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EXECUTIVE SUMMARY 
 
Introduction 

The legislation (KRS 248.510 - 248.580) which provides funds in support of the 
research programs at the Kentucky Tobacco Research and Development Center 
(KTRDC) requires that a quarterly research report be submitted to the Kentucky 
Tobacco Research Board (KTRB) and the Legislative Research Commission. 

The overall reporting plan is: 

January 1 - March 31:  Selected topics 

April 1 - June 30:  Selected topics 

July 1  - September 30: Selected topics 

October 1 - December 31: Annual comprehensive report 

As required by KRS 248.570, a financial report covering expenditures for the 
relevant proportion of the January 1, 2021 – March 31, 2021 fiscal year is included 
in this report. 

The news and research publications provided in this quarterly report are a 
representative selection of the Center’s output.  For a full description of all KTRDC 
research and activities please refer to the KTRDC Annual Report.   

Quarterly News 

• Calls for papers for the two main tobacco conferences have gone out. 

• The CORESTA call for papers was sent out in February for the conference to 
be held October 4th-8th.  The conference will again be virtual, but with live 
question and answer sessions. 

• The 74th TSRC conference will be held in Boston, Massachusetts, August 29th- 
September 1st.  This conference will be in-person, and is rescheduled from 
2020: the 2020 74th conference was cancelled. 

• KTRDC staff have continued to work through the pandemic, with strict 
precautions in place, as there are ongoing grants and many research projects 
that cannot be put on hold.  Those who can work from home have been doing 
so, which means that the number of people in the building is greatly reduced.  
Social distancing is observed, workstations and public areas are regularly 
sanitized, face masks are mandatory, and lab staff are carefully spread out, 
rotating their hours and locations. 
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• Activity at the farm this quarter has been limited to stripping and seedling 
production. 

• Stripping finished much later than usual this year, because prolonged dry 
periods made it impossible to take down the tobacco sooner.  The last of the 
experimental tobacco was stripped and sampled in mid-March. 

• The first tobacco seeding was on March 12.  The seedlings are growing well.  

• A high cannabinoid population of hemp mother plants has been started from 
commercial feminized seed.  These plants will be maintained through 
sequential cloning, and will be a resource for laboratory work. 

• The March board meeting was held via Zoom, because of the pandemic.  

• Dr. Yuan informed the Board that income was on track through December, 
although January’s income was less than projected.   

• KTRDC’s financial reserve continues to be healthy.  This is a result of moving 
personnel from KTRDC to FDA funds.  However, two of the FDA grants have 
ended, and KTRDC is currently in year two of a five-year FDA grant.  Once this 
grant has ended it will be necessary to support personnel with KTRDC funds.  

• Dr. Yuan requested a release of unallocated funds, which was approved by 
the Board for the 2020-2021 budget.  The KTRDC farm headhouse and 
greenhouse need significant improvements and there is also a need for both 
a farm truck and a utility vehicle.  The estimated cost for these items is 
$79,200.  Dr. Yuan requested that $71,000 be released from unallocated 
funds with the remainder of the funds coming from existing funds in the 
greenhouse (1235411410) account.  The release of $71,000 from unallocated 
funds was approved.   

• Anne Fisher gave a presentation entitled “Reducing nicotine in burley 
tobacco by combining low alkaloid varieties and agronomic practices – two 
very different years”.  To investigate the feasibility of achieving nicotine 
levels of 0.3-0.5 mg/g (the non-addictive levels suggested by the FDA), a two-
year experiment was done combining three low alkaloid (LA) varieties (two 
French varieties and LA TN 90) and a check, with all known nicotine-reducing 
agronomic practices (and the check, standard practices).  The two seasons, 
2018 and 2019, were very different.  In 2018, there was excessive rain, and 
nicotine levels were unusually low.  In contrast, 2019 was very hot and dry, 
and nicotine levels were high.  In 2018, everything in the check (standard 
practices) block was above the 0.5 mg/g limit, in all stalk positions.  In the 
nicotine-reducing practices block, the flyings of all three LA varieties were 
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varieties; the leaf and tips of only one French variety were.  Although these were 
below the 0.5 mg/g limit, they were very close to it.  In 2019, everything was 
well above the 0.5 mg/g limit, even the flyings in the nicotine-reducing practices 
block.  Nicotine levels in the LA varieties in the nicotine-reducing practices block 
were three to five times the suggested limit.  This work illustrates the 
impossibility of consistently achieving a specified nicotine target level.  The 
effect of seasonal variability is clearly demonstrated by these two extreme 
years; in addition, there are decades of nicotine data from the Minimum 
Standards Program showing the variability due to season and location. With the 
currently available varieties, growers could not consistently achieve 0.3 – 0.5 
mg/g nicotine, especially over the whole plant.   

• The proficiency testing (PT) program continues to be well patronized.  

• The CIG-2020C round opening was delayed until mid-June due to the 
pandemic, which resulted in a delay of the final report from November 2020 
to January 2021.  

• The SMK-2020D was scheduled to open at the end of August but was delayed 
until September. This was the first smokeless PT round that CTRP offered, 
following the A2LA scope expansion in March of 2020.  The results for this 
round of testing had good agreement within all of the data submitted, which 
were included in the final report released March 2021. 

• The four certified reference smokeless tobacco products were used in a 
CORESTA collaborative study, which was delayed from 2020 due to the COVID-
19 pandemic.  The results are currently being reviewed by CORESTA Tobacco 
and Tobacco Products Analysis (TTPA) members. 

• CTRP introduced four reference cigars for research purposes in October 2019 to 
facilitate research and method development for cigars.  The preliminary data 
from these test materials is being used to identify design parameters for the 
production of three certified reference cigar products as part of a cooperative 
agreement with the FDA. 

• To date, the University of Kentucky, Center for Tobacco Reference Products 
(CTRP) has been awarded three FDA (Food & Drug Administration) grants to 
produce and distribute reference products, the first of which is now complete.   

• The second grant, to produce four smokeless reference products, should be 
completed in 2021.  The four products have been produced, certified and are 
being sold to research institutions around the world.  The CTRP recently 

3



completed its first smokeless proficiency testing round in March 2021.  Our 
scientists are working to finalize several research projects on these products. 

• The major activity during this period was focused on the cigar grant, which 
was funded to produce three certified cigar reference products: a filtered 
little cigar, a cigarillo, and a large, non-premium cigar.  All of these products 
will be machine-made with an HTL (homogenized tobacco leaf) wrapper.  The 
main achievements for this reporting period focus on the analysis of 
commercial cigar products, including: 25 filtered little cigars; 17 cigarillos, 
and 11 large cigars, to support background research to guide the design 
specifications for these reference products.  Our efforts have been slowed 
due to university research restrictions resulting from the COVID-19 
pandemic.  Additionally, the CTRP has hosted many teleconferences with the 
FDA, cigar manufacturers who are part of the Cigar Working Group, and 
other stakeholders.  Through detailed discussions with these groups, the 
CTRP is working to finalized product specifications for the filtered little cigar 
and cigarillo during the second quarter of 2021.  Unfortunately, all of our 
prospective cigar manufacturing partners have been significantly impacted 
by COVID, reducing their manufacturing capabilities.  The project continues 
to make good progress and our plan is to finalize the design of all three 
reference cigars and produce the filtered little cigar, and possibly the cigarillo 
during 2021.   

The KTRDC Quarterly Reports include copies and brief summaries of work 
published by KTRDC scientists and scientists partly funded by KTRDC, as well as 
work arising from KTRDC summit grants.  I would like to thank Andrea Keeney and 
Dr. Andy Bailey; Will Barlow, Bob Pearce and Emily Pfeufer; and Dr. Colin Fisher for 
their help with writing the summaries. 

Summary of Selected Research Topics 

Report #1 “Soil test potassium changes over time following fall potassium 

application in three western Kentucky soils.”  Andrea Keeney, Edwin Ritchey and 

Andy Bailey 

Field experiments were done on bare-ground fields to investigate changes in soil 

test potassium levels over two years following fall potassium applications to Crider, 

Grenada, and Zanesville soils in western Kentucky.  Understanding the relationship 

between potassium application and environmental conditions in different soil types 

is important in the management of potassium applications.  This research shows 
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how seasonal fluctuations in precipitation and clay content may influence 

potassium soil test fluctuations, as a high clay content can trap potassium during 

dry conditions, therefore lowering potassium levels available for plant uptake.  

These results are important in understanding why spring soil tests may still call for 

additional potassium, even when potassium applications were made the previous 

fall based on fall soil tests. 

Although potassium sulfate has been the potassium source of choice for spring 

applications to tobacco fields in Kentucky, many tobacco growers have begun using 

the more economical potassium chloride in fall applications, prior to tobacco the 

following spring.  However, some growers have noticed that when potassium 

chloride applications were made in the fall based on soil test recommendations, a 

spring soil test may still recommend additional potassium.  To investigate these 

apparent fluctuations in soil test potassium, field experiments were done on bare-

ground areas from 2016 to 2018 to monitor changes in soil potassium levels over a 

two-year time period on three western Kentucky soil types: Crider, Grenada, and 

Zanesville. Potassium applications were done in December 2016 and soil samples 

were taken every three months thereafter for two years. Laboratory studies were 

also done to investigate particle size and clay mineralogy in these soil types. 

Seasonal fluctuations in soil test potassium levels occurred in all three soils, and 

generally followed fluctuations in precipitation. The laboratory studies showed that 

the Crider and Zanesville soils had a higher clay content than the Grenada soil type. 

Soils containing a higher amount of clay particles such as vermiculite have a greater 

potential to trap potassium during dry periods, potentially making soil test 

potassium levels lower than they might be under higher moisture conditions. The 

Crider soil type was more responsive to the fall potassium application compared to 

the other two soil types, as it had the greatest increase in soil test potassium levels 

in the spring following potassium application. 

Report #2  “Cytochrome b Mutations F129L and G143A Confer Resistance to 

Azoxystrobin in Cercospora nicotianae, the Frogeye Leaf Spot Pathogen of 

Tobacco.”  Ed Dixon, Will Barlow, Grant Walles, Bernadette Amsden, Robert Louis 

Hirsch, Bob Pearce and Emily Pfeufer 

This paper identifies azoxystrobin (Quadris) sensitivity distributions from frogeye 
leafspot (Cercospora nicotianae) isolates collected throughout Kentucky, the 
specific mutations that confer resistance to azoxystrobin, and differences between 

5



sensitivity patterns of isolates as a result of management factors.  Azoxystrobin is 
the only synthetic systemic fungicide currently labeled for tobacco frogeye leaf spot 
disease, and widespread resistance could render this tool ineffective.  Sensitivity 
values of isolates collected indicated qualitative resistance to three different 
concentrations of azoxystrobin, allowing documentation of the specific gene 
mutations that result in azoxystrobin resistance for this organism.  Few, if any, 
alternatives to azoxystrobin are likely to be labeled for use in tobacco, so 
identification of these mutations will allow for more rapid screening of 
C. nicotianae, to enable growers to make better informed disease management 
decisions. 

Azoxystrobin, the active ingredient in Quadris and some other FRAC 11 (Fungicide 
Resistance Action Committee: group 11 – strobilurins) fungicides, is the only 
synthetic systemic fungicide labeled in the United States for management of 
frogeye leaf spot (FLS) of tobacco, caused by Cercospora nicotianae. Though 
traditionally considered a minor disease in the United States, FLS has recently 
become yield- and quality-limiting. In 2016 and 2017, 100 C. nicotianae isolates 
were collected from symptomatic tobacco in eight counties in Kentucky. Spores 
from each isolate were placed on a gel plate containing increasing concentrations 
of azoxystrobin.  After counting the number of spores that germinated at each 
concentration, the effective concentration to inhibit 50% germination (EC50) was 
calculated.  The distribution of C. nicotianae EC50 values indicated three qualitative 
groupings (high, moderate, and low) of sensitivity to azoxystrobin. DNA testing of 
the isolates revealed that highly sensitive individuals had the expected wild-type 
cytochrome b gene DNA sequence. Individuals that were moderately sensitive 
were found to have a mutation designated as F129L while individuals with low 
sensitivity (spores germinated at higher concentrations of Azoxystrobin) were 
found to have a mutation designated as G143A. Low sensitivity isolates were found 
at higher frequencies from greenhouse transplants (4 of 17) as compared to mature 
field-grown tobacco (<4 weeks prior to harvest; 4 of 62).  Moderately sensitive 
isolates were found more frequently in fields with azoxystrobin applications (58 of 
62) samples, than in fields with organic management (1 of 7). Together, these 
results suggest that resistance to azoxystrobin in C. nicotianae occurs broadly in 
tobacco throughout Kentucky, and they generate new hypotheses about how 
selection pressure (spraying Azoxystrobin) affects resistance mutations in fungal 
populations.  DNA testing of populations of C. nicotianae can potentially be used to 
track the occurrence of Azoxystrobin resistance in fields, and to assist in the 
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development of appropriate management to slow the development of resistance 
and help tobacco growers better utilize the limited tools available to control FLS. 

Report #3  “What happens to in situ net soil nitrogen mineralization when 

nitrogen fertility changes?”  Congming Zou, John Grove, Bob Pearce, Mark Coyne 

and Ke Ren 

This research investigates how natural nitrogen in the soil is affected by applied 

inorganic nitrogen fertilizer.  Applied nitrogen fertilizer runs off the fields and 

pollutes water.  Applied fertilizer nitrogen levels could be reduced, if the 

environmental conditions and interacting factors involved in the natural production 

of nitrogen from organic matter is better understood.  This work cannot be 

simulated in a laboratory, and this is one of the few studies that has investigated 

several different factors at the same time, and how they interact. 

There is considerable effort around the world to reduce the amount of fertilizer 
applied to crops, because a large proportion of this leaches and pollutes both 
surface and groundwater. One possible way of achieving this is to make better use 
of the nitrogen mineralization, which is the natural process of nitrogen production 
from the degradation of soil organic matter. Studies to understand this system are 
difficult, because the complexity of the natural soil environment cannot be 
simulated in the laboratory.  This work took advantage of a study where the same 
fertilizer rates have been applied to the same plots every year for the past 43 years. 
Three hundred and twenty-four soil cores were collected by removing the 12-inch 
long, 2-inch dimeter tubes that were punched into the soil, placing a small bag of 
resin in the bottom of each tube, and replacing these back into the field.  The results 
of this study showed that, with the higher soil organic matter in the plots that had 
the high nitrogen rate every year, a higher rate of applied nitrogen was needed in 
the current season in these plots to initiate the mineralization process (because of 
the higher organic matter). Most of the mineralization occurred in the earlier part 
of the season, and was affected by total rainfall and temperature, with too much 
soil moisture causing nitrogen loss from denitrification. This study demonstrated 
that there are several factors that must be known when trying to estimate the level 
of natural soil nitrogen available to the crop, not just the level of organic matter. 
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Abstract
Field experiments were conducted under bare-ground conditions to investigate

changes in soil test K levels over 2 yr following fall K applications to Crider,

Zanesville, and Grenada soils in western Kentucky. Additional laboratory studies

investigated particle size and clay mineralogy of these soils. In field experiments,

highest soil test K in the Crider and Zanesville soils occurred 12–15 mo after fall

K application. However, seasonal fluctuations in soil test K occurred in all three

soils, likely due to fluctuations in precipitation prior to sampling. The Crider and

Zanesville soils showed a much more substantial drop in soil test K at 9 and 21 mo after

December K application than did the Grenada soil. The 9- and 21-mo samplings were

both preceded by 1–2 mo of dry conditions where precipitation was well below the

30-yr average at the Crider and Zanesville sites. Particle size analysis showed that

the Crider and Zanesville soils had a higher clay content than the Grenada soil. Soils

with higher amounts of clay particles such as vermiculite have greater potential to

trap K during dry periods, making soil test K levels lower than they might be under

better soil moisture conditions. Over the course of these experiments, the Crider soil

appeared to be more responsive to fall K application than the other soils, showing the

greatest increase in soil test K by the following spring. This research illustrates the

seasonal fluctuations in soil test K levels that occur naturally in these soils and how

precipitation and clay content may influence these fluctuations.

1 INTRODUCTION

Muriate-of-potash (0–0–60, KCl) applied at more than 56 kg

Cl ha−1 can lead to high levels of chloride in cured tobacco

leaves. These high chloride levels can lead to reduced cured

leaf quality and decreased combustibility of the leaf (Ritchey,

Pearce, & Reed, 2019). The Kentucky Fertilizer Law (12 KY

Admin. Regs. 4:170) limits the amount of Cl that can be

applied to tobacco fields after 1 January of the current crop

year. Therefore, sulfate-of-potash (0–0–50, K2SO4) should be

the primary source of K applied to tobacco fields in spring

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2020 The Authors. Agrosystems, Geosciences & Environment published by Wiley Periodicals LLC on behalf of Crop Science Society of America and American Society of Agronomy

applications in the current crop year. However, more tobacco

growers are using KCl as their primary K source and apply-

ing it in the fall due to this restriction against spring appli-

cations and also because K2SO4 is approximately 2.5 times

more expensive than KCl (Ritchey et al., 2019).

Some western Kentucky tobacco farmers have applied KCl

in the fall at the amount recommended from a fall soil test that

same year. These farmers sampled the soil again the following

spring only to find that the spring soil test results still recom-

mend K. For this reason, field experiments were established to

monitor how soil test K levels change over time following fall

Agrosyst Geosci Environ. 2020;3:e20058. wileyonlinelibrary.com/journal/agg2 1 of 8
https://doi.org/10.1002/agg2.20058 8
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2 of 8 KEENEY ET AL.

T A B L E 1 Recommended potassium fertilizer application rates

for each field site based on initial composite soil sample taken in

November 2016 at each site

Soil type Location Previous crop K recommendationa

kg ha−1

Crider Princeton, KY corn 224

Zanesville Princeton, KY fescue 247

Grenada Murray, KY bermudagrass 171

aPotassium recommendation based on soil test K levels from November 2016 com-

posite soil sample at each site and University of Kentucky potassium recommen-

dations for burley tobacco production.

K applications on three distinct soil types common to west-

ern Kentucky. Additional laboratory studies were conducted

to investigate soil physical properties of these soils, including

particle size and clay mineralogy analyses.

2 MATERIALS AND METHODS

In November 2016, soil samples were taken from several

potential sites to determine locations for a K bare-ground

study. Sites were established to evaluate long-term changes

in soil K levels following fall K application. The Mehlich

III soil test extractant was used to establish soil test K lev-

els. Three field sites were established in December 2016 on

contrasting soil types where initial soil test K levels were low

(<224 kg ha−1 soil test K). Two of the sites were located at

the University of Kentucky Research and Education Center in

Princeton, KY, and a third site was located at the West Farm

of Murray State University in Murray, KY. The two Prince-

ton sites were previously in corn or fescue, and the Murray

site was previously in bermudagrass (Table 1). Any existing

vegetation was killed with glyphosate, and bare-ground con-

ditions were maintained throughout the 2-yr experiment with

additional glyphosate applications at each site.

Soil types at Princeton were Crider silt loam (fine-silty,

mixed, active Typic Paleudalfs) at the site previously in

corn and Zanesville silt loam (fine-silty, mixed, active, mesic

Oxyaquic Fragiudalfs) at the site previously in fescue. Soil

type at the Murray location previously in bermudagrass was

Grenada silt loam (fine-silty, mixed, active, thermic Oxyaquic

Fraglossudalfs) (Web Soil Survey, 2016). Initial soil pH was

5.7 at the Crider site, 6.7 at the Zanesville site, and 6.4 at the

Grenada site.

2.1 Soil physical properties study

A composite 30-cm soil sample was collected from each

site in November 2016 and segmented into 0- to 15-cm and

15- to 30-cm sections for particle size analysis and clay

Core Ideas
• Highest soil test K occurred 12–15 mo after fall K

application in Crider and Zanesville silt loam soils.

• Seasonal fluctuations in soil test K occur naturally

in Crider, Zanesville, and Grenada soils.

• Precipitation patterns and clay content likely influ-

ence fluctuations in soil test K levels.

• Crider soil type appear to be more responsive

to fall K application than Zanesville or Grenada

soil types.

mineralogy analysis for each site. Particle size analysis was

conducted using the pipet method described by Gee and

Bauder (1986) and Green (1981). Clay mineralogy analysis

was conducted using sample preparation and x-ray diffraction

techniques described by Whittig and Allardice (1986) and

Jackson (1969).

2.2 Potassium field study

Field trials were established at each site to evaluate changes

in soil test K levels over time following fall K application.

Field trials at each site were arranged in a randomized com-

plete block design with four replications of treatments. Indi-

vidual plots at all locations were 1.5 m in width and 1.5 m

in length. There was a 1.5 m by 1.5 m border area around

each plot and replication to ensure no overlaps in K applica-

tion between plots.

Potassium rates used were calculated from soil test K lev-

els from the initial composite soil sample taken at each site

in November 2016 for University of Kentucky K recommen-

dations for burley tobacco production (Ritchey & McGrath,

2018). Potassium sources used at all locations were potas-

sium sulfate (0–0–50, K2SO4) or potassium chloride (0–0–60,

KCl). Potassium sulfate and KCl were each applied at the rate

recommended by the initial composite soil test taken at each

site in November 2016 (Table 1). Potassium chloride was also

applied at two times the recommended application rate. An

untreated control that received no K was included.

Potassium treatments were broadcast applied by hand to

individual plots in early December 2016. Potassium treat-

ments were not incorporated after application. Soil samples

were taken from each plot just prior to K treatment applica-

tions and then every 3 mo following K application for 2 yr

(Table 2). All samples consisted of five 15-cm-deep soil cores

that were taken and homogenized from each plot.

The last sampling event was collected in December 2018

at the conclusion of the 2-yr monitoring period. This sample

was segmented by soil depth into two soil samples per plot

9
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(one sample at the 0- to 7.5-cm depth and another sample at

the 7.5- to 15-cm depth).

Data were analyzed using Statistical Analysis Software ver-

sion 9.4. PROC GLIMMIX (SAS Institute, 2004) was used to

conduct an ANOVA for a repeated-measures analysis over the

first 1 yr and 9 mo of the experiment. An α <.10 was used

to indicate statistical significance, and means were separated

using least square means. The model consisted of soil type,

treatment, and soil sampling time.

Data for the 2-yr sampling date were analyzed separately

from the other sampling dates due to being split between two

sample depths. PROC GLIMMIX was used for ANOVA with

a model consisting of soil type, treatment, and depth. Signifi-

cant treatment means were separated using least square means

at α < .10.

3 RESULTS AND DISCUSSION

3.1 Particle size analysis

Particle size analysis determined the percentage of sand, silt,

and clay for each soil type at two depths (0–15 cm and 15–

30 cm) (Table 3). The amount of clay increased as soil depth

increased for all three soil types. The Grenada soil was the

only soil type where the percentage of silt increased with

depth. The Grenada soil also contained a lower percentage of

clay and a higher percentage of sand than the other soil types.

The textural class for all three soil types at both depths was

silt loam (Table 3).

3.2 Clay mineralogy analysis

Clay minerals varied within each soil type and by soil depth

(Table 4). All three soil types contained vermiculite/hydroxy

interlayered vermiculite, mica, quartz, and kaolinite at both

depths. All soil types also contained feldspar at the 15- to 30-

cm depth, but only the Zanesville soil type contained feldspar

at the 0- to 15-cm depth. Smectite only appeared in the Crider

soil type and was within both sampling depths (Table 4).

3.3 Changes in soil potassium levels over time

The ANOVA showed significant main effects of soil type,

treatment, and sampling time (p ≤ .0001 for each) for soil test

K in samples collected between 0 and 21 mo after application.

There were also significant interactions for soil type × treat-

ment (p = .0002), soil type × sampling time (p ≤ .0001), and

treatment × sampling time (p = .0011). When data were ana-

lyzed by soil type, treatments were different from each other

over time within each soil type: Crider (p ≤ .0001; Figure 1),

10
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T A B L E 3 Particle size analysis for each soil type

Location Soil type Sample depth Clay Sand Silt Textural class
cm %

Princeton Zanesville 0–15 16.4 7.7 75.9 silt loam

15–30 23.7 3.9 72.4 silt loam

Crider 0–15 17.2 2.8 80 silt loam

15–30 23.1 1.7 75.2 silt loam

Murray Grenada 0–15 12 12.4 75.6 silt loam

15–30 14.5 8 77.5 silt loam

T A B L E 4 Clay mineralogy analysis for each soil type

Location Soil type Prior crop Depth Mineralsa

cm

Princeton Crider corn 0–15 smectite

vermiculite/HIV
b

mica

interstratified
c

kaolinite

quartz

15–30 vermiculite/HIV

smectite

interstratified

mica

quartz

kaolinite

feldspar

Princeton Zanesville fescue 0–15 vermiculite/HIV

mica

kaolinite

quartz

feldspar

15–30 vermiculite/HIV

interstratified

mica

kaolinite

quartz

feldspar

Murray Grenada bermudagrass 0–15 vermiculite/HIV

interstratified

mica

kaolinite

quartz

15–30 vermiculite/HIV

mica

kaolinite

quartz

feldspar

aMinerals are not listed in order of prevalence. bHydroxyinterlayered vermiculite.
cInterstratified indicates a mixture of two or more minerals.

Zanesville (p = .0308; Figure 2), and Grenada (p = .0002;

Figure 3).

Seasonal fluctuations in soil test K levels were evident

for each K treatment for all three soil types. The Crider and

Zanesville soil types showed drastic decreases in soil K at

9 mo after application (September 2017) and showed another

decrease at 18–21 mo after application (June–September

2018) (Figures 1 and 2). The Grenada soil type showed more

variation in soil K than the Crider or Zanesville. The Grenada

soil type showed a major decrease at 9 mo after application

and showed smaller decreases at 15 and 21 mo after applica-

tion (Figure 3).

At the 9-mo sampling date, the month prior to sampling

had rainfall well below average in Caldwell County (Figures 1

and 2). This could have had an effect on the lower soil test

K levels that were identified in the 9-mo sampling data. The

K could have been trapped between clay layers due to inter-

layer collapse, preventing the K from being extracted in the

soil sample. For the 18- and 21-mo samplings, rainfall in the

month prior to the 18-mo sampling was slightly (0.16 cm)

above average but was below average in the 2 mo prior to the

21-mo sampling (2.2 and 4 cm below average at 19 and 20 mo,

respectively). Lower soil test K levels at 18 and 21 mo in the

Crider and Zanesville sites may also be attributed to drier con-

ditions in the months prior to sampling. The 9-mo sampling

data and the 21-mo sampling data were from September of

2017 and 2018. September is historically one of the driest, if

not the driest, month of the year in both Caldwell and Cal-

loway County.

In the Crider and Zanesville soil types, the KCl × 2 treat-

ment had the largest effect on soil test K levels and showed

the greatest fluctuations in soil test K. The KCl × 2 treatment

had higher soil test K levels compared with the other two K

treatments for the majority of the sampling dates. However,

the KCl treatment had the highest K levels in the majority of

the sampling times for the Grenada soil type. Interestingly,

the untreated control that received no K also showed variation

in soil test K levels over time, particularly in the Grenada soil

type. Again, this effect could have been due to precipitation

fluctuations that occurred in 2017 and 2018 in the months

prior to each sampling. The Grenada soil type generally

11
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chloride (KCl × 2), and untreated plots over a 21-mo period following application. Rainfall levels in the month prior to each sampling are indicated

by red squares if rainfall was below the 30-yr average or black squares if rainfall was above the 30-yr average

showed more variation in K levels between each sampling

and showed more deviation from average rainfall compared

with the Crider and Zanesville sites. Murdock and Call (2006)

state that seasonal fluctuations in nutrient levels are heavily

controlled by the patterns of when nutrients are taken up or

released by the current crop or by environmental conditions

if there is no crop, as in these experiments. Particularly in

the Crider and Zanesville soil types, there is a trend toward

lower soil test K levels when below-average rainfall occurred

in a 1- to 2-mo period prior to sampling (Figures 1 and 2).

The ANOVA for the 2-yr (24-mo) sampling that was split

into two different depths (0–7.5 cm and 7.5–15 cm) showed

significant main effects of soil type (p = .0015) and depth

(p ≤ .0001) on soil test K levels. There was also a signif-

icant interaction between soil type and depth (p ≤ .0001)

on soil test K levels (Table 5). There were no significant
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T A B L E 5 Soil type by depth interaction for soil test K levels in

the 2-yr sampling data where the 15 cm core was split between 0- to

7.5-cm and 7.5- to 15-cm depths

Depth
Soil type 0–7.5 cm 7.5–15 cm P value

kg ha−1

Crider 306a
a

269a <.0001

Grenada 217b 105c <.0001

Zanesville 143c 233b <.0001

P value <.0001 <.0001

Note. Soil test K levels are averaged over potassium treatment.
aSoil test K levels within a depth column followed by different letters are statisti-

cally different.

differences in soil test K levels between K treatments in any of

the three soil types at either depth in the 2-yr sampling. There-

fore, soil test K data from the 2-yr sampling were averaged

over treatment. Potassium levels were different between soil

types within each depth and between depths within each soil

type (Table 5). Two-year soil test K levels were highest at both

depths in the Crider soil compared with the other soil types

and higher in the top 7.5 cm in both the Crider and Grenada

compared with the deeper 7.5- to 15-cm soil depth. Soil test K

levels were higher in the 7.5- to 15-cm depth in the Zanesville

soil 2 yr after application. The majority of the K was in the top

7.5 cm of soil in two of the three soils at 2 yr after K appli-

cation. This makes sense because the K was placed on the

soil surface and not incorporated. Total soil test K from both

depths showed another major increase at 24 mo (December

2018), similar to the increase seen at 12 mo (December 2017)

in the Crider and Zanesville soils.

These data show that the highest soil test K levels gener-

ally occur between 12 and 15 mo after K application in the

Crider and Zanesville soil types, although smaller increases

in soil test K are seen at 3 and 6 mo after K application. Both

Crider and Zanesville soils showed a substantial decrease in

soil test K levels at 9 mo after K application. Soil test K lev-

els in the Grenada soil type showed too much variation over

time to determine when maximum K levels occur after K

application. The Grenada soil type also showed more varia-

tion in soil test K over time in untreated plots that did not

receive K.

Table 6 illustrates the changes in soil test K that occurred

between fall K applications in December 2016 based on fall

soil test recommendations from November 2016 and soil test

results from the following spring (March 2017) in each soil

type. The Crider soil type exhibited the greatest response to

fall-applied K, having the highest soil test K values and the

lowest K recommendations the following spring (Table 6).

The Zanesville and Grenada sites responded similarly to fall-

applied K. However, both the Zanesville and Grenada sites

still required 130–195 kg K ha−1 the following spring com-

pared with no more than 46 kg K ha−1 at the Crider site. These

results suggest that fall K applications made to well-drained

soils such as Crider silt loam may come much closer to sat-

isfying the K requirements from fall soil test by the follow-

ing spring than lesser well-drained soils, such as Zanesville

or Grenada.
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4 CONCLUSION

These data indicate that the highest soil test K levels in Crider

and Zanesville soil types generally occur between 12 and

15 mo after fall (December) K application. For all three soil

types, seasonal fluctuations in soil test K levels were evident

for each of the K treatments and were likely influenced by sea-

sonal fluctuations in precipitation. These fluctuations in pre-

cipitation could have influenced the soil test K levels that were

observed in 2017 and 2018. Seasonal fluctuations in soil test

K are observed almost every year (Murdock & Call, 2006),

making K recommendations difficult. Within all three of these

soil types, it appears the soils fix added fertilizer K over

time.

When soils are dry, clay interlayers can collapse and trap

K, resulting in lower soil test K values. Clay minerals such

as vermiculite have greater potential to trap K when soils

are dry, making soil test K lower than if soils had a higher

moisture content (Karathanasis, 1987; Murdock & Wells,

1973). Precipitation at Princeton in the month prior to the

9- and 21-mo sampling was well below the 30-yr average

in both 2017 and 2018. This may explain the lower K val-

ues in the Crider and Zanesville soil types at the 9- and

21-mo sampling dates (Figures 1 and 2). There was also a

greater clay content in the Crider and Zanesville soil types

(Table 3), which may have contributed to the greater changes

in soil test K values over time compared with the Grenada soil

type.

The Crider soil type is a well-drained soil with high

amounts of total K present that appeared to be more

responsive to fall K applications in this research. The less

well-drained Grenada and Zanesville soil types still required

130–195 kg K ha−1 the following spring after a fall soil test

and K application, compared with no more than 46 kg K ha−1

in the Crider soil type (Table 6).

These data illustrate the seasonal fluctuations in soil test

K levels that occur naturally in these three soil types and

how clay content and precipitation may influence these

fluctuations.
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What happens to in situ net soil nitrogen mineralization when nitrogen
fertility changes?
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Abstract

Does net soil nitrogen (N) mineralization change if N-fertility management is suddenly altered?
This study, conducted in a long-term no-tillage maize (Zea mays L.) fertility experiment (estab-
lished 1970), evaluated how changing previous fertilizer N (PN) management influenced in situ
net soil N mineralization (NSNM). Net soil N mineralization was measured by incubating undis-
turbed soil cores with anion and cation exchange resins. In each of three PN fertilizer application
plots (0, 84, and 336 kg N ha–1), another three fertilizer application rates (0, 84, and 336 kg N
ha–1) were imposed and considered the current fertilizer N (CN) management. Generally,
PN-336 (336 kg N ha–1) had significantly greater NSNM than PN-0 (0 kg N ha–1) or PN-84
(84 kg N ha–1), which reflected differences in soil organic-C (SOC) and soil total-N (STN). The
three CN rates had no significant effect on NSNM when they were applied to PN-0 or PN-84, but
CN-336 (336 kg N ha–1) had significantly higher NSNM than CN-0 (0 kg N ha–1) or CN-84 (84 kg
N ha–1) in the PN-336 plots. The CN or ‘‘added N interaction’’ used the indigenous soil organic
matter (SOM) pool and the added sufficient fertilizer N. Environmental factors, including precipi-
tation and mean air temperature, explained the most variability in average daily soil N mineraliza-
tion rate during each incubation period. Soil water content at each sampling day could also
explain NSNM loss via potential denitrification. We conclude that ‘‘added N interaction’’ in the
field condition was the combined effect of SOM and sufficient fertilizer N input.

Key words: added nitrogen interaction / N management / in situ resin core method / priming effect

Accepted January 30, 2019

1 Introduction

When fertilizer N synthetized by the Haber–Bosch process
began to be utilized in agricultural production in the 1910s
(Erisman et al., 2008), the cycling of N in agroecosystems
was dramatically modified. The contribution of fertilizer N to
soil organic-N transformations in agriculture is still debated
(Powlson et al., 2010; Mulvaney et al., 2009). One of the cen-
tral points in this argument is whether fertilizer N application
affects soil indigenous N mineralization. In the current drive to
improve N use efficiency in crop production, and to reduce
undesirable environmental effects, understanding this influ-
ence of fertilizer N on indigenous soil nitrogen mineralization
has become increasingly important and demanded.

To address this question, two dimensions of fertilizer N man-
agement should be clarified. One is the effect of previous ferti-
lizer N (PN) management on the soil N mineralization rate,
which can provide insight into how the soil mineralizable N
pool can be shaped by previous fertilizer N. The other dimen-
sion is the effect of current or ‘‘in-season’’ fertilizer N on net
soil N mineralization rate, which can unveil the mechanism of
the priming effect or added N interaction effects on indige-
nous soil N mineralization (Jenkinson et al., 1985). Most pre-
vious studies on this topic have solely focused on the effect of

previous N fertility management on soil N mineralization
because soil samples were taken either at spring (before) or
fall (after) the growth season. Few studies have been con-
ducted on both previous and current fertilizer N application for
in situ conditions in agroecosystems.

Previous research focused on the effect of the previous ferti-
lizer N fertilization on soil N mineralization show mixed or con-
troversial results, regardless of in situ or laboratory incubation
method (Kuzyakov, 2010). Several studies found a positive
correlation between historical fertilizer N application and soil
N mineralization in some agriculture production systems
(El-Haris et al., 1983; Singh and Singh, 1994; Kolberg et al.,
1997; Rasmussen et al., 1998; Kanchikerimath and Singh,
2001; Graham et al., 2002; Jordan et al., 2004). Other studies
noted no effect of fertilization on soil N mineralization (Franz-
luebbers et al., 1994a; 1994b). Negative fertilizer–mineraliza-
tion interaction has also been documented (Wienhold and
Halvorson, 1999; Carpenter-Boggs et al., 2000). Although
results have been mixed, the mechanism that is proposed to
explain these effects is relatively similar. For a negative effect,
lower soil N mineralization at higher historical N rates could
be due to inorganic N immobilization because of greater plant

ª 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.plant-soil.com

296 DOI: 10.1002/jpln.201800551 J. Plant Nutr. Soil Sci. 2019, 182, 296–306
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biomass production at higher N application rates (Wienhold
and Halvorson, 1999). However, mineralization with time can
still release N retained in root biomass, plant residue, and the
active soil organic pool, which can explain the positive effect
of high N application on soil N mineralization (El-Haris et al.,
1983; Yan et al., 2007). From this perspective, it seems critical
to investigate the quality and status of the plant residue and
SOM pool when evaluating the effect of PN fertilizer applica-
tion on soil N mineralization.

Few studies have addressed the effect of current fertilizer N
application on net soil N mineralization. Some reports called
this added nitrogen interaction as one kind of priming effect
(Woods et al., 1987; Kuzyakov, 2010). The main reason could
be the limited technical approaches. Laboratory incubation
methods based on Stanford and Smith’s procedure (Stanford
and Smith, 1972) is a classic way to estimate soil N minerali-
zation. In this method, however, leaching soil inorganic-N with
CaCl2 is frequently used, which can make fertilizer N addi-
tions have a shorter retention period in soil samples than
natural field leaching conditions. Isotope tracers might seem
to be a direct way to test how fertilizer N interacts with soil
indigenous N mineralization. However, 15N-labelled fertilizers
might have an ‘‘apparent’’ effect, caused by pool substitution
or by isotope displacement reactions (Jenkinson et al., 1985).
The biggest potential disadvantage for laboratory incubation
and isotope methods is that neither reflects field conditions,
including ambient temperature and moisture (Carpenter-
Boggs et al., 2000). Temperature and moisture are important
environmental factors affecting soil organic N microbial pro-
cesses (Sierra, 1997). Therefore, to make observation rele-
vant to actual production, in situ incubation methods in the
field condition are needed (Kuzyakov, 2010).

There are three major in situ incubation methods frequently
adopted by researchers to estimate soil N mineralization in
the field: buried bags, covered cylinders, and resin-trap soil
core methods. Among these methods, the resin-trap soil core
method tends to have the closest relationship to field condi-
tions in terms of fluctuations in temperature, moisture, and
aeration (Khanna and Raison, 2013). Another advantage of
the resin-trap method is the potential for use during in-season
fertilizer N application studies because mineral N in the soil
column from mineralization and/or fertilizer N addition can be
leached and captured during rainfall or irrigation due to its
open design (Hanselman et al., 2004). This may decrease
the artificial stimulation of denitrification especially when addi-
tion of fertilizer N is heavily loaded on the surface (Groffman
and Tiedje, 1988). Therefore, in this study, we used resin-trap
methods to test the effect of current fertilizer N on soil N min-
eralization in the field conditions.

Temperature and moisture are primary environmental drivers
of soil organic matter decomposition (Kirschbaum, 1995;
Gabriel and Kellman, 2011). They can substantially affect soil
N microbial processes. Unlike well-controlled conditions for
laboratory incubation methods, in situ N mineralization stud-
ies can be hard to explain without considering these climate
factors. Generally, within a reasonable range, moisture and
temperature have a positive relationship to soil N mineraliza-
tion. These two factors could also interact because there is a

negative relationship between soil moisture and temperature
(Sierra et al., 2015). In this case, N mineralization might be
more responsive to one factor when the level of the other is
more favorable for activity. Additionally, except for direct
effects, temperature and moisture can have indirect effects
related to soil aeration, which affects aerobic microbial activity
(Sierra, 1997). Previous in situ incubation N mineralization
studies showed high correlation between climate factors with
N mineralization rate. Singh and Singh (1994) reported that
as much as 80% of the variability in N-mineralization rate was
explained by soil moisture content. Kolberg et al. (1997)
reported that precipitation in combination with mean air tem-
perature and their interaction gave the best prediction of N
mineralization daily rate across study sites. Besides, the rela-
tionship between air temperature and soil temperature was
well correlated (Song andWang, 2006).

To sum up, the present study tested the effects of the N ferti-
lizer management on in situ net soil N mineralization during a
maize growing season by separating previous and current
fertilizer effects. Precipitation and temperature data were
included to help explain N mineralization in field conditions.
Specifically, the objectives of this study were to: (1) measure
the influence of previous N fertilizer application on net soil N
mineralization; (2) evaluate the effect of current N fertilizer
rate on net soil N mineralization; (3) correlate precipitation, air
temperature, and soil moisture content with average daily net
soil N mineralization rate.

2 Material and methods

2.1 Field sites and climatic information

This studywas conducted at theUniversity of KentuckySpindle-
top Research Farm, near Lexington, Kentucky, USA
(38�07¢18.9¢¢N 84�29¢10.6¢¢W). This site has been a long-term
maizeN fertilizer and tillage study since 1970. This sitewas con-
tinuous maize and fertilizer applications were broadcast by
hand. The soil is a Bluegrass-Maury silt loam (fine, mixed,
active, mesic Typic Paleudalf) with a 2 to 4 percent slope. This
region is characterized by a wide variation in mean monthly air
temperature from0�C in January to 24�C in July andAugust, and
a relatively even distribution inmeanmonthly precipitationwith a
total of 1159mm in average annual precipitation level.

2.2 Experiment design

For this long-term study site, two factors were included in the
existing field experiment design since 1970: (1) fertilizer N
rate (0, 84, 168, and 336 kg N ha–1); (2) tillage method (tillage
and no tillage) (Stoddard et al., 2005). Maize plots (11.9 m
width · 12.2 m length) were arranged in a randomized com-
plete block design with four replications. For this in situ study,
only no tillage practices and three field fertilizer N rates (0, 84,
and 336 kg N ha–1) combinations were investigated. The
existing field fertilizer N rates were considered background or
previous N fertilizer rates (PN). Three current fertilizer N rate
(0, 84, and 336 kg N ha–1) treatments in the incubation sam-
ples were introduced to each PN rate plot. For example, the
incubation samples in the main plot of NT-0 kg N ha–1 had
treatments of 0 kg N ha–1, but also of 84 and 336 kg N ha–1.
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2.3 Field incubation procedure

In situ soil N mineralization analysis with 20.3 cm deep soil
cores was performed by a modified procedure (Kolberg et al.,
1997; Zou et al., 2017). The incubation tubes were kept plant-
free by applying herbicide and hand removal. The cores were
prepared by driving and removing aluminum conduit (4.8 cm
inner diameter by 25.4 cm long) into the ground between non-
traffic crop rows. The bottom 2.5 cm of soil was removed from
each soil core and replaced with a nylon bag filled with resin
beads. After the resin bag was placed, 1-mm sized nylon
mesh was used to wrap the bottom of the tube. The details of
the soil resin cores are in Fig. 1. The resin bag (exactly 35 g
total based on original product moisture condition) consisted
of equal amounts of cation and anion exchangeable resins
(Lanxess Sybron, Birmingham, NJ). In a preliminary study,
the resin was evaluated for retention of absorbed inorganic N
with highly intensive water irrigation (5.9 mm d–1) during a
30-d period, and less than 1% of the inorganic N was ob-
served in the leachate. For CN rate treatment application, N
fertilizer solution (5 mL NH4NO3) was evenly sprayed into the
inner soil surface of tubes at rates of 0, 84, and 336 kg N ha–1

equivalent based on the inner area (20.26 cm2) of the tubes.
To avoid contamination from field N fertilizer, the CN treat-
ments were applied to the incubation tubes before field N
application and covered until field N application was finished.

To remove intact soil columns and avoid bypass contamina-
tion we took the following procedures: (1) a hydraulic soil
sampler (Giddings 6S RPS) was used to remove the soil
cores with as little disturbance as possible to the inside and
surrounding soil; (2) when the entire core assembly was
returned to the original hole, a rubber washer and some soil

was used to surround the tube to avoid preferential bypass
flow; (3) the original plant residue on soil surface was kept in
the tube to account for the contribution of N mineralization
from this fresh organic matter pool and microbial commun-
ities; (4) the top of soil core was exposed to the atmosphere
to simulate natural field conditions, which allows mineralized
soil N to leach from soil column into the resin bags. It was
assumed that N introduction from precipitation was small and
the same for all treatments (4.7 kg–1 ha–1 y–1 average for
Kentucky, National Atmospheric Deposition Program, 2013;
http://nadp.sws.uiuc.edu/data/ntn/).

The tubes were installed immediately before fertilizer applica-
tion for the following reasons: (1) the main research purpose
was to check the effects of synthetic N fertilizer application on
indigenous soil N mineralization, which required the precise
application of synthetic N fertilizer in the tubes. This require-
ment could only be fulfilled before fertilizer application. (2)
The tube installation was operated by hydraulic soil sampling
equipment. Therefore, it would be impossible to perform
when the crop grew bigger. Given the limitation of resin bag
durability in field conditions, the replacement of resin bags
occurred at longer than 60 d intervals (Wienhold et al., 2009).
Replacement of the resin bags at the bottom of the tube did
not not severely disturb soil structure in the tubes. The final in-
organic N absorbed by resin was the sum of two resins bags.

To account for suspected high variance in field condition,
three soil resin cores were composited into one observation.
Each plot had 27 cores (3 current fertilizer rates · 3 sampling
dates · 3 replicates) installed. Each plot had four rows and all
soil tubes were randomly assigned to between the rows in the
field. Sampling times were intended to occur one month and

two months after installation, and at crop harvest.
Actual sampling dates were adjusted due to
weather and soil moisture conditions (Tab. 1).
Composite soil samples (20 cores plot–1, 0–20 cm
depth) were taken upon initiating the study to ob-
tain the baseline concentrations of soil NO3-N and
NH4-N. On each sampling day, resin bags and soil
cores were removed from the field, immediately
transported to the laboratory, mixed thoroughly, and
frozen to stop furthermineralization until analysis.

2.4 Laboratory analyses

2.4.1 Soil sample analysis

Each composite (three tubes) of field soil sample
dry weight was determined by weighing the field
moist sample and determining the gravimetric
moisture content of a subsample. A 10-g field
moist subsample was chemically extracted with
25 mL 1 M KCl for 1 h shaking. A 1-mL aliquot was
centrifuged at 3700 rpm (2250 g) for 27 min using
the Eppendorf model 5810 centrifuge with an
A-2-DWP head. The extracted filtrates were ready
for NO3-N and NH4-N analysis. Nitrate-N was
determined by cadmium reduction method (Para-
tech, Lexington, KY) (Crutchfield and Grove,
2011). Ammonium-N was determined by phenol-
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Figure 1: Cutaway diagram of soil resin core, in which surficial plant residue and
intact soil column (0–20.32 cm) and one mixed-media ion-exchange resin bag
(35 g) are incubated inside a core tube. A transparent example of an ion-
exchange resin nylon bag is shown with 1 mm size nylon mesh as cove.
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hypochlorite reaction (Weatherburn, 1967; Ngo et al., 1981).
All soil chemical analyses for each sample was duplicated.
The final inorganic N concentration for soil sample was repre-
sented in N mg kg–1 oven-dried soil (105�C) by adjusting gravi-
metric water content for each soil sample.

2.4.2 Resin extraction procedure

Each composite resin sample was thoroughly mixed by shak-
ing. A subsample, equal to 20 g based on original product
moisture content, was weighted and re-packed into a new
nylon bag. The subsample resin bags were serially extracted
by shaking the bags in three separate volumes of 50 mL each
of 1 M KCl for three different intervals (15, 30, and 60 min).
The three liquid samples were composited together. All inor-
ganic N analyses of liquid samples followed the same analyti-
cal method as soil sample. Resin chemical analysis for each
sample was duplicated. The final recovery of NO3-N and
NH4-N were calculated by recovery rate using the equation of
the standard curve [Eqs. (1) and (2)], which came from pre-
vious extraction studies following the same and standard
extraction protocol above (Figs. 2 and 3).

NO3 � N absorbed by resinð Þ
¼ NO3 � N recovered from resinð Þ·1:27þ 258:5; (1)

NH4 � N absorbed by resinð Þ
¼ NH4 � N recovered from resinð Þ·1:12� 45:42; (2)

Net soil N mineralization ¼ inorganic N tið Þ
� inorganic N t0ð Þ
� fertilizer N; (3)

where ti is sampling date and t0 is the initial day in Eq. (3).

2.5 Calculation

Net soil mineralized N at each sampling day was
determined by using the combined NO3-N and
NH4-N in both soil and resin analysis after correc-
tion for initial soil inorganic N amount and synthetic
N fertilizer input [Eq. (3)]. The inorganic N concen-
tration in the soil samples (dry soil weight basis)
and the inorganic N concentration in resin samples
were converted into mg N tube–1 for each tube. Net
soil mineralized N at each sampling day equaled
the sum of the total inorganic N from soil and resin
at each sampling day less the sum of the initial soil
inorganic N and synthetic N fertilizer input. The
unit of net soil N mineralization was converted into

mg N kg–1 dry soil according to the oven dry soil weight for each
composite sample. Average daily net soil N mineralization in
each incubation period was calculate by total net soil mineral-
izedNdividedby the number of days during that period.

Bulk SOC and TN were analyzed on an Elementar Vario MAX
CNS Analyzer (Elementar Americas Inc., Mount Laurel, NJ)
with air-dried soil subsamples. The visible shoot and root resi-
due was hand removed with forceps and the subsamples
were ground with a mortar and pestle before any chemical
analysis.

2.6 Statistical analysis

Data were statistically analyzed using the General Linear
Model (GLM) procedure of the SAS 9.3 computer package
(SAS Institute Inc., Cary, NC). PN plots were considered as
main plots and the tubes with different current N rates were
considered subplots. Duplicate measurements of composite
soil and resin samples were averaged for statistical analysis
of treatments effects. Treatment and their effects were consid-
ered significant at alpha equals 0.05 in ANOVA table. Mean
separation was done using the Tukey’s honest significant dif-
ference (HSD) test at an alpha level of 0.05. The regression
analyses in this study compared the relative effect of precipi-
tation (cumulative amount during each incubation period),
temperature (mean air temperature during each incubation
period), and soil water content (soil gravimetric moisture as
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Table 1: Sampling dates for soil N mineralization in 2013.

Operation Date Day of year

Initiation 22-June-2013 172

Sampling date 1 26-July-2013 206

Sampling date 2 6-Sept-2013 248

Sampling date 3 3-Oct-2013 275

Figure 2: NO3-N recovery efficiency by the standard extraction proto-
col in this study.

Figure 3: NH4-N recovery efficiency by the standard extraction protocol in this
study.

J. Plant Nutr. Soil Sci. 2019, 182, 296–306 Net soil nitrogen mineralization 299

27



measured in the soil cores at each sampling date) on average
daily net soil N mineralization. Regression analyses were per-
formed using different combinations of these independent
variables and comparing their predictive ability as measured
by the corresponding correlation coefficient (R2) and p values
in the selected models

3 Results

3.1 Effect of long-term fertilizer applications on soil
organic carbon and total nitrogen

Soil organic C and STN in the soil surface were significantly
affected by the 43-year-long differences in fertilizer N rate
(Tab. 2). Mineral-N includes NHþ

4 -N and NO�
3 -N. The PN-336

(336 kg N ha–1) plot had significantly higher SOC, STN, and
C : N ratio and significantly lower pH than PN-0 (0 kg N ha–1)
and PN-84 (84 kg N ha–1) plots. On the initial day of field incu-
bation, there was no difference in inorganic N between the
three PN fertilizer rate plots.

3.2 Effect of previous and current nitrogen rate and
sampling date on net soil N mineralization

Net soil N mineralization was significantly influenced by CN
rate, PN rate, sampling day, and their three-way interaction

(a = 0.05, Tab. 3). Within the same PN rate, NSNM was unaf-
fected between CN-0 (0 kg N ha–1) and CN-84 (84 kg N ha–1).
When the CN rate increased to 336 kg N ha–1, NSNM numeri-
cally increased within each PN rate. However, only in the
PN-336 plot did CN-336 (336 kg N ha–1) significantly increase
NSNM on Day 206 and Day 248, but NSNM declined on Day
275 (Fig. 4).

For the PN effect, NSNM was not different between PN-0 and
PN-84 at any CN rate treatment and on any sampling day. On
Day 206 and Day 248, when CN increased to
336 (kg N ha–1), PN-336 had significantly higher NSNM than
PN-0 and PN-84. However, on Day 248, PN-336 had no sig-
nificantly higher NSNM than PN-0 and PN-84 because
NSNM at PN-336 and CN-336 declined 29% on Day 275
compared to Day 248.

3.3 Effect of previous and current nitrogen rates
and incubation period on average daily net soil
N mineralization

Average daily net soil N mineralization was significantly influ-
enced by previous N fertilizer rate, current N fertilizer rate,
and incubation period; their three-way interaction was also
significant (a = 0.05, Tabs. 3 and 4). Only at PN-84 and
PN-336 during the first incubation period did CN-336 have a
significantly higher average daily net soil N mineralization
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Table 2: Selected soil properties at initiation of in situ incubation at the experiment site for the 0–20 cm depth.

Previous fertilizer N rate pHa C : N Organic C Total N Mineral-N

(kg N ha–1) (g kg–1) (mg kg–1)

0 6.57Ab 8.83B 13.71B 1.55B 4.11A

84 6.88A 9.06B 13.98B 1.54B 4.63A

336 6.09B 9.38A 17.13A 1.83A 4.78A

apH here refers to soil pHwater (1:1, w/v).
bValues followed by the same uppercase letter within a column are not significantly different at p > 0.05 according to Tukey’s HSD mean sepa-
ration test.

Past N fertilizer rate (kg N ha–1) Past N fertilizer rate (kg N ha–1) Past N fertilizer rate (kg N ha–1)
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Figure 4: The effect of past and current fertilizer rate on the net soil mineralized N for three sampling days: (A) Day of Year 206 (July 26, 2013),
(B) Day of Year 248 (Sept. 09, 2013), (C) Day of Year 275 (Oct. 03, 2013). Values followed by the same lowercase letter within the same past N
fertilizer rate and between current N fertilizer rates are not significantly different at P > 5% according to Tukey’s HSD mean separation test. Val-
ues followed by the same uppercase letter within the same current N fertilizer rate and between past N fertilizer rates are not significantly differ-
ent at P > 5% according to Tukey’s HSD mean separation test.
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than CN-0 and CN-84. Only at CN-336 during the first incuba-
tion period did PN-336 have a significantly higher average
daily net soil N mineralization than PN-0 and PN-84. Except
for PN-0 with CN-0 and CN-84, the average daily net soil N
mineralization rate in the first incubation period (IP) was sig-
nificantly higher than that in the third incubation period. The
average mean for each IP at each PN rate also showed a
trend of average daily net soil N mineralization: IP 1 (Day
173–206) > IP 2 (Day 206–248) > IP 3 (Day 248–275).

3.4 Effect of precipitation, temperature and soil
water content on average daily net soil N
mineralization

Regression analysis for each PN and CN combination
showed that NSNM was more strongly driven by precipitation
and temperature than soil water content in the tube at each
sampling day (Tab. 5). Overall, precipitation alone was the
largest influence at this study site for each PN and CN combi-
nation, accounting for 56% of the variability. The second larg-
est independent variable was temperature, accounting for
40% of the variability. Soil water content only accounted for
8% of the variability at the experiment site. Cumulative precip-
itation and mean air temperature decreased from incubation
period 1 to 3 (Fig. 5). Cumulative precipitation for incubation
period IP 1 (Day 173–206), IP 2 (Day 206–248), and IP 3
(Day 248–275) were 309, 104, and 55 mm, respectively;
mean air temperature for IP 1, IP 2, and IP 3 were 23.0�C,
21.7�C, and 19.2�C, respectively.
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Table 3: Analysis of variance summary for the effects of previous N
fertilizer rate, current N fertilizer rate, sampling day or incubation
period on net soil nitrogen mineralized (NSNM) and average daily net
soil N mineralization rate.a

Source of Variation NSNM Average daily net
soil N mineralization

Pr > F Pr > F

Previous N fertilizer rate (PN) < 0.001 < 0.001

Current N fertilizer rate (CN) < 0.001 < 0.001

PN · CN 0.003 0.249

Sampling Day (SD) 0.002 N/A

SD · PN 0.407 N/A

SD · CN 0.168 N/A

SD · PN · CN 0.018 N/A

Incubation Period (IP) N/A < 0.001

IP · PN N/A < 0.001

IP · CN N/A < 0.001

IP · PN · CN N/A < 0.001

Coefficient of variance 27.500 64.300

aN/A in this table indicates not applicable.
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4 Discussion

4.1 Effect of long-term fertilizer applications on soil
organic carbon and total nitrogen

Soil N mineralization has been reported to be highly corre-
lated with SOC and TN (Schomberg et al., 2009). Zou et al.
(2018) reported that the SOC and N fractions could be stable

indicators for net soil N mineralization for the same soil type
in this study. Therefore, quantifying the SOC and STN pools
is useful in predicting soil N mineralization. High PN-336 had
significantly higher SOC and STN among the three PN rates.
This result is consistent with other long-term fertilizer N stud-
ies (El-Haris et al., 1983; Rasmussen et al., 1998; Graham
et al., 2002). The primary reason for building up a high SOC
pool with annual high fertilizer N use could be greater crop

production, resulting in increased plant residue, in-
cluding roots returned to soil, although Six et al.
(2002) suggested other possible stabilization
mechanisms. While PN-84 is considered insuffi-
cient for optimal maize production in this soil and
region, PN-84 N usually had higher yield and grain
N removal than PN-0 N. Slightly higher plant resi-
due might be a tradeoff for higher grain N removal
in PN-84 plots, resulting in similar SOC and TN
pools in PN-84 and PN-0.

Soil N mineralization could also be influenced by
pH (Curtin et al., 1998) and substrate C : N ratio
(Janssen, 1996). pH was lower in PN-336 compar-
ed to PN-0 and PN-84 due to the acidification in-
duced by higher N input (Dancer et al., 1973).
However, agricultural limestone was commonly
used to adjust pH at this study site and the differ-
ence between fertilizer rates was unlikely to cause
soil N mineralization differences (Dancer et al.,
1973). The difference in C : N ratio between the
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Table 5: Correlation coefficients (R2) of regression analysis using average daily net soil N mineralization of three incubation periods for three
previous N (PN) fertilizer rates and current N (TN) fertilizer rates.

Independent variables in
model

PN = 0a PN = 84 PN = 336 Overall

CN = 0a CN = 84 CN = 336 CN = 0 CN = 84 CN = 336 CN = 0 CN = 84 CN = 336

R2

Precipb 0.81** 0.68** 0.85** 0.82** 0.87** 0.79** 0.87** 0.70** 0.95** 0.56**

Temp 0.67** 0.84** 0.37* 0.57** 0.75** 0.49* 0.61** 0.60** 0.65** 0.40**

SWC 0.39* 0.29 0.12 0.27 0.51** 0.40* 0.08 0.00 0.03 0.08**

Precip,Temp 0.81** 0.85** 0.94** 0.82** 0.88** 0.82** 0.87** 0.72** 0.96** 0.56**

Precip,SWC 0.86** 0.75** 0.82** 0.82** 0.88** 0.81** 0.89** 0.75** 0.96** 0.56**

Temp,SWC 0.70** 0.85** 0.37 0.57* 0.75** 0.56* 0.75** 0.65* 0.69** 0.40**

Precip,Temp, Precip · Temp 0.81** 0.85** 0.94** 0.82** 0.88** 0.82** 0.87** 0.72** 0.96** 0.56**

Precip,SWC, Precip · SWC 0.89** 0.89** 0.82** 0.83** 0.88** 0.85** 0.91** 0.75** 0.96** 0.56**

Temp,SWC,Temp · SWC 0.70** 0.91** 0.47 0.62* 0.85** 0.73* 0.75** 0.65* 0.69* 0.42**

Precip,Temp,SWC 0.78** 0.85** 0.94** 0.82** 0.88** 0.84** 0.89** 0.76** 0.96** 0.56**

Precip,Temp,SWC, Precip ·
Temp · SWC

0.86** 0.94** 0.95** 0.83** 0.90** 0.86** 0.91** 0.76* 0.96** 0.56**

aThe unit of N fertilizer rate for both PN and CN are kg N ha–1.
bPrecip = precipitation received during each incubation period; Temp = mean air temperature during each incubation period; SWC = soil water
content measured at each sampling date.
*, ** significant at the 0.05 and 0.01 probability levels, respectively.
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Figure 5: Precipitation and mean air temperature of three incubation periods at
the experiment site.
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three PN rates was relatively narrow as well. This result
makes sense because after 43 years of the same crop and
the same tillage management, the microbial populations in
the soil have essentially stabilized. Therefore, pH and C : N in
this study might not explain the difference of NSNM between
different PN rates.

4.2 Effect of previous nitrogen rate and sampling
date on net soil N mineralization

The effect of previous fertilizer N application on soil N mineral-
ization reflected the SOC and STN pools well. At any current
fertilizer N application rate and any sampling day, there was
no difference in NSNM between PN-0 and PN-84, which can
be explained by the same soil organic carbon and nitrogen
pool between these two historical N application rates.
Increased SOM due to long-term fertilizer N application in this
study could play a role in in situ net soil N mineralization.
These findings might explain why there have been mixed
results on the effect of previous N application on soil N miner-
alization, because there also have been mixed results on
whether fertilizer N application can have higher SOC pools
than unfertilized controls (Yan et al., 2007; Liu et al., 2013;
Brown et al., 2014). Furthermore, in contrast to fertilizer N
application, most studies report that manure or straw amend-
ment increases the SOC pool (Sommerfeldt et al., 1988; Hay-
nes and Naidu, 1998; Yan et al., 2007). Unsurprisingly, most
of studies show that the effect of these amendment increases
soil N mineralization (Singh and Singh, 1994; Ma et al., 1999;
Jordan et al., 2004; Zhang et al., 2009). A potential hypothe-
sis is that the historical N application affects net soil N miner-
alization and depends on whether these previous N
applications significantly built up different SOC levels. From
this perspective, we could better understand why there have
been such diverse results on the effect of historical N applica-
tion on soil N mineralization (Franzluebbers et al., 1994a;
1994b; Carpenter-Boggs et al., 2000; Wienhold et al., 2009),
and even the same N rate studies but different cropping man-
agement systems can have different NSNM responses to pre-
vious N fertilizer application (Kolberg et al., 1999).

4.3 Effect of current nitrogen rate and sampling
date on net soil N mineralization

The influence of current (or in-season) fertilizer N application
on soil N mineralization usually refers to the ‘‘priming effect.’’
Jenkinson et al. (1985) reported that fertilizer N can promote
plant growth, thereby increasing the volume of soil explored
by roots, resulting in the priming effect or ‘‘added nitrogen
interaction.’’ Our incubation system excluded plant growth by
herbicide application and discarding tubes with weeds. There-
fore, in our case, the current fertilizer N effect was strictly an
interaction between the inorganic N with soil microorganisms.
Our in situ study showed that the effect of current N applica-
tion on NSNM or the ‘‘priming effect’’ has two requirements.
First, the priming effect needs a sufficient SOM pool because
CN application significantly affected NSNM only in PN-336
and the SOM in the PN-336 treatment was significantly higher
than treatments with less fertilizer N. This result is consistent
with an isotope study of soil SOM decomposition (Chen et al.,

2014) in which added sucrose or maize straw promoted addi-
tional CO2 respiration (carbon mineralization) from soil rela-
tive to soil alone. Second, the priming effect needs sufficient
inorganic N because increasing the CN from 0 to 84 kg N
ha–1 in this study did not cause significantly increased NSNM.
This result is also consistent with Chen et al. (2014). In their
study, when inorganic N was added to sucrose or maize
straw, the exogenous organic C and inorganic N caused a
synergistic effect on SOM decomposition. Woods et al.
(1987) in an isotope study also suggested that the ‘‘priming
effect’’ resulted from increased net N mineralization accompa-
nied by increased N fertilization as long as mineral N concen-
trations remained low enough to limit soil microbial activity.
Therefore, our result suggests that it is necessary to sepa-
rately study PN and CN when we study the effect of fertilizer
N management on indigenous net soil N mineralization in an
agroecosystem because they might affect soil N mineraliza-
tion due to different mechanisms.

4.4 Effect of previous and current nitrogen rate and
incubation period on average daily Net soil N
mineralization

The effect of previous and current nitrogen on average daily
net soil N mineralization rate could provide more detailed
information on each incubation period than cumulative NSNM
on each sampling day. During the first incubation period, only
at CN-336 did PN-336 have a significantly higher average
daily net soil N mineralization rate than PN-0 and PN-84. This
result confirmed that to have a significant priming effect on
soil N mineralization, higher CN and higher SOM induced by
high PN are both necessarily required. In a contrast to cumu-
lative NSNM on Day 206 and Day 248, in which CN-336 had
higher NSNM than CN-0 and CN-84 only in the plots of
PN-336 did, CN-336 have a significantly higher average daily
net soil N mineralization rates than CN-0 and CN-84 in both
PN-84 and PN-336. This result demonstrated that PN-84
could have more readily labile organic pool or higher quality
of SOM than PN-0, even though the total quantity of soil
organic carbon and nitrogen pool and accumulative NSNM
were similar (Doran and Parkin, 1994).

Average daily net soil N mineralization in the first period was
significantly higher than the following incubation periods in
our study. The mean for each incubation period at each PN
rate also showed the trend of average daily net soil N mineral-
ization: IP (1) > IP (2) > IP (3) (Powlson et al., 2010). This
trend was consistent with El-Haris et al. (1983) and Zhang et
al. (2009). This change in N mineralization rate could be at-
tributed to the greater readily mineralizable N during the initial
incubation period. In Zhang’s (2009) study, potentially minera-
lizable N in annually fertilized N treatments was significantly
higher at the rice (Oryza sativa L.) transplanting stage than
the later stages. In El-Haris’s (1983) study, soil N mineraliza-
tion rate was higher in plots with higher historical fertilizer N
than plots with lower historical fertilizer rates in the first 4
weeks. However, after that, soil N mineralization rates were
relatively unchanged by different previous fertilizer N rates,
thus, they argued that the fertilizer N application might
contribute largely to the readily available N pool with little
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effect on the intermediately available N pool. This phenomen-
on was also observed in Tab. 3, which the interaction of the
previous nitrogen rate · current nitrogen rate · sampling date
(or incubation period) was significant. In the first and second
incubation period, the differences of net soil N mineralization,
caused by previous and current nitrogen rate, was larger than
third incubation period. Other reasons for explaining different
soil N mineralization rates during different incubation periods
might be the environmental conditions during each incubation
period.

4.5 Effect of precipitation and temperature and soil
water content on net soil N mineralization

Soil N mineralization can be affected by soil moisture content
and temperature (Kirschbaum, 1995; Sierra, 1997). Compar-
ed to well-controlled laboratory conditions, estimating soil N
mineralization from in situ incubation methods might be diffi-
cult to explain without consideration of weather data. Regres-
sion models showed most of variability can be explained by
precipitation and moisture, which is consistent with Kolberg
et al. (1997). Cumulative precipitation and mean air tempera-
ture gradually decreased from IP (1) to IP (3). Therefore,
weather data also helped explain the different patterns of
average daily net soil N mineralization rate during the three
incubation periods.

Compared to precipitation and mean air temperature, soil
water content measured at the end of each incubation period
(which can be highly affected by rain events before each sam-
pling day) accounted for less variability than precipitation and
mean air temperature, however, including soil water content
(SWC) into the regression models increased predictive ca-
pacity. Moreover, the SWC data might help explain why there
was a more negative net soil N mineralization rate and NSNM
declined at PN-336 and CN-336 on DAY 275. SWC on DAY
275 at the plots annually receiving PN-336 was significantly
higher than other plots. The higher SWC might be due to
shading caused by high biomass production induced by high-
er fertilizer N application and greater water field water holding
capacity caused by higher SOM because the incubated tubes
were plant-free by applying herbicide and hand removal of
weeds Therefore, the incubation tubes are likely to have high-
er denitrification potential due to high soil water content and
high inorganic N accumulation, especially in a no-till environ-
ment.

5 Conclusion

Understanding how fertilizer N application affects indigenous
soil N mineralization will improve N fertilizer management in
agro-ecosystems, resulting in improved soil productivity and
reduced adverse environmental consequences. Also, it is
important to separately clarify that the effects of previous and
current N fertilizer application on soil N mineralization. In this
present study, whether previous N fertilizer affects soil N min-
eralization depends on whether the SOM pool has been
modified by this long-term effect. The priming effect of current
fertilizer N on soil N mineralization depends on both amount
of fertilizer N input and whether soil has enough SOM to sup-

port and promote soil microbial decomposition. This present
study suggests that the effects of N fertility management on
indigenous soil N mineralization should go beyond merely
evaluating the effects of previous and current fertilizer rates.
Total SOM and readily labile SOM pools induced by long term
inorganic fertilizer or organic amendment application as well
as controlling factors of the priming effect caused by in-sea-
son inorganic N fertilizer are important factors to evaluated
the effect of fertilizer N on soil N mineralization.
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Fiscal Years 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021

July 13,386.52$        139,619.47$      157,187.49$      2,459.48$         120,890.40$      141,864.01$      136,565.92$      
August 301,292.71$      177,916.68$      137,652.03$      292,266.42$      126,982.37$      145,789.42$      11,873.82$        
September 133,527.76$      47,768.58$        42,873.59$        139,414.92$      178,553.92$      132,169.60$      261,157.23$      
1st QUARTER 448,206.99$ 365,304.73$ 337,713.11$ 434,140.82$ 426,426.69$ 419,823.03$ 409,596.97$ 

October 166,587.97$      255,006.22$      157,120.53$      126,862.91$      97,793.84$        150,849.00$      141,682.93$      
November 74,462.42$        127,495.52$      251,055.77$      123,267.74$      128,963.50$      117,280.34$      135,157.14$      
December 190,289.54$      26,196.02$        113,251.82$      135,314.04$      175,277.00$      151,323.23$      159,616.92$      
2nd QUARTER 431,339.93$ 408,697.76$ 521,428.12$ 385,444.69$ 402,034.34$ 419,452.57$ 436,456.99$ 

SIX MONTHS 879,546.92$ 774,002.49$ 859,141.23$ 819,585.51$ 828,461.03$ 839,275.60$ 846,053.96$ 

January 44,597.62$        264,622.53$      109,584.57$      127,719.90$      564,217.88$      120,247.87$      93,056.96$        
February 212,408.73$      10,472.72$        155,644.33$      114,047.53$      141,118.46$      114,095.14$      125,797.09$      
March 133,593.90$      255,769.54$      159,012.56$      159,645.83$      122,472.86$      403,962.17$      143,903.75$      
3rd QUARTER 390,600.25$ 530,864.79$ 424,241.46$ 401,413.26$ 827,809.20$ 638,305.18$ 362,757.80$ 

NINE MONTHS 1,270,147.17$ 1,304,867.28$ 1,283,382.69$ 1,220,998.77$ 1,656,270.23$ 1,477,580.78$ 1,208,811.76$ 

April 165,299.42$      20,461.50$        43,764.59$        65,036.15$        146,789.57$      117,862.64$      
May 183,052.97$      144,713.80$      174,933.87$      209,087.27$      63,797.02$        141,525.18$      
June 137,563.73$      288,160.23$      242,003.23$      168,621.20$      250,352.13$      138,849.18$      
4th QUARTER 485,916.12$ 453,335.53$ 460,701.69$ 442,744.62$ 460,938.72$ 398,237.00$ -$ 

TOTAL INCOME 1,756,063.29$ 1,758,202.81$ 1,744,084.38$ 1,663,743.39$ 2,117,208.95$ 1,875,817.78$ 1,208,811.76$ 

TOBACCO RESEARCH INCOME

INCOME COMPARISON
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1235410080 HOLDING ACCOUNT All Budget Commitmen (2,360,000.00)$ (1,064,908.01)$ (143,903.75)$ (1,208,811.76)$ (1,151,188.24)$ 

1235410080 HOLDING ACCOUNT All Revenue Commitme (2,360,000.00)$ (1,064,908.01)$ (143,903.75)$ (1,208,811.76)$ (1,151,188.24)$ 

1235410080 HOLDING ACCOUNT TTL Revenue Excl Tra (2,360,000.00)$ (1,064,908.01)$ (143,903.75)$ (1,208,811.76)$ (1,151,188.24)$ 

1235410080 HOLDING ACCOUNT State/Local Grants a (1,900,000.00)$ (1,064,908.01)$ (143,903.75)$ (1,208,811.76)$ (691,188.24)$ 

1235410080 HOLDING ACCOUNT Fund Balance (460,000.00)$ (460,000.00)$ 

1235410090 KENTUCKY TOBACCO RES All Budget Commitmen 1,000.00$ 1,000.00$ 

1235410090 KENTUCKY TOBACCO RES All Expenses Commitm 1,000.00$ 1,000.00$ 

1235410090 KENTUCKY TOBACCO RES TTL Expense Excl Tra 1,000.00$ 1,000.00$ 

1235410090 KENTUCKY TOBACCO RES Operating Expense 1,000.00$ 1,000.00$ 

1235410100 ADMINISTRATION All Budget Commitmen 260,000.00$ 116,374.71$ 13,494.86$ 129,869.57$ 89,766.09$ 

1235410100 ADMINISTRATION All Expenses Commitm 260,000.00$ 116,374.71$ 13,494.86$ 129,869.57$ 89,766.09$ 

1235410100 ADMINISTRATION TTL Expense Excl Tra 260,000.00$ 116,374.71$ 13,494.86$ 129,869.57$ 89,766.09$ 

1235410100 ADMINISTRATION Faculty 53,500.24$ 6,687.53$ 60,187.77$ (80,250.39)$ 

1235410100 ADMINISTRATION Staff 30,453.26$ 3,494.87$ 33,948.13$ (45,830.72)$ 

1235410100 ADMINISTRATION Other Personnel -$ 76.49$ 76.49$ (76.49)$ 

1235410100 ADMINISTRATION Fringe Benefits 20,742.72$ 2,649.03$ 23,391.75$ (31,754.50)$ 

1235410100 ADMINISTRATION Operating Expense 260,000.00$ 11,602.00$ 663.43$ 12,265.43$ 247,678.19$ 

1235410110 KTRDC PERSONNEL All Budget Commitmen 1,046,700.00$ 640,803.49$ 98,223.84$ 739,027.33$ 74,757.79$ 

1235410110 KTRDC PERSONNEL All Expenses Commitm 1,046,700.00$ 640,803.49$ 98,223.84$ 739,027.33$ 74,757.79$ 

1235410110 KTRDC PERSONNEL TTL Expense Excl Tra 1,046,700.00$ 640,803.49$ 98,223.84$ 739,027.33$ 74,757.79$ 

1235410110 KTRDC PERSONNEL Staff 408,928.59$ 53,074.86$ 462,003.45$ (641,287.83)$ 

1235410110 KTRDC PERSONNEL Other Personnel 92,521.67$ 19,961.16$ 112,482.83$ (112,482.83)$ 

1235410110 KTRDC PERSONNEL Fringe Benefits 130,044.19$ 18,031.09$ 148,075.28$ (201,705.78)$ 

1235410110 KTRDC PERSONNEL Operating Expense 1,046,700.00$ 9,309.04$ 7,156.73$ 16,465.77$ 1,030,234.23$ 
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1235410120 PUBLICATIONS & TRAVE All Expenses Commitm 35,000.00$ 10,420.23$ 56.58$ 10,476.81$ 24,523.19$ 

1235410120 PUBLICATIONS & TRAVE TTL Expense Excl Tra 35,000.00$ 10,420.23$ 56.58$ 10,476.81$ 24,523.19$ 

1235410120 PUBLICATIONS & TRAVE Operating Expense 35,000.00$ 10,420.23$ 56.58$ 10,476.81$ 24,523.19$ 

1235410130 BUILDING MAINTENANCE All Budget Commitmen 75,000.00$ 23,343.81$ 9,251.49$ 32,595.30$ 42,404.70$ 

1235410130 BUILDING MAINTENANCE All Expenses Commitm 75,000.00$ 23,343.81$ 9,251.49$ 32,595.30$ 42,404.70$ 

1235410130 BUILDING MAINTENANCE TTL Expense Excl Tra 75,000.00$ 23,343.81$ 9,251.49$ 32,595.30$ 42,404.70$ 

1235410130 BUILDING MAINTENANCE Operating Expense 75,000.00$ 23,343.81$ 9,251.49$ 32,595.30$ 42,404.70$ 

1235410180 SHOP All Budget Commitmen 2,000.00$ 462.84$ 462.84$ 1,537.16$ 

1235410180 SHOP All Expenses Commitm 2,000.00$ 462.84$ 462.84$ 1,537.16$ 

1235410180 SHOP TTL Expense Excl Tra 2,000.00$ 462.84$ 462.84$ 1,537.16$ 

1235410180 SHOP Operating Expense 2,000.00$ 462.84$ 462.84$ 1,537.16$ 

1235410240 LABORATORY EQUIPMENT All Budget Commitmen 240,300.00$ 584,754.82$ 44,174.98$ 628,929.80$ (426,491.23)$ 

1235410240 LABORATORY EQUIPMENT All Expenses Commitm 240,300.00$ 584,754.82$ 44,174.98$ 628,929.80$ (426,491.23)$ 

1235410240 LABORATORY EQUIPMENT TTL Expense Excl Tra 240,300.00$ 584,754.82$ 44,174.98$ 628,929.80$ (426,491.23)$ 

1235410240 LABORATORY EQUIPMENT Operating Expense 240,300.00$ 170,781.53$ 986.58$ 171,768.11$ 61,918.57$ 

1235410240 LABORATORY EQUIPMENT Capital Outlay 413,973.29$ 43,188.40$ 457,161.69$ (488,409.80)$ 

1235410250 UNALLOCATED RESERVE All Budget Commitmen 71,028.00$ 71,028.00$ 

1235410250 UNALLOCATED RESERVE All Expenses Commitm 71,028.00$ 71,028.00$ 

1235410250 UNALLOCATED RESERVE TTL Expense Excl Tra 71,028.00$ 71,028.00$ 

1235410250 UNALLOCATED RESERVE Operating Expense 71,028.00$ 71,028.00$ 

1235410280 GENERAL LABORATORY All Budget Commitmen 125,000.00$ 31,172.96$ 4,415.35$ 35,588.31$ 89,377.45$ 

1235410280 GENERAL LABORATORY All Expenses Commitm 125,000.00$ 31,172.96$ 4,415.35$ 35,588.31$ 89,377.45$ 

1235410280 GENERAL LABORATORY TTL Expense Excl Tra 125,000.00$ 31,172.96$ 4,415.35$ 35,588.31$ 89,377.45$ 

1235410280 GENERAL LABORATORY Operating Expense 125,000.00$ 31,172.96$ 4,415.35$ 35,588.31$ 89,377.45$ 

38



FISCAL YEAR 2020-2021  INCOME AND FINANCIAL REPORT  KTRDC 3rd QUARTER REPORT 

  

Funds Center Commitment item Annual (Revised) Budget Prior Balance Current  Month Actual YTD  Actual Available  Budget

1235411040 DISCRETIONARY All Budget Commitmen 10,000.00$ 1,504.85$ 47.73$ 1,552.58$ 8,447.42$ 

1235411040 DISCRETIONARY All Expenses Commitm 10,000.00$ 1,504.85$ 47.73$ 1,552.58$ 8,447.42$ 

1235411040 DISCRETIONARY TTL Expense Excl Tra 10,000.00$ 1,504.85$ 47.73$ 1,552.58$ 8,447.42$ 

1235411040 DISCRETIONARY Operating Expense 10,000.00$ 1,504.85$ 47.73$ 1,552.58$ 8,447.42$ 

1235411310 OUTREACH & COMMUNICA All Budget Commitmen 30,000.00$ 16,973.33$ 366.95$ 17,340.28$ 12,659.72$ 

1235411310 OUTREACH & COMMUNICA All Expenses Commitm 30,000.00$ 16,973.33$ 366.95$ 17,340.28$ 12,659.72$ 

1235411310 OUTREACH & COMMUNICA TTL Expense Excl Tra 30,000.00$ 16,973.33$ 366.95$ 17,340.28$ 12,659.72$ 

1235411310 OUTREACH & COMMUNICA Operating Expense 30,000.00$ 16,973.33$ 366.95$ 17,340.28$ 12,659.72$ 

1235411320 PLANT GENETIC ENGR All Budget Commitmen 30,000.00$ 31,925.97$ 119.88$ 32,045.85$ (2,045.85)$ 

1235411320 PLANT GENETIC ENGR All Expenses Commitm 30,000.00$ 31,925.97$ 119.88$ 32,045.85$ (2,045.85)$ 

1235411320 PLANT GENETIC ENGR TTL Expense Excl Tra 30,000.00$ 31,925.97$ 119.88$ 32,045.85$ (2,045.85)$ 

1235411320 PLANT GENETIC ENGR Staff 17,080.83$ 17,080.83$ (17,080.83)$ 

1235411320 PLANT GENETIC ENGR Other Personnel 3,421.13$ 3,421.13$ (3,421.13)$ 

1235411320 PLANT GENETIC ENGR Fringe Benefits 9,039.29$ 9,039.29$ (9,039.29)$ 

1235411320 PLANT GENETIC ENGR Operating Expense 30,000.00$ 2,384.72$ 119.88$ 2,504.60$ 27,495.40$ 

1235411340 GENETIC MANIPULATION All Budget Commitmen 30,000.00$ 30,197.59$ (193.84)$ 30,003.75$ (3.75)$ 

1235411340 GENETIC MANIPULATION All Expenses Commitm 30,000.00$ 30,197.59$ (193.84)$ 30,003.75$ (3.75)$ 

1235411340 GENETIC MANIPULATION TTL Expense Excl Tra 30,000.00$ 30,197.59$ (193.84)$ 30,003.75$ (3.75)$ 

1235411340 GENETIC MANIPULATION Staff 22,207.04$ (158.71)$ 22,048.33$ (22,048.33)$ 

1235411340 GENETIC MANIPULATION Fringe Benefits 5,396.10$ (38.57)$ 5,357.53$ (5,357.53)$ 

1235411340 GENETIC MANIPULATION Operating Expense 30,000.00$ 2,594.45$ 3.44$ 2,597.89$ 27,402.11$ 

1235411370 PLANT BIOTECH MOLECU All Budget Commitmen 30,000.00$ 7,436.98$ 2,670.87$ 10,107.85$ 19,892.15$ 

1235411370 PLANT BIOTECH MOLECU All Expenses Commitm 30,000.00$ 7,436.98$ 2,670.87$ 10,107.85$ 19,892.15$ 

1235411370 PLANT BIOTECH MOLECU TTL Expense Excl Tra 30,000.00$ 7,436.98$ 2,670.87$ 10,107.85$ 19,892.15$ 

1235411370 PLANT BIOTECH MOLECU Operating Expense 30,000.00$ 7,436.98$ 2,670.87$ 10,107.85$ 19,892.15$ 
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1235411380 MOLECULAR GENETICS All Budget Commitmen 30,000.00$ 6,384.84$ 2,637.69$ 9,022.53$ 20,595.15$ 

1235411380 MOLECULAR GENETICS All Expenses Commitm 30,000.00$ 6,384.84$ 2,637.69$ 9,022.53$ 20,595.15$ 

1235411380 MOLECULAR GENETICS TTL Expense Excl Tra 30,000.00$ 6,384.84$ 2,637.69$ 9,022.53$ 20,595.15$ 

1235411380 MOLECULAR GENETICS Operating Expense 30,000.00$ 6,384.84$ 2,637.69$ 9,022.53$ 20,595.15$ 

1235411390 METABOLIC ENGR. All Budget Commitmen 30,000.00$ 30,000.00$ 

1235411390 METABOLIC ENGR. All Expenses Commitm 30,000.00$ 30,000.00$ 

1235411390 METABOLIC ENGR. TTL Expense Excl Tra 30,000.00$ 30,000.00$ 

1235411390 METABOLIC ENGR. Operating Expense 30,000.00$ 30,000.00$ 

1235411410 GREENHOUSE All Budget Commitmen 30,000.00$ 8,551.10$ 2,251.74$ 10,802.84$ 19,141.61$ 

1235411410 GREENHOUSE All Expenses Commitm 30,000.00$ 8,551.10$ 2,251.74$ 10,802.84$ 19,141.61$ 

1235411410 GREENHOUSE TTL Expense Excl Tra 30,000.00$ 8,551.10$ 2,251.74$ 10,802.84$ 19,141.61$ 

1235411410 GREENHOUSE Other Personnel 726.44$ 726.44$ (726.44)$ 

1235411410 GREENHOUSE Fringe Benefits 51.35$ 51.35$ (51.35)$ 

1235411410 GREENHOUSE Operating Expense 30,000.00$ 7,773.31$ 2,251.74$ 10,025.05$ 19,919.40$ 

1235411430 PLANT ANALYTIC All Budget Commitmen 30,000.00$ 78.73$ 70.80$ 149.53$ 29,850.47$ 

1235411430 PLANT ANALYTIC All Expenses Commitm 30,000.00$ 78.73$ 70.80$ 149.53$ 29,850.47$ 

1235411430 PLANT ANALYTIC TTL Expense Excl Tra 30,000.00$ 78.73$ 70.80$ 149.53$ 29,850.47$ 

1235411430 PLANT ANALYTIC Operating Expense 30,000.00$ 78.73$ 70.80$ 149.53$ 29,850.47$ 

1235411640 GENE DISCOVERY All Budget Commitmen 30,000.00$ 17,103.16$ 2,007.80$ 19,110.96$ 5,075.67$ 

1235411640 GENE DISCOVERY All Expenses Commitm 30,000.00$ 17,103.16$ 2,007.80$ 19,110.96$ 5,075.67$ 

1235411640 GENE DISCOVERY TTL Expense Excl Tra 30,000.00$ 17,103.16$ 2,007.80$ 19,110.96$ 5,075.67$ 

1235411640 GENE DISCOVERY Staff 11,740.32$ 1,467.54$ 13,207.86$ (17,610.48)$ 

1235411640 GENE DISCOVERY Fringe Benefits 3,700.87$ 462.61$ 4,163.48$ (5,574.23)$ 

1235411640 GENE DISCOVERY Operating Expense 30,000.00$ 1,661.97$ 77.65$ 1,739.62$ 28,260.38$ 

40



FISCAL YEAR 2020-2021  INCOME AND FINANCIAL REPORT  KTRDC 3rd QUARTER REPORT 

 
  

Funds Center Commitment item Annual (Revised) Budget Prior Balance Current  Month Actual YTD  Actual Available  Budget

1235411750 REFERENCE CIGARETTES All Budget Commitmen 72,730.00$ 72,730.00$ (72,730.00)$ 

1235411750 REFERENCE CIGARETTES All Expenses Commitm 72,730.00$ 72,730.00$ (72,730.00)$ 

1235411750 REFERENCE CIGARETTES TTL Expense Excl Tra 72,730.00$ 72,730.00$ (72,730.00)$ 

1235411750 REFERENCE CIGARETTES Operating Expense 72,730.00$ 72,730.00$ (72,730.00)$ 

1235412240 GREENHOUSE EVALUATIO All Budget Commitmen 8,547.00$ 5,971.18$ 342.60$ 6,313.78$ 2,233.22$ 

1235412240 GREENHOUSE EVALUATIO All Expenses Commitm 8,547.00$ 5,971.18$ 342.60$ 6,313.78$ 2,233.22$ 

1235412240 GREENHOUSE EVALUATIO TTL Expense Excl Tra 8,547.00$ 5,971.18$ 342.60$ 6,313.78$ 2,233.22$ 

1235412240 GREENHOUSE EVALUATIO Other Personnel 2,662.80$ 315.00$ 2,977.80$ (2,977.80)$ 

1235412240 GREENHOUSE EVALUATIO Fringe Benefits 179.22$ 27.60$ 206.82$ (206.82)$ 

1235412240 GREENHOUSE EVALUATIO Operating Expense 8,547.00$ 3,129.16$ 3,129.16$ 5,417.84$ 

1235412360 FLAVONOID - SMALLE All Budget Commitmen 30,000.00$ 8,103.87$ 1,535.38$ 9,639.25$ 15,751.22$ 

1235412360 FLAVONOID - SMALLE All Expenses Commitm 30,000.00$ 8,103.87$ 1,535.38$ 9,639.25$ 15,751.22$ 

1235412360 FLAVONOID - SMALLE TTL Expense Excl Tra 30,000.00$ 8,103.87$ 1,535.38$ 9,639.25$ 15,751.22$ 

1235412360 FLAVONOID - SMALLE Staff 6,097.00$ 1,219.40$ 7,316.40$ (10,974.60)$ 

1235412360 FLAVONOID - SMALLE Fringe Benefits 1,579.90$ 315.98$ 1,895.88$ (2,847.21)$ 

1235412360 FLAVONOID - SMALLE Operating Expense 30,000.00$ 426.97$ 426.97$ 29,573.03$ 

1235412690 SMOKELESS TOBACCO All Budget Commitmen 37,069.00$ 757.89$ 757.89$ 31,645.68$ 

1235412690 SMOKELESS TOBACCO All Expenses Commitm 37,069.00$ 757.89$ 757.89$ 31,645.68$ 

1235412690 SMOKELESS TOBACCO TTL Expense Excl Tra 37,069.00$ 757.89$ 757.89$ 31,645.68$ 

1235412690 SMOKELESS TOBACCO Operating Expense 37,069.00$ 757.89$ 757.89$ 31,645.68$ 

1235412790 JI: PURIFICATION OF All Budget Commitmen 41,672.00$ 13,649.90$ 933.17$ 14,583.07$ 27,033.93$ 

1235412790 JI: PURIFICATION OF All Expenses Commitm 41,672.00$ 13,649.90$ 933.17$ 14,583.07$ 27,033.93$ 

1235412790 JI: PURIFICATION OF TTL Expense Excl Tra 41,672.00$ 13,649.90$ 933.17$ 14,583.07$ 27,033.93$ 

1235412790 JI: PURIFICATION OF Operating Expense 41,672.00$ 13,649.90$ 933.17$ 14,583.07$ 27,033.93$ 
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1235412820 FISHER: FARMER BALES All Budget Commitmen 13,500.00$ 11,231.01$ 1,443.13$ 12,674.14$ 825.86$ 

1235412820 FISHER: FARMER BALES All Expenses Commitm 13,500.00$ 11,231.01$ 1,443.13$ 12,674.14$ 825.86$ 

1235412820 FISHER: FARMER BALES TTL Expense Excl Tra 13,500.00$ 11,231.01$ 1,443.13$ 12,674.14$ 825.86$ 

1235412820 FISHER: FARMER BALES Staff 4,090.78$ 1,500.19$ 5,590.97$ (5,590.97)$ 

1235412820 FISHER: FARMER BALES Other Personnel 4,131.88$ (776.44)$ 3,355.44$ (3,355.44)$ 

1235412820 FISHER: FARMER BALES Fringe Benefits 2,421.16$ 719.38$ 3,140.54$ (3,140.54)$ 

1235412820 FISHER: FARMER BALES Operating Expense 13,500.00$ 587.19$ 587.19$ 12,912.81$ 

1235412840 MARTINEZ: GREENHOUSE All Budget Commitmen 5,000.00$ 2,577.17$ 324.54$ 2,901.71$ 2,098.29$ 

1235412840 MARTINEZ: GREENHOUSE All Expenses Commitm 5,000.00$ 2,577.17$ 324.54$ 2,901.71$ 2,098.29$ 

1235412840 MARTINEZ: GREENHOUSE TTL Expense Excl Tra 5,000.00$ 2,577.17$ 324.54$ 2,901.71$ 2,098.29$ 

1235412840 MARTINEZ: GREENHOUSE Operating Expense 5,000.00$ 2,577.17$ 324.54$ 2,901.71$ 2,098.29$ 

1235412940 ZAITLIN: INDUCE EARL All Budget Commitmen 20,502.00$ 17,277.24$ 280.24$ 17,557.48$ 2,101.01$ 

1235412940 ZAITLIN: INDUCE EARL All Expenses Commitm 20,502.00$ 17,277.24$ 280.24$ 17,557.48$ 2,101.01$ 

1235412940 ZAITLIN: INDUCE EARL TTL Expense Excl Tra 20,502.00$ 17,277.24$ 280.24$ 17,557.48$ 2,101.01$ 

1235412940 ZAITLIN: INDUCE EARL Staff 3,201.60$ 213.44$ 3,415.04$ (4,055.36)$ 

1235412940 ZAITLIN: INDUCE EARL Fringe Benefits 1,001.98$ 66.80$ 1,068.78$ (1,271.97)$ 

1235412940 ZAITLIN: INDUCE EARL Operating Expense 20,502.00$ 13,073.66$ 13,073.66$ 7,428.34$ 

1235412950 BAILEY: BURNDOWN All Budget Commitmen 6,000.00$ 5,003.05$ 

1235412950 BAILEY: BURNDOWN All Expenses Commitm 6,000.00$ 5,003.05$ 

1235412950 BAILEY: BURNDOWN TTL Expense Excl Tra 6,000.00$ 5,003.05$ 

1235412950 BAILEY: BURNDOWN Operating Expense 6,000.00$ 6,000.00$ 

1235412950 BAILEY: BURNDOWN Capital Outlay (996.95)$ 
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1235413180 KROU: ABS CEMB All Budget Commitmen 20,000.00$ 1,500.60$ 3,001.20$ 4,501.80$ 15,498.20$ 

1235413180 KROU: ABS CEMB All Expenses Commitm 20,000.00$ 1,500.60$ 3,001.20$ 4,501.80$ 15,498.20$ 

1235413180 KROU: ABS CEMB TTL Expense Excl Tra 20,000.00$ 1,500.60$ 3,001.20$ 4,501.80$ 15,498.20$ 

1235413180 KROU: ABS CEMB Other Personnel 1,500.60$ 3,001.20$ 4,501.80$ (4,501.80)$ 

1235413180 KROU: ABS CEMB Operating Expense 20,000.00$ 20,000.00$ 

1235413200 PERRY: PROD MAL All Budget Commitmen 22,173.00$ 10,736.15$ 3,910.99$ 14,647.14$ 7,525.86$ 

1235413200 PERRY: PROD MAL All Expenses Commitm 22,173.00$ 10,736.15$ 3,910.99$ 14,647.14$ 7,525.86$ 

1235413200 PERRY: PROD MAL TTL Expense Excl Tra 22,173.00$ 10,736.15$ 3,910.99$ 14,647.14$ 7,525.86$ 

1235413200 PERRY: PROD MAL Other Personnel 9,363.39$ 2,472.83$ 11,836.22$ (11,836.22)$ 

1235413200 PERRY: PROD MAL Fringe Benefits 361.15$ 27.45$ 388.60$ (388.60)$ 

1235413200 PERRY: PROD MAL Operating Expense 22,173.00$ 1,011.61$ 1,410.71$ 2,422.32$ 19,750.68$ 

1235413210 PATRA: ROOT TO LEAF All Budget Commitmen 19,509.00$ 5,139.15$ 5,139.15$ 14,369.85$ 

1235413210 PATRA: ROOT TO LEAF All Expenses Commitm 19,509.00$ 5,139.15$ 5,139.15$ 14,369.85$ 

1235413210 PATRA: ROOT TO LEAF TTL Expense Excl Tra 19,509.00$ 5,139.15$ 5,139.15$ 14,369.85$ 

1235413210 PATRA: ROOT TO LEAF Staff 3,878.96$ 3,878.96$ (3,878.96)$ 

1235413210 PATRA: ROOT TO LEAF Fringe Benefits 1,227.90$ 1,227.90$ (1,227.90)$ 

1235413210 PATRA: ROOT TO LEAF Operating Expense 19,509.00$ 32.29$ 32.29$ 19,476.71$ 
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