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Q Basis to improve crop nitrogen management (Why?, How ?)

@ Global objectives

@ Experimental design and protocol (Optical measurements and
plant sampling)

QPertinence of using relative indices (Vs absolute indices)

QComparison of the relative indices provided by the different
optical devices

@Conclusion
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Why?

1. For all the known consequences of Nitrogen (N) fertilization on:
- Tuber yield and quality (dry matter content, tuber size, ...)

- Risks to the environment (N losses)
- Economic loss for producers (fertilizer’s prices)

2. The establishment of provisional field-specific N recommendation
can never be accurate !

(influenced by several unpredictable factors)
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1. Apply 70% of the N recommended rate

N balance sheet method N
requirements supply

2. Monitor the crop for in-season N status asse<sment

3. Apply supplemental N if required according to monitoring g
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http://www.google.fr/url?url=http://www.pageblanche-leblogdesseniors.com/2010/05/senior-blogueuse-dans-le-brouillard/loupe/&rct=j&frm=1&q=&esrc=s&sa=U&ei=n8e2U_XIEbDJ0AWGhYHIAw&ved=0CCAQ9QEwBQ&usg=AFQjCNFgPsULoc3abnJn826e2HB3AcI-zg

How?

Potato N monitoring implies the use of plant-based indicators:

The Nitrogen Nutrition Index (NNI): likely the best indicator of crop N status

requires destructive sampling ! *long delay to get result !

Can be used as a reference to calibrate other
easier, quicker and non-destructive optical methods
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Optical methods are currently based on spectral properties of the leaf
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The optical methods allow the estimation of N related indicators

1. Chlorophyll content: highly correlated to N status
- Leaf transmittance: hand held chlorophyll-meters

But: Chlorophyll-meters can detect only deficiency situations for N !
- Crop light reflectance: Ground-based radiometers

But: Interferences such as soil reflectance should be taken into account!

2. Flavonoids content: potential indicators of N status
- Leaf fluorescence: fluorimeters
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How?

3. Chlorophyll and Flavonoids content

NITROGEN NUTRITION

Flavonoids

Non-sufficient Excess Flavonoids

Chlorophyll

Nitrogen N”:rogen

Chlorophyli

The combined ratios should improve the discrimination between N treatments
due to the opposite dependance of chlorophyll and flavonoids with N status



The objective of the current study was to evaluate the potentialities of
leaf flavonoids content considered alone or combined to leaf chlorophyll
content for the evaluation of potato crop N status.

3 criteria were evaluated:

@ The sensitivity of the studied index,

@ The earliness of the diagnosis,

© The accuracy (precision and repeatability) of the index.
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2 trials on 2012 et 2013

-2 potato cultivars: Bintje and Charlotte
-6 increasing N rates

0, 50, 100, 150, 200, 250 kg N/ha
-SPLIT PLOT bloc (4 replications)

-Weekly observations dates with optical
devices and plant sampling

Experimental field
(CRA-W, Gembloux,Belgium)




Chloropyll fluorescence Reflectance

Transmittance & X Cropscan radiometer
Chloropyll fluorescence Transmittance (Cropscan Inc, Rochester, USA

Dualex fluorimeter : : ) HNT& Dualex
(Force-A, Orsay, Paris, France) SFR-G index bUCh cnilmatey G index or HNT& Multiplex

chlorophyll chlorophyll

CHL index SFR-R index HNT index R index

Chlorophyll chlorophyll chlorophyll chlorophyll
FLV index FLAV index
flavonoids flavonoids

NBI-R index

(Yara, Oslo, Norway)

HNT/FLV index
Chlorophyll
flavonoids

NIR index
chlorophyll

HNT/FLAV index
Chlorophyll
flavonoids

NBI index VI’s

Chlorophyll chlorophyll

flavonoids

Chlorophyll
flavonoids

Omrements were carried weekly during the potato growth (mid of June
to end of July). Measurements dates are expressed as Day After Emergence: DAE



Plant samples were collected periodically during the growing cycle allowing the
dertermination of:

o Total biomass

o Tuber yield

Plant tissue sub-samples were subjected to laboratory analyses allowing the
determination of:

o Total N for different parts of the plant

o Total N-uptake

o NNI
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Nitrogen effect (N) — Cultivar effect (Cv): combining 2012 and 2013 trials
Optical devices indices Absolute Indices 250N Relative Indices ON Relative Indices
(trt x / trt 250N) (trt x /trt ON)
N V N V N V
CHL *%k% NS *%% NS *%k% NS
FLV **%k% N S *%k% N S **%k% N S
Dualex NBI *kk NS Fhk NS *hk NS
SFR-G NS NS NS NS NS NS
SFR-R i Fkk *xk NS NS NS
F LAV *%k% *% *%% N S *%k% N S
NBI-G Fkk *x Fhk NS NS NS
Multiplex NBI-R Fhk i ol NS Fhk NS
Hydro N-tester HNT rx ok o NS rx NS
G *k NS Fhk NS NS NS
R *%k% *% *%% NS *%k% NS
NIR **%k*% NS *%k% NS **%k*% NS
NormG *%k% * *%% NS *%k% NS
N O rm R **%k% *%* *%% N S **%k% N S
NO rm N I R *k%k *k% *%k%k NS *k%k NS
DVI-GDVI *kk NS bl NS *kk NS
RVI **%k*% * *%k% NS **%k*% NS
G RVI *%k% *% *%% N S *%k% N S
NDVI-GNDVI Fkk e Fhk NS *kk NS
SAVI-OSAVI i ok *kk NS *k NS
Cropscan GSAVI-GOSAVI *kk * Fhk NS Fkk NS
Hydro N-tester et Dualex SPAD/FLV ok *x rokk NS ok NS
Hydro N-tester et Multiplex SPAD/FLAV *hk * Fhk NS *kk NS

*, ** and *** : statistical significance respectively at P <0.05, P < 0.01, and P < 0.001. NS : no significance at P>0.05
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Nitrogen effect (N) — Year effect (Yr): combining 2012 and 2013 trials Cra-w
ON Relative Indices (trt x /trt ON) 250N Relative Indices (trt x / trt 250N)
) ) ) N Yr N Year
Optical devices Indices
Pr>F F Pr>F F Pr>F F Pr>F F
CHL 106.4 o 124.86 96.59 o 81.61
Dualex FLV ok 444.05 o 102.15 ok 324.01 *x 35.29
NBI 196.59 174.55 253.45 ** 77.39
SFR-G NS 0.9 NS 2.2 NS 0.66 NS 0.12
SFR-R NS 1.37 NS 0.83 ok 61.26 NS 3.13
Multiplex FLAV ok 164.29 *x 66.99 ok 164.94 *x 89
NBI-G NS 2.52 NS 1.58 wx 86.42 * 12.35
NBI-R kel 10.75 ** 12.77 o 246.34 ** 88.14
Hydro N-tester HNT kel 97.9 ** 128.7 e 157.5 * 12.79
G NS 1.21 ikl 2771.66 e 21.44 NS 0.81
R ok 11.54 ** 168.22 kK 65.91 NS 0.38
NIR ok 14.36 ** 56.03 e 53.09 NS 0.67
NormG ok 20.81 ** 79.31 kK 139.41 * 10.19
NormR ok 17.67 ** 125.64 kK 79.76 NS 0.01
NormNIR ok 14.3 *x 95.9 ok 105.72 NS 0.68
DVI ok 14.46 *x 68.69 ok 57.3 NS 0.24
Cropscan GDVI ok 16.68 *x 103.4 ok 63.2 NS 1.38
RVI wokk 15.41 *x 53.41 ok 51.84 NS 0.29
GRVI i 34.35 *x 87.42 rx 122.27 NS 5.9
NDVI o 5.89 * 21.91 rx 61.31 NS 0.1
GNDVI b 14.01 *x 130.65 e 114.21 NS 4.25
SAVI *x 6.03 * 22.5 ok 61.42 NS 0.09
OSAVI *x 5.93 * 22.1 ok 61.35 NS 0.1
GSAVI i 14.25 *x 132.2 b 113.19 NS 4.31
GOSAVI ekl 14.09 *x 131.15 i 113.88 NS 4.27
Hydro N-tester et Dualex HNT/FLV ekl 238.48 ** 166.22 e 291.32 ** 35.19
Hydro N-tester et Multiplex HNT/FLAV el 237.73 el 626.8 e 235.24 *x 55.23

*, **, and *** : statistical significance respectively at P <0.05, P < 0.01, and P < 0.001. NS : no significance at P>0.05



lllustration of the Sensitivity, the Earliness and the Accuracy of the f
Cra-

flavonoids indicators combined or not to the chlorophyll indicators

Studied criteria Statistical analysis

0 Sensitivity

*** N effect combining 2012 and 2013 trials



0 The sensitivity of the studied index
y <L
cra-w
Responses of relative indices to the increasing nitrogen including all measurement

dates and the two cultivars (combining 2012 and 2013 trials)

. . Relative indices N
[ —
Optical devices (trt x/trt 250 N) P F value
CHL il 96.59
Dualex FLV il 324.01
NBI bkl 253.45
SFR-G NS 0.66 FLV >
SFR-R 61.26 HNT/FLV >
Multiplex FLAV 164..94 NBI >
Eg:_g 28564324 NBI-R >
Hydro N-tester ju 3& HNT ok 1575 HNT/FLAV >
G 21.44 FLAV >
R Fohk 65.91
NIR il 53.09 HNT>
NormG *kk 139.41
NormR il 79.76
NormNIR ok 105.72 NormG >
DVI Hohk 57.3 GRVI >
GDVI il 63.2
>
Cropscan RV . 5184 GNDVI
GRVI 122.27 GOSAVI >
NDVI ok 61.31 GSAVI >
GNDVI ok 114.21 NormNIR >
SAVI Hohx 61.42
OSAVI *kk 61.35
GSAVI Hohk 113.19
GOSAVI el 113.88
Hydro N-tester&Dualex HNT/FLV Frk 291.32
Hydro N-tester & Multiplex HNT/FLAV *kk 235.24

*, **, and *** : statistical significance respectively at P <0.05, P < 0.01, and P <£0.001. NS : no significance at P>0.05



lllustration of the Sensitivity, the Earliness and the Accuracy of the f
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flavonoids indicators combined or not to the chlorophyll indicators

Studied criteria Statistical analysis

L | F

*** N effect combining 2012 and 2013 trials
0 Sensitivity Good discrimination on 2012 and 2013 between all experimented N rates



o The sensitivity of the studied index

Responses of relative indices to the increasing nitrogen on all measurement dates

and for the two cultivars (combining 2012 and 2013 trials)

Optical devices Relative indices N Tested N rates (kg N/ha)
(trt x/trt 250 N) P F value 0 50 100 150 200
CHL i 96.59 d Cc b a a
Dualex FLV i 324.01 a b c d e
NB| R 253.45 e d c b a
SFR-G NS 0.66 a a a a a
SFR-R ok 61.26 d c b a a
Multiplex FLAV rkk 164..94 a b c d d
NBI-G i 86.42 d Cc b a a
- NBI-R e~ 246.34 e d c b a
Hydro N-tester i HNT el 157.5 e d C b a
G rxk 21.44 a b b b b
R ok 65.91 a b c c o
NIR ok 53.09 o b a a a
NormG *xk 139.41 a b c dc d
NormR ok 79.76 a b c c o
NormNIR rxk 105.72 o b a a a
DVI ok 57.3 C b a a a
Cropscan GDVI ok 63.2 o b a a a
RVI *xk 51.84 o b a a a
GRVI el 122.27 d c b ba a
NDVI rxk 61.31 c b a a a
GNDVI rxk 114.21 c b a a a
SAVI Fokk 61.42 C b a a a
OSAVI ok 61.35 o b a a a
GSAVI el 113.19 C b a a a
GOSAVI FrE 113.88 C b a a a
Hydro N-tester&Dualex HNT/FLV i 291.32 a b c d e
Hydro N-tester & Multiplex HNT/FLAV il 235.24 a b C d e

*, ** and *** : statistical significance respectively at P <0.05, P <0.01, and P <0.001. NS : no significance at P>0.05.

Indices with the same letter are not significantly different

J

Cra-



lllustration of the Sensitivity, the Earliness and the Accuracy of the f

flavonoids indicators combined or not to the chlorophyll indicators

cra-
Studied criteria Statistical analysis
*** N effect combining 2012 and 2013 trials
0 Sensitivity Good discrimination on 2012 and 2013 between all experimented N rates

** or *** N effect per DAE and per cultivar



@ The sensitivity of the studied index

Responses of relative indices to nitrogen rates per measurement dates and per cultivar (2012 and 2013 trials)

Tested devices Dualex Multiplex HNT Cropscan
Relative indices CHL = FLV NBI FLAV NBI-G NBI-R  HNT R NormR GDVI
20/6/12 NS o il *Ex ok ok NS NS NS NS
26/6/12 * * %k % * % % * % * * % * %k % * % * % * %
Lo 3/7/12 * % * %k % * % % * %k % * % * % * %k % * % % * %k % * % %
BmtJe 10/7/12 * % % * %k % * % % * %k % * %k % * % % * %k % NS * NS
17/7/12 * % % * %k % * % % * %k % NS * % % * %k % NS * % *
19/6/12 NS [l NS [EOEE NS NS NS NS
25/6/12 NS * %k % * %k % * % % * % % * % % NS NS * % * %
2/7/12 * % % * %k % * %k % * % % * % % * % % * ok % * % % * %k * %
Charlotte 9/7/12 * % % * %k % * %k % * % % * % % * % % * %k % NS * % *
16/7/12 * % % * %k % * %k % * % % * % % * % % * %k % * * % NS
23/7/12 * % % * %k % * %k % * % * % NS * % NS * % NS
14/6/13 * % * % * % % * % * % * % * %k % NS NS NS
26/6/13 * % % * %k % * % % * % % * % % * % % * %k % * % % * % *
Bintje 4/7/13 * % * %k % * % % * % % * % % * % % * %k % * % % * % * % %
10/7/13 * % % * %k % * % % * % % * % % * % % * %k % * * % * %k
18/7/13 * % * %k % * %k % * % % * % % * % % * %k % * % % * %k * % %
24/7/13 * % * %k % * %k % * % % * % % * % % * %k % * % * %k * %
11/6/13° NS [RCEEEEERSONEREE NS . * NS NS NS
17/6/13 NS k k% * % %k % %k %k * % %k % %k %k NS * % %k *k %k %k %
24/6/13 * % * kK * %k %k * %k % %k * %k % * %k % * % % * %k % * %
Charlotte 1/7/13 * % % * %k % * %k % * % % * %k % * % % * %k % * % * %k % * % %
8/7/13 * % % * %k % * %k % * % % * %k % * % % * %k % NS * %k % * % %
15/7/13 * %k % * %k % * % % * % % * % %k * % % * %k % * % % * %k % * % %
* %k % %k k * %k * %k % * * %k % * %k % * % % * %k % * % %

22/7/13

RVI
NS

* ¥
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lllustration of the Sensitivity, the Earliness and the Accuracy of the f
flavonoids indicators combined or not to the chlorophyll indicators |eken

Studied criteria Statistical analysis

1 F

*** N effect combining 2012 and 2013 trials
e Sensitivity Good discrimination on 2012 and 2013 between all the experimented N rates

** or *** N effect per DAE and per cultivar

1 B

9 Earliness of the diagnosis ** or *++ N effect at the first DAE (15 DAE on 2012 and 9 DAE on 2013)



Responses of relative indices to nitrogen rates per measurement dates and per cultivar (2012 and 2013 trials)

Tested devices Dualex Multiplex HNT Cropscan
Relative indices CHL FLV NBI FLAV NBI-G NBI-R HNT R NormR GDVI
20/6/12 NS R i e ok *x NS NS NS NS
26/6/12 * * kK * % % * % * * % * kK * % *% * %
19/6/12 NS [l NS [EOEE NS NS NS NS
CharIOtte 9/7/12 %k %k %k k% k%% % %k k % %k %k %k k * k¥ NS * % *
11/6/13° NS [RCEEEEERSONEREE NS . * NS NS NS
17/6/13 NS k k% * % %k % %k %k * % %k % %k %k NS * % %k *k %k %k %
24/6/13 * % * %k % * %k % * % % * %k % * % % * %k % * %k % * %k % * %
Charlotte 1/7/13 * % % * % % * % % * %k % * % % * % % * % % * % * % % * % %
8/7/13 * % % * % % * % % * %k % * % % * % % * % % NS * % % * % %
15/7/13 %k ok * %k 5k % %k k * %k * %k * 5 ok ok * %k %k 5k * %k
* % % * %k % * %k % * % % * * % % * %k % * %k % * %k % * %k %

22/7/13
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* ¥
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9 The earliness of the diagnosis Cra-

Responses of relative indices to nitrogen rates per measurement dates and per cultivar (2012 and 2013 trials)

HNT & HNT &

T i Dual Multipl HNT -
ested devices ualex ultiplex Cropscan Dualex  Multiplex

Relative indices CHL = FLV NBI FLAV NBI-G NBI-R  HNT R NormR GDVI RVI GRVI  HNT/FLV HNT/FLAV

20/6/12 NS e a s ¥ g g NS NS NS NS NS NS R RN

26/6/12 * * k% *k K * % * * % *k % * % * % * % * % * % * %k * %k

o 3/7/12 * % *k % KKK KKk * % * % *k % * %k * %k ok kkx kkk * %k * %k
Bintje 10/7/12 *ok ok *% % *kkk kkk kkk * ok ok * ok ok NS * NS * * % ok ok %%
17/7/12 * %k * %k KKK KKk NS * %k *k % NS * % * * % * * %k * ok %

24/7/12 *% * %k *k % NS NS NS *k % NS * % % * kkk  kkx * %k * %

19/6/12 NS gt NS e+ o g NS NS NS NS NS NS o Sl

25/6/12 NS * k% Kkk kkk kkk * %k NS NS * % * % * % NS * 5k ok *k ok

2/7/12 * %% * %% kK kkk kkk * 4k *k % * %% * %% * % * k% *% * %k *ok K

Charlotte 9/7/12 *ok K *okk ®kk  kkk  kkk * ok ok * %k K NS *% * * % *k *k ok * %%
16/7/12 *% % * %% kkk kkk kkk * %k *k % * * % NS NS NS - %%

23/7/12 * %% * k% *k % * % * % NS * % NS *% NS %% % Sk .

14/6/13 * % * % * %k * % * % * % *k % NS NS NS NS NS TR —

19/6/13 *% * k% kkk kkk kEkk * %k * % NS NS NS NS NS k% %%

26/6/13 * %% * %% kK kkk kkk * 4k * k% * %% * % * * % * % *k % * ok ¥

Bintje 4/7/13 *% * %% kK kkk kkk * 4k * k% * %% * %% k% kkx kkk * %k * %%
10/7/13 *% % * %% kK kkk kkk * %% *k % * * % * % *kk  kkk - %%

18/7/13 *% % * %% Kkk kkk kkk * 4k *k % * k% * %% k% Rk kkk * 4k * %%

24/7/13 *% % * %% K%k kkk kkk * % % * %k * % *% % * % kkk  kkx KKk *% %

11/6/13 NS |[ESSVEERERSERE NS p ** NS NS NS NS NS e i

17/6/13 NS * %k kkk kkk  kkk * %% NS * ® %% *% % * % *% *x % * ok ok

24/6/13 * % ® k% kkk kkk  kkk * k% *kk *% % * %% * % k% kK% *x % * ok ok

Charlotte 1/7/13 * %k * k% Kk kkk kkok * ok ok *k % * % * %k *kk  kkx kK * oKk * %k
8/7/13 * %k * k% Kk kkk kkok * ok ok *k % NS * %k *kk  kkx Rk * oKk * k%

15/7/13 * %k * k% kK kkk kkk * 4k *k % * %k * % % ®*kk  kkx kkk *ok K * %k

%k %k * %k % * k¥ * k¥ * %k %k * %k % %k %k %k %k %k %k %k %k %k %k * %k %k %k



lllustration of the Sensitivity, the Earliness and the Accuracy of the J
flavonoids indicators combined or not to the chlorophyll indicators |eken

Studied criteria Statistical analysis
1 B
*** N effect combining 2012 and 2013 trials
o Sensitivity Good discrimination on 2012 and 2013 between all the experimented N rates
** or *** N effect per DAE and per cultivar
{ B
9 Earliness of the diagnosis ** or *++ N effect at the first DAE (15 DAE on 2012 and 9 DAE on 2013)

9 Accuracy

Precision High Pearson correlation coefficient (***) between the index and NNI



) . Cra-
9 The accuracy of the index: Precision
Pearson correlation coefficient between NNI and the studied index
per year and per cultivar N =80
Dualex Multiplex Cropscan HNT ;:l;:( M':T:-pf;x

Chl  Flv NBI SFR_G SFR_R FLAV NBI_G NBI_LR R NIR NorrmG NormR NormNIR RVI GRVI GNDVI GOSAVI HNT HNT/FLV HNT/FLAV

NNI

2~

=

'r:% 8 *kk  kkk *kk NS * *kk *kk KRk KRk KRk *kK *kk *kk *kK KKk *kk

D N N

gg. -07!07 0.1 -05 05( 0.6 03 0.4 -0.1  -0.5 0.2 05 00 0.0 0.0 LO)Q)Q QEQ
_{;E 8 *kk

™

—

o

N *k *kk *kk *k

Charlotte| Bintje

*, ** and ***: statistical significance respectively at P <0.05, P < 0.01, and P < 0.001. NS : no significance at P>0.05.



lllustration of the Sensitivity, the Earliness and the Accuracy of the J

flavonoids indicators combined or not to the chlorophyll indicators jekes

Studied criteria

o Sensitivity

9 Earliness of the diagnosis

9 Accuracy

Precision

Repeatability

Statistical analysis

il B
*** N effect combining 2012 and 2013 trials

Good discrimination on 2012 and 2013 between all the experimented N rates

** or *** N effect per DAE and per cultivar
1 B

** or *** N effect at the first DAE (15 DAE on 2012 and 9 DAE on 2013)

High Pearson correlation coefficient (***) between the index and NNI

Good repeatability estimated by the coefficient of variation between the 4
replications



9 The accuracy of the index: Repeatability "/_\
Cra-w
Evolution of the coefficient of variation of the studied indices between the 4 replications (combining all the N levels)
Dates Chl Flv NBI SFR_GSFR_R FLAV NBI_GNBI. R G R NIR HNT HNT/FLV HNT/FLAV
20/6/121 39 P64 Fes 17113 Fs5 P79 074851 0so9blasl20F a1 T 41
26/6/12 1 39 I 53 121044128 F55 126 F52 081 Fo09l30l14F 43 F a5
3/7712 135 136 F44a )29l o061l 171180133072 013901311080F 26 I o009
10/7721 22 l26 a3 111109106 21109 Meslasleal11l 22 | o8
1777720 34 1 21 136 P44 | 28 1 33 B11.70o5 134 Fg1lsoli1o0l 16 B 27
24/7/12 050 0 26 172 BBas| 31 Fse BB570 64 52067064130 36 B 94
ov (%) 14/6/12883 128 P71 119118 s0ls70l6al7al28Tasl190l 16 B 40
19/6/12 k55 | 1.4 Fsel 17112055 F76 0771181211181 24F 24 F 31

Bintje

% 25/6/120 35 136 1 221 11109 P68 Fgg Foole2l31l200123F 26 F 46
=~ 271204251088 laol12l4204abs82l19043133[11F 43 [ 37
S 9712168 50 F115061 127047 P66 87 Fiools1 73102k 51 B 4s
16/7/12 k5.4 L 41 Fos 34l 121211270136 BB79bos 7310708 34 | 109
23/7/12 1 4.8 P 6.6 B10.5 219 2.4 P06 Woals2 42 a3 Fsol 18 76 W 108
14/6/131 26 1 30 I51 1321121251191 26T41Ta8l181141 19 T 16
20/6/13 0 9.4 | 0.4 Bos Fe67 131 F70 Fwo2bles la2la1l220123F 28 B ss

o 26/6/130 340134 064alasl27013304212900520s5201301l15F 25 | 21
€ 4713138125057l 08lo0ablaalselzol210340211090F 27 B aa
“ 7713058 132 Fss 133123125067 062127034036l 10F 24 F 25
18/7/130 3.8 1 24 Fss la2 26 1 25 Bos Bea l 1513003911108 31 B 37

v (%) 24/7/13 1 33 Las B76 Pee 134128130063 Pa11la1ls2l15F a3 F 30
11/6/130 63 | 28 Foo P83 38110088 l4a7123T60l31138F 36 § 37
19/6/130 3.4 l o 4ol 23logl 210270471 15013301281l15F 20 F 23

£ 25/6/131 29109 l23128l15112040034Mealaslazl1ol 23 I 35
~ wy7/13lai1lislasalszliel13la7l20l181170123114] 05 [ 15
S 8713070023072 F100ls531 18 F10.2l 49 F10.7 F11.2 F110l 18 F 20 | 24

15/7/13F 56 | 09 39 P87l 131 09 B1270a8 faol210281 101 16 I 21
22/7/13 059 | 20 F78 Ba1ls2 107 31l 78 F79 ksals2 114 28 B 32




lllustration of the Sensitivity, the Earliness and the Accuracy of the f

flavonoids indicators combined or not to the chlorophyll indicators

Studied criteria
0 Sensitivity

9 Earliness of the diagnosis

—w——
9 Accuracy

Precision

Repeatability

Cra-

FLV(Dualex) , HNT/FLV (Hydro N-tester & Dualex),
HNT/FLAV (Hydro N-tester & Multiplex) in 2012 and
FLV, NBI (Dualex), HNT/FLAV indices in 2013 were
able to meet all the requirements successfully and
were selected as provisionally promising indices
from this study.



The indices based on leaf flavonoids content assessed by
fluorimetry, and combined or not with the assessed leaf
chlorophyll content as more relevant to assess potato CNS.

The pertinence of using the 250N relative indices.

Following steps:

Study further criteria (specificity)

Establishment of critical values of chlorophyll and flavonoids
indicators for decision on supplemental N need.



