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Abstract

Directed R is a method developed by Clemson researchers éffart to optimize zone delineation and assignment
of inputs for spatially variable prescriptions. @ntly employed methods of variable rate pres@iptievelopment
generally overlay rates or products (e.g. hybratspre-defined yield management zones, with a numbstudies
focused on how to best define these managemenszbmeotton, algorithms for variable rate nitrogeascriptions
have been developed on the basis of normalizedrdifte vegetation index (NDVI), which is used tizgiate in
season estimated yield (INSEY). The Directed Rethod uses strip tests to integrate yield andefbee
profitability effects with site-specific foundatiofe.g. soil EC, elevation, irrigation) polygonsekimg to optimize
prescriptions, specific to a field and input. Instilstudy, one site showed no potential benefit fneariable rate
nitrogen in cotton and at the other site the Dedd& system for variable rate nitrogen showed a $1&fat47.4
Ib/ac benefit over the best performing, uniformragen rate, while maintaining a higher fertilizétragen use
efficiency.

Introduction

Variable rate prescription capabilities exist fooshof today’s inputs used in row crop productiBeveral methods
exist for assigning rates, the most common of wirielolves development of spatially classified yieldnagement
zones, followed by assignment of a product typeate of product by zone based on the assignor'sazd

performance of that zone. The underlying goal aregse of variable rate nutrient prescriptions idesire to

optimize nutrient application rates to increasefitability and increase utilization efficiency. # uniform nutrient
rate is applied, over-application may result in emperforming areas of the field and under-applicatay result
in superior performing areas of the field. Over laggtion of nitrogen represents a waste of produttich may

result in surface- or ground-water contaminatiod amncotton may result in excessive growth and migtaelays.

Under-application of nitrogen in cotton resultdass of yield potential and therefore reduced paobiflity.

Conventionally, and in the absence of variable apiglication capabilities, nitrogen is applied éotton production
as a blanket rate for each field, generally based gield goal and a Cooperative Extension reconagaton. For
South Carolina, Clemson University Extension rec@nds nitrogen rates for cotton of 70 Ib/ac for #®@c lint

yield with a nitrogen rate increase of 6 Ib/acdach 100 Ib/ac increase in lint yield. Using thesssmmendations,
if zone management were employed, yield goals cbaldet for each zone based on historical yieldrd=; which

could be coupled with Extension recommendatiorestign a blanket nitrogen rate for each zone.

Porter (2010) discusses development and testingDdfl sensor-based algorithms for calculation ofiaseason
estimation of yield (INSEY), which is used alongttwa response index (RI) and nitrogen use effigigiNMJE) to
calculate a recommended nitrogen rate. The Clemsok was in part based on prior work by Arnall Et(2008) to
develop an OSU algorithm. Both algorithms are basedvork demonstrating that INSEY can be calculdtech
NDVI measurements within a particular range of dafter emergence. An advantage of NDVI sensor-based
nitrogen prescriptions is the ability to assignitaogen rate based on in-season estimates of eegh@itrogen use.
These sensor-based nitrogen algorithms have not bedely implemented, possibly due to complexity of
executing, cost of sensor systems required, groglactance, or some combination of these factousthErmore,
with today’s rapidly advancing plant technologitgse INSEY algorithms may require refinement withe and

by variety.

The Directed R system tested in this project involves applicatidruniform rate nitrogen strips and yield data
collection across these strips. Soil property datg. soil electrical conductivity, elevation, tesd, etc.) is collected
and contoured to divide the field into soil fouridatzones. As demonstrated in this study, the systhows for
layering of soil property data. The cotton yield fach nitrogen rate is then averaged as a fundiaach soil
property. This method allows for determinationtwf hitrogen rate that maximized yield or profitapilvithin each
soil property division, which defines the presdoptto be applied in the subsequent year.



An advantage of the DirectedkRystem is that it requires no investment in tetdmpwbeyond that currently being
employed by many growers. Furthermore, it puts @wgr's yield data to work, using data from theieldi,
conditions, and management practices to developrdhi@able rate prescription. Because the Directedsistem
does not involve “generic” data or data from anpth@riety and site, it may produce more relevasults than
other prescription development methods. A drawhzdke method is that it uses this year's resdtsnext year's
prescription, and differences in environmental éools between years may constitute differencesptimum
input rates. If the system proves to be benefiniihcreasing profitability of variable rate preigpdions, its adoption
success will be in part dependent on its ease plieimentation.

This report summarizes results from a two yearysaudluating the Directedxsystem for variable rate nitrogen in
cotton on two fields in Barnwell County, S.C. Figsar objectives in 2016 were to characterize yaid profit
effects from different nitrogen rates as functiafissoil properties. Comparisons of these yield anafit effects
were then used to develop a DirectedvRriable rate nitrogen prescription for the 20bftan production year on
the same two fields. A secondary objective of bgghrs of study was evaluate yield and profitabitifyPorter’s
(2010) NDVI sensor-based nitrogen prescription wibpect to yield and profitability for uniform rogen rates
and the Directed Rprescription.

M aterials and M ethods

Testing commenced for this project during the 26ddp year. Two irrigated fields in Barnwell Coun§C were
included in the tests, both of which were plantedatton for both the 2016 and 2017 crop years.

E7 Experimental Design and Site Description

One site was a 9.5 ac field (approximately 8 aceuridigation), E7, at Edisto Research & Educatidenter in
Blackville, SC. DeltaPine 1538 B2XF was plantecraate of 41,000 seeds per acre on June 4, 201Mapnd. 8,

2017. One June 5, 2016, Edisto REC experienceatanse rainfall event in excess of 2 inches anddbalting

germination/emergence was poor at best with a antiat amount of gully and sheet erosion. The fisinting of
2016 was killed on June 15 with a field cultivatod the DP 1538 B2XF was re-planted at 41,000 sgedacre on
the same date. Liquid nitrogen was applied unifgrad 25-S at the first planting in both years edta of 15 gal/ac
(40 Ib-N/ac) in 2016 and 7.5 gal/ac (20 Ib-N/acRi17. The field was divided into 8-row strips @815, providing
six replications of five uniform rate nitrogen tteeents, randomized within each replication. In 2@i¢ field was
divided into 4-row strips, providing ten replicat®of seven treatments: five uniform nitrogen rageBirected R

treatment based on the 2016 test results, and alN@sed prescription treatment, all randomized withach
replication. Two of the replication blocks in 20dvére outside of the irrigation boundaries, redudimg effective
number of replications to eight.

In 2016 the second liquid nitrogen application 6f2 for E7 was knifed in on July 8 at uniform raté<0, 40, 60,
80, and 100 Ib-N/ac (Figure 1). As discussed inrésailts, yield data from 2016 was used to deval@irected R
prescription for 2017 selecting the nitrogen rdtesn 2016 that maximized profit in each of sevevigions of true
deep EC; true deep EC is defined in a later secBmtause E7 was replanted in 2016, the side-drigésgyen
application had to be applied prior to the time wiNDVI for INSEY could be reliably obtained and &VI
sensor-based nitrogen prescription for E7 was fosrenot applied in 2016. NDVI was measured in 20dth a
model 505 Greenseeker on June 29 and used to geaelariable rate nitrogen presecription using @hemson
algorithm (Porter, 2010). In 2017 the second liguitlogen application of 25-S was knifed in on Jélwt fixed
rates of 20, 40, 60, 80, and 100 Ib-N/ac in additimthe rates dictated by the prescriptions. Tmeats assigned in
2017 by strip can be seen in Figure 2. Soil elegtrionductivity was measured on January 13, 2@ingua Veris
model 3100 and soil samples collected on a 15fldtwgere analyzed for soil texture using a hydramabethod.
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Figure 1. Nitrogen rates (Ib-N/ac) applied in EBatond application in 2016.
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Figure 2. Treatments assigned to the 4-row stn@)il7. Legend entries where nitrogen rates aieetevere for
continuous rate strips, where rates specified sutetal nitrogen for the season.

Bates Place Experimental Design and Site Description

The second site was a 31 ac field (approximatelya@linder irrigation), Bates Place, in Elko, SCmied by a
cooperating grower. Planting of DeltaPine 1538 @ta of 35,000 seeds per acre was on May 11, 26d®May 20,
2017 with granular applications of urea in bothrgeat rates of 40 Ib-N/ac at planting. Stand cognotkected on a
150 ft grid on May 27, 2016 showed an average m@djoul of 26,000 plants per acre. Stand counts wete
measured in 2017.

NDVI was measured with a model 505 Greenseekemuar 27, 2016 and used to develop a variable rétegen
prescription using the Clemson algorithm for thd@@rop year (Porter, 2010). In 2016 the field wWasded into
16 row strips, providing five replications of fiwmeatments, which were randomized by block. The62@datments
included side-dress uniform rates of 35 Ib-N/ac,|i5Bl/ac, 75 Ib-N/ac, and 95 Ib-N/ac, along with aafditional
treatment where the NDVI-based variable rate nd@rogrescription was applied (Figure 3); this siésdrplan was
applied as granular urea on June 30, 2016. Thargds nitrogen rate applied to the area outsidbeofrrigation



endgun boundary was alternated in uniform strip8®mfand 55 Ib-N/ac, although data from these avess not
analyzed as a part of this report.

. 95 412 ac
|:| 94 1.00 ac
|:| 83 167 ac
|:| 75 4.3 ac
|:| 74 1.45 ac
. 55 11.41 ac
. 35 717 ac

Figure 3. Sidedress nitrogen rates (as Ib-N/aclegppt Bates Place on June 30, 2016.

The Directed R prescription for 2017 was based on profit respofisen 2016 uniform nitrogen rate strips,
assigning the most profitable nitrogen rate forheat seven divisions of deep soil EC. Developmehthis
prescription is discussed in the results sectideo Aising a model 505 Greenseeker, NDVI was medsaumeJune
28, 2017 and used to develop a variable rate mtrqaescription using the Clemson algorithm for 2047 crop
year. In 2017 the field was divided into 16-rowiggr providing six replications of six treatmentsur uniform
nitrogen rate treatments, a Directed fReatment based on the 2016 test results, and @l WBsed prescription
treatment, all randomized within each replicatiBig(re 4). Sidedress nitrogen was applied as gaanméa on July
3, 2017. Soil texture samples for Bates Place ctatbon a 150 ft grid were processed using a hydtemmethod
to define sand, silt, and clay contents and artréat conductivity map was acquired using a Vensdel 3100.
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Figure 4. Treatments assigned to the 16-row sini@®17. Legend entries where nitrogen rates diaatewere for
continuous rate strips, where rates specified sutetal nitrogen for the season.

Yield Data Collection and Analysis

Yield data was collected for E7 using an Ag Leamjgtical yield monitor on a 4-row Case picker in 8Gind using
a John Deere microwave yield monitor harvesting fows per pass with a John Deere 9986 picker tv20rield

data for Bates Place in both years was collectadyesJohn Deere microwave yield monitor on a 6-damlvn Deere
9986 picker. For the Bates Place field, 6-row yidlta for passes that intersected two nitrogen stips were
omitted from the analyzed dataset. Yield data fathlsites was analyzed as discussed below in tine saanner.
Yield data was post-process calibrated using knbasket or module weights from the test sites.

The calibrated yield point data (csv file) from kagear and site was appended with several attsbuténg
Clemson University's Point-Polygon Merge Utility RIU) software. The PPMU software merges a polygon
shapefile with a point (csv) dataset, adding amoluo the csv dataset indicating the polygon inclte@ach point
resides. As an example, merging the yield datagbtthe shallow EC contour shapefile would resnladdition of
a column to the yield dataset indicating the shal®C for each yield data point. Seven divisionseath soil
foundation property available (0-12" EC, 0-36" E@;36" EC, elevation, bare soil pixel brightnessd content,
silt content, and clay content) were used to crédaecontoured shapefiles in Farmworks. Throughbist report,
the 0-12" soil EC is referred to as shallow EC,QH&6" soil EC is referred to as deep EC, and &h&a" soil EC is
referred to as true deep EC. The true deep EC wahse calculated as 1.5*(deep EC) — 0.5*(shallow ,E4R)
equation derived as a part of an ongoing, unpuidishlemson Precision Agriculture Program reseafititeEach
soil property contour was further split by an igfign attribute as: under pivot, under endgun, aod-irrigated.
Analysis for this study only included the “undevqt’ area. Figure 5 shows true deep EC maps ofwbefields as
examples of the soil property maps used for apmengield data via PPMU.
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(a) E7 (b) Bates Place

Figure 5. Seven division true deep EC (mS/m) cantoap for E7 (a) and Bates Place (b) with indicaid pivot
and endgun boundaries.

Determination of the Directed Rx Prescription

After classifying each yield data point by soil pesties defined in the shapefile contour maps, ytleéd data
variable was normalized using a univariate Box-@axsformation. Independent outlier analyses werdéopmed
for each type of soil property classification; vialutliers were removed by treatment using Tukey&thod. After
removal of outliers, the remaining yield data psimtere averaged by soil property division and leatiment.
Revenue was calculated from lint yield at rate®.65 $/Ib for both years and nitrogen costs wefeutated from
nitrogen application rates at a rate of 0.359 $db both years. From the revenue and nitrogen &mstach
treatment and soil property division, “returns abaitrogen costs” (hereinafter referred to as refuwalues were
calculated as $/ac. This allowed for identificatadrthe highest yielding and highest profiting agen rates for each
soil property division, representing the “Directeescription” for each soil property classification

There were occasional average yield and returroresspaverages as a function of soil property dinigiy nitrogen
rate that were divergent from the general trendkibéted within that nitrogen rate. There were alame

combinations of soil property division and nitrogeate for which there was no yield data. Becaus¢hefe
occasions, yield as a function of soil propertyiglon within each nitrogen rate was estimated ag@nd order
polynomial regression for identification of optimumitrogen rates within each soil property divisidm example
demonstrating this is provided in Figure 6 for 207 yield as a function of deep EC for E7, whéne markers
represent the actual averages and the curves espri® regression models. In this way, the efééaivergent
averages was muted and the absence of data fowem giitrogen rate and soil property division cotild

interpolated. Hereinafter, these regressed yieldegaare referred to as “projected yield”, whichreveised to
calculate “projected returns”.
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Figure 6. Lint yield as a function of deep EC fflZ E7 dataset, where markers represent actuagaeby
nitrogen rate and curves represent regression mdalehaverages by nitrogen rate.

Results and Discussion

Development of Directed Rx Prescriptions

Average yields and returns were calculated for edtchgen rate and soil classification division1BQresults for the
true deep and deep EC classifications are showowbats examples. For both fields, deep EC and taep &EC
more consistently classified 2016 yield as a fumcof EC than did shallow EC, with yields and retigenerally
demonstrating a™ order polynomial relationship as a function of glend true deep EC—the highest yielding
areas being the low- to mid-range electrical cotidities. These general trends are demonstraté&igiare 7 for the
true deep and deep EC classifications. Acrossiadketof the EC classifications for both fields, #2® (E7) and 115
(Bates Place) Ib-N/ac rates were highest yieldimdj most profitable across the majority of divisions
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Figure 7. Comparison of nitrogen rates: (a) onguigd yield as a function of true deep EC for Y oh projected
returns as a function of true deep EC for E7, (cpmjected yield as a function of deep EC for B&tace, and (d)
on projected returns as a function of deep EC fieB Place. All data are from 2016 crop year.

From Figure 7, the nitrogen rates within each slaissification division resulting in the higheselgis and returns
represent the optimum nitrogen rates, or the Dée€k prescription rates for the demonstrated clasgiioa. For
example, from Figure 7(d), maximization of retumsuld have occurred with a nitrogen rate of 95 Had\at deep
EC values less than about 2.75 and a rate of :Ngdb at deep EC values greater than about 2.gbiré&i8 shows
optimum nitrogen rates for maximizing projected @@deld and profit in the two fields as functioristue deep EC
and deep EC. Optimum nitrogen rates for maximiziiggds were generally equal to those for maximizimdfits,
with few exceptions. At E7, optimum nitrogen ratngrally decreased from a plateau of 120 Ib N/a& @asction
of true deep EC, whereas at Bates Place, optimtirogein generally increased to a plateau of 115/lchs a
function of true deep EC. The dissimilarity of thegends in the two fields is supportive of thedhémr a system
such as Directed R which ignores generic relationships and insteseks to customize recommendations, specific
to each field and grower practices. Applicatiortted Directed R prescriptions to maximize profit when classified
by true deep EC and deep EC resulted in the tdtedgen rate prescriptions applied in 2017; prgdions
developed as a part of this study were only forittigated areas of the field. Similar analyses ar@thods could be
used for non-irrigated areas.
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Figure 8. Optimum nitrogen rates as a functiorrad deep EC for maximization of 2016 projecteddyehd profit
for (a) E7 and (b) Bates Place.

Performance of 2017 Treatmentsas Applied

As discussed, the 2017 treatments in both fieldsided Directed R prescriptions based on 2016 profit response to
nitrogen, NDVI sensor based prescriptions, andaoumif nitrogen rates. The Directedk Ritrogen prescriptions
applied to E7 and Bates Place in 2017 were thagentaximized profit in 2016 by true deep EC (for) Bid deep
EC (for Bates Place). Figure 9 shows the obsereld ynd returns from the treatments tested. IntB& highest
yielding and most profitable uniform nitrogen ratesre 140 and 100 Ib-N/ac, with no significant eliffnces
between the two rates. Both variable rate nitrogescriptions in E7 were numerically more profitahan the
most profitable uniform nitrogen rate, but not sfigantly. The Directed R prescription significantly out-yielded
the highest yielding uniform nitrogen rate in E7 4.1 Ib-lint/ac. There were no significant diffeces in yield or
profit between the two variable rate prescriptionE7. Both variable rate prescriptions used mam®gen than the
most profitable uniform rate (100 Ib-N/ac); averagtal nitrogen applied was 139 Ib-N/ac for the ND3énsor
based prescription and 103 Ib-N/ac for the Dired®dprescription. Fertilizer nitrogen use efficiendg (nits of
pounds of lint per pound of nitrogen applied) iniB722017 was 8.80 for the 100 Ib-N/ac uniform r&&9 for the
140 Ib-N/ac uniform rate, 6.57 for the NDVI senbased prescription, and 9.01 for the DirectecRescription.

In Bates Place, numerical ranking of treatmentshenbasis of yield was the same as that for reflnuisstatistical
significance was not the same for yield and retuBath variable rate prescriptions were signifibariower
yielding than the highest yielding uniform rate %1lb-N/ac) by 19 and 27 Ib-lint/ac, for the DirettBx and NDVI
sensor based prescriptions, respectively. Botralbbgirate prescriptions were also significantlys Ipsofitable than
the most profitable uniform rate by 10.8 and 2Q&c$for the Directed Rand NDVI sensor based prescriptions,
respectively. Average total nitrogen applied ateBaPlace for the variable rate prescriptions wdssanbstantially
different from that for the best performing unifomaie (115 Ib-N/ac), at 122 Ib-N/ac for the NDVser based
prescription and 111 Ib-N/ac for the Directed jrescription. Fertilizer nitrogen use efficiendy (inits of pounds
of lint per pound of nitrogen applied) in Batesd@lan 2017 was 11.28 for the 115 Ib-N/ac uniforie r&8.57 for the
135 Ib-N/ac uniform rate, 10.41 for the NDVI senbased prescription, and 11.51 for the DirectegRscription.
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Figure 9. Observed 2017 lint yield (a and b) ardrres (c and d) for the treatments applied at Eangc) and
Bates Place (b and d). Means with different letteessignificantly different (student’s t-test, [005).

Conclusions

This study evaluated the potential for using Clems®irected R method for assigning a variable rate nitrogen
prescription for cotton in two fields in BarnwelbGnty, S.C. Conclusions from this work were:

1.

In E7, the Directed Rsystem demonstrated greater profitability wittslagrogen than the best performing
uniform nitrogen rate. As demonstrated in Figuréh®, benefit of variable rate nitrogen using DiegcR

for E7 in 2017 was $15/ac while using only 3 Ibfacre nitrogen, as compared to the 100 Ib-N/ac
treatment, which was the most profitable uniforite taeatment. Fertilizer nitrogen use efficiencysvedso
2.4% higher for Directed \Ras compared to the best performing uniform rate.

Not all fields are good candidates for variables mitrogen. Bates Place, showed little to no eideof
potential benefit from variable rate nitrogen apgtion. By design, the DirectedkRystem is retrospective
in seeking to assign the most profitable or higlygstliing rates by soil classification zone. Sopliration
that Bates Place is not a good candidate for viariabte nitrogen is fairly exhaustive in possible
combinations of nitrogen rates and soil classifticatethods.

For the fields in this study, deep soil characti&ss such as deep EC and true deep EC, were digriaug
not exclusively better soil classification bases dpplication of Directed KRto nitrogen prescription for
cotton than shallow soil characteristics, suchhedlew EC and surface soil texture.

As applied in this study and based on Porter (20fl) Clemson algorithm for NDVI sensor based
nitrogen prescription generally underestimateddyas a function of INSEY and generally overestimate
nitrogen applied, as compared to optimum nitrogeges for maximizing profit.

Regardless of whether or not a field demonstratefit potential from variable rate nitrogen pregtion,
the Directed R methodology requiring use of a grower’s yield ntonidata to evaluate a test specific to



his field can be economically beneficial. In Ba®dace, the farmer’s normally applied uniform rat®pto

this test was 100 Ib-N/ac. There was no 100 Ib-Nfaatment in this test, so it is assumed here that
profitability for 100 Ib-N/ac would be similar tbat for 95 Ib-N/ac. It was demonstrated in two @msive
years in this field that the 115 Ib-N/ac rate wagigicantly more profitable than the 95 Ib-N/adeaa
profit increase of $33/ac in 2016 and an incred§8/ac in 2017.
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