N

HAL

open science

Plant P and soil P diagnosis for integrated crop
fertilization management

Mounir Seghouani, Matthieu N. Bravin, Tanguy Vergne, Christian Morel,
Alain Mollier

» To cite this version:

Mounir Seghouani, Matthieu N. Bravin, Tanguy Vergne, Christian Morel, Alain Mollier. Plant P and
soil P diagnosis for integrated crop fertilization management. “New paradigms and new tools for crop
yield improvement with reduced environment impacts”, Jun 2024, Chéateau de Saint-Loup sur Thouet,
Saint-Loup Lamairé, Deux Seévres, France. hal-04649413

HAL Id: hal-04649413
https://hal.inrae.fr /hal-04649413v1
Submitted on 16 Jul 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.inrae.fr/hal-04649413v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

> Plant P and soil P diagnosis for integrated
crop fertilization management

Seghouani M., Bravin M., Vergne T., Morel C., Mollier A.

cas 2 n aemm o m am & VAL BORDEAUX > k)
REPUBLIQUE I N RA@ SCIENCES ‘

FRANCAISE C I ra
L_ibﬂte' AG RO

Egalité

Fraternité

%



Two diagnosis methods

®
fertilizations exportations in
=26 kg Phal yr! harvest

~20 kg P ha-t yr-!

total crop residus
~4 kg Pha'l yr!

~ 1.5 kg P hal yr-!

leaching .
=0.1kgPhatlyrt  eutrophication

Soil-based diagnosis
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® Soil-based diagnosis methods

Plant available soil P is determined by chemical extraction

- Procedures differ widely between countries

Diagnosis is established on relationship between the soil tests and the crop response
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Large variability of the relationship Chemically extracted P and plant P
between crop yield and extracted soil uptake are poorly correlated for
P: saoil, crop, year effects! several common chemical methods
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® Plant-based diagnosis methods

Used to evaluate crop P requirements and determine the economically optimum
fertilization rates

The concept of critical N dilution curves for diagnosing the N nutrition status has
been applied for P

For a non-limiting N supply, the P concentration in shoot biomass (Shoot P, g P kg™ DM) of different
crops, such as maize, wheat, rapeseed, and potato, decreased with biomass accumulation (W)
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® Objectives

Determine the relationship between the P nutrition index based on
a critical P dilution of maize (Zea mays. L.) and indicators of the soil

P supply assessed using a process-based approach or the common
chemical extraction of the Olsen method.

Incorporate these indicators in the STICS crop growth model to
predict crop P uptake and P response

e Determination of critical P dilution of maize

* Determination of the relationship between PNI and soil P indicators
* Analyze N:P interactions effects on plant P status diagnosis

* Development of a P module for STICS model
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m Name and location

1

2

3

INRAZ

Data collection from long-term field experiments on P

fertilization

3-4 P fert. treatments
(superphospahte) : PO - P1 - P2

Four replications

Maize cultivation

S3-S4-S5 irrigated

b <

Folleville (1958-2022)

Saint-Felix (Flandrois 1979-2009) Sited @

o
Pierroton (1995-2015) I_Slte 5

Tartas - Carcares Sainte-Croix
(1972-2004)

~1-2 cropping cycle
5-6 shoot sampling dates

Biomass, N and P content analysis

Soil P availability : Olsen P and
process-based assessment

Mant (1975-1992)
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e Determination of N statues

Non-limiting N supply for all sites and all P treatments
~All sites
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Shoot biomass (tha™")

e Growth response to P level

Early growth is strongly reduced in PO treatment with contrasted
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e Relation between P uptake and biomass

P uptake
P4—P1 : lower P uptake but almost same W

Ex: Pierroton P1 — PO : both lower P uptake and lower W
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P uptake (kg ha ')

e Relation between P uptake and biomass

P uptake
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e Relation between P uptake and biomass
In(P uptake) vs In(W) for all sites (Low P = PO, High P ={P1,P2,P3, P4})
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e Determination of critical P curves

Critical P curves derived from P1 and P1.5 treatments

Max P curve : 99th quantile regression
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¢ Determination of the relationship between PNI and soil

INRAZ

P indicators

Stock of P extracted by Olsen’s method (ploughed layer)

130 )

110 - :
A

PNI at maturity %
8

' | MW Tartas
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® Folleville
| A Flandrois
70 -
5 50 500

Stock P-Olsen (kg P/ha)

The response curves varied with soil types

Threshold values are difficult to estimate
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¢ Determination of the relationship between PNI and soil
P indicators

Stock of diffusive oPions at the solid-solution interface transfered in about 1 day plus the amount of oPions

in soil solution (ploughed layer) . :
150 . Logistic equation

110 -
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il 1.0.00
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Unique calibration curve for all sites considering a period of resupplying soil solution oPions about 1 day

This soil- and plant-based methods of diagnosis are both equally effective
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® Analyze of N:P relationship

The linear P % vs N % relationship depends on the P level

P uptake does not
affect N uptake
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® Analyze of N:P relationship
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® Data collection from TERO trials: Sugar cane (La Réunion)

La Mare (Sainte-Marie)

V,‘ef\‘ 2

UDj(Saint:Loi
g ¥

Treatments Different N, P, K supplies
Control
Mineral fertilizer Multi-Site and

Organic fertilizers :

- sewage farm sludge
- composted sludge

- pig manure and poultry manure
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® Analyze N:P interactions effects on plant P status diagnosis

Identifying situations of N-P Explaining sugarcane yield

co-limitations based on NNI and PNI variability with plant N, P and K
status diagnosis at harvest
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e Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

INRAZ

STICS-P model structure

Soil variables

eed-Back

Y

Cp : P concentration in | P offer

St -

1 - Soil P availability Root variables |

3 - P uptake

Growth variables

2-CropP

demand | demand
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. . R o —

soil solution "| Potential and Daily P demand Based

) - effective P uptake >

Qb Pdiffusible at soil- Biieteke Potential | Critical %P on P

solution interface P Aerial P uptake = dilution

accumulation %P critical .

curves

5 - P Partitioning 4- P Stress

§ Total P
PHI : Phosphorus Harvest Index | PNI :Phosphorus
P accumulation in the grain Feed-Back utrition Index

Seghouani et al. in prep
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e Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

%P
Threshold P_dilution

N MaxAccumulation curve

if (Biomass < Threshold_P_dilution )
then :
Demand is fix, and

%Pcrit = a parameter of the P dilution
curve

Critical dilution
curve

Biomass
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e Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

%P I

\ MaxAccumulation curve if (Biomass > Threshold_P_dilution)
then :
Base demand equals the quantity

of P required to the daily ABiomass
to reach %Pcrit

Critical dilution
curve

Biomass

PIant P and soil P diagnosis for |ntegrated crop fertilization management M Seghouani
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e Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

%P

Y MaxAccumulation curve if (%P < %Pcrit)
then :

Demand is equal to the quantity of
P required to reach Pcrit

Critical dilution

curve
e Biomass
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e Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

%P

N MaxAccumulation curve

if Offer > Base demand
then :

Uptake= Base demand +

(Base_demand - Offer) x
Accumulation_coef

Critical dilution
curve
. Biomass
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e Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

%P

Y MaxAccumulation curve

Demand is limited by the crop “max
accumulation curve”

%P =< %Pmax

Critical dilution
curve
o Biomass
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e Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

Outputs : (ex : Tartas 1997)

701

P accumulation

60 1

501

40 4

P accumulation in aerial parts (kg.ha-1)

30
201
101
0-
- mai jui Tgi'é( dis) aol sept. oct. Seghouani et al. in prep
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Use of P dilution curve to simulate P demand and P
status in STICS soil-crop model

Accumulated P in the aerial parts (kg.ha-1)
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Dry biomass accumulation(t.ha-1)

2| b)
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e Conclusions

INRAZ

P dilution curves (critical and max accumulation) for maize in France
without other limiting factor

-> Need to be test in wider pedoclimatic context

Interest in using dilution curves to study N-P colimitation and reveal
NxP interaction

Soil and plant-methods of diagnosis are both equally effective and
complementary

Concept are useful to simulate crop growth and response to P

-> Integration of both methods in soil-crop model allow for a more
mechanistic representation of the crop nutrition -> Improved
simulations -> Test scenarios, build response curves, better understand
of crop nutrition.
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