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The first GPS Receiver developed 
by Rockwell Collins in 1976. 
Images © Rockwell Collins, Inc

http://www.micromanufacturing.com/content/gps‐%E2%80%98manpack%E2%80%99‐iphone 

What would be your answer?

How our agriculture may look like in 40 years? 
(Year 2057)

Agriculture is changing
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Why do we need complex solutions?

Why do we need complex solutions?

When was the first auto-pilot system invented?

2002

1998

1962

1938

1908

steering device consisted of a small pilot wheel

Big Four Tractor…

which runs along in the furrow ahead of the 
engine and is connected with the front axle 
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Variation in crop yields in small plots in fields at Rothamsted Research, Harpenden, England.

Mercer and Hall (1911) Variability!!

Large Scale Farming Systems

North America

Small Scale Farming Systems

Asia

Spatial Variability in small scale farm field in China



2/8/2017

Prof. R. Khosla CSU 4

Source: IPNI Better Crops August 2014http://www.ipni.net/publication/bettercrops.nsf/0/2A28607F6579983885257D38006BD49E/$FILE/BC‐2014‐3.pdf

Spatial Variability in small scale farm field in Zimbabwe

At the regional scaleAt the farm scale At the field scale

Variability!!

Spatial variations in soil often translate into variations in crop

Year 1Year 2Year 3
Y1: 193 bu/ac

Y2: 225 bu/ac

Y3: 180 bu/ac

Y4: 217 bu/ac

Y5: 204 bu/ac

Y6: 252 bu/ac

Y7: 205 bu/ac

Average yield 41c, 117r
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> average

~ average

< average

well < avg.

A sub-region of a field that expresses a 
homogeneous combination of yield 
limiting factors

Management Zones

In Colorado, we have developed four
techniques of delineating management zones

Generating management zonesManagement Zones…

• Soil organic matter 

• Moisture content and 

• Other stable soil properties (bulk density, texture, compaction, etc)

1. Bare soil imagery

Management Zones…



2/8/2017

Prof. R. Khosla CSU 6

Elevation map

Grain yields are correlated with topography

2. Field topography

Management Zones…

Water flow map

Water pooling map

3. Farmer’s experience

Management Zones…
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Low 
Productivity 
(Zone 3)

Medium
Productivity 
(Zone 2)

High 
Productivity 
(Zone 1)

The three data layers

Aerial Imagery

Topography

Farmer’s experience

are stacked as GIS layers
to delineate the zone

Traits such as dark color, low-lying 
topography, and historic high yields 
were designated as a zone of 
potentially high productivity or high 
zone

Delineating management zones…

Mean grain yield across MZs

16

12

8

4

0

a a b

Low Medium High

Management zones

G
ra

in
 y

ie
ld

 (
M

g 
ha

 -1
)

12

9

6

3

0

ab b

Low Medium High

Management zones

G
ra

in
 y

ie
ld

 (
M

g 
ha

 -1
)

a

20

15

10

5

0

b b

Low Medium High

Management zones

G
ra

in
 y

ie
ld

 (
M

g 
ha

 -1
)

a

Management zones…

Up to 46% reduction in N loadings 
without impairing grain yields

Source: Koch, Khosla, et al. 2004

Mean N-uptake across MZs
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Corn Grain N Concentration 
as a Function of Management Zone (Site Yr 1 & 2)
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Source: Inman, Khosla, et al. 2005
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Again we could separate low from high zone but NOT low from medium 
or medium from high zones for most years. 

Mean N-uptake across MZs

Source: Inman, Khosla, et al. 2005
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Maize grain yield response curves to applied N
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There are isolated inclusions 
(islands of low and high zones) 
within the zones 

that we intentionally smooth

to accommodate the size of 
farm equipment we are 

working with, 60 – 90 feet 
sprayer width.

Management Zones…

Source: Khosla, et al. 2002

Macro-variability

Micro-variability

Low 
Productivity 
(Zone 3)

Medium
Productivity 
(Zone 2)

High 
Productivity 
(Zone 1)

N Rate (kg ha-1) = (135.3 x (NDVIRef. / NDVITarget)2) – (134.8 x (NDVIRef. / NDVITarget)) + 1

~92 kg/ha

~144 kg/ha

~37 kg/ha

High

Medium

N Rate (kg ha-1) = Crop properties + Soil Properties

NDVI

0.41

NDVI

0.41

NDVI

0.41

Low

Crop Based Management
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Micro-variabilityMacro-variability

High MZ Medium MZ Low MZ

N management strategies

High Medium Low

150

120

90

60

30

0

c

b

a

c

b

a

N
U

E
a

(k
g 

G
ra

in
 / 

kg
 N

)

c

b

a

NUEa

2010 2011 2012

Farmer MZ RS + MZ

224

168

112

56

0

N
 a

pp
lie

d 
(k

g/
ha

)

Improvement in NUE and 
reductions in N loadings 

MZ RS + MZ
0

28

D
if

fe
re

n
ce

 i
n

 N
 a

p
p

lie
d

 (
kg

/h
a)

Farmer MZ RS + MZN loadings

Uniform

15

10

5

0

a a a

a a a

Y
ie

ld
 (

M
g/

ha
)

Yield

a a
a

2010 2011 2012

Farmer MZ RS + MZ



2/8/2017

Prof. R. Khosla CSU 10

What could happen when 
implementing PNM?

 Same inputs, higher yield
 Less inputs, same yield
 Higher inputs, higher yield
 Less inputs, higher yield (best scenario)
 Less input, lower yield (worst scenario)
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Thank you

Thank you
Raj.Khosla@Colostate.Edu
Colorado State University


