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ABSTRACT

Soil testing methods such as the lllinois Soil digEn Test (ISNT) and Direct Steam
Distillation (DSD) have been developed which measlkaline hydrolyzable-N (AH-N) as a
means of estimating potentially mineralizable-No&Cresidues play an important role in N
cycling. However, the ability of the ISNT and DS[2tinods to determine AH-N within crop
residues is unknown. Therefore, the first objectf/éhis study was to determine the ability of
the ISNT and DSD to quantify potentially minerabkaN within five different crop residues
common to Arkansas. Cordda mays L.), soybeanGlycine max, L.), wheat, riceQryza sativa,
L.), and grain sorghunS¢rghumbicolor, L.) residues were labeled witPN using 10 atom%
5N labeled-urea. A 0.2 g subsample of residue whested to both the DSD and ISNT.
Hydrolyzed-N was captured and analyzed for atori4o compare fertilizer atom 9N to
that of the original residue. Total N was quantifte establish percent recovery. Analysis of
variance for percent N recovery showed a significasidue by method interaction (p<0.0001)
indicating that the two methods recovered varyimpants of N based on the type of residue.
Atom % N recovered from the soybean residue as AH-N wgrsfsiantly lower than what was
quantified in the plant tissue. Conversely, atorrBérecovered from the rice residue as AH-N
was significantly greater than that which was qfi@olt in the original plant tissue. Comparison
of atom %"N in the residue and recovered AH-N suggestedcgxaain crop species partition
fertilizer N differently. The final objective of thstudy was to determine the influence of N rate
and application time on fertilizer N uptake efficgy (FNUE) for winter wheat on a poorly-
drained silt loam soil. Six different fertilizer Ntes were applied by hand ranging from 0 to 225
kg N ha'at three different times: Early-single, Late-singled Split applications in 1.5 x 1.74 m

microplots using 2.65 atom%N-labeled urea. There was a significant applicatiow by rate



interaction (p<0.0408). The greatest FNUE was agudeavith the Early-single and Split
applications at the 90 kg N fheate, and were 80.1% and 83.1%, respectively. Tinermam
yield-maximizing, N-rate was determined to be 1§3\kha' applied as an Early-single or Split
application. The Late-single application across\athates resulted in lower FNUE and yield.
Soil N uptake was not significantly different famnyaof the treatments that received fertilizer
regardless of N rate or timing of application, tugre significantly higher than soil N uptake
where no fertilizer was applied. Total N uptaketlhy wheat was directly related to fertilizer N
uptake with the Early-single and Split applicattending to have higher TN uptake than the
Late-single application. Results of both the TNalggtand FNUE support the yield data obtained
in these trials and indicate that current N rat®nemendations for wheat produced in the delta
region of Arkansas optimize fertilizer N inputs Yehmaintaining high yields. These results
highlight the importance of proper rate and appilicatime for maximizing FNUE and yield in

winter wheat production.
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CHAPTER ONE

Introduction and Literature Review



INTRODUCTION

United States agriculture is an extremely impdriadustry contributing to almost one
percent of the domestic GDP and the U.S. is thédigiargest agricultural exporter. Wheat
(Triticum aestivum L.) is ranked as the third largest field cropterms of total acreage, with
corn Zeamays L.) and soybeans3{ycine max L.) holding the first and second rankings. In 2011
alone, 18,490,000 ha of wheat were produced itJtBe and approximately half was exported to
countries around the world. With worldwide popwat growing and diminishing farmland, due
to the development of arable land, producers aredfavith the challenge of growing more food
on less cropland. Over the past 50 years, cordyighve tripled and wheat yields have doubled,
despite fewer acres being farmed. Although whesatcoatinued to hold a considerable portion
of the agricultural industry, its production hasitoued to decline due to changes in government
policies that allow farmers more freedom in plagtimcreased corn planting for ethanol, and

lower profits compared to other crops (Economicdaesh Service, 2012).

Mississippi, Louisiana, and Arkansas play a sigatfit role in U.S. wheat production.
Although rice Qryza sativa L.) is a dominant crop in Arkansas, over 210,08@hwheat were
harvested in Arkansas in 2011 with a five-year agerwheat harvest of 215,000 ha (National
Agricultural Statistics Service, 2012). Southeastgheat production is mainly located on
poorly-drained silt-loam to clayey-textured soilis presents no problem for rice production,
but wheat is best suited for production on soilthwidequate internal drainage and does not
perform well under water-logged conditions. Typigalhe seasons of wheat dormancy and
growth (winter and spring) have greater total rairthan summer or fall. Average seasonal

rainfall in the Arkansas Delta Region, as repoligdhe National Oceanic and Atmospheric



Administration, for winter and spring seasons &8&l&m and 38.8 cm, respectively. Low
temperatures combined with small plants and heasgipitation allows for little
evapotranspiration to alleviate potentially satedasoils of the excess moisture. Other problems
associated with poorly drained soils are the byildfiFé" and Mrf* in the soil and wheat plant
resulting in concentrations that may be toxic aevesely limit wheat yields (Carver et al.,

1995). Wheat is successful grown on these poodindd soils by placing the wheat on raised

beds or through the use of drainage ditches tovadi@inage of excess water from the field.

In addition to dealing with less than optimal grogiconditions, agriculture production
costs continue to rise. Nitrogen (N) fertilizer regents one of the greatest costs of production
agriculture, and prices of fertilizer N continuertge as demand and manufacturing costs
increase. With fossil fuel prices rising, thererasdo be no decrease in fertilizer N prices in the
foreseeable future, which raises the stakes folementing greater fertilizer N uptake efficiency
(FNUE) and management practices. World-wide, Niésrhost heavily applied nutrient in
production agriculture, both in terms of tonnagd aareage. For cereal crops N is the most
limiting nutrient to growth and therefore must ppked to most fields to maximize yield and,
correspondingly, profit. In 2012 fertilizer N repented 31% ($1.50 Ki of the input production
costs associated with Arkansas wheat productiahitaa fraction is larger than any other row
crop produced within the state (University of Arkaa Cooperative Extension Service, 2012).
Due to the large portion of input costs devoteM tibis imperative that FNUE is maximized in

order for producers to remain profitable and stalgusiness.

The majority of Arkansas wheat research to datebkas conducted on well-drained
soils, and a study is needed that establishesthibzer N needs and efficiency of wheat

produced on poorly-drained soils, where most ofwtheat in Arkansas is predominantly
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planted. Incorporating a study using the stabl®jse N>, will allow direct quantification of the
FNUE. Marginal cost has become vital for produaefifability in wheat. With so little room

for error, it is essential that maximum FNUE isiavhd.

Current averages reported by the National Agricalt8tatistics Service (2011) for
winter wheat fertilizer N are based on yield goebuishels acte Current Nitrogen rate
recommendations can range from 85-225 kg N, bat do not take into account the current
levels of potentially mineralizable soil-N which yndiffer greatly from one location to the next.
Over-application of fertilizer N can lead to yieldcreases, and profit losses by both increased
cost and decreased yield. Current fertilizer N neeeendations for Arkansas wheat grain
production range from 100 to 135 kg N'han loamy-textured soils following crops other than
fallow (less N) or rice (more N). According to tA@11 Wheat Verification Program, producers
participating in the program were applying approaiety 135 to 145 kg N Fawhich is slightly

above the recommendation guidelines.

The objective of the literature review is to givergef overview of the previous research
in wheat which relates to fertilizer N uptake arifization on poorly-drained soils, and to
summarize the research status which pertains todnogvresidue type and placement affects its

N content and the ability to quantify it by diffetechemical methods.



LITERATURE REVIEW

Wheat Production

Wheat N uptake experiments in Arkansas usingtétalesisotopé®N were conducted by
Bashir et al. (1997) on a Roxanna silt loam neatd€j AR. Nitrogen fertilizer was applied at
tillering in two applications at a rate of 112 ka*hBashir et al. (1997) concluded that a
maximum fertilizer N accumulation of 74.4% occuriedhe plant at flag leaf emergence then
declined until maturity. This indicates that plaampling should be conducted at the flag leaf
emergence stage for accurate fertilizer N uptakasoxements. Approximately 86% of applied
fertilizer was accounted for in the plant and toi. #\ study by Daigger et al. (1976) showed
that as the amount of fertilizer N applied increhd¢ losses became increasingly greater. A
possible means of applied N loss is thought torbmania volatilization through the leaves and
spikes of the wheat plants themselves. Parton €1398) and Wetselaar and Farquhar (1980)
showed that plants with larger leaf surface are lygzeater N losses (and lower NUE) than
those with less leaf area. Hence, stomatal condoetavhich is increased by high light intensity,
high temperature, high N level, and plentiful morst increase N losses. Although a greater
understanding of N assimilation was obtained, Baskkperiment was carried out on well-
drained soil, which does not give an accurate ssr@tion of typical soils used for wheat
production in Arkansas. This poses a problem whgng to give recommendations to producers
or base further research decisions off of the presty conducted ones. Hence, a study
conducted on poorly drained soils more commonlgldsewheat production needs to be

initiated.



Nitrogen is generally the most growth limiting nenht and essential to crop quality
because protein content in crops is directly reléeN supply. Ecologically, efficient use of
fertilizer N is important to long-term sustainatyjiground water quality, greenhouse gas
emission, and global warming due to N@aching and pD emissions (Grant, 2002). Nitrogen
management plays a substantial role in improvimgliguand yield in crops, ensuring

environmental safety, and maximizing productionregsuics (Campbell, 1993).

Crop Residue Effect on Mineralization

Legume and cereal crop residue plays a significgatin soil N cycling. Type of
residue, placement, level of incorporation, andewatanagement can dictate potentially
mineralizable soil-N. Many researchers have devstedies to how crop residues affect
denitrification and N mineralization in the soibhdse studies report wide variations in
mineralized-N associated between incorporated arfdce-applied crop residues. In some cases,
N immobilization actually increased (Doran, 198Til@kh, 1991). Aulakh et al. (1991)
researched the effect of vetdfida villosa), soybean, corn, and wheat crop residue on N
mineralization and found that in crops possessiigWZ:N ratios, a net N immobilization
occurred, whereas crops with low C:N ratios (vesdybean) can increase N mineralization in
the soil. Drury et al. concluded in 1991 that com@p varies by type in amount of readily
available C, and that this is related to denitnifymicrobial activity and N mineralization later in

the season.

[llinois Soil Nitrogen T est

In order to make accurate fertilizer N recommeiahest the proper soil-N fraction must

be measured. Because of the dynamic nature olN§hil concentrations, measuring the organic



soil N supply that mineralizes to feed the plantilgidoe ideal rather than measuring onlyNO
Mulvaney et al. (2001) identified amino sugar-Nfas ideal measurable soil N fraction. He and
his colleague then developed the lllinois Soil diEn Test (Kahn et al., 2001) now referred to
as the ISNT. Though the ISNT is able to identifiissoropped to corn with an amino sugar-N
concentration above a critical level as nonrespensi N-fertilizer applications (>250 mg Kp

or responsive (<200 mg Ry it is unable to give N-fertilizer rate recommatidns based on

these results.

Previous techniques to determine potential N nailiwation are based on anaerobic and
aerobic incubation of the soil, and although theseconsistent and relatively accurate, they do
not lend themselves to routine laboratory analgaes to the ~ 14 d analysis time. Bushong et al.
(2008) determined that the ISNT was a comparabiesting technique that was more conducive

for routine soil analysis due to its simplicity aradher quick analysis time.

Wall et al. (2010) and Steckler et al. (2008) bathcluded that further ISNT studies
were needed to calibrate site-specific recommeodsti Wall et al. (2010) inferred that because
the ISNT measures the microbial fraction of soiMvBiability in microbial populations among
regions would make it impossible to apply the sd&i¢T-based fertilizer recommendations
across a variety of soils. They stated that sieeiig calibrations with defined sampling periods
should be further investigated because of soil I9Ndifferences attributed to sampling depth,
tillage, previous crop, soil texture, etc. Stecldeal. (2008) added to Wall's investigations by
concluding that ISNT results were also influencgdamdscape positions. His study was able to
use the ISNT to broadly categorize soils as eitla@ing high or low N fertility, but they found

no relationship on a field-by-field basis. Soménisf results attributed landscape position as a



possible culprit for ISNT-N variability due to difences in N loss mechanisms according to

these positions.

Direct Steam Distillation (DSD)

Roberts et al. (2009) identified Direct Steam iDadton (DSD) as a less variable and
more time/resource efficient method than the ISAIThough the ISNT recovers more amino
sugar-N as a whole, DSD has less sample to saraphkbility and recovers a larger percentage
of soil-N. The ISNT detects amino sugar-N and;NNH but does not measure any additional
amino acid-N as the DSD does. The DSD method esalsore rapid analytical method,
requiring only 6 to 7 min per sample, as opposeal 5ch incubation with the ISNT. This time
savings gives laboratories the ability to analyzgemter volume of samples in a given period of
time. The original ISNT method was conducted ongtates in an open environment which was
prone to quantifying different levels of potentyathineralizable soil N, based on changing
environmental laboratory conditions. The DSD als@g laboratories the ability to better control

the analytical environment therefore decreasingoéamo sample variability.

N-STaR: Nitrogen Soil Test for Rice

Roberts et al. (2009) took DSD a step further,iwestigating the relationship between N
mineralization and soil depth. They concluded #malt sampling depth was variable across both
sites and depths and showed the importance ofraibh based on soil texture and cropping
system. From this, N-STaR was developed using lediva and calibration procedures, which
made fertilizer N predictions possible for riceitildly, N-STaR was based on calibration studies
and DSD techniques for rice on silt loam soils. i&nstudies have been conducted with wheat

on silt loam soils, although the data have not hmérished. By analyzing crop residues using



N-STaR, conclusions can be drawn to further expghadapabilities of this technology and
determine how much potentially-available N the NaBTmethod is able to detect in plant
material, as opposed to soil samples. After detangithe amount of AH-N contained within
these residues, further research will be able terdene the amount of potentially mineralizable-
N credited to soils through crop residues, and niNd&TaR recommendations to producers
accordingly. Therefore, the objective of this stuels to compare the quantity of total nitrogen
(TN) and atom %°N recovered by the ISNT and DSD methods from cegidues commonly
grown in Arkansas and to determine how the N priopas from crop residues as measured by

AH-N methods compare with traditional crop residnalysis.
SUMMARY

Correct application of fertilizer N is crucial faraximizing yield and minimizing
environmental N loss. Most wheat production in Arvgas is located on the poorly-drained
loamy and clayey textured soils of the Mississipplta Region. To date, most literature on
FNUE is based on experiments conducted on welhddhsoils. By conducting a study on a
poorly-drained silt loam soil, determination of tim@st efficient N rate and application time can
be made which relate directly to the majority saged for Arkansas wheat production.
Additionally, including a lab study which defindsetability of ISNT and DSD to measure AH-N
will allow N-STaR to make more accurate potentiatiyeralizable-N estimations and
appropriate fertilizer N recommendations to prodsi@e regards to crop residue management.
Thus, the first objective of this study is to detere how soft red winter wheat yield and FNUE
are influenced by N-rate and time of applicatiorpoorly-drained silt loam soils usirtg\-
labeled urearhe second objective of this study is to estalilisiwhat degree the ISNT and DSD

measure N in crop residues themselves, and deteiffihN ratio affects the ability to quantify

9



amino sugar-N. From there, further decisions camade of what management practices,
recommendations, and soil sampling instructionsikhbe given to farmers who include crop

residues as part of their production practices.

10
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CHAPTER TWO

Quantifying Alkaline Hydrolyzable-N in Crop Residues
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ABSTRACT
Crop residues play a significant role in soil niiea (N) cycling. The type of residue,

C:N ratio, tillage, and soil moisture influence gatially mineralizable soil-N. This study was
established to estimate the N mineralization padaeof various crop residues using Direct
Steam Distillation (DSD) and the lllinois Soil Nogen Test (ISNT). CorrZéa mays L.),

soybean Glycine max, L.), wheat Triticum aestivum, L.), rice Oryza sativa, L.), and grain
sorghum Sorghum bicolor, L.) residues were labeled witPN using 10 atom%°N labeled-urea.
To assess the N mineralization potential of varicap residues, 0.2g of residue was subjected
to both the DSD and ISNT. Hydrolyzed-N was captuaed analyzed for atom %N to

compare fertilizer atom %N to that of the original residue. Total N was diféed to establish
percent recovery. For percent N recovery thereawsignificant residue by method interaction
(p<0.0001) indicating that the two methods recodes@ying amounts of N based on the type of
residue. Atom %°N recovered from the soybean residue as alkalidedfyzable-N (AH-N)

was significantly lower than what was quantifiedtie plant tissue. Conversely, aton 34
recovered from the rice residue as AH-N was sigaiftly greater than that which was quantified
in the original plant tissue. Comparison of atoni®®in the residue and recovered AH-N
suggested that certain crop species partitioniftiN differently. Specific estimation of N
mineralization potential of crop residues could @idducers in determining fertilizer N needs

and encourage the development and implementatisnilbbased N tests.
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INTRODUCTION

Legume and cereal crop residue play a significaletin soil nitrogen (N) cycling. Type
of residue, placement depth, level of incorporateomd water management can influence residue
decomposition and potentially mineralizable soilN\any researchers have assessed how crop
residues affect N mineralization and denitrificatia the soil. These studies found wide
variations associated with incorporated and suréqueied crop residues. Aulakh et al. (1991)
researched the effect of vetd¥icia villosa), soybean, corn, and wheat crop residue on N
mineralization and found that crops possessing Wideratios resulted in net N immobilization,
whereas crops with narrow C:N ratios (vetch, soglpean result in net N mineralization in the
soil. Those in which a net N mineralization ocqoirsvide readily available N for plant uptake,
thus potentially decreasing fertilizer N needs. ldwer, net N immobilization, due to the N
required by the microbes to decompose the resugg possibly increase fertilizer N needs in
order to maximize crop yield. Drury et al. (19@bncluded that cover crops vary widely in the
amount of readily available C, and this is relatedenitrifying microbial activity and N
mineralization later in the season. If the soilsevehcrop residues are incorporated experience
net N mineralization during the season, the sucoessop’s N needs are supplemented by the
incorporated crop residues. Thus, fertilizer N rseaek reduced by crop residues in which a net

N mineralization occurs.

Much research has been conducted to determinenaicdiesoil analysis procedure that
could correctly quantify or estimate potentiallynaializable soil-N and in turn be calibrated to
predict crop fertilizer N needs. Mulvaney et @&0Q1) identified a soil organic-N fraction that
was reportedly able to determine corn responsigeteetertilizer N. A subsequent publication

outlined a simpler version of the soil organic-Nttevhich was coined the lllinois Soil Nitrogen
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Test (ISNT) (Kahn et al., 2001). The ISNT estimatetentially mineralizable soil-N based on
alkaline hydrolysis which has been referred tolkaliae hydrolyzable-N (AH-N). Although the
ISNT has been reported to be able to accuratebigirl responsive versus N nonresponsive
soils (Khan et al., 2001), Barker et al. (2006)ataded it was unable to provide fertilizer N rate
recommendations for the responsive soils. The memor ISNT is that it estimates potentially
mineralizable soil-N by mimicking microbial N miradization via estimating amino sugar-N,
NH4-N, and some amino acid-N (Khan et al., 2001). Heweit has been shown to suffer from
sample analysis variability due to its susceptipiio environmental laboratory conditions and
extensive analysis time (Bushong et al., 2008; @pand Alley, 2008). In response to the issues
of sample variability and time requirement, a digeam distillation (DSD) technique was
developed by Bushong et al. (2008). The DSD methadmodified alkali distillation procedure
which also measures AH-N, but reduces sample \iityadnd analysis time from 5 hr to
approximately 7 min. Later, the N-Soil Test for Ki{@N-STaR) was developed to correlate soll
AH-N concentrations obtained by DSD to specifidifizer N recommended rates for rice

produced on silt loam soils (Roberts et al., 2011).

Understanding how crop residues interact with cleai@stimates of N mineralization of
potentially mineralizable-N compounds found in coomtrop residues will be important for the
implementation of these new N soil test methodis. known that crop residues contribute to N
cycling in the soil and successive crop N needadifionally, crop residue N availability has
been estimated by means of incubation, but thesefeen untimely and laborious. The ISNT
and DSD have shown to correlate well with N mineedion estimates from soil incubation
studies (Bushong et al., 2008). However, it is wvim if AH-N methods correlate with crop

residue incubations in a similar manner. Thereftre objective of this study was to compare
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the quantity of total nitrogen (TN) and atom'8 recovered by the ISNT and DSD methods
from crop residues commonly grown in Arkansas andetermine how the N proportions from
crop residues as measured by AH-N methods compé#raraditional TN analysis of crop

residue.
METHODSAND MATERIALS

L abeling Crop Residues with °N

A greenhouse study was initiated to label cropduess with*>N for a series of laboratory
studies to quantify the potentially mineralizablesbhtained in the residues. Corn, soybean, rice,
wheat and grain sorghum are the primary row cr@gisegs produced in Arkansas and thus, were
selected as they represent the crop residues thddwnost likely influence N
mineralization/immobilization and ultimately thecsessive crop’s fertilizer N needs. Pots were
filled with air dried Captina (fine-silty, silicesyactive, mesic, typic fraguidults) silt loam soill
that was obtained from the Arkansas Agriculturgb&xment Station located in Fayetteville,

AR. Routine soil analysis indicated a pH of 6.8 aftdough all nutrients were within the
acceptable range for the crops species selectadriant solution based on the work of Yoshida
(1998) was used weekly throughout the growing se&sensure that nutrients other than N
were non-limiting. Urea labeled with 10 atoni® was obtained from Sigma Aldrich
(Miamisburg, OH, USA) and used as the primary Nreedor all species including soybean.
Fertilizer N additions were applied to each cropdabon growth stages outlined by University of
Arkansas recommendations for wheat, grain sorglwonm, and rice (Johnson, 1992; Espinoza
and Kelley, 2003; Espinoza and Ross 2003; Hardk&3Rin the respective crop production

handbooks. Crops were allowed to grow until phygiaal maturity, after which time the grain
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was removed and the remaining crop biomass oruesids collected and oven-dried at 60° C
until a constant moisture level was achieved. Fahg drying, the remaining plant biomass of

the various crops were weighed and then groun@s$s p 2-mm screen, and a subsample of 0.1 g
was analyzed for total C (TC) and TN using an Eletawevario Max (Elementar

Analysensysteme GmbH, Hanau, Germany). AtorTiof the plant biomass of the various

crops were determined by the UC Davis Stable Isoteaxility (Davis, CA), using an elemental
analyzer interfaced to a continuous flow isotogmnmaass spectrometer (Europa, Sercon, Ltd.,
Cheshire, UK).

Quantification of Potentially Mineralizable Nitr ogen

Potentially mineralizable-N was determined using II8D procedure developed by
Bushong et al. (2008). Dried and ground crop ressduere weighed (0.2 g) and placed in a
micro-Kjeldahl flask (250 mL) and attached to theasn distillation apparatus. The addition of
10 mL of 10 mol [* NaOH was added through the sample cup to preveribas of N prior to
attachment of the flask to the steam distillatioit.uDistillation proceeded for approximately 5
min at a rate of 7 mL mih or until 35 mL of distillate was collected in S.rof 4% w/v HsBOs;
acid indicator solution. An acidimetric titratioachnique was used to quantify the amount of
NH," captured. Sequential distillations were perforraedll samples containirgN to
minimize cross-contamination error much like thelthate aliquot technique described by
Mulvaney (1986). That is, the first distillationratitioned the still and was collected iRBOs-
indicator solution for quantification of Nfiand the second distillation was collected in 0dl m

Lt H,SO, and used fot°N analysis.

Crop residues were also analyzed according to thdifred ISNT described by Spargo et

al. (2008) for comparison. A 0.2 g oven-dried plsample was placed into a corresponding 473
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mL modified Ball jar (Broomfield, CO). The lid wase-fit with cable ties and machine screws
to suspend a 60-mm diameter Pyrex petri dish abmyground plant sample. Ten mL of 2 mol
L™t NaOH solution was added to the sample and mixewtighly. Immediately following

NaOH addition, 5.0 mL of 4% w/v 4803 solution was added to the petri dish and appanaaiss
assembled to the jar and fastened securely witbtalhand. Samples were then transferred to a
Precision Model 815 low-temperature incubator (hin@iFisher Scientific, Waltham, MA) set to
50°C for 15 h. Following incubation, 5.0 mL of deimed water was added and titration was
completed to determine N content. Samples analfreatom %N were titrated and then
treated according to the procedure outlined by Kétaad. (2001) where thesBO3; was removed
using methanol and the resulting (480, solvated using deionized water and preparedfor

analysis.

As described above, following the DSD and ISNT prhaes, AH-N was captured and
analyzed for atom %N to compare to the atom %N of the recovered AH-N to that of the
original crop residue. Isotope analysis forrevery and specificity tests were determined at
the University of lllinois on a Nuclide/MAAS 3-60NRS double collector mass spectrometer

(Nuclide Corp., Bellefont, PA) using an automatetieRburg system (Mulvaney et al., 1990).

Statistical Analysis

Percent recovery of the TN from the crop residwasa tere analyzed as a split-plot with
analytical method (ISNT and DSD) representing tlaénnplot and crop residue representing the
sub-plot. Crop residue following the greenhouseshad varying levels 3PN enrichment due
to differences in plant uptake of labeled fertitgand varying growth habits. Therefore, there

was no comparison of crop residues, but rathengegison of atom %N recovery based on
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method. A simple one-way ANOVA was used to compdoen %N quantification by method
within a given crop residue and means were seghteti@g Fishers protected LSDoat0.05

level. Statistical analyses were conducted using Jivb 9 (SAS Institute Inc., Cary, NC).
RESULTSAND DISCUSSION

The C:N ratio of crop residues plays an importaig m determining whether there will
be net mineralization or net immobilization of SMil Percent C, N, and C:N ratio of each of the
crop residues is presented in Table 1 and indicateisle range of values based on the different
crop species used in this study. The N percentalgiséned in this study were much higher than
what would be typical of cereal crop residues, emsequently, the C:N ratios were much
narrower than the 80:1 estimate suggested in pus\iterature (Stevenson and Cole, 1999). It
is unknown how the relatively narrow C:N ratio bétcereal crops used in this study influenced
the N recovery and estimate of potentially mineaie-N. Also, because soybean were
provided with fertilizer N for>N labeling purposes, soybean crop residue TN wagiahan
what would be found in the field following harvést a typical production setting . Therefore,
residue composition and AH-N values for this stady not necessarily indicative of what would

occur in a conventional field setting.

The percent recovery of N as AH-N from the crafdees was significantly influenced
by the crop residue x AH-N method interactipr<(Q.0001) indicating that the methods varied in
their ability to hydrolyze N from these crop resdu Although the magnitude of difference
between methods varied across crop residues, 19N3istently recovered greater percentages
of N as AH-N than did DSD (Table 3). The order efgent N recovery from the crop residues

by the ISNT and DSD methods from highest to lowest grain sorghum > rice > soybean >
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wheat > corn (Table 2). The methods recoveredglistie more N from grain sorghum
compared to rice, 1 to > 2 % of the N recoverediftad compared to soybean and wheat, and
about twice as much from grain sorghum and riceoagpared to corn. Regardless of AH-N
method, ISNT or DSD, the amount of TN recoveredldsN was for all crop residues.
Bushong et al. (2008) also reported that the 1S&Ebvered slightly greater amounts of
glucosamine-N than did the DSD method. Additionadlushong et al. (2008) compared the
ISNT and DSD methods in recovering glucosamine-Boihand measured percent recoveries
much greater (85-94%) than those we measured frorarop residues presented here (4.39-
11.70%). Recovery of N from these crop residuethbynethods as AH-N or potentially
mineralizable-N is very low. Results by Norman le{(#90) would support these results for rice
and soybean which reported 3% and 11% of the RNHabeled rice and soybean residue was
accumulated in the subsequent rice crop, howewaghly 37% of the N was recovered in the
rice crop from thé>N-labeled wheat residue which would oppose theltestithis study for

wheat residue.

The atom %°N recovery as TN and AH-N by the ISNT and DSD mdthwere
determined for each of the crop residues (Tabl&3.atom %°N recovered by the TN method
represents the atom ¥\ label of all N compounds contained within theidas. Contrastingly,
the atom %°N values obtained using the ISNT and DSD represelytthe atom %°N label of
the specific N compounds measured by the two AHdthods. Unlike TN, the AH-N methods
do not quantify all of the N compounds containethia crop residue as evidenced by the percent
N recoveries of the crop residues. The ISNT an® D8ly quantify elemental N compounds
such as N, amino sugars and some amino acids that can beliigdd with alkaline solutions

(Kahn et al., 2001; Roberts et al., 2009). It ibdved that the atom %N label of the crop
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residue was influenced by the way the crops tookngassimilated the fertilizer N in the
greenhouse. There was a range of inttlsll enrichments based on crop species, and was from
0.67 atom %4°N for rice to 3.73 atom %N for soybean (Table 4). Due to these differennes i
>N enrichment there will be no comparison of crogidees, but rather a comparison of the atom

% '°N recoveries by each method within a given crojes

When comparing th&N recovery as influenced by each method, the gsedtiferences
were seen in rice, which had the lowest atorttRteenrichment of all residues, but resulted in the
highest atom %°N quantified by the ISNT and DSD. Conversely, s@ybbad the highest atom
% '°N enrichment, but the ISNT and DSD recovered theski atom %°N labels from the
soybean residue. Although soybean residue hadréaeagt numerical total atom Y
enrichment, both the ISNT and DSD were unable tirdlyze as much as with the other crop
residues that possessed a loWhrlabel. One potential explanation for this diffece is the
fertilizer N allocation by each specific crop. Bgume or M-fixing plants, such as soybean, a N
compound known as a ureide (predominantly allandoiallantoic acid) is produced in response
to stress (King and Purcell, 2005). Typically threessor is drought condition. However, other
factors contributing to stress levels in plantsiddae elevated in plants confined to pots in
greenhouse experiments, such as in this study.eaogbuse Nixation as a primary N source
under low soil-N conditions (80-94%) but even unfgetile conditions, 25-50% of the TN is a
result of N fixation, especially during seed development, (i¢ar1987). Although many of the
ureides stored in the soybean plant are remobitizeithg seed fill, greater amounts of leaf N are
redistributed to the seeds than stem N (Purcall. e1998; Purcell et al., 2012). Because well
fertilized soybean residues can have a high stezordentration, one would assume greater

amounts of stem ureide concentration to affecteélsevery of N by the ISNT and DSD methods.
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The potential preferential allocation BN fertilizer N into ureides may have significantly
influenced the ability of the ISNT and DSD to quBnthe fertilizer N that was assimilated by
the soybean plant. Although no previous studie® len conducted to determine the ability of
the ISNT and DSD methods to quantify ureides swchllantoin, work by Mulvaney et al.

(2001) and Roberts et al. (2009) suggest that ttretkods would not be able to hydrolyze much
of the ureide-N due to the relatively low recovefyN from urea (<5% for ISNT and 11% for
DSD). Based on strength of the cyclic structurarefdes, it is unlikely that the N in these

compounds are readily mineralized in the soil.

Contrastingly, in rice, the ISNT and DSD both reex@d high numerical atom N
amounts of AH-N despite much lower initial enrichmheélThe N metabolism of rice is quite
different than that of soybean. Literature suggtssa significant portion of N storage in rice
plants is in the form of amino acids, hHand some N@ depending on the form of fertilizer-N
applied (Marwaha and Juliano, 1976). The ISNT giaatroughly 100% of N and 50% of
transition amino acid-N (asparagine and glutamiwbgreas DSD is able to quantify
approximately 100% of the NHand 30% of the transition amino acid-N. NeithedTShor
DSD quantify NQ (Roberts et al., 2009). Therefore, the rice peafeally allocated the
fertilizer N applied into compounds with a greadegree of quantification by the AH-N methods
than those into which soybean allocated the feetilN. This would explain the differences
between the soybean and rice crop residue extremaem %™N results. Of the TN contained
within the other residues, wheat, corn, and gramgsum had similar atom 9N recoveries
intermediate between rice and soybean. This coeileiiplained by the similarities in production
systems. Although they are cereal crops like tioey are upland crops and even if irrigated, are

certainly not produced under continuous floodingditons. The fertilizer-N source used in this
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study was urea, and although it is an/Nfdrming fertilizer, the management practices
following fertilizer-N application could have a sifjcant impact on the amount and ratio of
NH,;" and NQ' taken up by the various crops and ultimately hiogytare partitioned in the plant
(Buerkert et al., 1995). Direct-seeded, delayed€lace production uses urea as a fertilizer-N
source, but the addition of a permanent flood imatetly following fertilizer application
minimizes nitrification and the majority of the Blkien up by the rice crop is in the NHorm.
Upland crops such as corn, grain sorghum and wdreanore likely to take up a combination of
both NH;" and NQ' as the urea has ample time to hydrolyze and yjribor to crop uptake.
Therefore, cereal crops that are grown under uptanditions appear to assimilate both AH
and NQ' in equal proportions of which the portion whicim@ns in thé™N labeled NH* form

can only be quantified by AH-N methods.
CONCLUSIONS

The results of this study indicate that the ISN@ &8D are similar in AH-N recovery N
from crop residues though the magnitude of diffeeslbetween methods among crop residues is
different. Both methods recovered <12% of N from ¢hop residues used in this study. Each
crop allocates fertilizer N differently, and AH-Netihods measure these N compounds according
to N metabolism of the specific crop. Although thesethods generally quantified <10% of the
N within crop residues, the N that is quantifieghagentially mineralizable-N, which should be
available for the subsequent crop. Due to the ma@d\ ratios of the cereal crop residues used
in this study, it was thought that a greater praparof potentially mineralizable-N would be
recovered than what would be recovered from crejgoes in the field. However, the low AH-N

recoveries indicated that this was not the case.
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No studies have been conducted on ISNT or DSD1gytn quantify ureides because
the goal of these methods is to measure potentiahgralizable-N, which is in the form of AH-
N. The presence and persistence of compounds suateiges in the soil has not been
documented and their influence on N cycling iskraiwn. It is thought that the ISNT primarily
measures NI amino sugar-N, and to a lesser extent, transitioima acids, and urea. The
DSD procedure measures NHet quantifies slightly less amino sugar-N, butagee amounts
of amino acid-N and some urea-type compounds. YWelchemical structure of ureides being
drastically different than that of amides, moresggsh needs to be conducted to determine how
much, if any, is quantifiable using the ISNT or D&®this could influence N rate

recommendations using N-STaR where soybean is giowre crop rotation.

Further research is needed to identify the abdiftiSNT and DSD to quantify the N
contained in crop residues when incorporated imtosbil. Data concerning the correct time to
soil sample following crop residue incorporatiorlwe essential to ensure that the proper N
credits or deficiencies are accounted for and dnmeect N rate recommendation is made using

AH-N soil analysis methods such as N-STaR.
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Table 1. Percent total C (TC), total N (TN) and C:N ratio for thefive cropsused in this

study.

Crop Residue TC TN C:N ratio
__________________ O mmmmmmmmm e

Rice 37.43 0.73 51:1

Corn 41.14 2.09 20:1

Soybean 42.65 3.79 11:1

Grain Sorghum 41.11 2.48 17:1

Wheat 39.91 2.26 18:1

Table 2. Comparison of percent nitrogen (N) recovery from crop residues by either the
Illinois Soil Nitrogen Test (ISNT) or Direct Steam Distillation (DSD) analysistechniques.

Crop Residue ISNT DSD
---------------- % N Recovery-----------
Rice 11.54 9.59
Corn 5.58 4.39
Soybean 9.20 8.32
Grain Sorghum 11.7 10.09
Wheat 9.14 7.17

LSDg osto compare % N recovery based on method and
crop residue
Same method across crop residues 0.06%

Same crop residue across methods 0.12%
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Table 3. Comparison of atom % N recovered by total N (TN), Illinois Soil Nitrogen Test
(ISNT), and Direct Steam Distillation (DSD) methodsfor each crop residue.

Crop Residue TN ISNT DSD LS5

Rice 0.67 5.20 5.43 0.18
Corn 2.09 2.99 3.04 0.05
Soybean 3.73 0.86 0.86 0.04
Grain Sorghum 2.50 2.52 2.58 0.09
Wheat 2.26 2.39 241 0.03
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CHAPTER THREE

The Influence of Fertilizer *N Rate and Application Time on Soft Red Winter Wheat Yield
and Fertilizer N Uptake Efficiency
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ABSTRACT

Nitrogen represents 31% of the input costs assatiatth Arkansas wheati(iticum
aestivum L.) production. The only°N wheat research to date in Arkansas has been ctettian
well-drained soils, but the majority of productieniocated on poorly-drained silt loam soils.
Therefore, a study was conducted during the 2011P-20d 2012-2013 growing seasons to help
establish the fertilizer N uptake efficiency (FNU&)wheat produced on poorly-drained soils
using the stable isotopgéN. Trials were conducted at the Pine Tree ReseBtation in Colt,
Arkansas on a silt loam soil. Six different fedér N-rates were applied by hand ranging from 0
to 224 kg N h# at three different times: Early-single, Late-sigind Split applications in 1.5 x
1.74 m microplots using 2.65 atom9ilabeled urea. There was a significant applicatioe t
by rate interactionp<0.0408). The greatest FNUE was achieved with #myEsingle and Split
applications at the 90 kg N haate, and were 80.1% and 83.1%, respectively. ilimn yield-
maximizing N rate was determined to be 135 kg N &aplied as an Early-single or Split
application. The Late-single application across\athtes resulted in lower FNUE and yield.

Soil N uptake was not significantly different famyaof the treatments that received fertilizer
regardless of rate or timing of application, butevsignificantly higher than soil N uptake where
no fertilizer was applied. Total N uptake by theeathwas directly related to fertilizer N uptake
with the Early-single and Split application tendioghave higher TN uptake than the Late-single
application. Results of both the TN uptake and FNlURport the yield data obtained in these
trials and indicate that current N-rate recommeiodatfor wheat produced in the delta region of
Arkansas optimize fertilizer N inputs while maimtiig high yields. These results highlight the
importance of proper rate and application timenfiaximizing FNUE and yield in winter wheat

production.
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INTRODUCTION

Over 182,000 hectares of wheat were harvestedkamsas in 2012, and that number
increased to almost 249,000 hectares in 2013 (Naltidgricultural Statistics Service, 2013).
Although wheat is best suited for well-drained sod significant amount of wheat is produced
on Arkansas’ poorly-drained loamy and clayey-testusoils. Without adequate drainage, soil
oxygen depletion can exceed diffusion of oxygen the soil causing soil microbe populations
to shift from aerobic microbe populations to faatiite and anaerobic microbes. These microbes,
which thrive under reduced conditions, use oxidifeths of plant nutrient elements as
alternatives to oxygen as electron acceptors (ihdgkeddy, and Corstanje, 2005). Thus,
increased concentrations ofFand Mrf* can lead to toxicity and reduce wheat yields (€arv
and Ownby, 1995). Typically, the seasons of wheatn@ncy and growth (winter and spring)
have greater total rainfall than summer or fallefage seasonal rainfall in the Arkansas Delta
Region, as reported by the National Oceanic ando&pheric Administration, for winter
(December-March) and spring (March-June) seas@83%#4 cm and 38.8 cm, respectively.
Meager plant biomass during these months combirnidiow temperatures provide for little
evapotranspiration which perpetuates elevatedhsoisture. Compensation for these challenges
is achieved by planting wheat on raised beds arpurating drainage ditches to prevent

extended periods of topsoil saturation due to lgapetranspiration.

In addition to dealing with less than optimal grogiconditions, agriculture production
costs continue to rise. Nitrogen (N) fertilizer regents one of the greatest costs associated with
production agriculture. As fossil fuel prices ritleere is a greater need for informed
management practices which maximize fertilizer Kalp efficiency (FNUE). The majority of

fertilizer consumption in the world is in the foiwhN fertilizer (International Fertilizer Industry
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Association, 2014). For cereal crops N is the mosting nutrient for growth and therefore
must be applied to most fields to maximize yieldrdgen fertilizer costs producers
approximately $1.50 kg Nor $33.0 ha (135 kg N hd, current recommendation for the
majority of Arkansas wheat production area), wrachounts for 31% of total input costs
associated with Arkansas wheat production (Uniteisi Arkansas Cooperative Extension
Service, 2012). Due to the large portion of inpagts devoted to N it is imperative that FNUE is

maximized in order for wheat production to remaiofpable.

A prior study found maximum rate of N uptake by @wh® occur shortly after the plant
breaks dormancy to resume growth in the springttidgn and Alley, 1989a). In this study,
Baethgen and Alley used the Zadoks scale for gjeowth and attributed GS 30 to the period of
rapid N uptake (Zadoks, et al., 1974). Currentigitend to utilize the Feekes scale for wheat
growth stages, with Feekes 3 corresponding to Zade8 26, and Feekes 6 corresponding to
GS 31. Baethgen and Alley (1989) concluded thaBG8nmediately preceded a period of rapid

N uptake and utilization due to the high yieldloé single GS 30 application treatments.

A study in England found a fertilizer N rate (10§ X ha') split into two applications, at
Feekes 2-3 and Feekes 6, increased grain yielderrdased lodging over a single application of
200 kg N h# at Feekes 2-3 (Dilz, 1971). A similar study byzDét al. (1982) later found an
increase in grain yield when a fertilizer N appiioa of 100 kg N h& was split at Feekes 6 and
Feekes 9 compared to a single application at Fe&igeat the same rate. Bashir et al. (1997)
found that dry matter accumulation increased frod®1.5 g m at Feekes 10.1 to 1,514.0 at
11.1-11.2 where fertilizer N accumulation decredsech 7.38 g M at Feekes 10.1 to 6.52 ¢ m
at Feekes 11.1-11.2. Seeing that the plant dryematicumulation increase (51.2%) during this
time was inversely proportional to the fertilizeracumulation (-11.7%), it could be assumed
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that the plant continued to take up fertilizer Ndecreasing amounts even past Feekes 10.1.
Another study conducted on a poorly-drained claga@lfound that fertilizer N contributed to
higher yield even when applied at Feekes 9 andréqilizer N at Feekes 9 was reported to
contribute to increased kernels per spike and gréatrnel weight whereas fertilizer N at Feekes
10 was found to increase kernels per spike onlys@dgni and Sabbe, 1991). However, Bashir et
al., (1997) showed that the greatest total N (TiN) fertilizer N accumulation increases
happened between Feekes 4-5 and Feekes 6-7. Censlgga fertilizer N application past
Feekes 6-7 should have a lower efficiency thareakEs 3. Sabbe (1978) found wheat yields to
be greatest when applying fertilizer N in mid- abel-winter as dormancy broke. Baethgen and
Alley (1989b) found that winter wheat responseddyeand late fertilizer N was dependent upon
tiller density at the time of application. Gredi#ler density at Feekes 2-3 responded in higher
yields when fertilizer N was applied later (Feekes), but yield was negatively impacted in
treatments with high tiller density where fertiliz¢ was applied early (Feekes 2-3). Conversely,
treatments where less tillers were documented eltdse2-3 responded to early and split N

treatments by creating more tillers and produciigd [grain yield.

Both over- and under-application of fertilizer Nndaad to yield decreases and profit
losses with over-application contributing to lodgiend increased disease pressure resulting in
decreased yields. Current fertilizer N recommeraatifor Arkansas wheat grain production
range from 100 to 135 kg N fi@n loamy-textured soils following crops other thaltiow (less
N) or rice (more N). According to the 2011 Wheatiffeation Program, producers participating
in the program were applying approximately 135-kg¢3N ha®, which is slightly above the

recommendation guidelines (Grimes et al., 2011).
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Previous research in Arkansas conducted on a Ready loam (coarse-silty, mixed,
nonacidic, thermic Typic Udifluvent) showed a maxmnfertilizer N accumulation of 74.4%
when plant samples were taken at Feekes 8-9*>hdnriched fertilizer was applied in a single
application at Feekes 2-3 (Bashir et al., 1997)s Tésearch was limited in scope having only a
single N application time and a single N rate. Resuere directed at determining how fertilizer
N accumulated in the wheat plant throughout thes®mof the growing season and was not
necessarily directed at maximizing FNUE by optimgN rate and time or method of
application. Currently, wheat production in Arkas$eas been greatest in areas that are also
typically cropped to rice and therefore are oftemdpiced on soils that are poorly-drained and
have restricting soil horizons in the upper 30 drthe soil profile. Research similar to Bashir et
al., (1997) is needed on poorly-drained soil teedeine if soil saturation would contribute to
greater N loss in a single fertilizer N applicatesmopposed to a split fertilizer N application.
The cost of production associated with N fertiiaatcoupled with environmental concerns
increases the need for research identifying thielyreximizing N-rate and application strategy.
Therefore, the objective of this study was to datee how soft red winter wheat yield and
FNUE is influenced by N-rate and time of applicatem poorly-drained silt loam soils using

5N-labeled urea.

METHODSAND MATERIALS

Two field experiments, one in 2012 and one in 2 e conducted to evaluate the
responsiveness of wheat to fertilizer N rate anwetof application. Trials took place at the Pine
Tree Research Station (PTRS) near Colt, Arkansas@alloway silt loam (Fine-silty, mixed,
active, thermic Aquic Fraglossudalfs) in 2012 ar@athoun silt loam (Fine-silty, mixed, active,

thermic Typic Glossaqualfs) in 2013. Soil seried alassification were defined by Web Soill
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Survey, by the Natural Resources Conservation &=(doil Survey Staff, 2010). The Calloway
and Calhoun soil series are both classified aslpaained soils and are representative of the
standard production setting for wheat producedawrlpg-drained silt loam soils in the Eastern

Arkansas Delta Region.

Soil samples were collected to a 10-cm depth poiglanting and submitted to the
University of Arkansas Diagnostic Lab (Fayettevil#dR). Samples were subjected to Mehlich-3
extractable nutrients analysis (Helmke and Spdré86) to ensure P, K, S, and other
micronutrients were not limiting to wheat growthafe 1). Prior to planting 29 kg P hand 83
kg K ha' were broadcast and incorporated at each locafieeds, insects, and diseases were
controlled using best management practices acaptdituniversity of Arkansas wheat
production recommendations (Johnson, 1992). Theimhétivar Ricochet was drill-seeded at a

rate of 118 kg hawith 19 cm row spacing.

Three different fertilizer-N application times feach rate were carried out as follows:
Early-single (Feekes 3), Late-single (Feekes &), 3wlit application (one-half of the N applied
at Feekes 3 followed by one-half of the N applieBeekes 6). Feekes 3 was selected for this
study as the first fertilizer N application timeca@se it is the period immediately following the
resumption of growth from winter dormancy and ptmeactive tillering, and Feekes 6 was
selected as the second fertilizer N applicatiorettmmdetermine to what extent fertilizer N is able

to be taken up by wheat past the optimum applindtioe.

The yield study was conducted in 4.88 m long 3 In wide plots that received six
different fertilizer N-rates ranging from 0-225 koha' using urea (460 g N Ky as the fertilizer

N source. The FNUE study was conducted in separatem wide by 1.5 m long microplots
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which received the same rates as the yield compari¢his study. Urea fertilizer N used in the
FNUE trial was obtained from Isotec (Miamisburg, Yatd was enriched to 2.65 atoni®.
Adequate border spacing (1 m) was establisheddoremo cross-contamination of N-rates.
Fertilizer treatments were treated with the ureaiitor n-(n-butyl) thiophosphoric triamide
(NPBT), trade name Agrotain Ultra (Koch FertilizdrC, Wichita, KS), by mixing 1 kg of

prilled urea with 4.2 mL Agrotain, consisting of®§ NBPT kg'in order to reduce ammonia
volatilization loss potential. Fertilizer treatmstior both the yield and FNUE trials were applied
by hand at the designated growth stages. Fertdigplication times were based on wheat growth

stage and differed in both years due to differemeasil and climatic conditions (Table 2).

Plant samples were collected to determine the pdke of wheat by removing the
aboveground portion of a 1.83 m section of a badeow from every plot. Plant samples that
were used to calculate TN uptake were taken atde®l9 (Flag Leaf Emergence), which was
identified by Bashir et al., (1997) as the growtlge where maximum TN uptake occurred.
Plant samples were oven dried at 60° C, grouncs$s p 2-mm screen, and a subsample of 0.1 g
was analyzed for TN using an Elementar vario Mg§Etementar Analysensysteme GmbH,
Hanau, Germany). The TN uptake was determinedeaprtbduct of TN concentration and
biomass. Atom %°N was determined by the University of CaliforniaviaStable Isotope
Facility (Davis, CA), using an elemental analyzgeifaced to a continuous flow isotope ratio
mass spectrometer (Europa, Sercon, Ltd., Chedbike, Fertilizer enrichment within the plant
was calculated from atom #N change according to the equation:

F = TN(x-y/z-y)

Where F is the amount of fertilizer N taken up bg plant (kg N hd), TN is the total N uptake

(kg N ha), x is the atom percehtN measured in the plant, y is the average atorrepeftN
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measured in the untreated control, and z is tha a@eercent™N of the enriched urea fertilizer
applied. The percent FNUE was calculated baseti@eduation:

FNUE = (F/A)x100
Where F is the amount of fertilizer N taken up bg plant (kg N hd), and A is the fertilizer N
application rate (kg N h.

Analysis of variance (ANOVA) was carried out usifgP PRO 9.0 (SAS Institute, Inc.,
Cary, NC). Statistical analysis of yield, TN uptak®d soil N uptake was arranged as a
randomized complete block design with a three (appbn time) by six (N rate) factorial
treatment structure with four replications and yiealuded as a random effect. Analysis of
variance for the FNUE portion of the study was @sanged as a randomized complete block
design with a three (application time) by five (&te) factorial treatment structure with four
replications and year included as a random effdeans were separated where appropriate using

the least significant difference (LSD) test, assggsignificance ap<0.05.
RESULTSAND DISCUSSION

Total Nitrogen Uptake

Total N uptake was significantly affected by th&eraction between N-rate and
application timef=0.0014) (Table 3). Total N (Table 4) uptake camsidy and significantly
increased as N-rate increased for all Early-siaglk Split treatments, while the Late-single
application seemed to reach a plateau in TN upaatend 135 kg N ha There were no
significant differences observed between the Esirigle and Split applications within a given
N-rate. No differences existed among any treatraatit 135 kg N h&, which was numerically

but not statistically lower than the Early-singkeSplit applications (10 and 20 kg htess,
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respectively). However, for every rate above 13%Kag' the Late-single application produced
less TN uptake than the Early-single or Split aggilons. The Late-single applications were also
not significantly different from one another amdhg 135 kg h3, 180 kg hd, and 225 kg ha
N-rates. Additionally, the 90 kg Hand 180 kg ha Late-single treatments were not different
from one another, suggesting that TN uptake wasitgkienced by N rates greater than and
equal to 90 kg hafor the Late-single application than the Earlygsinor Split treatments were.
Reduced biomass could have attributed to inhibitibfurther N uptake for plants which
received only Late-single fertilizer N applicatiomashir (1997) reported TN uptake to reach
maximum accumulation at Feekes GS 8-9 with no Bggmt change in TN uptake through
maturity when fertilizer N was applied in a singleplication during tillering. Contrastingly,
fertilizer-N uptake was shown to peak at Feekes8@3hen decline through maturity. Natural
senescence of the wheat plant could contributegagtowth fertilizer N loss through ammonia
volatilization, predominantly in leaf tissue. Altlgh N uptake continues through maturity, the
rate of additional N uptake slows in response ¢éodécreasing rate of biomass accumulation.
Thus, the concentration of fertilizer N would dease even as TN concentration remains
constant, according to Bashir et al., (1997) whunly had an early single application. In
contrast, for Late-single treatments fertilizer ptake results (TN uptake — soil N uptake) might
have been greater if more time had been alloweddsst fertilizer N application and plant
sampling. However, it is likely that TN uptake riswould not have drastically changed, since
N loss through stomatal conductance would stiluodcfluencing only the ratio of the fertilizer

N concentration to TN concentration at maturity.
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Soil Nitrogen Uptake

An analysis of variance (Table 3) indicated thatdnly factor affecting soil N uptake
was N rate (<0.0001). Soil N uptake significantigrieased from the 0 kg N hal-rate to the 45
kg N ha' N-rate then remained relatively constant as Nirateeased for all the application
strategies. There were no differences among aayntents within a given N rate. Contrastingly,
fertilizer N uptake mirrored the trends of TN upgdhkr every N-rate and application time. Thus,
the differences in TN uptake for this study caratigbuted to the magnitude of difference in
fertilizer N uptake as affected by N rate and aggtlon time alone, not soil N uptake. Research
on wheat grown in a wheat-rice cropping systemoagpared to a wheat-corn cropping system
has shown root mass in the wheat-rice croppingsysb be reduced by up to 48% compared to
the wheat-corn system. Researchers attributedliffésence in part to the presence of a plow
pan in the wheat-rice system. It is thought thatrtiajority of the wheat root system was
restricted to the top 5 cm of soil, though wheattsare reported to penetrate nearly 180 cm in
other cropping systems on light-textures soilsofdaét al., 1980; Sur et al., 1980). It is likely,
this study, that fertilizer N encouraged developtredra more extensive root system compared
to treatments receiving no fertilizer N, but sdilypical properties could have inhibited the full

potential of the root systems for treatments rangitertilizer N.
Wheat Yield

The ANOVA (Table 3) indicated that there was a gigant N application time by rate
interaction p=0.0058). Overall, the minimum yield-maximizing Bte and application method
was 135 kg N hdapplied as an Early-single or Split applicatioalfle 5). Yield tended to

increase as N-rate increased within the Split-appbn treatments until N-rate reached 135 kg

40



N ha' at which time grain yield reached a plateau ardimisd when N-rate exceeded 180 kg N
ha'. Wheat receiving N as the Split application hadilsir yields as the equivalent amount of N
applied as an Early-single, but the Late-singleplliaation produced yields that were
numerically and sometimes statistically lower facle N-rate >45 kg N Ha Over-fertilization

with N can have an adverse effect on grain yiele tduincreased lodging, delayed maturity, and
increased disease (Wells et al., 1995). Split appin of N-rates greater than 180 kg N‘ha
reduce wheat yield. For the Early-single appligatigeld tended to increase as N-rate increased
until yield reached a plateau at rates of 135-228lkha’. Although this study indicated that the
Early-single N application timing could produce sanyields to the Split application at rates of
90-180 kg N ha, N from the Early-single application could suffemstantial loss in years with
greater rainfall increasing the risk associatedh\ajplying all the N prior to the Feekes 3 growth

stage.

For the Late-single application, the soil inorgaNicontent was too low to produce
significant tillering before fertilizer N was apetl, and the fertilizer N was applied late enough
that the wheat could not regain all of the yieldgmbial exhibited by the treatments that received
at least a portion of the N prior to the Feekesdfuth stage. Except for the 45 and 90 kg N ha
rates, wheat yields for the Late-single applicatiare statistically lower within a N-rate than
wheat yields from either the Early-single or Spfiplication. The greatest yields for the Late-
single application were not achieved until 180 kbd¥ was applied, and even then grain yield
was ~800 kg Halower than the maximum yields attained with thel{eaingle and Split
treatments. However, it is surprising that the Lsitgle applications were able to provide
sufficient N to achieve the yields that they diRkevious work on a silty clay soil has shown that

fertilizer N applied as late as Feekes stage 1Gizamficantly increase wheat yield (Mascagni et
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al., 1990). In light of these findings, it might deduced that wheat yield is able to overcome
inadequate tillering and recover some yield pog&iirough other yield components (number of

spikes per m, number of kernels per spike, and kernel weighfgcagni and Sabbe, 1991).

Fertilizer Nitrogen Uptake Efficiency

The ANOVA (Table 6) showed a significant rate Ipplcation time interaction
(p=0.0408). No statistical differences existed amibregSplit treatments from 45 kg N heo
180 kg N h, although the highest N rate of 225 kg N'1{@2.0%) was significantly lower than
the 90 kg N ha rate (83.1%) (Table 7). Likewise, for all Earlyrgle treatments, no significant
differences existed among the 45 to 180 kg N, kth the only difference existing in 90 kg N
ha' (80.1%) being greater than the 225 kg N (88.8%) treatment. Unlike the other application
times, Late-single applications had several sigaiit differences within the treatment group,
and all Late-single treatments had inferior FNUEpared within a rate to the other application
times, with 45 kg N habeing the only exception. For Late-single appias FNUE was

greatest at the lowest N-rate (78.7%) and decreas@trate increased.

Numerically, the Early-single and Split fertilizertreatments had greater FNUE than the
Late-single application. For the same reason, katgle treatments tended to have inferior
FNUE because plants at Feekes 6 which had notvegtany fertilizer N to contribute to growth
were smaller than the Early-single or Split treattaavhich had received fertilizer N prior to the
period of rapid growth. Also, Late-single treatmseewere allotted less time (3-4 wk) in between
fertilizer N application (Feekes 6) and plant sangplFeekes 8-9), which did not allow adequate

time for fertilizer N uptake. Thus, Late-single &pation FNUE decreased with increasing N-
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rate. Split treatments received the benefit ofyeldrbpplication, which allowed the plants to take

up the fertilizer N and utilize it during the pettiof rapid growth.

Most treatments exhibited exceptional FNUE valuék w0 of the 15 treatment
combinations resulting in FNUE values of >75%. Tiymainfall (Figures 1 and 2) allowed for
incorporation of fertilizer N, yet no exorbitanimtall events occurred immediately following
application. This allowed the urea to be incorpedanto the soil, lessening N loss through
ammonia volatilization, and avoiding N loss througmitrification. Additionally, lower
temperatures at the time of fertilizer applicataord non-basic soils contributed to conservation

of NH,4" in the soil for plant uptake throughout the grogvseason (Stevenson and Cole, 1999).

CONCLUSIONS

Current Arkansas winter wheat recommendations (I8®kg N hat applied as a Split
application) are based on N response trials classdpciated with production settings, whereas,
the only™N research conducted in Arkansas were on soilshwdiie not necessarily indicative
of actual production settings. As a result, thiglgtwas established to verify the current
recommendations on a poorly-drained soil. Wheahgnalds were maximized by application of
135 to 225 kg N Haas an Early-single application or 135 to 180 kiga¥ Split application. The
Early-single fertilizer N application method is paps a less economically sound decision due to
the potential for significant N loss in one or nplk events following application of all of the
fertilizer N. Years with greater rainfall pose tpeatest threat to increased fertilizer N loss
through denitrification, runoff, and/or leachingti®ough the results averaged across two years
of research do not show clear differences betweeiiarly-single and Split application N-
fertilization methods, applying the total N-ratetwo splits may increase N recovery and reduce

N loss compared to an Early-single application witle additional cost.

43



The results also support previous research (Baethge Alley, 1989a) which suggests
that the initial fertilizer N application should beplied no later than Feekes stage 5. The Single-
late fertilizer N application method does not pd®/enough N to optimize early plant
development on N-deficient soils. Though decreageihg tillering can be compensated for in

other yield components, maximum yields require adégytillering.

Soil N uptake was consistent across all N-ratesaqpdication times for all treatments
receiving fertilizer N. Therefore, differences ihN Tiptake was dictated by N-rate and application
time alone and not affected by native soil N. Mani}s in the Mississippi Delta region are
traditionally cropped to rice, which can createlatively restrictive plow pan. Soil physical
properties could limit root growth potential, amgtefore the ability of the wheat plant to fully

exploit native soil N.

Overall, FNUE was greatest for the Split applicaticcatments, with maximum FNUE
being achieved at 90 kg N'h&83.1%). Although FNUE values for the Early-singfeplication
were slightly lower than the Split application tr@ant, this may not hold true in years with
greater than average rainfall occurring early emdghowing season shortly after wheat breaks
winter dormancy. Possible reasons for such high ENblues of this study are given by
precipitation data for 2012 and 2013. All treatnsereiceived some amount of rainfall within two
days of fertilizer application. This allowed forcorporation of urea, lessening the loss of N
through ammonia volatilization and providing prajead N availability for plant uptake.
However, no excessive rainfall events occurred afpplication which would have resulted in
fertilizer N loss through denitrification. ResutiEboth yield and FNUE components of the study
indicate that the 135 kg N Ha&plit fertilizer application supplies adequated¥ faximum yield

while minimizing environmental N-loss risk.
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Table 1. Selected soil chemical property means from 0-10 cm deep soil samples (n=4)
collected from N-fertilization trials located at the Pine Tree Resear ch Station (PTRS) near
Colt, AR during 2012 and 2013 gr owing seasons.

Soil Soil Mehlich-3 soil nutrients

Soil Series OM®  pH 5 <

Ca Mg S Fe Mn Zn Cu

% 0 meeeemeeeeea-- parts per million @kg®) ------------

Calloway 28 7.7 35 112 1801 350 7 200 222 4.7 1.2
Calhoun 26 7.1 29 133 2077 363 6 240 267 24 1.2

& OM, Organic matter

Table 2. Timing of Early-single, Late-Single and Split applicationsto wheat based on
growth stage on a poor ly-drained silt loam at the Pine Tree Research Station (PTRS) near
Colt, AR during the 2012 and 2013 growing seasons.

Year Planting Date Application Timet
Early-single and Late-single and Days Between
First Split Second Split Applications
2011-12 Oct. 7, 2011 February 21 March 15 21
2012-13 Oct. 22, 2012 March 5 April 4 30

T N treatments were applied 100% early at theritigestage (Feekes 3), 100% late at the first
visible node (Feekes 6) or a split application @¥bat Feekes 3 and 50% at Feekes 6.
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Table 3. Analysis of variancefor total N (TN) uptake, soil N uptake, and wheat yield as
affected by N rate and application time.

Source Degrees of TN uptake Soil N uptake Yield
Freedom
p value p value p value
N Rate (NR) 5 <0.0001 0.3077 <0.0001
Application Time 2 <0.0001 <0.0001 <0.0001
(AT)
NR x AT 10 0.0014 0.1896 0.0058

Table4. Total N uptake asinfluenced by fertilizer-N rate and application time soil N
uptake asinfluenced by the main effect of N-rate from samplestaken at the Feekes 8-9 at
the Pine Tree Resear ch Station during the 2011-12 and 2012-2013 gr owing seasons.

Total N Uptake Soil N Uptake

Application time®

N rate Early-single  Late-single Split
---------------------------------------------------- K R =
0 R 38, P

45 80.2 84.6 85.4 49.5

90 120.8 117.8 136.7 53.1

135 157.7 146.3 166.7 55.6

180 197.6 129.4 194.1 53.2

225 229.7 147.8 222.3 57.1
LSDo.0s= 27 kg N hd LSDoos= 7.7 kg N hd

2 Single early applied at Feekes stage 3; Singlealapdied at Feekes stage 6; and Split involved
applying one-half of the N at Feekes stage 3 fatidwy one-half of the N applied at Feekes
stage 6.

0 kg N h& treatment TN uptake reported as an average aalicssplications.
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Table 5. Winter wheat yield means, averaged across years, asinfluenced by thefertilizer N-
rate and application timeinteraction at the Pine Tree Resear ch Station(PTRS) near Colt,
AR during the 2012 and 2013 growing seasons.

Application timé®

N rate Early-single Late-single Split
kg N ha'® kg hal----emmmmmm e
0 e ~= 3108 ---mmeem e

45 3734 3864 4390

90 4902 4775 4913

135 6193 5110 6590

180 6061 5777 6493

225 6592 5576 5843

LSDo.0s= 623 kg hd

& Single early applied at Feekes stage 3; Singlediapdied at Feekes stage 6; and Split involved
applying one-half of the N at Feekes stage 3 fatidwy one-half of the N applied at Feekes
stage 6.

0 kg N h& treatment yields reported as an average acroapplications.

Table 6. Analysis of variance P-valuesfor fertilizer nitrogen uptake efficiency (FNUE) of
wheat as affected by N-rate and N application time.

Source Degrees of Freedom FNUE
p value
N Rate (NR) 4 0.0018
Application Time (AT) 2 <0.0001
NR x AT 8 0.0408
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Table7. Fertilizer N uptake efficiency, averaged acrossyears, asinfluenced by the fertilizer
N rate and application timeinteraction at the Pine Tree Research Station (PTRS), near
Colt, AR during the 2011-12 and 2012-2013 growing seasons.

Application timé®

N rate Early-single Late-single Split
FNUE
kg Nha' e
45 70.8 78.7 77.6
90 80.1 69.6 83.1
135 78.1 65.6 82.5
180 7.7 47.4 76.8
225 68.8 45.6 72.0

LSD0.05: 10.8%

& Single early applied at Feekes stage 3; Singlediapdied at Feekes stage 6; and Split involved
applying one-half of the N at Feekes stage 3 fatidwy one-half of the N applied at Feekes
stage 6.
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Figure 1. Daily precipitation in mm and fertilizer application days, reported from
February 1, 2012 as measured by the National Oceanic and Atmospheric Administration
(NOAA, 2014) weather station in Forrest City, AR.
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Figure 2. Daily precipitation in mm and fertilizer application days, reported from
February 1, 2013 as measured by the National Oceanic and Atmospheric Administration,
(NOAA, 2014) weather station in Forrest City, AR.
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CHAPTER FOUR

CONCLUSION
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The purpose of these studies was to determine ppate fertilizer N recommendations
for producers in Arkansas in regard to both somglng with crop residues and fertilizer N rate
and application time in soft red winter wheat prctthn. The results indicated that the ISNT and
DSD recover similarly low amounts of AH-N withinceop residue, though magnitude of
difference varied between methods among crop residDue to each crop partitioning fertilizer
N differently according to the different N metalsoh for the crop, the magnitude of difference
among crop residue fertilizer N recovery variedodgh little N was quantified by these
methods, the amount of N which was quantified wateitially mineralizable-N, which should
be available for the subsequent crop. Optimum te$oit potentially mineralizable-N were
expected due to the nature of the greenhouse sti@yC:N ratios of the cereal crops grown
were much narrowed than would be anticipated frgpical field settings, thus it was expected
that a greater proportion of potentially minerditeaN would be recovered, but the low AH-N
recoveries indicated that this was not the casgh&uresearch is needed to determine the ability
of the ISNT and DSD to quantify crop residue N whasorporated into the soll. It is essential
that correct soil sampling time is achieved afteorporation of crop residues in order for N
credits or deficiencies to be accounted for whenhBoil testing methods, such as N-STaR are

used.

Results from the field portion of this study detered that the current Arkansas fertilizer
N recommendation of 135 kg N happlied as a split application to be the minimueids
maximizing N-rate. Overall, Split applications ae¥ed the greatest FNUE. Early-single and
Split applications were not significantly differedndm one another based on yield results as well
as FNUE. The Early-single application time is thioiuip be a less economical decision due to its

potential for substantial N-loss in years with geeaainfall. Late-single applications produced
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inferior yields and FNUE overall. Total N uptakessaund to be directly related to fertilizer N
uptake due to no differences in soil N uptake iy @eatments receiving fertilizer N. This
supports previous research that initial fertilikeshould be applied no later than Feekes stage 5.
This results indicate that the 135 kg N't@plit fertilizer application minimizes environmaht

N-loss and supplies sufficient N for maximum yield.
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