ea
general conditios can be seen in Figure 4.1.

Laboratory analyses

During the laboratory incubation, the surface strengthdeésrmned by using a
Humboldt MFG. Copocket penetrometer. Measurements always occurred at the end of

each wetting and drying cycle in order taintain consistency between measurements.
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The field survey utilized a field penetromefgeldscout SC 900pha has the ability to
sampleupto a46 cmdepth Moisture was determined by weighing a portion of each
sample, placing it in a drying oven fo8 #ours, and recording the dry weight. Moisture
was recorded in addition to water loss in the laboratory incubation in order to be sure the
samples were all at the same moisture level at the time of sampling.

For both the laboratory incubation and thedfisurvey,Si,s extraction methods
from Albrecht et al. (200bwere followed. Fivegramsof soil and 25 mlof distilled
water were placed in polyethylene tubes, shaken for 30 minutes, allowed to settle
overnight centrifuged for 10 minutes, and then filtered WithatmanNo. 42 filter
paper. Amorphous sdsilica is operationally defined as thee&iracted bya NaCOs
solution (Follett et al.1965) This method is used due to the fact that the solubility of
Siam Stronglyincreases at higher pH levelor both the laboratory incubation and the
field survey, megramof soil and 25 mL 00.5 M Na,CO; solutionwere combined in a
polyethylene tube, shaken in an 80waterbath for 10 minutes at 100 RP@ampés
were then allowed to codgettle at room temperatuand centrifuged at 2,500 RPM for
10 minutes. The extrasblution was filtered withWWhatmarnNo. 42 filter paper and
stored in a cool environment until analysis. BSif andSi,y, solutions were analyzed
using colorimetric procedures outlinbg Van der Vorm (1987)One mL of extraction
was pigetted intoasmall polyetlylene container and diluted to thnedt. with DI water.
Samples extiited with sodium carbonate had onk HCI added and a few drops of
potassium permanganate to adjust the color from a slightly ysthwtion to a clear
solution. After adding memL of 0.5 M HSQ,, samples were agitated amtubated at

40.2 C for 20 minutes. OnmL of 5% ammonium molybdate was added, agitaded,
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left to sit for fiveminutes. OnenL of both 5% oxalic acid and 1.5% ascorbic acid were
also added. Solution level was adjusted to 10 mL with DI water and agigsmples

were left to sit for 20 minutes and then read with a spectrophotometer set at an
absorbance of 700 nm. If color was too dark samples were diluted 10 times in order to
reach an attainable readindpon destructive sampling at different time pejmirust

thickness was measured in mm using a caliper.

Scanning Electron Microsco$$EM) analysis was done on samples randomly
selected from each treatment. A sample was taen from the selected specimieefore
and after the final soil silica extragti. Samples were thoroughly dried and carefully
removed from their containers. The crust samples were fixed to a SEM stub by firmly
pressing the stub covered with a carbon tab against the targeted area of the soil crust.
Loose soil and large pieces of ongamatter were removed. The samples were then
coated with a thin layer of gold ~40 nm in thickness using a sputter coater. This thickness
was chosen after trial and error with soil samples to determine how much gold was
required to keep the samples frolrarging while in the SEM. Once this process was
complete the samples were placed in the Hitachi SEM and micrographs were taken at 50,

100, 300, 500, and 2k times magnification.

The soil solutiorpH was determinenh a 1:1 soil to water solution. For each
sampling period 1@ of soil and 1@ of water were placed into a polyethylene container
and shaken vigorously for 30 seconds. Samples were allowed to settle for 15 minutes

then agitated before the pH meter was submerged into the soil slurry.
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Calculations

Soil Si = Si ppm * (mL of extractant/g of soil)(1 L/2000 mL)* (1000 g/1 kg) * 10 (if

diluted) =g of Si/kg of soil

Statisticalanalyses

Forthe laboratory incubation, the soil parameters were analyzed individually using
a two factor completely randnized designThe two factors considered weseil type
and SiQ treatmentFor the field survey,ach research location was analyzed
individually using a two factor randomized complete block design. The two factors
considered were: crop rotation and dejpicrement. The analyses were done using the

PROC GLM procedure

comparison.

Table 4.1.Initial soil data

Soil Parameter

i n SAS 9.3

% Sand 18.6 13.1

% St 67.8 70.6

% Clay 13.6 16.3

% Moisture 16.5 12.2

pH 5.5 5.6
Total C % 0.99 1.1
Total N % 0.009 0.11
NO3; mgkg 8.0 21.0
NH,;" mgkg 1.0 07
Water soluble Sig/ kg |[0. 005 0. 008
Amorphous Sidg/kgsoil) |1 . 85 1. 42
Bulk Density (g/cr) 1. 4 1. 4
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A30-35 cm rain/year A35-40 cm rain/year A29 cm rain/year

Asilt loam AReardan clay & silt ARitzville silt loam

Acanola present for 4 loam AcCanola present for 29
years AcCanola present for 5 years

ARotation: years ARotations:
ANTF/SW/SW ARotations: AWW/BAR/SW
ASW/WW/SW AWW/BAR/SW AWW/SF/CISF
ANTF/SW/C AWWI/C/BAR ACISFIWW
ASW/WW/C AC/WW/BAR
Awwic/sw
Aciswiww

A35-40 cm rain/year A18-23 cm rain/year A18-23 cm rain/year

ARitzville silt loam ASandy loam Asilt loam

ACanola present for 7 AcCanola present for 15  ACanola present for 5
years years years

ARotations: ARotations: ARotations:
APEA/SW/WW Aww/ww/POT AWW/WW/BAR
AwwI/C/SF Aciww/ww Aww/C/ww
ACISFIWW Ac/ic/ww

Figure 4.1. General description of each site including: annual rainfall, soil type,
years since introduction of canola, and the rotations sampled. NTF = no till fallow,
SW = spring wheat, WW = winter wheat, C = canola, BAR = barley, SF = summer
fallow, PEA = peas, and POT = potatoes
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RESULTS

Laboratory incubation
Water loss & soil moisture

Water loss between each wetting cycle was fairly consistent betd&e0;
treatments. For both soil types, the control lost significantly less watedifp < 0.0001)
when compared to the treatments (see Table Bki&y.might be the result of ifilling
pores and increasing the capillarity of water to the surface compared to the c&aichls.
treatment with soil collected from the field previoustgmped in wheat had slightly more
water loss than that collected from the canola field. Visual cracking occurred on the soil
surface between wetting and drying cycles for all treatments. Soil moisture varied slightly
throughout the incubation however natgitical differences were found.
Surface Resistance

When comparing the two soil types, the soil previously cropped in wheat showed
significantly higher surface resistance fortdlSiO, treatments compared to canola (p
value <0.0001). A signifnt effe¢ was also seen amotgatments (fvalue <0.01)
(Table 4.2) with wheat high having the highest surface strength at 0.74?k&fech
resistance differences supported the hypothesis that higher Si would increase the surface
resistance and the wheat sog@increased resistance.
Crust Thickness

There was naignificantdifference seen between soil A significant
difference (pvalue < 0.0001) was found between the treatments and the control (Table
4.2)with the control being at least twom thinnersupporting the hypothesis that Si

additions would lead to deeper crusting
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Soil Si

Overall, the soil previously cropped in wheat had significantly higher amounts of
Siam for all treatments (fwalue 0.0001). Th&i,m showed the expected pattern with the
highest significance found between the two highest treatment applicattoatigoof <
0.0001) (Table 4.3)hese results support the hypothesis that soils predominantly
cropped in wheat over a long period of time will have higher levels,gla8d the
addtion of H4SiOq4 also increases i Water soluble Si was variable and did not have
high enough levels to show significance.
SEM

The pictures taken with the Hitachi SEM can be found in Appendix Il. Although
visual differences could be seen between treananvay to quantify the amount 8i,,

within the images has yet to be determined.

Table 4.2.Average water loss, surface resistanoel erust thickness by treatment

Treatment Water Loss Surface Resistance | Crust Thickness
ot/watering cyclée kg/cm? mm
High 55.4 a 0.74 a 25.3 a
Medium 55.5a 0.71 ba 24.6 a
Low 55.5a 0.67 bac 23.8 a
Control 52.4b 0.56 dc 20.3 b
- cma ]
High 54.4 a 0.68 ba 245 a
Medium 546 a 0.65 bac 248 a
Low 54.6 a 0.60 bdc 235a
Control 514b 0.51d 21.2b
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Table 4.3.MeanSi,s, andSiym per treatment

Treatment Siws (9/kg soil) Siam (g/kg soil)
High 0.007 a 6.51 a
Medium 0.005 a 254 c
Low 0.004 a 2.03c
Control 0.007 a 212 ¢c
High 0.006 a 5.01b
Medium 0.004 a 222 ¢
Low 0.006 a 182 c
Control 0.005 a 1.83c¢c
Field survey

Surface resistance

Davenport and Reardan consistently showed the highest penetegigtance from

approximately 137.9 kP@ a resistance impenetrable by the field penetrometer at the

depths 610-20 cm(seeTables 4.4&4.5). The highest resistance at this depth was found

in the fields most recently producing winter wheat. The resistanoelfat the surface

depths (610 cm), was less in the fields most recently producing canola than those

producing cereal cps, as seen in figures 424.3. However the resistance values at

these des were highly variable amomgtatiors and only seemed to show much

significance by depth suggesting these differences are primarily due to the specific

climate, soil type, and ber management practices. Ralston and LaCrosse also had the

highest penetrain resistance occur at the-20 cmdepth ranging from 110.3 to 241.3

kPa(see Tables 4.6&4.7)0wever, the fields most recently cropped in canola showed

the highest resistance laoth the 010 cm and 120 cmdepth ranges (see figures

4.4&4.5). The irrigated sites had significantly lower penetrometer readings, which may

be due primarily to the more frequent watering and more intense tillage practices (Tables
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4.8&4.9). The highegtkesistance for these sites was foutitha lower depth range of 20
30 cm rather than the 42D cmrange as seen at the other sgessibly due to the use of
disc rippersDespite these lower numbers, irrigated site #2 showed higher penetration
numbersn the field in which canola has never bagpartof the rotation (see figure 4.6).
Moisture

Both Davenport and Reardan showed an increase in moisture with increasing
depth in the solil profile. The fields in Davenport, which are currently in fallow sthowe
significantly more moisture than those that were not in fallow (Table 4.4). Reardan
moisture levels also varied with crop rotation. The field most recently cropped in canola
and previously winter wheat (C/WW/BAR) had the highest overall average moisture
content (23%) followed by the field that has never had canola in the rotation (16%) and
the field most recently cropped in winter wheat and previously canola (WW/C/BAR) had
the least amount of moisture (8%) (Table 4.5). The research plots in Ralstonexbntai
the most moisture in the 22D cm and 2680 cmdepths (Table 4.6). Crop rotation also
proved to be significant for moisture levelsv@lue <0.0001). The field that has never
had canola in the rotation (WW/BAR/SW) had the most moisture with an oseesitige
value of 13% followed by a field most recently cropped in winter wheat and previously
cropped in canola (WW/SF/C/SF) (11%) and the field most recently cropped in canola
(C/ISF/IWWISF) has the lowest average moisture value (8%). The moisture values in
LaCrosse actually showed the opposite trend with depth, the higlless were seen in
the top 010 cmin all crop rotations (Table 4.7). The WW/C/SF field showed the highest
overall average moisture value followed by the field that has never had eaddise

field with the lowest moisture levels was the C/SF/WW field. The moisture values at the
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irrigated sites were highly variable most likely due to the amount of irrigation and the
irrigation schedule (Tables 4.8&4.9)
pH

The most significant factor tkrmining pH levels at all the research sites is depth.
In Davenporthe top 010 cmhad an avege value of 5.1 while the 2D cmdepth had
an average of 5.0 followed layslightly more calcareous 8D cmwith an average pH of
6.2 (Table 4.4). The reseh plots in Reardan showed a similar trend, as soil depth
increased so did pH (Table 4.5). The C/WW/BAR field had a slightly calcareous overall
pH with a value around 8.2 followed by the field that has not had canola (6.4) and finally
the WW/C/BAR field with an average pH of 5.5. Both Ralston and LaCrosse only
showed significant differences with depth. Both sites had arage¢H value of 5.4 at
the 310 cm depth, 5.2 at the D cm depth, and 6.1 at the-30 cmdepth across all
rotations (Tables 4.6&4%). Irrigated site #1 for both crop rotations showed an increase in
pH with an increase in depth (Table 4.8). The average pH for the field most recently
grown in canola was significantly higher (6.2) than the field that has not had canola in the
rotation 6.5). Irrigated site #2 showed a decrease in pH with an increase in depth (Table
4.9).
Soil Si

The amorphous Si levels in Davenport did not change significantly with crop
rotation, but depth did prove to be significarvgdue = 0.0022). The highest aomb of
Siamwas found in the-Q0 cmdepth range followed by the ZZ cm range. The 120
cmdepth had the least amountSif,, (Table 4.4). In Reardan tI®,, levels decreased

with increasing depth. TheID cmdepth has significantly moi®i,n, (p-value= 0.0173)
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compared to the lower depths (Table 4.5). The research plots in Ralston had the highest
accumulation oBiyy, out of all sitessampled Depth was the primary factor determining
Siamlevels with levels decreasing with increasing depth (Table B®)Si,m levels in

LaCrosse did not show significance with depth. Crop rotation, however, did seem to have
a slight effect. The C/SF/WW field had the highest amousigffollowed by the

WW/C/SF field and lastly the field with no canola in the rotatiad the least amount of

Siam (Table 4.7). Irrigation site #1 had the m8sj, levels in the no canola present

rotation and did not change much with depth (Table 4.8). Irrigation sheadtthe most

Siamin the top 010 cmdepth and the levels decreasehwitcreasing soil depth (Table

4.9).

The water soluble Si levels significantly changed with soil depth across all
research sites. In Davenport, the NTF plots had the highest amoupy iof t&e top 610
cmand slightly decreased with soil depth. Thedds that were not in fallow however
showed the highest @iin the 2030 cmdepth (Table 4.4). Although the distribution of
Siws Was different amonguch cropping rotations the overall totals3vas similar. In
Reardan, crop rotation also showed sigaifice (pvalue = 0.0002). The field most
recently cropped in canola had the highest total\éth the highest accumulath in the
0-10 cmdepth. The WW/C/BAR and no canola rotation accumulatggdrsthe 2630
cm (Table 4.5). The Ralston and LaCrosseagsh plots did not differ between crop
rotations, but depth did prove to be significanvgbue <0.0001) with the most,gi
accumulating in the 2@B0 cmdepthfollowed by the 1620 cmdepthand the least amount
in the 310 cmdepth (Table 4.6). Irrigatiosite #1 showed differences between both crop

rotations (pvalue = 0.0065) and depth-¢alue = 0.0109). The field most recently
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cropped in canola had a higher amount @f ®ith a value of 1.47 g Si/kg soil compared
to the field that has no canola irettotation with a value of 1.28 g Si/kg solil. In both
fields the Sisaccumulated mostly in the ZD cm depth followed by 120 cm and

finally 0-10 cm(Table 4.8). Irrigated site #2 did not show a difference jgl&vels

between fields however a decreagith an increase in depth was seen (Tablg 4.9

Table 4.4.Penetrometer (kBamoisture (%), pHSiam (g Si’kg soil), and Sk (g Si/kg
soil) values for each crop rotation by depth located in Davernyt

Depth | NTF/SW/SW | SW/WW/SW | NTF/SW/C | SW/WW/C | WW/C/SW | C/SW/WW
(cm)
Penetrometer (kPg
0-10 91.9bc 110.2b 59.7¢c 114.8b 110.2b 78.1b
10-20 | 133.2bha 154.1a 152.0a 151.6a N/A 161.5a
20-30 | 140.3ba 127.3ba 126.9b 147.4ba N/A N/A
Moisture (%
0-10 10.00 dc 5.33d 13.00 bc 5.00d 5.33d 466d
10-20 | 18.33 ba 8.33 dc 18.00 ba 7.66 dc 8.66 dc 8.00 dc
20-30 | 19.00a 8.66 dc 23.00 a 9.00 dc 9.66 dc 9.00 dc
pH
0-10 5.11 dc 5.12 dc 5.06d 5.11dc 5.18 bdac 5.07 d
1020 | 4.87d 5.13 bdc 5.36 bdac 5.09d 495d 4.84d
2030 [ 6.25a 6.20 bac 6.40 a 6.24 ba 6.20 bac 5.88 bdac
Siam (g Silkg soil)
0-10 57.66 a 36.19 a 32.62 a 37.93 a 30.47 a 46.45 a
1020 | 16.68 a 18.04 a 15.20 a 26.30 a 18.46 a 20.81 a
20-30 | 17.89a 32.06 a 18.21 a 26.72 a 26.07 a 42,55 a
Siws (g Si/kg soil)
0-10 1.55bac 1.19 bc 1.82 a 1.25 bc 1.17c 1.33 bac
1020 | 1.20 bc 1.38 bac 1.27 bc 1.30 bc 1.44 bac 1.47 bac
2030 | 1.25bc 1.64 ba 1.33 bac 1.55 bac 1.78 a 1.82a

78



Table 4.5.Penetrometer (kBamoisture (%), pHSiam (g Si/kg soil), and Sk (g Si/kg
soil) values for each crop rotation by depth located in Reakian

Depth (cm) | WW/BAR/SW |  WWI/C/BAR |  C/WWIBAR
Penetrometer (kP3
0-10 114.8c 119.4c 105.6¢c
10-20 199.8a 166.3ab 161.2ab
20-30 150.2bc N/A 154.0b
Moisture (%)
0-10 14.33 a 5.66 a 22.33 a
10-20 15.66 a 9.00 a 24.00 a
20-30 18.50 a 9.33a 23.66 a
pH
0-10 6.26 bc 5.59 cd 7.99 ba
10-20 6.47 bc 5.12 cd 8.59 a
20-30 6.86 bc 6.18 bcd 8.48 a
Siam (g Si/kg soil)
0-10 43.54 a 26.75 ba 31.60 ba
10-20 17.77 ba 13.19 ba 28.35 ba
20-30 19.24 ba 8.61b 23.65 ba
Siws (g Silkg soil)
0-10 0.88 b 0.87b 147 a
10-20 091b 0.97b 1.23 ba
20-30 091b 1.18 ba 1.13 ba

Table 4.6.Penetrometer (kBamoisture (%), pHSiam (g Si’kg soil), and Sk (g Si/kg

soil) values for each croptation by depth located in RalstoivA

Depth (cm) |  WW/BAR/SW |  WWY/SF/CISF C/SF/WW/SF
Penetrometer (kPg
0-10 41.3e 52.8ed 80.4bced
10-20 114.8bcad 146.4ba 155.0a
20-30 100.5bcaed 114.8bcad 157.9a
Moisture (%)
0-10 12.53 cbad 8.38 chd 7.95d
10-20 14.24 a 12.84 cba 9.81 cbhad
20-30 14.46 a 13.62 ba 8.63 chd
pH
0-10 5.23 cb 5.99 ab 5.25 cb
10-20 5.51 acb 5.57 ach 5.17 cb
20-30 6.52 a 6.19 ab 5.99 ba
Siam (g Si/kg soil)
0-10 54.52 ba 50.54 bac 45.73 bac
10-20 59.10 a 48.76 bac 39.33 bac
20-30 21.74 ba 47.93 bac 23.12 bac
Siws (g Silkg soil)
0-10 0.51c 0.57c 0.48 c
10-20 0.65 bac 0.73 bac 0.76 cab
20-30 0.90 a 0.78 cab 0.86 ab
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Table 4.7.Penetrometer (kBamoisture (%), pHSiam (g Si’kg soil), and Sk (g Si/kg
soil) values for edtcrop rotation by depth located in LaCrqSa&A

Depth |  PEAISW/WW | WW/C/SF | CISFIWW
Penetrometer (kP3
0-10 50.5d 75.8C 57.4d
10-20 890 bc 169.4a 120.6ab
20-30 N/A 134.9ab N/A
Moisture (%)
0-10 16.52 a 17.21 a 13.52 bdac
10-20 14.94 ba 13.68 bac 10.75 ebdcf
20-30 8.21 ef 8.65 edf 9.76 edcf
pH
0-10 5.41 bdc 5.33 hdc 5.67 bdac
10-20 477d 491d 5.34 bdc
20-30 6.54 a 5.47 bdc 6.14 bac
Siam (g Si/kg soil)
0-10 28.34 a 24.63 a 34.63 a
10-20 13.61 bc 18.95 a 35.62 a
20-30 9.86 Cc 22.06 a 38.00 a
Siws (g Silkg soil)
0-10 0.50 e 0.58 ed 0.62 edc
10-20 0.67 ebdc 0.62 edc 0.77 ebdac
20-30 1.00 a 0.75 ebdac 0.93 ba

Table 4.8.Irrigated site #1 penetrometer (RPeoisture (%), pHSiam (g Si/kg soil), and

Siws (g Si’kg soil) values for eachiap rotation by depth located in Odes$éA

Depth (cm) | WW/WW/POT | CIWW/WW
Penetrometer (kPg
0-10 29.9b 39.0b
10-20 81.8ba 104.3a
20-30 124.3a 135.7a
Moisture (%)
0-10 17.66 a 7.00 b
10-20 16.33 a 15.33 a
20-30 11.00 ba 14.00 ba
pH
0-10 5.33b 5.88 ba
10-20 5.36 b 6.24 a
20-30 5.87 ba 6.40 a
Siam (g Si/kg soil)
0-10 35.47 a 36.91 a
10-20 35.77 a 29.30 b
20-30 35.73 a 31.11 ba
Siws (g Silkg soil)
0-10 1.12b 1.36 ba
10-20 1.26 ba 150 a
20-30 1.45a 1.55a
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Table 4.9.Irrigated site#2 penetrometer (kpamoisture (%), pHSiam (g Si’kg soil), and

Siws (g Si/kg soil) values for each crop rotation by depth located in Odé&5a

=
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Depth (cm)
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o

3

Depth (cm) | WW/WWI/BAR | WW/C/WW | c/IC/ww
Penetrometer (kP3
0-10 39.0bc 6.9¢ 18.4c
10-20 97.4ba 33.5bc 312bc
20-30 1343 a 91.7ba 40.7bc
Moisture (%)
0-10 27.33 a 5.33d 14.66 c
10-20 19.66 b 7.00 d 20.33 b
20-30 16.00 cb N/A 17.5cb
pH
0-10 6.27 a 6.70 a 6.65 a
10-20 5.78 a 6.96 a 6.11a
20-30 5.98 a N/A 6.13 a
Siam (g Si/kg soil)
0-10 26.72 ka 36.34 a 26.03 ba
10-20 20.92 ba 24.26 ba 27.02 ba
20-30 21.74 ba N/A 16.00 b
Siws (g Silkg soil)
0-10 0.13 0.18 0.13
10-20 0.10 0.12 0.11
20-30 0.11 N/A 0.08
Davenport
== NTF/SW/SW==ie= SW/WW/SW==l=NTF/SW/C
== SW/WW/C =@=WW/C/SW ===C/SW/WW
Strength (kPa)
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Figure 4.2.Penetrometer measurements in kPa pefocreach crop rotatioat the
Davenport research site
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Reardan
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Figure 4.3.Penetrometer measurements (kPa) pefazreach crop rotation at the
Reardan research site
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Figure 4.4.Penetrometer measurements (kpearcmfor each crop rotation locateat
the Ralston research site
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LaCrosse
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Figure 4.5.Penetrometer measurements (kpearcm for each crop rotation located at
the LaCrosse research site

Odessa

=i—Site #1 WW/WW/POT=e=Site #1 C/IWW/WW =>¢=Site #2 WW/WW/BAR
== Site #2 WW/C/WW = Site #2 C/C/WW

Strength (kPa)

0 20 40 60 80 100 120 140 160 180
0 1 1 1 1 1 1 1 1 J

[N
[6)}

N
o

Depth (cm)

N
ol

w
o

35

Figure 4.6.Penetrometer measurements (kpercmfor each crop rotation located at
the Odessa research sites
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DISCUSSION

The laboratory incubatiowith added silicic acidesulted in significanihcreases
in water loss, surface resasice, crust thickness, aB@, The water loss levels between
wetting and drying ogles were consistent amotrgatments and slightly lower than the
control. Surface g@stance slightly increased with increaskisiO, levels as seen in
other field studies (Singleton et al., 1989). Howess,diggest difference found was
between soil types; the wheat soil had higher surface resistance compared to canola. The
soil Siam levels showed a similar relationshiggnificantly moreSi,, was presenin the
wheat soil compared to the @a soil. TheH,SiO4treatments did not vary much 8,
except for the high treatmemtlthough a significant interaction effect wast1seen
within these results, elationship has been establisivath increasing Si levels
increasedurface resistancand crust thicknessiggesting thahcreased,SiO, does
contribute to soil crustin@Belnap, 2001; Betdur and Wakindiki 2002)

The fieldsurvey unfortunately did not show asignificant differenceamong
crop rotations within or across sit€®erhaps the research sites were not similar enough to
obtain significant interactions between such parameters (Wakindiki antiide2002).
This fidd survey was limited by grower participation, hawee care was taken to include
two research sites within 40 miles of each other for the Davenport/Reardan,
Ralston/LaCrosse, and Odessa area. It may be beneficial for future studies to include sites
that ae closer together and to take more soil cores within the fields in order to try and

establish relationships between the previously mentioned soil parameters.
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CONCLUSIONS

The laboratory incubation results confirmed that applicatidn,8iO, increases
water loss, soil Si, surface resistance, and crust thickness. Significant differences were
not seen with increasingd,SiO; levels just between the control and the treatments. The
soil that was previously cropped in wheat had higherSigy| surface restance, and
crust thickness compared to the canola soil demonstrating the influence crop rotation can
have on such soil parameters. The field survey, however, did not show much significance
with crop rotatims regarding soil Si levels penetration resistee.All parameters
measuredaried with location and soil depth suggesting that these sites did not have
similar enougkenvironmental factors or crop rotaticisproduce consistent results
Although the results from the fiektudy were inconclusiveffects due to Si treatments

and previous crops under controlled conditions warrants further study of field sites.
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CHAPTER 5
CONCLUSIONS
A few conclusions can be drawn from #erimental results throughout this
thesis. The greenhouse results expressed the importance of crop type on both fiber and Si
allocation. Wheat accumulated significantly more Si and hemicellulose while canola
accumulated higher amounts of lignin, celkdpand other soluble components. The
increased fertilizer rates increased yields, but did not affect the fiber synthesis or Si
uptake. Although the fertilizer treatments did not afteop uptake of Si in the
greenhouse, the laboratory incubation in wHiertilizer was applied to the soil surface
did show an effect on soil parameters. The treatments without fertilizer had significantly
higher values for pH, §i, Sivs, and surface strength. This suggests that at higher pH
levels more Si is adsorbed talsurfaces allowing Si to stay within the top few mm of
the soil rather than being translocated lower in the soil préfigher amounts of Si may
then be able to act as cementing agents by coating the insides of the soil pores resulting in
increased stiace resistance. The decomposition study showed that over a period of 12
weeks, the concentration of Si in both residue types increasiise more soluble
components are being decomposed first. However when taking the residue weights into
considerationthe grams of Si slightly decreases with time. This suggests that there is a
soluble or readily available pool of Si within the regdhatcan be rapidly decomposed
and released back into the soil syst@ime rotation comparison incubation showed that
addtions of silicic acid, regardless of the amount, increased water 1QgsS&#, surface
resistance, and crust thickness. These results suggest that any addition of Si to the soil

may result in a higher potential and severity of soil crusting. Thevbath has been
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traditionally croppedn a cereal rotation for ov&0 years did show significantly higher
surface resistance and,svalues when the highest amount of silicic acid was applied
compared to the soil in which canola has been a part of tdwgorofor D years.This
relationshipsuggest that long term crop rotations do influesiogace strength and i
levels therefore affecting soil crusting potential. The field survey did not show any
significant trends with crop rotation however the eowmental factors were variable
among sites which may have caused such variable results.

The main conclusion to be drawn from this research igrttatd and semarid
areas, where soils are more susceptible to crusting, it may be beneficial torcbhotide
the structural composition (specifically Si levels) of crops and fertilizer use within the
cropping systemLong-termcereal rotations and fertilizer additions may increase soil Si
levels and therefore potential surface crusting. Theréfi@iatroduction of crops that
accumulate less Si, such as canola or other dicots, may aid in decreasing the severity or
occurence of soil crustingidingin seedling emergence and subsequent crop

productivity.
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APPENDIX |
PILOT INCUBATION: EFFECTS OF WHE AT AND CANOLA RESIDUE ON
SOIL CRUSTING AND SILICON LEVELS
RESEARCH GOAL
The overall goal of this preliminary research was to establish some connections
between differing silica levels in wheat and canola grown under different fertilizer
conditions and iteffect on soil crusting.
Hypotheses
1) Treatments with wheat residue will have more silica in the soil from
decomposition of residue and therefore have a higher surface strength compared
to treatments with canola residue.
2) Residue grown under the high Ates would lower the soil pH and therefore
increase the amount of Si in soil solution.

MATERIALS AND METHODS

In order to apprehend the relationship between the decomposition of Si from
various crops an incubation was initiated for a period of 63 dags. $ample contained
2509 of Warden series sandy loam acquired from the Prosser Research Station (See table
Al-1). Soil wasair dried and sieved through a twon sieve prior to incubation. The
residue used in this study was grown at the Palouse Consearkatim Station under two
different nitrogen rates: O Ibs/acre for wheat and canola, 150 lbs/acre for wheat, and 160
Ibs/acre for canoléSee table AR). The residue was cuttmsmall pieces ranging from
two to five cm. Twag of residue was added to e&30g soil sample and thoroughly

mixed. A control treatment was also employed consisting of only air dried soil. Samples
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were placed in polyethylene containers, arranged in a completely randomized design and
stored in a room temperature oven°@p Everythree days samples were brought up to

field capacity (~23%) in order to simulate a wetting and drying cycle. Prior to watering,
each sample was weighed to determine the amount of water loss between wetting cycles
and to ensure samples were all receivingraximately the same amount of water. Sub
samples were taken every 0, 1, 3, 7, 10, 14, 21, 28, 35, 42, 49, 56, and 63 days and
analyzed for pH, total C & N, ND& NH,", water soluble Si (i), amorphous SiSian),

and surface strength. Sgshmples wereaken at random after the completion of the

incubation for analysis using a scanning electron microscope (SEM).

Soil solutionpH was determined by using a 1:1 soil to water solution. For each
sampling period 1@ of soil and 1@ of water were placed intbpolyethylene container
and shaken vigorously for 30 seconds. Samples were allowed to settle for 15 minutes
then agitated before the pH meter was submerged into the soil slurry. Total soil C and N
was analyzed using a LECO CN2000. Soil nitrate and ammoamounts were deduced
by conducting KCI extracts with a soil to KClI ration of 1:4 and analyzed via the lachet

XYZ autosampler ASX 508eries.

Water soluble silicon extraction methods frébrecht et al. (200pwere
followed. Fiveg of soil and 25 mL of DI water were placed in polyethylene tubes, shaken
for 30 minutes, allowed to setiteernight centrifugel for 10 minutes, and then filtered
with WhatmanNo. 42 filter paper. Amorphous soil silicon was extracted by following the
method of Follet et al. (1965). This method is used due to the fact that the solubility of
Siam Stronglyincreases at higher pH ldseOneg of soil and 25 mL of sodium carbonate

were combined in a polyethylene tube, shaken in a@ 8@ter bath for 10 minutes at
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100 RPM6s. Samples were then allowed to cool
centrifuged at 2, 5ExQact&IBNMbon wds blteredwllh mi nut e s .
WhatmanNo. 42 filter paper and stored in a cool environment until analysis. Bigth

and Sin, solutions were analyzed using colorimetric procedures outhgétn der

Vorm (1987) OnemL of extraction wapipettedinto small polyetlflene container and

diluted to threemL with DI water. Samples extracted with sodium carbonatedmemL

HCIl added and a few drops of potassium permanganate to adjust the color from a slightly
yellow solution to a clear solution. OmeL of 0.5 M H2SO4 was added then samples

were agitated and incubated at 4@ 2or 20 minutes. OnmL of 5% ammonium

molybdate was addedgitated, and left to sit for five minutes. Omé of both 5% oxalic

acid and 1.5% ascorbic acid were also added. Sollgi@h was adjusted to 10 mL with

DI water and agitated. Samples were left to sit for 20 minutes and then read with a
spectrophotometer set at an absorbance of 700 nm. If color was too dark samples were

diluted 10 times in order to reach an attainable readi

In order to determine surface strength a Humboldt MFG. CO. pocket penetrometer
was used. Measurements with the penetrometer always occurred at the end of each

wetting and drying cycle in order to maintain consistency between measurements.

SEM analgis was done on samples acquired after the incubation was complete. A
randomly selected sample from each treatment within all three incubations was used for
SEM analysis. Asus ampl e was taken from the selected
final soil slica extraction. Samples were thoroughly dried and carefully removed from
their containers. The crust samples were fixed to a SEM stub by firmly pressing the stub

covered with a carbon tab against the targeted area of the soil crust. Loose soil and large
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pieces of organic matter were removed. The samples were then coated with a thin layer of
gold ~40 nm in thickness using a sputter coater. This thickness was chosen after trial and
error with soil samples to determine how much gold was required to kespntipées

from charging while in the SEM. Once this process was complete the samples were
placed in the Hitachi SEM and micrographs were taken at 50, 100, 300, 500, and 2k times

magnification.Images can be seen in Appendix II.

Calculations

Total nitrate/ammnium = ppm * (0.025 L KCI/(5 g soil/MF)) = mg/g

MF = moisture factor (wet weight/dry weight)

Soil Si = Si ppm * (mL of extractant/g of soil)(1 L/2000 mL)* (1000 g/1 kg) * 10

(only if diluted) = mg of Si/kg of saill

Statisticalanalyses

Data was analed by the PROC GLM procedure in SAS 9.3 at a 95% confidence

interval wusing Tukeyds method of compari son.
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Table Al-1. Initial soil data

Soil Parameter Initial Value

% Sand 46.1

% Silt 461

% Clay 7.8

% Moisture 3.2

pH 8.21

Total C % 0.52

Totd N % 0.02

NO3; mg/g 2.6 °x 10

NH." mg/g 2.7 “x 10

Water soluble Sf mg / k g 66. 3

Amorphous Si (mg/kg soil) 214. 3

Bulk density (g/cm) 1.5
Table Al-2. Residue analysis

Residue Type C:N %NDF %ADF %ADL %Ash %Si
Wheat 0 Ibs N | 138.0 73.9 45.3 113 0.11 0.81
Wheat 150 Ibs N| 138.0 74.0 50.7 9.8 0.08 0.72
CanolaOlbs N |115.8 65.5 51.1 10.4 0.12 0.01
Canola 160 Ibs N 42.9 67.3 52.5 12.8 0.16 0.01
RESULTS

Water loss

No significant difference was seen over time or between treatments for water los
(see Table A3). This suggests that the soil moisture was kept at a consistent level

throughout the experiment and treatment did not have an effect on rate of water loss.

pH

pH varied slightly at each sampling period (betweer883) and the only
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significant difference found was between the treatments and the contralug@ < 0.01).
It was expected that the treatments with biomass grown under higher amounts of fertilizer
would have slightly lower pH compared to the other treatments. This trershaas in

the overall averages, however it was only slight (see TabRahd Figure Adl).

pH Over Time
Canola 0 Ibs N Wheat O Ibs N=#=Canola 160 Ibs N=li=\Wheat 150 |Ibs N=l=Contro
9.0
8.8
8.6 W
L 84+
8.2 -
1
8.0 -
78 T T T T T T T T T 1
1 3 7 10 14 21 28 35 42 49
Days

Figure Al-1. Graph of pH over time
Total C&N

The total soil C data showed a significant effect due to treatmesalp < 0.001).
Canola 0 Ibs N ranked théghest with a value of 59% C followed by canola grown at
160 Ibs N (58% C), wheat 150 Ibs N (56% C), wheat 0 Ibs N (54% C), and finally the
control (50% C). Total soil N also showed a significant treatment effecl(® <
0.001). Canola 160 Ibs N rank#te highest with a value of 4% N followed by canola 0
Ibs N (~3% N), control (~3% N), wheat 150 lbs N (~3% N), and wheat 0 Ibs N (~3% N).
When the C:N values were calculated, they followed the same trend as seen in the pH
results (see TablelA3). No patten was seen over time and the biggest contrast was

between the residues grown without fertilizer and residues grown with a higher rate of
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fertilizer (p-value < 0.01) due to more available N.

Surface resistance

The purpose for this measurement was tobdistaa connection between crop type
and soil crusting. It was hypothesized that the wheat residue would contribute to soll
crusting more than the canola due to the higher content of silica within the straw. Over
time however, this relationship was notarlg defined(Figure AF2) and the only
significant difference found {palue <0.0001) was that the control had a much lower
average surface resistance compared to the treatments (see [Fapl&is conclusion
in itself is somewhat of an anomaly becati$es been found that generally surface
residue helps protect the soil surface from raindrop impact and therefore reduces soil

crusting.

Surface Resistance Over Time

Canola 0 Ibs N-=Wheat 0 |bs N=#=Canola 160 |bs N-li—=\Wheat 150 |bs N=lll=Control
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=
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o
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Figure Al-2. Graph of surface resistance for each treatment over time

97



Table Al-3. Average water loss (g), pH, G:Bnd surface resistance (kgfymer
treatment

Treatment Water Loss pH C:N Surface Resistance
(9) (kg/cm?)
WheatOIbs N |47.8a 849a |20.1a |055a
Wheat 150 Ibs N| 48.2 a 8.40 ab| 20.0 ab| 0.47 a
CanolaOIbsN |48.6a 847a |220a |0.47a
Canola 16016 N | 48.1 a 8.39abl 16.3b [0.45a
Control 48.1 a 8.34b |199ab/ 0.11 b
Soil Si

Crop type seemed to have the biggest effesta{pe < 0.05) on the tot&8liym,
(including Sjs) as wheat 0 Ibs N had the highest (393.2 mg Si/kg soil) followed by wheat
150 bs N (349.0 mg Si/kg soil), canola 0 Ibs N (341.5 mg Si/kg soil), canola 160 Ibs N
(336.6 mg Si/kg soil), and the control (281.4 mg Si/kg soil). When looking just athe Si
there was a significant treatment effecivgdue <0.0001). Wheat 150 Ibs N shalibe
highest average (84.0 mg Si/kg soil) followed by wheat 0 Ibs N (74.4 mg Si/kg soil),
control (65.6 mg Si/kg soil), canola 0 Ibs N (63.4 mg Si/kg soil), and canola 160 Ibs N
(62.9 mg Si/kg soil). When thegifraction is subtracted from the to%i,, wheat O Ibs
N had the highest with 317.3 mg Si/kg soil followed by canola 0 Ibs N (279.4 mg Si/kg
soil), canola 160 Ibs N (272.4 mg Si/kg soil), wheat 150 Ibs N (266.0 mg Si/kg soil), and
the control (214.3 mg Si/kg soil) (see Table4Aand Figure Al3). These results suggest

that as wheat breaks down in the soil it releases more Si into the soil compared to canola.
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Table Al-4. Mean amorphous + water soluble Si, water soluble Si, and amorphous Si per

treatment.
Treatment Mean Siym + Siws Mean Siys Mean Siym
(mg/kg soil) (mg/kg soil) (mg/kg soil)
WheatOlbs N | 393.2 a 74.4 ba 317.3a
Wheat 150 Ibs N| 349.0 a 84.0 a 266.0 ba
CanolaOlbsN |3415a 63.4c 279.4 a
Canola 160 Ibs N 336.6 ba 62.9¢c 272.4 ba
Control 281.4b 65.6 bc 214.3 b
Amorphous & Water Soluble Si
m Water Soluble Amorphous
450 -
400 -
350 -
=300 -
"
o 250 -
<
o 200 -
= 150 -
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' = H H =

Canola 0 Ibs N Canola 160 Ibs N Wheat 0 Ibs N Wheat 150 Ibs N

Control

Figure Al-3. Amorphous & water soluble Si per treatment
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APPENDIX I
SEM ANALYSES AND IMAGES
INTRODUCTION

Analysis of soil samples through a sciagnelectron microscope (SEM) is a
common practice in order to examine the structure and morphology of soil (&ests
Hur and Wakindiki 2002; Dietrich et al. 2003; Farmer, Delbos, and Miller 2005; Taylor
Raupach, and Chartres 1990; Remley and Bradford 1989; Wickramasinghe and Rowell
2005) One of the objectives of this study is to utilize SEM analysis in order to get a
closer look at the soil surface under various treatments. To determine the relationsh
between amounts of silica available in soil and soil crustuogricubations were
employed during the summer of 2012.

MATERIALS & METHODS

Samples were placed in polyethylene containers, arranged in a randomized block
design and stored in a room termgdare oven (25°C). Each sample contained @560
soil. Soil wasair dried and sieved through a twon sieve prior to incubation. Every
three days samples were brought up to field capacity in order to simulate a wetting and
drying cycle. Samples were wagerwith a squirt bottle to simulate the force of rain.
Prior to watering, each sample was weighed to determine the amount of water loss
between wetting cycles and to ensure samples were all receiving approximately the same
amount of water. Analyses thabtoplace included: pH, total C and N, Si content,
surface resistance, and crust thickness. In addition to the specific treatments for the

incubations a control treatment was employed consisting of ontiriant soil.
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1 Residue comparisoffAPPENDIX )
Soil used in this incubation was a Warden series silt loam acquired from the
Prosser Resear@tation Two treatments were applied: wheat and canola residue.
Both residues were grown at the Palouse Conservation Farm Station. The wheat
was fertilized at a nitragn rate of 150 Ibs/acre and the canola was fertilized at a
nitrogen rate of 160 lbs/acre. The residue was ¢atamall pieces ranging from
two to five cm. Twog of residue was added to each soil sample and thoroughly
mixed into the soil.

1 Cropping historycomparison (CHAPTER 4)
Thesoil used in this incubation was a Ritzville silt loam acquired from rekear
plots located in Ralston, WAhe sdl was collected from the top 15 cafter
harvest from a field previously cropped in wheat and one previouslpetdp
canola. Three levels ailicic acidwereapplied to the corresponding soil samples:
low 0.105 gpot, medium 1.06 fpot, and high 10.5/got.

SEM sample prep

SEM analysis was done on samples acquired after the incubation was complete. A
randomly skected sample from each treatment within all three incubations was used for
SEM analysis. Asus ampl e was taken from the selected
final soil silica extraction. Samples were thoroughly dried and carefully removed from
theircontainers. The crust samples were fixed to a SEM stub by firmly pressing the stub
covered with a carbon tab against the targeted area of the soil crust. Loose soil and large
pieces of organic matter were removed. The samples were then coated witlagethof |

gold ~40 nm in thickness using a sputter coater. This thickness was chosen after trial and
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error with soil samples to determine how much gold was required to keep the samples
from charging while in the SEM. Once this process was complete the sangyke
placed in the Hitachi SEM and micrographs were taken at 50, 100, 300, 500, and 2k times
magnification.
RESULTS & DISCUSSION

Residue comparison

The micrographs for this incubation showed a visual difference in amorphous
silica levels between treatmis. The amorphous silic&ify,) is considered the small
particles located on the surface of the soil. Areas with higher concentratiigs afe
circled and indicated on the micrographs. The control appears to have the least amount of
amorphous Si andhé wheat showed the most ($égureA2-1). These images coincide
with our hypothesis that as wheat decomposes it does in fact result in more amorphous
silica on the soil surface. Other parameters measured in this incubation such as average
soluble silicaand surface resistance (the force required to penetrate the crust) depict the
same pattern between treatments as seen on the micrographs. The control had the lowest
values for Si and surface resistance and the wheat treatment had the highest. The pre
extraction samples (séggureA2-1) in comparison to the pesktraction samples (see
Figure A2-2) show that most of the particles seen on the soil surface were removed after
the extraction therefore suggesting that what the images are showing in-éxérgegon
micrographs is in fact amorphous Si.
Cropping history comparison

The micrographs from botoilsshowed that the amount of amorphous silica on

the soil particles increased with increasing silica levels added to the two soils. When

10z



comparing microaphs fromboth soils(see figure\2-3&A2-5) it appears there is less
amorphous Si present oretBoil particles from the canola sdilhese results suggest that

the soil previously cropped with wheat in general has more silica present compared to the
sanples that were previously cropped in canola. This again strengthens the hypothesis
that wheat residue may contribute more silica to the soil than canola. Other measurements
of soil parameters durintpe incubatiorsupports what is being seen on the micapgs.

Surface resistance, crust thickness, and soil Si all increased from the control to the high
treatment and on average the soil previogsbpped in whedtad highe values for these
parameters (see Chapter #he pre versus pasixtraction microgras for bothsoils
showedsimilar results athe residue comparisoiihe particles seen on the soil surface in

the postextraction samples were much less than in theegteaction samples suggesting

that the particles were amorphous silica and that thraatdn process was successful.
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Figure A2-1. Preextraction SEM micrographs of residue comparisaubationat ~2Kx
magnification.

a) Control b) Canola

goBE93 2akKYy o 15, Bun

Legend for micrographs

Indicates areas that have
what appears to be a
group of amorphous silica

P - indicates a soill
particle

V z void

Cz areas were soil surface
is charged meaning that
there is a buildup of
excess electrons on the
surface creating an
electron field and deflects
the electron beam in an
undesirable way

10t



Figure A2-2. PostextractionSEM micrographs of residue comparison incuba#ib2Kx
magnification.

a) Control b) Canola

c) Wheat

10¢



Figure A2-3. Preextraction SEM micrographs dfe cropping history comparison
incubaton (previously cropped in wheat) at 2Kx magnification

a) Control b) Low

¥

d) High
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