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L’agriculture (numérique) de précision ...

= On qualifie mieux 1’agriculture de précision des 5 b’s :

s I utﬂisation du Bon Intrant (des éléments nutritifs, de la semence, de I’eau, de la main-

d’ceuvre, de I’argent, des machines, de la technologie, des données)

= Au Bon Moment

= Avec la Bonne Quantité

= Au Bonne Endroit

s De la Bonne Mani€re ( 1avolée par rapport i injecter, couler lentement, en bande)

= Pour la gestion de la variabilité dans les systemes de production
agricoles

Agronomie de base

$ 4 =

loi des facteurs limitants
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rogen

+* Processus fixant le N dans 1'air en ammoniac

+* L'une des plus grandes inventions du 20e siecle

La gestion de 1’azote
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Efficacité d’utilisation de I’azote
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Les formes d’azote

Il n’y en a que deux qui sont accessibles aux plantes : NO3- et NH4+

N,H,

2 RN
Tahydridodinitro® A’itrinous Ac'ld Dinitrogen

N,O

Dinj trogen Monoxid®

Ammonia

Nitrate

Ammonijum

NO-
ment gérons-nous I’azote pour la p
Yitric cageficole (végétale) ?

HNO,

“rogen Dioxid®

/‘Gtric Acid

/\’l'trous Acid
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Le taux d’azote= 35+ (1.2 X EY (bu/ac))
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Le taux d’azote (livres/acre)
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La gestion d’azote

~ La gestion d’azote

35+ (1.2 X X Average ppm (.14 X EY (bu/ac) X %OM)- other N Credits

L’ estimation des
rendements (EY)

L’ azote résiduel

dans le sol
Analyse de I’azote

(NOjy) du sol
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Des applications Web

35+ (1.2 X EY (bu/ac)) — (8 X average ppm NO3 N in soil) — (.14 X EY (bu/ac) X %OM)- other N credits

(1.6X YG (bu/ac))-(%0OM X 20) - Priofile N - Legume N- other N Credit

-27 +(1.36 X Yield Potential (bu/ac) -100) — N credit (Ib/ac) or 110 + [1.36 X (Yield potential (bu/ac) -100)] — N credit (Ib/ac)
-27 +(1.36 X Yield Potential (bu/ac) -100) — N credit (Ib/ac) or 110+ [1.36 X (Yield potential (bu/ac) -100)] - N credit (Ib/ac)
-27 +(1.36 X Yield Potential (bu/ac) -100) — N credit (Ib/ac) or 110 + [1.36 X (Yield potential (bu/ac) -100)] — N credit (Ib/ac)
Fertilizer N recommendation (lbs/ac) - preplant N test credits (Ibs/ac)

N Fertilizer YG Recommendation (lbs/ac)- PSNT NO; (lbs/ac) *Wheat

Fertilzer N recommgndatioR (Ibs/ac)- Soil Nitrgte Concentration (Ibs/ac)-N¢Credits (Ibs/ac) .
- U Galoulateunehi taux-de-l-anetepeur le mais
YG (bu/ac) X Required N Protein Goal (Ib/ac) — Residual Soil N (Ib/ac) *Wheat

EY (bu/ac) — ( (Manure since last harvest (Ib/ac) + Previous Crop Factor (Ib/ac) + Three year Manure History Factor (Ib/ac)) X Soil Nitrate
NI IRate Web Application
N Rate Web Application
N Rate Web Application
N Rate Web Application

N Rate Web Application
N Kate web Application

N Rate Web Application
N Rate Web Application

Des applications Web

Max Economic Return To
Nitrogen

Connaissez-vous des gens qui gerent
encore par la moyenne (de rendement)
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Yield (bu/a): 186 180 162 112 156 212

Une carte de rendement
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<172.5 bu/A

s pixels
+/- %qolﬁﬂ?ﬁaﬂ'om the mean

= la moyenne

Sur—‘lWl’ﬂ%’ 36 %

Field

Statistics:

Count: 13743
Minimum: 100.0582
Maxdmum: 258 .5121
Sum: 2508258 5937
Mean: 182514662

Nulls: 0

DryYield -

Standard Deviation: 26.368539

La moyenne:
182.5 boisseau/acre

Une carte de rendement
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Les zones de gestion

“Une sous-région du champ qui exprime une
combinaison homogeéne des facteurs limitants du
rendement”

Au Colorado, on a développé quatre
techniques pour définir les zones de gestion
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Les zones de gestion...

2. La topographie du champ
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Les zones de gestion...

3. L’expérience de I’agriculteur
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Les zones de gestion...

Les trois couches de données
‘/Les images aériennes
‘/La topographie

‘/L’ expérience de I’agriculteur(trice)

sont empilées (superposées) comme
couches de SIG pour distinguer la
zone

Des traits comme une couleur foncé, une
basse topographie, et un rendement
historiquement élevé permettent de désigner
une zone potentiellement plus productive ou
une zone élevée

Les zones de gestion...

La moyenne de rendement en grain a travers les zones de gestion
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Up to 46% reduction in N loadings without
impairing grain yields

Source: Koch, Khosla, et al. 2004
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Les zones de gestion...

v
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Associer les zones de gestion aux détecteurs proximaux

Le taux d’azote (kg ha'!) = (135.3 x (NDVIgy; / NDVIy,,)) — (134.8 x (NDVI; / NDVIp,,..)) + 1

NDVI
~96 Ib/a 0.41
NDVI
~96 Ib/a 0.41
NDVI
~96 Ib/a 0.41

Associer les zones de gestion aux détecteurs proximaux

Le taux dlazote (kg har') = Iek3papri@sd Vi s (DN, Jeo Droflises dudiD Vg, / NDVIy,..)) + 1

~92 1b/a NDVI
0.41

~144 1b/a NDVI
0.41

~37 1b/a NDVI
0.41
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Lefficacité d’utilisation . %
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Il y aura encore plus de modeles de sol et de la culture
qui englobent plusieurs d’autres parametres sensibles

La voie de ’avenir

= coulg o= =rr ing, A T
‘mﬁis‘::\mﬁ eeding, w1
1o sy
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Picture source: Betters crops, PPI ASA Special Publication
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Precision (Digital) Agriculture...

= Precision Agriculture is best described by five R’s

m Use of Right Input (utrients, seeds, water, labor, money, machinery, technology, data)
= At the Right Time

= In the Right Amount

= At the Right Place

= In the Right Manner (broadcast vs injecting, dribbling, banding)

= For the management of variability in ag production systems

Basic agronomy

$ 4 =

Law of limiting factors
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rogen

+¢* Process fixing N in the air into ammonia

% One of the greatest inventions of the 20" century

Nitrogen management
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Nitrogen Use Efficiency
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Forms Of Nitrogen

Only two are plant available: NO; and NH,*

N,H,

Uty grigodinitrot™ ,\,@

Itrinous Acid

Dinitrogen

N,O

Ammonia ) Olhitrogen Monoxi&®
Nitrate

Ammonium
NO- .
do we manage nitrogen for crop pr

Yitric Oxide Trogen Dioxid®

HNO,
/‘Gtric Acid

/\’l'trous Acid
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Grain Yield (Bu/Acre)

@

N rate = 35+ (1.2 X EY (bu/ac))

e 0o
o

'/‘

o
e o °
Optimal

/ Range

Nitrogen Rate (Ibs/Acre)
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N Management

- N Management

35+ (1.2 X X Average ppm (.14 X EY (bu/ac) X %OM)- other N Credits

Estimated Yield
(EY)

N Credits

Soil N Test
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Web Applications

35+ (1.2 X EY (bu/ac)) — (8 X average ppm NO3 N in soil) — (.14 X EY (bu/ac) X %OM)- other N credits

(1.6X YG (bu/ac))-(%0OM X 20) - Priofile N - Legume N- other N Credit

-27 +(1.36 X Yield Potential (bu/ac) -100) — N credit (Ib/ac) or 110 + [1.36 X (Yield potential (bu/ac) -100)] — N credit (Ib/ac)
-27 +(1.36 X Yield Potential (bu/ac) -100) — N credit (Ib/ac) or 110+ [1.36 X (Yield potential (bu/ac) -100)] - N credit (Ib/ac)
-27 +(1.36 X Yield Potential (bu/ac) -100) — N credit (Ib/ac) or 110 + [1.36 X (Yield potential (bu/ac) -100)] — N credit (Ib/ac)
Fertilizer N recommendation (lbs/ac) - preplant N test credits (Ibs/ac)

N Fertilizer YG Recommendation (lbs/ac)- PSNT NO; (lbs/ac) *Wheat

Fertilizer N recommendatj (Ibs/ac)-SNitr te Concentratiol s/ac)- N (ﬁais/ac)

S5 a1 (o) - (TN O S I e b v Gulator
YG (bu/ac) X Required N Protein Goal (Ib/ac) — ResiduaTl Soil N (Ib/ac) *Wheat

EY (bu/ac) — ( (Manure since last harvest (Ib/ac) + Previous Crop Factor (Ib/ac) + Three year Manure History Factor (Ib/ac)) X Soil Nitrate
N Rate Web Application
N Rate Web Application
N Rate Web Application
N Rate Web Application

N Rate Web Application
N Kate web Application

N Rate Web Application
N Rate Web Application

Web Application

Max Economic Return To
Nitrogen

Do you know folks who are
still managing the average?
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Yield (bu/a): 186 180 162 112 156 212

Yield Map
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. <172.5 bu/A
P eis = Average?
H- lthanmaann

On¥iges

Field
DryYield
Statistics:

Count: 13743

Minimum: 100.0582
Maxdmum: 258 .5121

Sum: 2508258 5937
Mean: 182514662
Standard Deviation: 26.368539
Nulls: 0

P Iy 118.3 1548 1912 2277 2642

Mean: 182.5 bu/A Yield Map

Frequency Distribution
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Management Zones

“A sub-region of a field that expresses a
homogeneous combination of yield limiting
Jactors”

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

2. Field topography
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Management Zones...

3. Farmer’s experience
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Management Zones...

The three data layers

‘/Aerial Imagery
‘/Topo graphy

\/Farmer’s experience

are stacked as GIS layers W
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

Management zones...

Mean grain yield across MZs
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»
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f
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7
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S
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Management zones Management zones Management zones

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

Source: Koch, Khosla, et al. 2004
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Management Zones...

v
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Micro-variability

Macro-variability
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Proximal Sensing: Crop Based Management

N Rate (kg ha'!) = (135.3 x (NDVly,; / NDVIy,,..)?) - (134.8 x (NDVIg; / NDVlp,, ) + 1

NDVI
~96 Ib/a 0.41
NDVI
~96 Ib/a 0.41
NDVI
~96 Ib/a 0.41

Proximal Sensing: Crop Based Management

N Rate (kg ha'!) = (3 pro@iiid g SONDMherigd) — (134.8 X (NDVIgy; / NDVIp,,.0)) + 1

~92 1b/a NDVI
0.41

~144 1b/a NDVI
0.41

~37 1b/a NDVI
0.41
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There will be even more complex soil and crop models
that encompass many other sensitive parameters
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