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Abstract

Sensor technology has become miargortant in precision agriculture, by real time
sensing for site specific management to monitor crops during the season especially nitrogen (N).
In Kansas N available in the soils can vary year to year or over a course of a year. The objective
of this stidy was to compare current available passive (PS) and active optical sensor
technologies (AOS) performance in regards to sky conditions effects and derive the NDVI
(normalized difference vegetation index) relationship to wheat yield, as well as evallihte KS
optical sensebased N recommendations against KSU soil test N recommendation system and
SUAS (small unmanned aircraft systems) based recommendation algorithms with the PS and
AOS platforms. Each year (202916 & 20162017) five field trails across Kaas were
conducted during the winter wheat crop year in cooperation with county ag agents, farmers, and
KSU Agronomy Experiment Fields. Treatments consisted of N response ctiar 2¢
generation KSU N recommendation algorithms, sUAS based recomnoandkforithms, and
KSU soil test based N recommendations applied in the spring using N rates ranging from 0 to
140 kg ha. Results indicate the Holland Scientific Rapid Scan and MicaSense RedEdge NDVI
data was strongly correlated and generated strorgpredhips with grain yield at 0.60 and 0.57
R? respectively. DJI X3 lacks an NIR band producing uncalibrated false NDVI and no
relationship to grain yield at 0.0FRCalibrated NDVI from both sensors are effective for
assessing yield potential and coblel utilized for developing N recommendation algorithms.
However, sensor based treatments preformed equal to higher yields compared the KSU soil test
recommendations, as well as reduced the amount of fertilizer applied compared to the soil test
recommendatbin. The intensive management algorithm was the most effective in determining

appropriate N recommendations across locations. This allows farmers to take advantage of



potential N mineralization that can occur in the spring. Further research is neededraansid
setting the NUE (nitrogen use efficiency) in KSU N rec. algorithms for effects of management

practice, weather, and grain protein for continued refinement.
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Chapterl-Fact ors I nvolved i ngREMbDL eg &«
(N) Management: A Literature

Remote Sensing

Where would remote sensing be without the work of William Allen, David Gates, Harold
Gausman, and Joseph Woolley who have their roots in using the visible andfrazad
portions of the eldcomagnetic spectrum for relating morphological characteristics of crops to
optical propertie§Gates et al., 1965, Allen et al., 1969, Gausman et al., 1969a, Woolley, 1971;
Allen et al., 1973; Gausman 1973, 1974; Gausman et al., 1971, 1974; GausmanjNit g
ground work that has been laid out, sensor technology can measure spectral reflectance giving
the opportunityto quantify agronomic parameterBuring the last 100 yearde application of
remote sensing to agronomic problems created new aetho improvednanagement of crops
(Hatfield et al., 2008)

Remote sensing has tyoimary types, passive and active. Passive remote sensing relies
on sunbés energy being either reflected or abs
from groundbase equipment, aircrafts or satellites. Since sunlight is a limiting factor sky
conditions, such as, clouds, and changing solar zenith angle are the most influentilesince t
are very variable Active sensor®n the other hanaontairs itsown light source, thus desnot
require sunlight to be present and can operate undeayckky conditions or at night, resulting
in more feasible and applicable sendormeasureagronomic parameterdmong these two
types of sensing theayeasurea number of wavelgths in the visible and nesufrared
spectrum. Measurement of these wavelengths can enable calculations of different vegetation

indices (VI).



Active Optical Sensors

Active optical sensors (AOS) as definegiHo | | and et al . (2012) dar
instruments that irradiate a target with radiation and measure that which is scattered back to the
sensor 6s idnetteegcrtaolr op.h otiosi bl e wavelength | eaf r
high chlorophyllabsorption (Curran, 198%aning to a strong lemar relationship between leaf
chlorophyll and leaf N content (Lamb et al., 2002). Along with visible reflectance having a
strong relationship with leaf chlorophytiearinfrared indices can quantifyigh plant biomass
(Mistle et al., 2004; Heege et alQ@8; Reusch et al., 2010).

When both the visible and nemfrared wavelengths are emitted and radiation returned
from the sensed area, a calculation of VI can be made for specific characteristics of interest.
Normalized Difference Vegetation Index (NDVi§)among the most common vegetation index
to be calculated in agriculture (Rouse et al., 1973; Fitzgerald 2010) emchisited as (NIR
Red)/ (NIR +Red)(Red 656690 nm and NIR 76@00nm).NDVI measurements can be reliable
for indirectly predicting nitogen (N) uptake, biomass, and crop yield (Stone et al., 1996; Solie et
al., 1996; Tucker et al., 1980; Pinter et al., 1982). On the other hand, NDVI is prone to strongly
saturate out when leaf area index (LAI) excee@®s(Aparicio et al., 2000; Mistelg al., 2004;

Heege et al., 2008). With the changes throughout the growing season saturation with NDVI can
be more affected by the changes in LAl (Daughtry et al.,2000; Eitel et al., 2008,2009) resulting
in limiting effectiveness for evaluation of N in g®

Use of AOS allows for quick measurements regartiiegplantécharacteristics
throughout the growing season. Many sensors have been designed and tested to provide
beneficial hformation to provided assistanivecrop management systenasfew onthe market

beingTrimble GreenSeeker, Holland Scientific Rapid Scan, and MicaSense Redbdge

2



sensorganmeasure therop health or vigor to provide inputs infttilizer recommendations.
Optical sensobased approach is promising for practical appbeest due to its nondestructive

and timely measuring characterist{ts et al., 2009)

Nitrogen

With current times, today much knowledge has been acquired about how N was
di scovered, what it is, where it sevdveihtound,
the ever changing environment, N becomes a crucial component for survival. It is among one of
the largest quantities of the essential elements needed for plant and animal growth. However,
research is needed to further understand the radiaages that can occur with nitrogen.

N is one of the three primary macronutrients essential for plant growth followed by
phosphorus (P) and potassium (K). Nitrogen can be found in available and unavailable forms. In
the mobile form it is present as mite, but present as ammonium form it can be retained and
stored in the soil. Within agriculture the focus leans towards looking at the soil level in regions
with limited precipitation. At the soil level plants can exploit to extract essential nutrients for
growth, particular utilizing N depending on where the fertilizer was placed and its key
transformation form present. Many interactions occur in soils, such as, microbial populations
thriving mingling with the plants and soil, and transformations of Ntireeavailable or
unavailable forms. Knowledge about the nitrogen cycle about the vital components as follows:
volatilization, denitrification, leaching, immobilization and mineralization are crucial to keep in
mind when increasing maximum production pai, input efficiency and the environmental

risk with N management (Griffith and Murphy, 1991).
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Figure 1-1 The Nitrogen Cycle, (IPNI, 2013)



4R Concept

An avid tool that is utilized for decreasing N loss, environmental risks, increasing
nitrogen use effici enc yownasthefalbwing:dightpeéuct4 Rés. C
right rate, right time, and right place (Roberts, 2007). With these componergpesiiéc
management of N is considered a primary investment in integration (Mulla and Schepers, 1997).

The 4R concept can be usedaimy given crop and environment to obtain maximum yield

potential and crop utilization, and has potential to reduce environmental impact. Properly
understanding the 4R tool can be beneficial for producers and consultants for decision making in
N managemerd@nd crop N status. Sitespecific management can optimize N for increasing

grain yield and reduce environmental impact when choosing fertilizer sources, time of

application, amount applied, and placement for the right cropping system.

Nitrogen Cycle

Many environmental factors affect the nitrogen cycle, such as environment, management
practices, and physical properties of the soil (Figulg. Molatilization occurs when N is
transferred from ammonia gas and lost to the atmosphere. A problem withzatiatil is
surface applied urea applications not getting incorporated into the soil. The 4R concept of right
placement and right source play a huge role in volatilization. If volatilization is increased, the
loss of N needed for crop N uptake can resujtiétd reductions. Fertilizers associated with
increased levels of volatilization are urea based, which are surface applied to soils. It has been

reported that up to 40% of ammonia volatilization losses have been from urea applied products



(Fowler and Brydn, 1989). Incorporating urea products is the best placement and practice to
reduce ammonia volatilization.

Denitrification is the loss of N in the conversion of NGO N> gas and occurs in water
logged soils where oxygen is limited. Without the presémitrate, denitrification will not
occur. The amount of oxygen present in soils is impacted by moisture content and soil texture.
Oxygen levels decrease when moisture increases then denitrification occurs. Greatest potential
for denitrification to occuin is fine textured waterlogged soils. Anaerobic bacteria are linked to
the rates at which denitrification occurs.

Leaching can be defined as the movement of soluble material from one soil zone to
another via water movement in the profile (Glossaryaf Science Terms, 2013). N@ the
main form that is lost by leaching. Nitrate movement through the soil profile is affected by soil
type and climate. Heavy rainfall events can increase the movement of nitrate throughout the soil
profile into the groundwater. Leaching of N&in mass quantities limit crop uptake in return
reduce yields. Coarse textured soils have large pore size increasing infiltration and percolation
rates compared to a fine textured soll, increasing potential for leaching (Mulla anl, 2008).
Water movement through differently soil textures promote varies infiltration rates through the
soil profile and moves N§out of the root zone. Management is critical to minimize leaching,
taking into account the N source and timing are keatatries. Timing of application during
active crop uptake is vastly the most important management practice during the growing season.

Immobilization can be described as the process of inorganic nitrogen into organic forms
conducted by organism or planidie process that breaks down the organic material such as
plant residue is mineralization into a form of inorganic N which is released in the soil for

available plant uptake. The amount of organic matter can affect the rate of mineralization



occurring in he soil. Soil conditions such as temperature, moisture, and aeration play a huge
role. Predicting the amount of mineralization present in field can be complicated not knowing
soil conditions. Crop residue can provide some amount of energy for microfmsptete their
lifecycle. C:N ratio is a very important part of managing nitrogen as it affects how much N is
moved to the available for(Brady and Weil, 2009and can affect whether or not nitrogen is

going to be mineralized or immobilized. With that therobial activity factors that can affect

the process of the conversion of nitrogen is soil temperature and moisture. High amounts of crop
carbon residue increase N immobilization and removal from the available plant nutrient pool. In
order for the carboresidue to break down and be utilized for the crop uptake microbial
populations reproduce taking advantage of the energy pool provided. After completing their
lifecycle, they decompose and mineralization occurs releasing inorganic N to the soil.

In situations where C:N ratios are greater than 25:1, the microbes need the additional N,
resulting in immobilization. Understanding the process of immobilization of different crop
residues is key for N management especially wtilheystems where high leveld tesidue
potentially lead to increased immobilization. Placement is a crucial part to reduce immobilization
it can be achieved by surface applications (knifing or banding) to minimize contact with the

residue in netill systems (Mengel, et al., 1982).

Nitrogen Use Efficiency

The need to increase nitrogen use efficiency is becoming more of interest, due to the fact
producers are optimistic in crop yields and over apply for insurance to achieve desired yield
goals. NUE can be defined as the measurewietriop biomass as a function of N available for
the crop. N uptake efficiency (NUpE) and N utilization efficiency (NUtE) can be derived from

7



NUE. NUPpE is the total N taken up by the plant divided by the N available including soil. NUtE
is the total graiproduced divided by total N in biomass and grain (Figug3. TThe ability to
evaluate N recovery from the soil and plants utilization in generating yield can be calculated by
multiplying N uptake efficiency by N utilization efficiency for overall NUE.

Utilization of efficient fertilizer use is essential if not the most important when increasing
NUE. It has been stated that 50% of applied N is recovered in harvested grain worldwide (Raun
et al., 2001 and Hawkesford, 2010). Future consideration in managpraetices need to factor
in appropriate agronomic management and cultivar selection. Using N in the most effective way
is considerably the most sustainable in managin@yically in Kansas the NUIs valued
around50%in winter wheatwhen making N ra recommendationsith 30% applied N being
incorporated into soil organic matt@lson and Swallow, 1985), resulting in less than 20% of

actual N is lost from these systems.



NUE = NUpE x NUtE
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Figure 1-2. Nitrogen Use Efficiency (Hawksford, 2012).

Nitrogen Recommendation Algorithms

Continued work in opticadensor technology is ever evolving from year to year. Data
collection in season on crop health can be utilized for creating solutions for N man. Algorithms
are developed from the spectral data collected to generate agronomic interpretations. The first
devdoped algorithm for irseason use in winter wheat for AOS was by Dr. William Raun and
his collaborators (Raun et al., 2002). On the go AOS sensors using NDVI values have
successfully predicted-season yield potentials for critical growth stages in winteeat (Raun

et al., 2001).



Algorithm development can have issues where they become very robust and sensor
specific, in return make it hard to apply to different slowing regions. Advancements in
development have led to more robust generalized algoritksigried to be used throughout the
growing season across various environmental conditions, extending life expectancy of the
algorithm. Refinement of developed algorithms through data collection will be of importance

due to changing conditions.

Sensor Techmwlogy

Different sensors have become commercially available to use in production agriculture
t hrough the yeardés. The problem is simplifyin
integrate into their cropping system. Without simplified ways to akband collect the data
need from the sensors, the usefulness to the producer is limitdde@a sensing that is
mounted to equipment can be more feasible and
Sensor technology began with the use of chlorophyll reefdre chlorophyll meter
known more commonly by SPAB02 mete (Konica Minolta, Tokyo, Japar@nd Hydro N
Tester Yara International ASA, Oslo, Norway; HNEan detect nitrogen availability through
chlorophyll content in the plant leaves and canffghlenmer et al., 2005)The higher the
reading means that more red light is absorbed by the leaves, which means more chlorophyll is
present. The chlorophyll meter can only detect the current N status of the plant, but cannot
predict the future status as to iogie how much fertilizer would need to be applied for crop
growth for achieving potential increased yields.
Optical sensor such as Trimble Greenseeker and Holland Scientific Crop Circle/Rapid
Scan have been popular in the concept of on the go sensitigs@&wsors utilize their specific

10



Red and Near Infrared bands to calcul ate NDVI
deal with sensitivity is the footprint size between the sensor and target. With the Holland
Scientific sensors, the size of thefprint can be adjusted by increasing the distance, which can
strongly affect the measurement performance if it decreases the more intense the reflected light is
greater than at a greater dista(®amborski et al., 2009 he footprint of Greenseeker amet
other hand, does not change between sensor and the target. It was designed using mask approach
to maintain the footprint of 600 by 1 cm (Samborski et al., 2080ch optical sensors are
designed so that if intensity of the light diminishes from cemitward, positioning of the sensor
in nadir view over the crop canopy before driving/walking using the s¢8sbepers, 2008).

There are advantages of using sensor technology for nitrogen recommendations over
traditional soil test recommendation. Sostteecommendations rely on the use of profile nitrate
test, in result are not commonly done due to that fact they are difficult to sample. Sensors can be
used in place of soil testing to allow for estimating N availability from the soil based on response
index RI) (Mengel and Asebedo, 2013Yhen considering soil test, soil sampling should occur
prior to planting. Often times soil tests taken prior to planting will not accurately consider N loss
mechanisms, such as leaching, denitrification, and minetialize&sensors have an upper hand to
provide more current status on spring N availability for crop nutrient management
recommendations. Management plans with the use of sensors can help with potential second N
application before head is visible. The secapglication can help determine the rate of
mineralization occurring from residue and soil organic matter, to determine if the second
application is necessary to supply the crop for development. Sensor technology can provide

current data of N availabilityyhich is important in areas that greater potential of high N loss.
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Summary

The use of N in agronomic decisions have led to increased crop production and limited
resources. Understanding the N cycle is extremely important as N is key for crop production
As humans continue to exist N fertilization impacts are a major concern. Without proper care and
attention, the arable land will have traumatic effects for successfully producing valuable crops.
Through development of sensor technology improving Nki&t @s a solution to the
problem. Evaluating the crop N status and providing N recommendations for the individual crops
helps to determine how much N is need to continue crop development throughout the growing

season.
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Chapter2-Compari son of Active and Pa
Technol ogies to I dcNeasoeg6&nai(iN)Y
Efficieeyasfooxr Crmp Moni toring 1ir

(Triticum)aestivum L.

Abstract

Nitrogen (N) in Kansas soils can vary dramatically over the course of a year, and from
year to yearOptical sensors have the potential to assesdthtatus of winter wheat in these
cropping systemsma optimize N recommendations. Sensor technology has become more readily
available for applications in precision agriculture. Ré&ak sensing has become more of interest
for site-specific managemenbf crop monitoring, fertilizer, pesticide, and irrigation applications,
especially for inseason nitrogen (N) applicatiorfsvo objectives for this study: 1) Compare the
DJI X3 RGB camera and MicaSense RedEdge Multispectral Imager (Passive Optical Sensors)
against the Holland RapidScan (Active Optical Sensor) for calibration reliability and producing
stable relationships between NDVI and Grain Yiel[dCB@mpare Grain Yield performance aNd
rates of KSU optical sensdmased N recommendation algorithms agathe KSU soil test based
N recommendation systeiBach year (2012016 & 20162017) fivefield trials across Kansas
were conducted durinpe crop year in cooperation with county agats farmers and KSU
Agronomy Experiment FieldsTreatments caisted of an N response curve! (Feekes 4 single
topdress, no reference strip) arfd (Feekes 49 multiple application, reference strip needed)
generatiorKSU sensotbased\ recommendation algorithmsUUAS based recommendation
algorithms,and KSU soil tesbased N recommendations applied in the spring using applied N

rates ranging from 0 to 140 kghal'he B generation KSU N recomendation algorithms
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utilized N reference strip to determine N sufficiency, whilé generation KSU algorithms base

N recommaeadations on potentidiomass esponse of the crop and do not require a N reference
Three optical sensors were utilized in this study: 1) Holland Scientific Rapid Scan active optical
sensor, 2) MicaSense RedEdge Multispectral Camera, 3) DJI X3 RGB Canpreal sensor

data was collected under full sun and overcast sky conditiResults of the optical sensor
comparison indicates that the MicaSense RedEdge provides reliable spectral data during overcast
and sunny sky conditions and was able to prodtroang relationships between NDVI and Grain
Yield. The results from the field studies conducted had shown soil test and optical sensor based
N recommendation systems can produce optimal grain yields at a reduced N rate under most
conditions. Both methodogies provide N recommendations that would allow Kansas wheat
producers to maintain or increase grain yield, reduce N inputs, and enhance profitability while

reducing environmental impact.

Introduction
Today many technological advances have been made pocalucers in being more

sustainablenodernfarming practicesNitrogen (N) is a limiting factor in crop production that is
heavily influenced by weather conditions (Jensen et al., 1990). As well as a driving force for
yields as it is an essential nutridor crop growth (Kim et al., 2000). Demand of Ndypps can
vary spatially across field locations due to spatial differences in varying soil iomsditaRuffa

et al., 2001). In some cases, N is over applied without considering crop requiremené&ntalpo
environmental risk to achieve adequate grain yield. Excess N that is applied can excessively
increase plant biomass, causing increase potential of lodging and leading to decreased yields

(Stokes et al., 1998). As Flowers (et al., 2002, 2003b, 2Qfiyhested, remote sensing has the
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potential to improve nitrogen efficiency in winter wheat to provide the appropriate
recommendation of N fertilizer needed.

Remote sensing (RS) applications can be used to assess N status through the visible
spectrum andinderstanding the spectral response curves (Hatfield et al). 26089 RS is a
non-contact measurement for reflected radiation or emitted from crop production fields (Mulla,
2012). With RS technologies, specific wavelengths can be targeted that eativiedof crop
health (Thenkabalil et al., 200Bhotosynthetically active radiation (PAR) (4000nm) is
strongly absorbed by chlorophyll and indicative of N sté§@® to 700 nm) (Pinter et al., 2003).
Plants can likewise reflect wavelengths in thermefsared (NIR 7001300 nm) region of the
spectrum due to leaf density and canopy structure (Mulla, 2012). Vegetation indices are often
applied in RS to integrate multiple wavelengths to measure the crops health response. The most
common vegetation inddr agriculture is normalized difference vegetation index (NDVI) that
utilizes the red (R) and NIR wavelengths, and can be an indicator of plant biomass and grain
yield (Wanjura and Hatfield, 1987). NDVI is capable of separating plant and soil signals and
tend to have saturation effects due to increasing plant biomass. These saturation effects occur
when leaf area index (LAI) exceeds -3%Aparicio et al., 2000; Mistele et al., 2004; Heege et
al., 2008).

Passive optical sensors such as satellites and aainave been employed for crop
monitoring for many decades. Passive sensors rely on the ambient light to measure the reflected
light from the canopy in the visible and NIR spectrum (Mulla, 2012). When using PS, sky
conditions must be considered. Clouds zsult in variable illumination across the sky that can
affect the quality of light being absorbed and reflected from the plant (Fitzgerald, 2010). Time of

day (solar zenith angle) is important to considered in collecting imagery as solar zenith angle
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(10:00 am to 4:00 pm) can change during the day and best time to collect data is within 2 hours
of solar noon (12:00 pm) (Fitzgerald, 2010). The difficulty of using PS is the need to calibrate
these sensors to account for the effects of cloud cover andrstimamegle. Passive sensors and
their potential difficulties with calibration induces limitations for RS applications in precision
agriculture.

In more recent years, proximal remote sensing applications utilizing active optical
sensors (AOShave been usl for the main purpose of rehe specific management for
assessing crop stat(iSchepers et al., 1992). Active optical sensors emit their own light from
pulse modulated light emitting diodes to measure the reflected light from the canopy (Mulla,
2012).As a result, AOS can be used in any sky conditions or at any time including night. The
first sensing tool was Minolta soil plant analysis (SPAD) measuring leaf chlorophyll content for
N applications (Schepers et al., 1992). As years progressed Stan@@9@) began work on
measuring Red and NIR bands on winter wheat with AOS fee&son oithe-go sensing.

Active optical sensor platforms can be mounted on farming equipment, such as tractors,
spreaders, and sprayevgork done by Stone et dl996transitioned to on the go sensor readings

to vary N fertilizer applications using algorithms for the N applicatiohso main AOS have

been used throughout literature which are GreenSeeker (Trimble Navigation Limited, Sunnyvale,
California, USA) and Rapid &o (Holland Scientific, Inc., Lincoln, NE, USA) for collecting

NDVI throughout the growing season for whegtitficum aestivum L.and corn 1aizé.

Sensotbhased nutrient management has been a slow adoption, but haohsestent
with the delayed adoptn ofother agriculture techihmgies (Fugle and Kascak, 201bjifferent

vegetation indices have been created to relate leaf or canopy reflectance (Hatfield et al., 2004).
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One thing that stays consist in predicting biomasspanential yield, is the usef
normalized difference vegetationdex (NDVI) in algorithms. The first algorithm developed for
in-seaon for winter wheat was Baun et al.(2002), which stated that N fertilization-geason
relies on the use of ground based optical sensors to eneop and trigger N applications per
the cropbdés yield potenti al response (Raun et
increase yield, but under certain weather conditions, such as dry conditions, the uptake of N can
be impaired (Grant and &en, 1998). Althoughrpvious work done by Flowers (2001, 2003)
shows that canopy reflectance can be used to accurately predict winter wheat tiller density for
Feekes AN applicationsAn intensive approach of split applying N fertilizer can maximize
vegdative growth at booting and increase grain protein content (Spratt, 1974). The challenge for
producers to start adapting to use minimal input for maximum return is largely due to
unpredictable weather conditions (Tremblay et al., 2007a).

Recent advances calibration methods for multispectral cameras mounted to small
unmanned aerial vehicles (UAVs) has resulted in a resurgence in the use of PS for assessing crop
health. Two objectives were established for this study: 1) Compare the DJI X3 RGB camera
andMicaSense RedEdge Multispectral Imager (Passive Optical Sensors) against the Holland
RapidScan (Active Optical Sensor) for calibration reliability and producing stable relationships
between NDVI and Grain Yield.)Zompare Grain Yield performance and agen rates of
KSU optical sensebased N recommendation algorithms against the KSU soil test based N

recommendation system.

21



Material & Methods

This study was conducted during two winter wheat growing seasons22085and
20162017 in cooperation with &sas Extension Agents, Kansas producers, and KSU
Agronomy Experiment Fields. The locations of the sites were for-2016 were Athol, Clifton,
Valley Center, and Victoria (Table 2.1). The site locations for 220567 were Belleville,

Manhattan (Ashland &toms and North Farm), Salina, and Solomon (Table 2.2). Sites were
located across Kansas to capture variability in soil, local weather, and potential grain yield and
productivity.

Small plots (3x12 meters and 2x3 meters) were arranged at each locatiandomized
complete block design with four replications with 0.91 m alley way for maneuvering equipment
between treatments. Structure for the treatments (N time x N split) are sumniarizdde 2.1
applied across site locations. N response curve gtablshed witlsingle rates of 0, 28, 56, 84,
112, 140 kg N haapplied in the fall or winter period to establish a grain yield response to
different N rates applied at each location. Split applications were applied after NDVI readings
were taken to detmine the rate of application needed at Feekes#or 9. All treatments were

applied by hand broadcasting granular ureaG<.
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Table 2.1 Timing, Rate, and Average Total N Applied to Winter Wheat Across 2016 &
2017 Locations

Treatment 1 2 3 4 5 6 7 8 9 10 11
) AOSa AOS SUAS
N Soil SUAS §
o FKS FKS4& FKS 4 &
Timing Control N Response Curve  Reference TestN s . FKS 4 .
Strip Rec. N Rec
N Rec. N Rec. N Rec.
kg N ha!
Fall/Winter 0 28 56 84 112 140 68 0 0 0 0
Feekes 4 0 0 0 0 0 0 0 45 26 46 33
Feekes ® 0 0 0 0 0 0 0 0 10 0 11
Total N
) 0 28 56 84 112 140 68 45 36 46 44
Applied

4A0S = Active Optical Sensor
4 FKS = Feekes

sUAS = Small Unmanned Aircraft System

Cultural Practices

Tables 2.2, 2.3, 2.4, and 2rielude key information that were used in establishing this
study. All locations were soil sampled by gaed postharvest to assess other nutrients besides
N. The winter wheat varietyds that were wused
choice for the season and planted by their common methods. Most common metfiadtiog
winter wheat is by drill in Kansas. Locations varied in using preplant or starter fertilizer, which
the producer used their most common practice in their field management. Producers made
applications of herbicide in the early spring if needede@sas fungicides that were applied at

flag leaf appearance.
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Table 2.2. Site Information and Management Across 2016.
Year 20152016
Location Athol Clifton Valley Center  Victoria Sabetha
Latitude 39.778177 39.554647 38.778177  37.874093 39.912247
Longitude -98.903024 -97.236159 -98.201224 -97.244777 -95.877619
Soil Type Holdrege Silt Crete Silty Clay  Silty Clay Harney Wymore Silty Clay
Loam Loam Loam Loam
Previous Crop  Summer Fallow Soybeans Corn Wheat Corn
Tillage Conventional No-Till Minimal Till No-Till Minimal Till
Management
Table 2.3. Site Information and Management Across 2017.
Year 20162017
Location Ashland Belleville North Farm Salina Solomon
Bottoms
Latitude 39.145455 38.815047 39.213926 38.740521 38.870981
Longitude -96.635152 -97.673848 -96.593277  -97.612077 -97.432551
Soil Type Belvue Silt Reading Silt Silty Clay Roxbury Silt McCook Silt
Loam Loam Loam Loam Loam
Previous Crop Soybeans Fallow Soybeans Wheat Wheat
Tillage Conventional ~ Minimal-Till Conventional Conventional Conventional
Management
Table 2.4. Key Dates and Cultural Practices Utilized at Sites in 2016.
Year 20157 2016
Location Athol Clifton Valley Center Victoria Sabetha
Variety Everest WB Grainfield Everest TAM 111 SY-Wolf
Seeding Rate (kg Ha 87 112 118 90 136
Planting Date 10/5/15 10/13/15 10/8/15 9/30/15 10/2/15
Winter/Fall 3/5/16 3/15/16 2/25/16 3/14/16 3/3/16
Applications
Feekes 4 Treatment 3/19/16 3/18/16 2/25/16 3/18/16 3/16/16
Feekes 79Treatment 4/19/16 4/16/16 4/15/16 4/16/19 N/A
Harves Date 711/16 6/29/16 6/13/16 717/16 6/27/16

N/A = Not applicable
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Table 2.5. Key Dates and Cultural Practices Utilized at Sites in 2017.

Year 20162017
Location Ashland Bottoms Belleville North Farm Salina Solomon
Variety 1863 Everest 1863 Everest WB 4458
Seeding Rate (kg Hx 84 100 100 99 73
Planting Date 11/1/16 10/3/16 11/4/16 9/26/16 9/22/16
Winter/Fall 11/15/16 11/16/15 11/15/16 11/1/16 11/1/16
Applications
Spring Applications 3/18/17 3/10/17 3/18/17 3/14/17 3/15/17
Feekes 4 Treatment 3/18/17 3/10/17 3/18/17 3/14/17 3/15/17
Feekes @ Treatment 4/20/17 4/14/17 4/20/17 4/10/17 4/10/17
Harvest Date 6/16/17 6/28/17 6/20/17 6/14/17 6/21/17

Sampling Methods

Soil Sampling and Analysis

Soil samples weréaken in the fall at the beginning thie growing season with a hand
soil probe to a total depth of 60 cm at each sitatlon. Across locations studyea a composite
soil sample of 8 cores were taken at bothl8 and 860 cm depthsThe samples for-5 cm
were analyzedor soil pH, orgait matter by loss ofgnition, Mehlich3 phosphorus, potassium,
nitrate, ammonium nitrate, anthz. The B60cm samples were analyzed farate, ammonium
nitrate, chloride, andudfate. Coinciding with winter wheat harvest (through June and July§ 0O
ard 0-60 cm soil samples were taken after harvesting was comple¢eto weather conditions
during this time 860 cm depth soil samples were taken only if soil moisture allowed the soil
probe to reach such depth. Summary of thegme postharvest soil saplesdata is presented in
Tables 2.6 and 2. Kansas State UniversitiKGU) Soil Testing Laboratory analyzed all the soil
samplesNitrate analysis was used in KSU soiltest o mme ndat i on cal cul ati on
treatments. Locations did not receamy additional fertilizer supplementations other than N

(urea).
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Table 2.6. Soil Nutrient Analysis Across 2016 Locations.

Location Athol Clifton Sabetha Valley Center Victoria
Harvest
Pre Post Pre Post Pre Post Pre Post Pre Post
pH 5.6 2.9 6.0 6.3 6.3 6.5 6.5 6.5 6.2 6.2
0-15 % OM 2.8 2.9 2.8 3.2 4.0 4.3 2.8 3.1 2.3 24
0-15 P (ppm) 47.9 48.8 9.7 8.8 33.3 22.2 20.1 18.7 23.2 25.3
0-15 K (ppm) 607.5 530.8 2875 266.8 4425 313.8 3308 208.7 4850 407.2
0-15 NH+N (ppm) 155 8.9 10.7 7.0 126 8.7 7.8 104 54 8.9
0-15 NG:-N (ppm) 176 9.9 2.1 94 192 28 1.8 2.6 6.8 3.5
0-60 NHs-N (ppm) 8.0 9.3 5.9 9.3 9.9 N/A 5.6 7.2 5.0 9.0
0-60 NQ-N(ppm) 9.0 6.8 2.6 5.4 26 NA 0.9 2.8 3.6 3.1
0-60 CI (ppm) 5.8 6.5 31 5.6 4.8 N/A 3.8 5.4 4.9 2.0
0-60 SQ-S (ppm) 3.6 3.9 2.8 45 204 N/A 6.9 5.4 11.6 3.0

N/A = Soil conditions to dry and compacted, no more thds @eliable.
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Table 2.7. Soil Nutrient Analysis Across 2017 Locations.

Location

pH
0-15 % OM

0-15 P (ppm)

0-15 K (ppm)
0-15 NHs-N (ppm)
0-15 NG-N (ppm)
0-60 NHs-N (ppm)
0-60 NGs-N(ppm)

0-60 Cf (ppm)

0-60 SO-S (ppm)

Ashland Botoms Belleville North Farm Salina Solomon
Harvest

Pre Post Pre Post Pre Post Pre Post Pre Post
6.23 6.23 5.35 5.14 6.20 5.89 6.66 6.73 7.96 8.24
31.00 1.11 2.02 3.18 2.73 3.07 3.64 4.05 2.01 2.42
50.48 38.88 5553 7150 5048 16.40 26.91 20.58 2249 26.03
162.00 161.75 502.50 42450 162.00 200.00 395.00 379.00 400.00 411.00
6.50 4.36 2.85 6.50 6.50 6.05 7.48 7.32 3.33 21.58
4.07 2.54 12.66 4.62 4.07 2.14 4288 2.92 46.71 6.93
3.65 4.99 4.41 N/A 7.53 N/A 5.52 9.98 3.74 15.29
1.60 1.14 9.29 N/A 2.68 N/A 26.33 344 31.68 3.61
425 3.36 4.95 N/A 6.20 N/A 5.78 2.97 8.80 4.68
1.38 1.13 3.89 N/A 4.78 N/A 3.28 4.10 2.56 3.07

N/A = Soil conditions to dry and compacted, no more thds @eliable.
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Table 2.8. Precipitation Accumulation During the 2016 Growing Season.

Monthly Precipitation

Location September October November  December January February March April May June July
mm
Athol 11.68 23.37 57.40 69.85 20.57 9.14 6.35 76.45 155.96  83.82 74.93
Clifton 71.37 14.48 76.71 124.97 17.78 16.51 20.07 88.65 205.23 22.86 74.17
Sabetha 51.31 14.48 7.03 60.96 10.41 10.92 28.19 167.89 123.19 20.57 70.36
Valley Center 41.66 24.13 93.98 89.66 9.40 12.45 33.53 95.76 159.26 72.64  100.84
Victoria 9.65 42.67 38.10 29.46 9.14 5.33 10.92 176.28  69.09 80.01 78.99
Table 2.9. Precipitation Accumulation During the 2017 Growing Season.
Monthly Precipitation
Location September October November December January February  March April May June
mm

Ashland Bottoms 156.97 55.12 10.92 40.13 34.29 11.68 100.58 114.81 91.69 74.42
Belleville 0 40.13 22.10 25.15 35.81 3.81 50.8 38.86 22479  22.10
North Farm 108.20 70.36 7.62 21.08 24.89 11.94 106.93 126.75 96.77 7163
Salina 50.29 47.75 13.46 16.76 36.83 4.32 102.87 116.59 118.36  93.22
Solomon 50.29 47.75 13.46 16.7 36.83 4.32 102.87 116.59 118.36  93.22
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Precipitation Data

Precipitation data was collected for each site during the crop year at the closest location
available on the KSWlesonetwebsite Precipitation data was collected prior to planting through
gran harvest tabulated on a dagum status in Table 2.8 and 2.9

Analysis for sensor comparison of the three sensors only 2017 site years were used. The
2016 data for sensor comparisons was not used due to DLS was not available for use in

collecting imagry.

Optical Sensor Data Collection

This study utilized three optical sensors, the first

sensor is the Holland Scientific Rapid Scan (Holland

Scientific, Lincoln, NE, USA) (ground platform) (Figur

2-9). The Holland Scientific Rapid Scan is a handheld
active optical sensor (AOS) using a walking speed of
approximately one meter per second at approximate
height of one meter above the canopy (Figu8).2
Wavelength channels set for this AOS are red (670 n

red edge (730 nm), and near infrared (780 r®m) the

DJI Matrice 100 (aerial platform) two sensors where & 4 O s

Figure 2-9. In-Season Use of the Active

mounted to the craft, MicaSense RedEdge Optical Sensor (Rapid Scan).

multispectral cameraicaSensdnc, 2015 capturing aerial imagery utilizing the blue (475 nm),
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green (560 nm), red (668 nm), red edge (717 nm) and rfearerh (841 nm) and the DJI X3

camera capturing 12 mega pixel Red Green Blue (RGB) imagery (FigiLie 2

In order to calibrate the MicaSense RedEd
to percent reflectance, the MicaSense reflectancs
panel was used before each flight and after each
fight. Placed flat on the ground and ensured no
shadow was on the panel receiving direct sunligh
calibrate the imagery collectéMicaSense Inc,

2015). The aerial platform was perpendicular to ”Figure 2.10. DJI Matrice 100

Platform Equipped with DJI X3 and
MicaSense RedEdge. Photograph

credit: Antonio Ray Asebedo.
pictureswere taken (MicaSense Inc, 2015). During, 4

reflectance panel (Figure 1) when calibration

2017, the MicaSense downwelling light sensor
(DLS) was acquired and mounted on top of the ae
platform. The DLS uses alfand incident light
sensor to measure the ambient light during the flig ,
for each of thés bands utilized by the MicaSense

RedEdgeInformation collected from the DLS is

used for correcting lighting changes during flight iFigure 2-11. MicaSense RedEdge
calibration reflectance panel.

regards to the changing light from cloud cover ovéPhotograph credit: Antonio Ray
Asebedo.

the sun(MicaSensdnc, 2015).DJI X3 RGB

camera does not have a stardized calibration method and therefore was uncalibrated and

image brightness values were utilized.
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The aerial platform and ground platform optical sensor data was collected on the same
day and approximate time. Aerial platform was flown at an appragifmeaight and speed of 40
meters above ground level (AGL)43meters per second with front and sidelap of 85%. Imagery
was collected with sky conditions of full sun or complete overcast between hours 10:00 am to
4:00 pm. Collection dateaigetedkey yied determininggrowth stages for sensor datalected
is listed in Table 2.10.

MicaSense imagery was processed internally through Atlas (MicaSense Inc. Atlgs, 2015
and the DJI X3 was processed through Agisoft Photscan (Agisoft). ZBdé&ctral data froraach
optical sensor was analyzedAncMap (ArcGIS, 2016)For each site extraction of data, a field
boundary shapefile was created based off the
Fishnets were created based of the harvest area of thetpdaishdocation (1.52x3.04 meters).
For each sensor NDVI and NDRE means were calculated based of the sensors wavelengths per
plot. To extract per plot NDVI and NDRE, zonal statistics by table extraction was used in the

imagery collected.

Plant Samples/Hawrest

All site locations were machined harvested with a plot combine with an area of 1.5
meters by 12 meters used for grain yield. Harvesting of the grain was placed into a sack,
weighed, and a subsample was taken for analysis of grain moisture andigestusieag a water
basis meter (Dickey Jon 2100 GAC). Winter wheat grain yield was adjusted to 125 g kg

moisture. All grain samples and analyzed for N concentrations to the KSU Soil Testing Lab.
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The following calculations were used in completing datalysis:

f NUE Recovery=

Treatment Total Grain N Uptake (kg N'‘Hd Control Total Grain N Uptake (kg N #a
Total Topdress N Applied (kg N hg

f Grain Protein Content = Grain N Content (g K8 * 6.25
1 KSU Soil Testing N Rec for Winter Wheat=

(Yield Goal (kg ha) * 0.043 kg N k¢' of Grain Yieldi (Organic Matter (g kg)*1.12) -
Soil Profile Nitrate (kg hd) i manure credit$ additional credits

f Grain Protein Content = Grain N Content (g K8 * 6.25
1 Normalized Difference Vegetation IndexNDVI) =
(Rouse, 1937)

NIR - Red
NIR + Red

1 Normalized Difference Red Edge Index (NDRE¥
(Barnes et al., 2000)

NIR - RE
NIR + RE

1 False Normalized Difference Vegetation Index (False NDVE
(Fitzgerald, 2010)

Greeni Red
Green + Red
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Table 2.10. Show the Key Determining Growth Stages Used for Collecting Data.

Growth Stage (Feekes Characteristics
Leaf sheaths lengthen (spring greenup). Sheath begins to leng
Feekes 4 .
and starts to become erect. (Tillering)
Feekes 7 Second node of stem visibl&tém Elongation)
Feekes 9 Flag leaf visible. Flag leaf is completely emerged from the whe

(Stem Elongation)

Statistical Analysis

For representation of the dataset of the graphs and tables were created with EXCEL
(Microsoft, 2016). Imaging processifgr the MicaSense occurred internally whtlas
(MicaSense Inc, 20)%nd the RGB imagery with Agisoft Photo (Agisoft, 2017). ArcMap
(ArcGIS, 2016) was used for imagery extraction. Testing for data normality and regression
analysis was conducted in R viers 3.4 (R Core Team, 2017). Statistical analysis of the data
using mixed effects models was conducted with SAS University Edition (SAS, 2016) utilizing

the MIXED procedure.

Results and Discussion

Optical Sensor Comparison

The results from comparing thiee MicaSense RedEdge (passive sensor) and the Holland
Scientific Rapid Scan (active optical sensor) show a very good relationship wifhoa0.82
under sunny sky conditions and ®82 under overcast sky conditiofi$gure 212). Analysis
of varianceconducted comparing the slope of sunny and overcast conditions indicated that they
are significantly different with a-galue less than 0.001. These results indicate that the

calibration for the MicaSense RedEdge that utilizes a calibration reflectameleapa a
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downwelling light sensor is adequately compensating for changes in light conditions to provide
reliable spectral data for assessing crop health throughout the growing season. However, figure
2-12 indicate that MicaSense RedEdge NDVI values dlaimg under overcast conditions,
which could lead to incorrect assessment of plant health if not accounted for. Hatfield et al.
(2008) determined under overcast sky conditions, the reductsumédht availableouldbe
altering how mucleaves are aorbing and reflecting and therefore affecting the reflectance
values Additional development to the MicaSense RedEdge calibration methods may be
necessary to allow for a single calibration model to be used to address most sky conditions
observed.

The comprison between the DJI X3 (RGB) False NDVI against the Holland Scientific
Rapid Scan had a very poor relationship with 4of0.08 under overcast sky conditions and an
R? of 0.43 under sunny sky conditions (Figurd¢2). This can be due to the fact DXB (RGB)
camera is not calibrated like the MicaSense RedEdge and Holland Scientific Rapid Scan.
Therefore, the spectral data provided by the DJI X3 is heavily influenced by the sky conditions
during imagery collection and is more likely to reflect changesky conditions and not plant
health (Figure 21.2).

The analysis of NDVI with grain yield show that the MicaSense RedEdge and the
Holland Scientific Rapid Scan produced a strong relationship witlf af (R66 and 0.62
(Figures 213 and 214). Howeveruncalibrated False NDVI generated by the DJI X3 had no
relationship with grain yield with an?®f 0.0018. The poor relationship generated by the DJI
X3 is likely due to the lack of a calibration reflectance panel for normalizing out sky conditions
and tke absence of a nearfrared (NIR) band for assessing plant biomass. The utilization of the

Holland Scientific Rapid Scan provided stable spectral data for validating the reliability of
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imagery produced by the DJI X3 and MicaSense RedEdge for assesgirtgeaith. These
results are supported by previous work conducted by Fitzgerald (2010) in which he determined
active optical sensor technology can be used to validate the reliability of spectral data produced

by passive optical sensors under varying skyditions.

Comparison between Soil Test and Optical Sensor based N recommendations by

location within year

2016 Athol Field Analysis

No significance difference in grain yield was observed across all treatments (Table 2.11).
Although grain yield raged from 4.91 to 5.25 Mg Hahigh residual N in the soil profile
provided enough N to support season long growth and achieve maximum grain yield (Table 2.6,
Table 2.11). The lack of precipitation events during March till-Ayuil could have led to tille
abortion and potential to decrease yield (Table 2.8). Nitrogen recommendations generated by the
optical sensor based N recommendation algorithms (treatmdrifsapplied nearly 70 kg less N
per hectare when compared to the soil test based N recominerglatem (treatment 7),

without a statistical reduction in grain yield and protein (Table 2.11).

2016 Clifton Field Analysis
Grain yields produced at this site were ranged from 3.92 to 6.20 Mgnith a
significant grain yield response to applied ™ble 2.12). Precipitation events during the early

part of the growing season were low {20 mm) till the latter half of the season, were greater
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(40-100mm) rainfall amounts were observed (Table 2.8). Statistical differences in grain yield
were obsered between the soil test (treatment 7) and optical sensor (treatib&hnt Bhe soil

test based N recommendation achieved grain yield of 5.72 Mwhizh was statistically higher

than single N application optical sensor treatments 8 and 10 at 5.0208ndd ha (Table 2.8).
However, the intensive N applications treatments 9 and 11 achieved statistically equal grain yield

to the solil test treatment 8 while applying approximately 76 kg less N per hectare.

2016 Sabetha Field Analysis

At Sabetha in NEKansas the crop was impacted by thin stands at green up. As the
season progressed tstand increased in tillering that compensated for the pateimd
conditiors. Despite the stand condition, grain yield ranged from 5.10 to 5.99 Marhno
statistcal differences were observed for grain yield across treatments (2.13). This was likely due
to thevery high residual N within the soil profile (Table 2.6). As a consequence, treatment 7, the
KSU soil test recommendation provided a zero recommendatidth dmd achieved 5.77 Mg ha
1. The optical sensor treatment® 8ecommended less than 20 kg of N per hectare and did not

observe a statistical increase in grain yield at 5.99 and 5.43 M¢rhale 2.13).

2016 Valley Center Field Analysis

Adverse condibns occurred at Valley Center late in the season. A hail storm occurred
prior to harvest at the study location and caused considerable damage to the plot area. Therefore,
the results presented in Table 2.14 are highly confounded with hail damage larat b

assessed.
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2016 Victoria Field Analysis

In this siteyear, located in western KS, precipitation was minimal and drought conditions
were observed (Table 2.8ptatistical differences were observed across treatments with grain
yield ranging from 23 to 4.3 Mg ha (Table 2.15). The soil test treatment 7 achieved a
statistically higher grain yield and protein at 3.76 Md¢f had 140 g kg when compared to all
of the optical sensor treatmentl® (Table 2.15). This reduction in performance by tbigcal
sensor based treatments is likely due to precipitation events not incorporating optical based
sensor treatments into the soil soon enough to impact tillering and head size formation (Table

2.4,2.8)

2017 Ashland Bottoms Field Analysis
Early seasodrought conditions, heavy leaf rust pressure, and potential chloride
deficiency were observed resulting in low grain yield ranges between 1.4 and 1.9 KTiahke

2.16). The results were confounded by these issues and therefore will not be assessed.

2017 Belleville Field Analysis

Overall grain yields were excellent with a range between 5.44 to 6.11 NMgyibia
optical sensor treatment 10 at with the highest yield of 6.11 MdTeble 2.17). Limited
statistical differences were observed acrosgnreats for grain yield with treatment 6 at 140 kg
N and optical sensor treatment 10 at 41 kg N applied making significantly higher grain yield over
the O N applied treatment 1 (Table 2.17). Optical sensor based treatments 8 and 10 achieved
statistically gual grain yield and protein when compared to the soil test treatment 7 and applied

approximately 10 kg less N per hectare (Table 2.17).
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2017 North Farm Field Analysis

Grain Yields produced at this site were excellent in response to applied N with a gra
yield range between 3.25 to 5.80 Mg'r@able 2.18). Statistical significance in grain yield to
treatments were observed (Table 2.18) with the highest yield being 5.80\bging soil test
treatment 7, while limited significance was observed betviesatments-81 (Table 2.18). The
soil test treatment 7 had a statistically higher grain yield when compared to optical sensor
treatments 8,9,11. Optical Sensor treatment 10 achieved 5.01 Mpgdia yield which was
statistically equal to soil testeatment 7 (Table 2.18). No statistical differences in grain protein

was observed across soil test and optical sensor based treatments (Table 2.18)

2017 Salina Field Analysis

The Salina location had a high residual N level, with profile N o N©26.33 ppm and
NHN of 42.88 ppm (Table 2.7) with grain yields of 4.12 to 4.70 M¢. Faeatments 10 & 11
(SUAS treatments) were not applied at this location due to being in close proximity to an airport.
A statistical response was only observed over the [Rereatment 1 and no statistical response
across treatments2 (Table 2.19). Even though there was a better response on grain yield
protein (Table 2.19). Treatment 6, high rate of N, 140 kg N &ehieved the statistically
highest grain protein acresreatments. The soil test and optical sensor treatments 7
recommend no N to be applied without a statistical reduction in grain yield. However,
treatments B observed a statistical reduction in grain protein at approximately 121 \when

comparedo treatment 6, 140 kg N higTable 2.19).

40



2017 Solomon Field Analysis

This location was also a high N environment started the season with 85.46 ppm of
residual (nitrate and ammonium) N in the soil profile (Table 2.7) and generated excessive early
seaon growth. No statistical grain yield response to applied N was observed across the
treatments (Table 2.20). Soil test and optical sensor treatmditslid observe a 1 g Kg
reduction in grain protein when compared to treatmei@ig Bable 2.20). Theoil test treatment

7 applied 30 to 64 kg less N per hectare when compared to the optical sensor treafifients 8
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Table 2.11 2016 Summary of Results for Grain Yield, Grain Protein, and Flag Leaf N at Athol.

Treatment Fall/Winter Feekes4 Feekes8 Total N Grain Yield GY LSD Group Grair-1 GPLSD Flag leaf GP LSD Group
Protein Group
----------- N Application Rate kg h----------- Mg hat g kgt g kgt

1 0 0 0 0 5.15 A 108 D 26 E
2 28 0 0 28 4.93 A 119 CD 28 BCD
3 56 0 0 56 5.21 A 121 CD 29 ABCD
4 84 0 0 84 5.18 A 129 ABC 28 BCD
5 112 0 0 112 5.25 A 140 A 30 ABCD
6 140 0 0 140 5.18 A 134 AB 29 ABCD
7 91 0 0 91 491 A 129 ABC 27 ABCD
8 0 55 0 55 5.20 A 126 BC 27 DE
9 0 17 10 27 4.91 A 121 C 27 DE
10 0 19 0 19 5.07 A 119 CD 27 CDE
11 0 8 10 18 5.23 A 119 CD 27 CDE

SE 3.92 0.43 0.07

Treatment Pr > F 0.8 <0.00 <0.00

NS = Not significant

Treatments with same letter are not statistically different at 0.05 ¢
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Table 2.12. 2016 Summary of Results for Grain YieldGrain Protein, and Flag Leaf at Clifton.

Treatment Fall/lWinter Feekes4 Feekes7 TotalN GrainYield GY LSD Group Grain Protein GPLSD Flag GPLSD
Group leaf Group
------------ N Application Rate kg h&----------- Mg hat g kgt g kgt
1 0 0 0 0 3.98 E 106 A 29 F
2 28 0 0 28 4.77 D 106 A 29 EF
3 56 0 0 56 4.84 D 111 A 33 CD
4 84 0 0 84 5.72 ABC 123 A 37 AB
5 112 0 0 112 3.92 BCD 114 A 36 BC
6 140 0 0 140 6.20 A 121 A 39 AB
7 138 0 0 138 5.72 ABC 106 A 39 AB
8 0 62 0 62 5.02 CD 115 A 34 CD
9 0 31 45 76 5.77 AB 115 A 39 AB
10 0 42 0 42 5.03 CD 108 A 33 DE
11 0 18 41 59 5.82 AB 111 A 37 AB
SE 4.02 0.6571 0.12
Treatment Pr > F <0.00 0.64 <0.00
NS = Not significant Treatments with same letter are not statistically differeft@b alpha
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Table 2.13. 2016 Summary of Results for Grain Yield, Grain Protein, and Flag Leaf N at Sabetha.

Treatment Fall/Winter Feekes 4 Feekes7 Total N Grain Yield GY LSD Group Grain Protein GPLSD Flag leaf GPLSD
Group Group
------------ N Application Rate kg h&---------- Mg hat g kgt g kgt
1 0 0 0 0 5.10 B 114 C 35 D
2 28 0 0 28 5.50 AB 123 AB 39
3 56 0 0 56 5.25 AB 122 AB 38 AB
4 84 0 0 84 5.58 AB 124 AB 38 ABC
5 112 0 0 112 5.33 AB 125 A 39 A
6 140 0 0 140 5.59 AB 126 A 38 AB
7 0 0 0 0 5.70 AB 123 AB 35 CD
8 0 16 0 16 5.99 A 119 BC 36 BCD
9 0 21 0 21 5.48 AB 123 AB 37 BCD
SE 4.73 0.21 0.83
Treatment Pr > F 0.4 0.02 0.00
NS = Not significant Treatments with same letter are not statistically different0& &lpha
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Table 2.14. 2016 Summary of Results for Grain Yield, Grain Protein, and Flag Leaf N at Valley Center.

Treatment Fall/Winter Feekes 4 Feekes Total N ) GY LSD Group Grair-1 GP LSD Group Flag GP LSD Group
ield Protein leaf
---------- N Application Rate kg h&---------- Mg hat g kgt g kgt
1 0 0 0 0 0.96 E 108 G 21
2 28 0 0 28 1.48 CD 116 F 26 D
3 56 0 0 56 2.04 AB 127 DE 31 BC
4 84 0 0 84 2.10 AB 134 CD 33 AB
5 112 0 0 112 2.40 143 AB 36
6 140 0 0 140 2.28 148 AB 36
7 110 0 0 110 2.08 AB 139 BC 33 AB
8 0 37 0 37 1.46 CD 120 EF 24 DE
9 0 50 33 84 1.70 BC 126 EF 30
10 0 35 0 35 1.16 DE 118 F 25
11 0 32 0 32 1.08 DE 121 EF 25
SE 2.11 0.25 0.12
Treatment Pr > F <0.00 <0.00 <0.00

NS = Not signifcant

Treatments with same letter are not statistically different at 0.05 ¢
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Table 2.15. 2016 Summary of Results for Grain Yield, Grain Protein, and Flag Leaf N at Victoria.

Treatment Fall/Winter Feekes Feekes 9 Total N Grain Yield GY LSD Group Grair? GPLSD Flag GP LSD Group
4 Protein Group leaf
---------- N Application Rate kg h&---------- Mg hat g kgt g kgt
1 0 0 0 0 2.30 E 105 E 19
2 28 0 0 28 3.37 BC 110 E 24
3 56 0 0 56 3.62 BC 119 CD 28
4 84 0 0 84 3.63 BC 119 CD 29 BC
5 112 0 0 112 3.60 BC 133 B 31 BC
6 140 0 0 140 4.30 A 143 A 33 A
7 110 0 0 110 3.76 B 140 A 33
8 0 56 0 56 3.28 C 118 D 28 C
9 0 22 31 53 3.44 BC 117 D 29 BC
10 0 18 0 18 2.80 D 106 E 23 D
11 0 16 44 60 2.49 DE 124 C 30 BC
SE 2.54 0.20 0.09
Treatment Pr > F <0.00 <0.00 <0.00
NS = Not significant Treatments with same letter are not statistically different at 0.05 ¢
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Table 2.16. 2017 Summary of Results for Grain Yield, Grain Protein, and Flag Leaf N at Ashland Bottoms.

Treatment Fall/Winter Feekes 4 Feekes 7 Total N Grain Yield GY LSD Group Grair-1 GPLSD Flag leaf GP LSD Group
Protein Group
------------ N Application Rate kg h&--------- Mg hat g kgt g kgt

1 0 0 0 0 1.40 AB 98 D 29 F
2 28 0 0 28 1.50 AB 108 CD 34 F
3 56 0 0 56 1.66 AB 111 CD 33 EF
4 84 0 0 84 1.90 A 130 AB 36 DE
5 112 0 0 112 1.67 AB 134 A 36 CD
6 140 0 0 140 1.89 A 130 AB 37 BCD
7 140 0 0 140 1.70 AB 136 A 39 AB
8 0 104 0 104 1.76 AB 132 AB 34 BCD
9 0 17 41 59 1.78 AB 123 B 33 BCD
10 0 101 0 101 1.34 B 136 35 AB
11 0 66 52 118 1.62 AB 135 A 34 ABC

SE 2.66 0.38 0.16

Treatment Pr > F 0.40 <0.00 <0.00

NS = Not significant

Treatments with dame letter are not statistically different at 0.05 ¢
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Table 2.17. 2017 Summay of Results for Grain Yield, Grain Protein, and Flag LeafN at Belleville.

] Total o ) ) GP LSD
Treatment Fall/Winter Feekes 4 Feekes7 N Grain Yield GY LSD Group Grain Protein GP LSD Group Flag leaf

Group
---------- N Application Rate kg h&----------- Mg hat g kgt g kgt
1 0 0 0 0 5.44 B 103 D 29 C
2 28 0 0 28 5.74 AB 108 CD 34 BC
3 56 0 0 56 5.91 AB 109 BCD 33 C
4 84 0 0 84 5.84 AB 114 BCD 36 ABC
5 112 0 0 112 5.85 AB 116 A 36 ABC
6 140 0 0 140 5.99 A 118 A 37 AB
7 53 0 0 53 5.88 AB 114 AB 39 A
8 0 37 0 37 5.76 AB 108 BCD 34 BC
9 0 20 0 20 5.69 AB 107 CD 33 C
10 0 41 0 41 6.11 A 109 BCD 35 BC
11 0 21 0 21 5.68 AB 104 D 34 BC
SE 2.72 0.23 0.15
Treatment Pr > F 0.37 0.00 0.00
NS = Not significant Treatments with same lettare not statistically different at 0.05 alpl
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Table 2.18. 2017 Summary of Results for Grain Yield, Grain Protein, and Flag Leaf N at North Farm.

Feekes Grain

Treatment Fall/Winter Feekes 4 . Total N Yield GY LSD Group Grain Protein GP LSD Group Flagleaf GP LSD Group
---------- N Application Rate kg h&--------- Mg hat g kgt g kg
1 0 0 0 0 3.25 G 98 BC 23 D
2 28 0 0 28 3.88 F 94 C 27 C
3 56 0 0 56 4.38 EF 94 C 28 ABC
4 84 0 0 84 4.74 CDE 107 AB 30 ABC
5 112 0 0 112 5.22 BC 110 AB 31 AB
6 140 0 0 140 5.35 AB 105 ABC 31 AB
7 104 0 0 104 5.80 AB 109 AB 32 A
8 0 68 0 68 4.74 CDE 109 AB 28 BC
9 0 57 39 96 4.65 DE 109 AB 31 AB
10 0 93 0 93 5.01 BCD 112 A 32 AB
11 0 61 24 84 4.72 CDE 108 AB 31 AB
SE 3.34 0.47 0.13
Treatment Pr ¥ <0.00 0.04 0.00
NS = Not significant Treatments with dame letter are not statistically different at 0.05 ¢
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Table 2.19. 2017 Summary Results for Grain Yield, Grain Protein, and Flag Leaf N at Salina.

Treatment Fall/Winter Spring Feekest Feekes7 TotalN GrainYield GY LSD Group Grain Protein GP LSD Group 'I:elxzf GP LSD Group
------------------ N Application Rate kg h&----------------- Mg hat g kgt g kg?
1 0 0 0 0 0 4.12 B 122 EGH 23 H
2 28 0 0 0 28 4.42 AB 128 EFG 27 EFG
3 56 0 0 0 56 431 AB 130 DE 27 DEFG
4 84 0 0 0 84 457 A 135 BCD 30 BCDE
5 112 0 0 0 112 4.70 A 140 AB 30 BCDE
6 140 0 0 0 140 4.43 AB 142 A 32 A
7 0 0 0 0 0 4.42 AB 121 GH 26 FG
8 0 0 0 0 0 451 AB 121 H 26 FG
9 0 0 0 0 0 4.37 AB 128 EF 25 GH
10 Na Na Na Na Na Na Na Na Na Na Na
11 Na Na Na Na Na Na Na Na Na Na Na
SE 2.31 0.24 0.09
Treatment Pr > F 0.54 <0.00 <0.00
NS = Not significant
Na = Not applicable, Within 5 miles of Salinz Treatmentwith same letter are not statistically different at 0.05 al

airport, sUAS flights not permitted
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Table 2.20. 2017 Summary of Results for Grain Yield, Grain Protein, and Flag Leaf N at Solomon.

Treatment Fall/Winter Spring Feekes4 Feekes7 TotalN  Grain Yield GY LSD Group Grain Proten GPLSD Flag leaf GPLSD
Group Group
--------------- N Application Rate kg ha------------------ Mg hat g kgt g kg?
1 0 0 0 0 0 5.65 A 124 DEF 29 A
2 28 0 0 0 28 5.44 A 130 CDE 31 A
3 56 0 0 0 56 5.70 A 134 BC 32 A
4 84 0 0 0 84 5.54 A 136 BC 29 A
5 112 0 0 0 112 5.22 A 137 BC 32 A
6 140 0 0 0 140 5.60 A 135 BC 33 A
7 0 0 0 0 0 5.27 A 124 EF 29 A
8 0 0 24 0 24 5.32 A 124 DEF 31 A
9 0 0 64 0 64 5.62 A 123 F 30 A
10 0 0 63 0 63 5.54 A 124 DEF 31 A
11 0 0 0 0 0 5.35 A 123 EF 29 A
SE 3.11 0.30 0.15
Treatment Pr > F 0.78 <0.00 0.79
NS = Not significant Treatments with same letter are not statistically different at 0.05 ¢
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Conclusions

The results from the optical sensor comparison indicates that the MicaSense RedEdge
provides reliable spectral data during overcast and sunny conditions and was able to produce
strong relationships between NDVI and Grain Yield. Additional development is necessary for
improving spectral reflectance calibration methods for the MicaSerdiedge under overcast
conditions to compensate for potentially inflated NDVI values. Thus, improving its accuracy
and reliability for assessing winter wheat health across varying sky conditions throughout the
growing season. Uncalibrated RGB cameras ssdine DJI X3 can be used to calculate indices
like False NDVI to map in field variability. However, uncalibrated False NDVI is inadequate for
assessing crop health over time across varying sky conditions and has no relationship with grain
yield.

The results from the field studies conducted had shown soil test and optical sensor based
N recommendation systems can produce optimal grain yields at a reduced N rate under most
conditions. At the majority of locations, the optical sensor based N recomnuersdadrformed
better than the soil test based N system in regard to reducing N rates without sacrificing grain
yield. However, at two locations the soil test based N recommendation system was superior to
the optical sensor based N recommendations bynhi¢he same grain yield at a lower N rate.
Reasoning for the degraded performance at these locations by the N recommendation algorithms
that process the optical sensor spectral data will need to be investigated.

This project indicates that enhancingogen use efficiency through the adoption of soil
testing and/or the use of optical sensors is possible and should be encouraged. Both

methodologies provide N recommendations that would allow Kansas wheat producers to
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maintain or increase grain yield, e N inputs, and enhance profitability while reducing

environmental impact.
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