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Law of limiting factors




N prescription algorithm

Accounting for yield
N =35+ 1.21lbs N X (EY)

Accounting for yield and soil N .
N =35+ [1.2 lbs N x (EY)] — [8 X ppm NO;N] — [0.14 x (EY) X %OM]

Accounting for yield, soil N and crop status
N ={35+4+[1.21lbs N X (EY)] — [Soil N]} X [RichStripypy;/Targetypyi]

Accounting for yield, soil N, crop status and seed and irrigation rate
N ={35+[1.2lbs N X (EY)] — [Soil N]} + [NDVI] X Seed Rate X Irrigation






Objectives of the project

. Quantify spatial and temporal variability in soil water balance across
the 22 acre precision pivot equipped field

2. Develop early season (corn growth stage V4-V6) in-season precision
nitrogen management system for irrigated corn.

3. Evaluate variable rate seeding in conjunction with variably managed
water and nutrient crop field.
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Is there spatial variability?
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1. Quantifying variability of soil water content

Spatial and Temporal variability

» There is significant spatial variability

« There is significant temporal variability in soil moisture at the field
scale across the crop growing season.

» The temporal range of soil moisture is fairly large in depth and
shorter at the surface

Example

Soil water
—10-0.27

0.30 — 0.36 (m3/m3)
0.36 - 0.42
0.42-0.48

> 0.48



1. Quantifying variability of soil water content

Practical implications

 Spatial variability in soil water may justify a Variable-Rate Irrigation

 Spatial range of variability is conducive to a management zones approach

» Water management zones delineated using data from deeper soil profile
are more stable in time

» Top soil is harder to map and uniform rate may be better at early stages
when roots are in the top soil (our hypothesis)
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2. Early season N management using remote sensing

Active remote-sensing
(micro-management)

Management zones
(macro-management)



Coupling site-specific management zones
with active proximal sensors

Attempt to manage both macro- and micro-variability in farm-fields

Mlcro varlablllty

I 1IJl

Macro-variability



N Rate (kg ha?) = (135.3 X (NDVlges / NDVlpye)?) — (134.8 X (NDVlgee / NDVlpoe) + 1

NDVI
o =96 Ib/A
NDVI

oaq 96 Ib/A
NOVE 06 Ib/A

0.41




N Rate (kg ha!) = (U@fp. prouibivd 5, SON BRI — (134.8 X (NDVlgys / NDVipy)) +1

NDVI ~02 Ib/A
0.41

NDVI ~144 |b/A
0.41

NDVI ~37 Ib/A

0.41




2. Early season N management using remote sensing

Crop Sensing + Soil Sensing




2. Early season N management using remote sensing

N management strategies
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2. Early season N management using remote sensing

Remote seniRpE magement Zones

<
IS
S e <
& 3 3
& <
4 200 Bs/A < B % P2 5
< 150 1@/A % =
(a@))
JU DS A




s 70723000

/
o™
-

7 A

a

M

//z

TN}

niform

Yield ¢

MY
s,




\

S MIIINY <
> MMM 2
- I

= - NN 2
> I

.

WW 228

L1
- - MO 2
= o - 7

(Ponidde N sq) /7 uress sqj) “INN _




DVI co .
applicati rrelation with ni
ation rates across site :,th hitrogen

ears.

Site Year 1
Cla- -

NDVI RoAd n—"
ant Nutrition iDVI

= Corn
rowth Sta
ge
ool Fertiity &Pt

on of TwWO Ground-Based Active Crop
' ize: Growth S1age

Sensors 1N
and Sensof Mmovement Spee

Eva\uat'\
Canopy

Row Spacing
Precision agriculture rescarch hasbeen directed roward ephancingthe cficiency of N inputs by quand’ﬁyingin—ﬁe\d
. ariability Remotely sensed indices such as pormalized Jdifference Ve cation index (;ND‘\-‘T} can determine in-field
—\\‘_‘\On:‘o?rl\‘m‘e Nvariability io maize (Zeamays L.).One method of determining DVlis through the 1 of gmmd—basec\ active >
crop canopy sensors Several crop cAnOPY sensors determine DV, howevet: Jdimatic and management variables
may affect NDVI readings: Our objectives WEr to compare tWo g;ound—base(\ active crop Canopy sensors (Crop
Circle ambet and GreenSeeker red) across plant growth Stag wind, crop ¥ spacing, SeNs* movement speeds
and N fertilizer rate under greenhouse conditions Results shoW that wind had no effect o8 the NDV1 readings
4 Crop Sciences of either sensor. Nitrogen fate an growth stage ¢ affect the NDV1 of both sensors With NDVI values generally
University 1mreas'mgw’1rh mm‘.asedﬂ rate and advancing g):omh stage. For oth sensors the yRNDV1 2 wich N rate were
{ower than those observed V10 nd V12 Howevet the GreenSecke (red sensor) had much lower 2 values aV
.o . o : e (o









C
I

Xp

G

o

4
4 ’h
o

904 3::.
th%quﬂu ».“.v
wﬂﬁv&www@:
53333, uu
OQ QQQQ%
.an..s




Greenh '
ouse experiment with fluorescence

Vv
Ve Ve Ve

lssue 2 *

Soil Fertility & Crop Nutrition

2014

in Maize Usin

Agronomy journal * Volume 106,

on of Nitrogen Variability
ps* and Raj Khosla

g Fluorescence

Early Detecti

Louis Longcham

and physiological reasons. With
before V8 maize growth stage
assess the possibility of
fect of soil background
re subjected to four

¢ for practical
of N variability
chis study were t0
d to measure thee
aize plants that W€
r was use

N managemen
the detection
bjectives of

ABSTRACT

Early detection of N
nt proximal sensing tec

n-season site-specific
reflectance,
_noise ratio. The o
th stage using fluorescencean
d in a greenhouse on potted m

sessential fori
hniques based primarily on
is not reliable, mainly duetod low signal-to
ariability in maize before the V8 maize grow
ce readings. This experiment was conducte
0,75, 150, and 225 kg ha ! N cquivalent). The Multiplex3 fluorescence senso d to measure the N
balance index (far-red fluorescence induced by UV divided by red fluorescence induced by either red, green, OF blue light) atevery
growth stage starting at V4 and ending at V8 maize growth stage: The results obtained in this study indicate that fluorescence
bility as carly asat V5. Fluorescence, as read by active sensor Multiplex3, is not influenced by soil
fluorescence Sensors have great

sensing detects maize N varia
s recommended height of measurement. Portable induced

background at
i < N variability at early growth stages-

deficiencyi

curre
(Zea mays L.)
detecting NV
on fluorescen
nitrogen rates (i-e.




e

PO

~)
\
—

9

§ /




xperiment in the field

N Rate (kg/ha)






<

19Z1|1J3) N v

C

d /S
L

IEVHETEN v -




3. Variable rate seeding in conjunction with water and N

Planting 5 seed rates



“1Hybrid:

2014
Hybrid:

2015
Hybrid:

$8  hased on crop ET

Planting date:
Harvest date:

Planting date:
Harvest date:

Planting date:
Harvest date:

Location: CSU Research farm (ARDEC), Fort Collins, CO

DKC-4620 @ 30”
May 15t 2013
Oct. 24th 2013

DKC-4620 (@ 30”
Apr 29t 2014
Oct. 30t 2014

DKC-4620 @ 30”
May 27t 2015
Nov. 19th 2015

For all years, 250 Ibs N/ac was supplied and irrigation was supplied
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Data from Pioneer Crop Insights
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Figure 4. Corn yield response to population and optimum
economic seeding rate by location yield level, 2006 to 2012.

;. Source: Doerge, T., M. Jeschke, and P. Carter. 2015. Planting Outcome Effects on Corn Yield.
Crop Insights 25(1): 1-7.
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3. Variable rate seeding in conjunction with water and N

Yield by seed and irrigation rate

27 34 41 48

Seed rates (1000 seeds/A)

Seed rate Irrigation rate



. Variable rate seeding in conjunction with water and N

0 Ibs N/A
50 Ibs NIA c c ¢ b b
100 Ibs N/A b b
150 Ibs N/A ab

200 Ibs N/A b b a b
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3. Variable rate seeding in conjunction with water and N

Increased seed rate should be
accompanied with increased input rates

Questions:
How to integrate effect of soil properties on seed rate?

How to optimize seed, N, and water for each soil type?.

Could we develop an N algorithm that incorporates
Irrigation and seed rates as well as soil properties
and yield goal?

Ml \What is the effect of timing on these interactions?

£\ hat is the.....?



Thank you

Raj.Khosla@Colostate.edu

Raj Khosla, Jose Chavez, Allan Andales, Robin Reich and Louis Longchamps

Colorado State University
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