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Foliar indices for carrot crop
using the compositional nutrient diagnosis method!
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ABSTRACT

Carrot has a high yield potential, which requires an
adequate and adaptable nutritional management, according to
the needs and demands of each crop. Foliar diagnosis is a tool
for adjustment and constant improvement of crop fertilization
programs. This study aimed to determine leaf indices and
reference values using the compositional nutrient diagnosis
(CND) method, at three phenological stages of carrot crops
[40 and 70 days after sowing (DAS) and at harvest]. In order
to calculate the CND method, a database was created with leaf
contents of the nutrients N, P, K, Ca, Mg, S, B, Cu, Mn and
Zn and root yields, in commercial carrot crops. The nutrient
limitation order was generated according to the fertilization
response potential. At 70 DAS and at harvest, Mg and Mn
were the most limiting nutrients by deficiency, while Zn was
the most limiting by excess at 70 DAS, and P and Ca were
the most limiting by excess at harvest. The results indicate
that the foliar diagnosis performed with the CND method is
only effective for the correction of nutritional disturbances in
subsequent crops.

RESUMO

Indices foliares na cultura da cenoura
pelo método de diagnose da composi¢ao nutricional

A cenoura ¢ uma cultura com potencial de alto rendimento,
o qual requer manejo nutricional adequado e ajustavel, com base
nas necessidades e demandas de cada safra. A diagnose foliar ¢
ferramenta para ajuste e constante aprimoramento de programas de
adubacdo das culturas. Objetivou-se determinar indices diagnosticos
foliares e valores de referéncia pelo método de diagnose da
composi¢ao nutricional (CND), para trés fases fenologicas da
cultura da cenoura [40 e 70 dias apos a semeadura (DAS) e na
colheita]. Para o calculo do método CND, foi criado um banco de
dados com teores foliares dos nutrientes N, P, K, Ca, Mg, S, B, Cu,
Mn e Zn e da produtividade de raizes, em cultivos comerciais de
cenoura. A ordem de limitagdo nutricional foi gerada em funcao
do potencial de resposta a adubagdo. Aos 70 DAS e na colheita,
0o Mg e o Mn foram os nutrientes mais limitantes por deficiéncia,
enquanto o Zn foi o mais limitante por excesso aos 70 DAS, e Pe
Ca os mais limitantes por excesso na colheita. Os resultados indicam
que a diagnose foliar pelo método CND apenas mostra-se efetivana
corregdo de disturbios nutricionais nas safras posteriores.

KEYWORDS: Daucus carota L.; nutrient limitation; fertilization
response potential.

INTRODUCTION

Concerning olericulture, carrots (Daucus
carota L.) stand out for their nutritional and economic
importance in Brazil, with an average yield of 31 tha!
in the 2014 crop season (ABH 2015). The region of
Alto Paranaiba, Minas Gerais state, Brazil, has a
great importance in the national carrot production,
with crop yields superior to the national average, due
to local factors (climate, soil and crop management),

PALAVRAS-CHAVE: Daucus carota L.; limitagao nutricional;
potencial de resposta a adubagao.

surpassing 120 tha™ in the 2014 crop season (Dezordi
etal. 2015).

Due to their high economic value, carrots
require a precise nutrient management. Therefore,
it is necessary to identify their nutrient demands, in
order to define the appropriate amount of nutrients to
be applied via fertilizers, with the aim of improving
the plant performance, thus increasing the economic
return and minimizing risks of nutrient losses in the
system (Singh et al. 2012, Dezordi et al. 2015).
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Diagnostic indices obtained by leaf analysis
have gained more importance in the last two decades
(Parent 2011). These have been defined in crop fields
whose production factors, whether nutritional or not,
were maintained at non-limiting levels. For a greater
reliability of the nutrient diagnosis, the edaphic and
climatic and growing conditions of the crop to be
diagnosed and the conditions in which these indices
were established should be similar (Urano et al.
2007).

The nutritional diagnosis in the harvest
phase allows correcting the fertilization program
only in subsequent crops (Dezordi et al. 2016).
However, an early diagnosis can be carried out
by developing compositional nutrient diagnosis
(CND) norms that are specific to the sampled period
(Tomio et al. 2015). The possibility of performing
an early diagnosis in carrot crops has already been
demonstrated by using the DRIS method (Gongalves
et al. 2017).

The CND method, developed by Parent &
Dafir (1992), takes into account all possible nutrient
interactions simultaneously occurring among the
nutrients under diagnosis. The method generates a
high degree of agreement in the nutrient diagnoses
and is recommended when nutrient concentration
and dilution effects are observed (Partelli et al.
2014). The CND method has been proposed for
nutrient diagnosis in crops such as soybean (Urano
et al. 2007), cotton (Serra et al. 2010), sweet orange
(Camacho et al. 2012), sugar cane (Santos et al.
2013), common bean (Partelli et al. 2014) and carrot
(Dezordi et al. 2016). However, diagnostic indices
and reference values at different phenological stages
of high-yield carrot crops have not been established
yet.

The ranges for nutrient contents obtained with
the CND method have lower amplitudes than those
observed with other methods, such as mathematical
chance (Wadt et al. 2013). It may be therefore inferred
that this method presents a greater confidence, with
less variability of soil, climate and yield potential
conditions, as long as it meets the assumptions of
high information and variation volumes (Camacho
et al. 2012).

This study aimed to determine foliar diagnostic
indices and reference values using the CND method
at three phenological stages of carrot crops, as well
as analyzing the viability of early nutrient diagnosis
using this method.

F.D.S. Silva et al. (2017)

MATERIAL AND METHODS

For the CND calculation, carrot leaf and root
samples were collected to create a database containing
the nutrient values of N, P, K, Ca, Mg, S, B, Cu, Mn
and Zn, in addition to carrot root yields, in commercial
crops of the Alto Paranaiba region. The levels of Fe
showed high contents and far above the usual values
described in the literature. This was probably due to
contamination of leaf samples by soil residue, which
is rich in Fe oxides (Farias et al. 2009). Fe contents
out of the usual values for this nutrient may interfere
with the diagnostic indices of other nutrients. For
this reason, the Fe content was not included in the
database used to generate the diagnostic indices in this
study. Leaf samplings were carried out in the years
2012 and 2013. The carrot crop fields were located
at an altitude of approximately 1,100 m, where the
Cwa climate predominates, according to the K&ppen-
Geiger classification (Kottek et al. 2006). The soils
in the region can be classified as Oxisols and have
a very clayey texture (USA 2014), whose chemical
attributes are shown in Table 1.

For leaf diagnosis, a pair of young leaves was
collected at 40 DAS (stage 1) and 70 DAS (stage 2),
and from all carrot shoots at harvest time. Stage 1
was defined based on full primary growth (root length
growth) and root mean growth (diameter growth)
(Marouelli et al. 2007). Phase 2 was determined when
carrots were 1.5-1.6 cm in root collar diameter, at
which time crops show a strong accumulation of dry
matter and maximum absorption of nutrients (Cecilio
Filho & Peixoto 2013). The samples consisted of 210
plots at harvest time, 144 plots at the stage 1 and 176
plots at the stage 2, with plot areas ranging 2-15 ha,
totaling 530 plots.

The main cultivars sampled in the summer
(average cycle of 105 days) were ‘Juliana’ and
‘Poliana’, while, in the winter (average cycle of
125 days), the prominent ones were ‘Baltimore’,
‘Belgrado’, ‘Maestro’, ‘Musico’, ‘Nancy’, ‘Nandrim’
and ‘Soprano’. The average amounts of N, P,O, and
K,Oused were 118 kg ha', 650 kg ha™ and 398 kg ha™!,
respectively. Urea and ammonium sulphate were
the main sources of N, single superphosphate and
monoammonium phosphate of P and KCI of K.
Phosphate fertilizer was fully applied at sowing
and incorporated into the soil, whereas N and K,O
were applied at sowing and plotted under a covered
structure. N was applied in the first and second thirds
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Table 1. Averages and standard deviation of soil chemical attributes (0-20 cm depth) in the plots sampled during 2012 and 2013.

Attribute Unit Extractor/Method Mean Standard deviation
pH - H,O 6.3 0.3
Organic carbon dag kg! K,Cr,0,/Walkley-Black 2.0 0.3
P - remaining mg L! - 10.6 32
Phosphorus (P) mg dm? Mehlich-1 28.0 15.1
Potassium (K*) mmol_dm™ Mehlich-1 3.1 0.8
Calcium (Ca*) mmol dm? KC1 33.9 5.8
Magnesium (Mg*) mmol dm™ KCl 10.7 3.0
Sulfur (SO,») mg dm? Ca(H,PO,), H,0 in AcOH 7.5 4.5
CEC (T) mmol dm™ - 82.3 8.2
Boron (B) mg dm? Warm water 0.52 0.21
Copper (Cu) mg dm? Mehlich-1 2.5 1.4
Iron (Fe) mg dm? Mehlich-1 38.0 12.2
Manganese (Mn) mg dm? Mehlich-1 3.2 23
Zinc (Zn) mg dm? Mehlich-1 6.8 3.0

of the cycle. As for K, four to six applications were
carried out along the cycle, as a usual practice in the
region. The highest number of applications occurred in
plots with lower K fertility and in long-cycle carrots.

After collection, the leaf samples were dried in
a forced-air oven at 70 °C, for 72 h. The leaves were
then ground in a Wiley mill to pass a 1.27-mm sieve.
The nutrient contents were determined according to
Malavolta et al. (1997).

To establish the CND norms, the population
was divided into two classes, based on yield, which
were defined according to the average yield plus
2/3 of the standard deviation of this variable. The
subpopulation showing the highest yield, considered
nutritionally balanced, was the reference population,
and was used to establish the comparison standards.

At the stage 1, of the 144 plots sampled, 31
(21.5 %) formed the reference population. At the
stage 2, the reference class consisted of 50 (28.4 %)
of the 176 sampled plots. At harvest, the reference
population consisted of 64 (30.5 %) of the 210
sampled plots. The limit yields of the low and high
yield classes (reference class) for the leaves collected
at the stages 1 and 2 and at harvest time were
93.1tha', 90.6 t ha! and 87.8 t ha!, respectively.

First or second order linear models were
adjusted to describe the relationship between nutrient
content and CND indices, in the reference population.

The CND values were obtained through the
geometric mean of the nutrient contents for each
sample (Parent 2011), and then the value of the
multinutrient variable (V,) was determined according
to the following expression: V, = In (X/G), where

V, is the value of the multivariate relationship
between the evaluated nutrient content (X) and the
geometric mean of these contents (G), obtained by
the expression: G = (N x P x K x Ca x Mg x S x
B x Cu x Mn x Zn x R)"™, In this expression, R (dry
matter content of the sample, excluding the nutrients)
is calculated by the difference between 100 and the
sum of nutrient contents of the leaves: R=100- (N +
P+K+Ca+Mg+S+B+Cu+Mn+ Zn). With the
V, values of each sample, the arithmetic mean (V,*)
and the standard deviation (S,) were calculated for
the sampled stages. CND (I, ) indices were calculated
as suggested by Parent (2011): I, = (V,-V, */S ).

The CND indices for the nutrients of each
sample, at each evaluated developmental stage, were
the nutritional balance index (NBI), which, divided
by the number of nutrients evaluated, consists of
the mean NBI (mNBI). The CND indices were
interpreted based on the criterion of fertilization
response potential (FRP) (Wadt 2005).

To generate the order of nutrient limitation
according to the fertilization response potential,
the plots were divided into five groups: positive,
positive or zero, zero, negative or zero, and negative
(Wadt et al. 1998). Subsequently, the frequency
of plots grouped in the classes with positive and
positive or zero response was calculated for each
nutrient. In these fertilization response classes,
the nutrient can be considered as ‘limiting by
deficiency’ for the crop. The order of nutrient
limitation by deficiency was determined by
organizing the nutrients at a decreasing order, by
the frequency of limiting plots.
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For the nutritional status classifications,
the plots were grouped into three classes for each
nutrient: a) limiting by deficiency (LD), i.e., nutrients
with negative CND index and higher (in module) than
the mNBI; b) limiting by excess (LE), i.e., nutrients
with positive CND index and higher (in module)
than the mNBI; ¢) non-limiting (NL), i.e., nutrients
with lower CND index (in module) than the mNBI.
The classifications were obtained by two different
methods: based on the optimal range of leaf contents
and on the fertilization response potential.

In relation to the optimal range method, plots
with leaf contents below or above the range limits
were classified as LD or LE, respectively. When
the content was within the range, the nutrient was
considered NL for the plot. For the response potential,
the plots with positive and positive or zero response
were classified as LD for the respective nutrient. The
plots with zero response were classified as NL and, for
the other fertilization response classes (negative and
negative or zero), the plots were grouped in the LE
class (Urano et al. 2006). The frequency of plots and
the average yield of each class (LD, NL and LE) for all
nutrients were presented in both classification methods
(optimal range or fertilization response potential).

The t-test was performed to compare the
average yields of the LD and LE classes with that
of the NL class. Reference values were determined
using the Microsoft Excel® software (Microsoft
Corporation). Regression equations (linear and
quadratic) were adjusted between leaf nutrient
contents (the dependent variable) and CND indices
(independent variables). The parameters of the
adjusted equations were analyzed in order to test
their significance by the t-test at 5 %, using the SAS
software version 8.2 (SAS Institute 1999).

RESULTS AND DISCUSSION

The mathematical models adjusted between
the CND indices and the leaf contents in the reference
population were not significant at the stage 1 for P,
K, S; at the stage 2 for N, K, Mg, S; and at harvest
time for S (Table 2). At the stage 2, all the cationic
micronutrients obtained better adjustments with
decreasing quadratic equations, whereas, for the
other nutrients, the increasing linear equations were
more convenient.

There was, in general, little agreement between
the values published in the literature (Malavolta

et al. 1997, Hanlon & Hochmuth 2009) and the
optimal content and optimal range determined by
the CND method (Table 3). In the literature, with the
exception of Mg, there is a tendency for the values
of the stage 1 to be higher than those found using
the CND method. For the stage 2 and at harvest
time, the optimal contents and optimal ranges found
by the CND were higher than those published in
the literature for all nutrients. In general, this lack
of agreement between the literature and the values
obtained in the present study may be explained by
the differences in the cultivation of these crops, such
as soil type. Moreover, the values published in the
literature are out of date, given that they take into
account lower yields, instead of the current high-yield
crops (Dezordi et al. 2016).

The optimal content and optimal range values
for the shoot nutrient concentrations calculated by the
CND method varied according to the sampling times
(Table 3). The optimal contents of N and P decreased
between the sampling times. This may be explained
by the increase of the shoot dry matter and the greater
allocation of these nutrients in the roots, in relation to
the shoot (Cecilio Filho & Peixoto 2013, Aquino et al.
2015). In rice, a content reduction was observed for
those nutrients, attributed to the dry matter dilution,
due to the intense tillering that increased the plant dry
matter during the studied period (Fageria et al. 2011).
In carrots, P accumulates in greater proportions in the
roots from 60 DAS (Dezordi 2014).

Despite being more accumulated in the roots
(Dezordi et al. 2015), K showed an increase in the
leaf content at harvest time. This may be explained
by the fact that high yields of carrot crops depend on
K levels sufficient to maintain a high leaf content,
even though the partition of this nutrient to the
roots is greater (Aquino et al. 2015, Gongalves et
al. 2017). A high leaf K is required to maintain high
photosynthesis rates (which are necessary for high
yields), as this nutrient regulates the mechanism of
stomatal opening and closing. At harvest time, the
high amount of accumulated K may be attributed
to the greater demand of K, in relation to the
other nutrients, for species accumulating reserves
in underground organs (Cecilio Filho & Peixoto
2013).

Mn was the most limiting nutrient by the
fertilization response potential method at the stage 1
and at harvest time, while Cu and Ca were the most
limiting nutrients at the stage 2 (Table 4). Mn
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deficiency may be related to the low content of it
in the soil (Table 1), high pH and large applications
of P to the crop. In addition to Mn, limitations of
Cu and Zn at the stage 1 are also significant, with
Mn deficiency persisting until the end of the cycle.
The deficiency of these nutrients, in addition to
the relation with the soil pH, may be related to the
lower volume of soil explored by the very young

plants at the stage 1. The cationic micronutrients
are transported in the soil mainly by diffusive flow
(Pegoraro et al. 2006). Root growth reduces the
transport distance of nutrients and facilitates a greater
diffusive flow. Root growth over the cycle may reduce
the degree of deficiency, as observed for Cu and Zn,
whose early-stage deficiency did not persist until
harvest time (Table 4).

Table 2. CND norm (mean and standard deviation) of the multinutrient variables (Vi) and the geometric mean of the nutrient
composition (G), mathematical model, amplitude of the indices and coefficient of determination of the regressions adjusted
to describe the leaf contents of carrot shoots, as a function of the CND index, in each sampled stage, for the reference

population.

Variable = Mean  Standard deviation Mathematical model Stage 1 Amplitude R
Vy 2.10 0.39 N =44.447+ 1.8664*1 -2.29<1,<1.26 0.187
v, -0.38 0.35 P=3.597 +0.1801"I, -2.39<1,<1.97 0.051
Vi 2.12 0.31 K =43.588 - 1.0936™, -2.61 <1 <1.69 0.023
Ve 1.37 0.41 Ca=20.693 + 1.9317**1 -2.14<1,<223 0.235
Ve -0.20 0.39 Mg =4.2626 +0.2196*1, 242<1,, <16l 0.130
\A -0.88 0.46 S=2.2182+0.2195"I -2.63 <1, <1.70 0.082
v, -2.20 0.31 B = 58.244 + 1.7264*1, -2.62<1,<1.66 0.015
Ve -3.74 0.43 Cu= 13.523 + 6.4587** -1.82 <1, <2.78 0.616
Vi -2.05 0.63 Mn = 63.775+ 50.44**[  +11.331%] > -1.98 <1, < 1.70 0.796
Vin -2.61 0.28 Zn= 33.626 + 9.945%*],, -1.66 <1, <1.91 0.649
G 0.56 0.23 - - -

Variable  Mean  Standard deviation Stage 2

Mathematical model Amplitude R?
Vi 2.13 0.23 N=37.111 - 0.6142*I -2.03 <[ <2.17 0.025
v, -0.47 0.29 P =2.8189 + 0.4484**], -2.26 <1,<1.68 0.250
Ve 2.35 0.27 K =45.753 + 1.0586™I 221 <1, <217 0.028
Ve 1.44 0.30 Ca=18.547 + 1.5789** -1.65 <1, <1.82 0.202
Ve -0.17 0.27 Mg =3.6772 + 0.1182"] -2.38<1,, <173 0.055
Vi -1.01 0.46 S= 19787 +0.25"I -3.22 <1, <1.67 0.106
\A -2.20 0.31 B = 48.882 +3.3861**], -2.07 <1,<2.56 0.189
Ve -3.67 0.54 Cu= 9.6996 +9.0214**1_ +4.1764**] > -L75 <1, <1.82 0.903
Vi -2.01 0.68 Mn = 63.934 + 54.232%*  + 14.441**] 2 -1.85 <1, <1.77 0.901
A -2.58 0.73 Zn= 31.429 + 36.982%*1,,+ 16.727**],,2 -2.26 <1,,<1.84 0.944
G 0.45 0.12 - - -
Variable = Mean  Standard deviation Harvest time

Mathematical model Amplitude R?
Vi 1.37 0.22 N =20.792 + 0.7017*I -1.87 <1, <2.07 0.072
v, -1.21 0.31 P=1.6181+0.3498**], -2.50<1,<2.45 0.508
V¢ 2.23 0.32 K =50.64 - 11.034**[ 271<I,<1.94 0.589
Ve 1.64 0.27 Ca=27.158 +2.667**1 -1.84 <1, <295 0.358
Ve -0.42 0.25 Mg =3.5117 +0.4097**1 2.15<1, <239 0.342
Vi -0.94 0.38 S = 2.1457-0.0213™L; -2.39<I <254 0.001
v, -2.24 0.27 B = 55.448 + 5.683**], -2.04<1,<2.40 0.382
Ve -1.91 0.73 Cu= 82.249+ 72.15%*] + 17.837**]* 2,79 <1, <1.67 0.905
Vi -2.01 0.46 Mn = 79.309 + 41.175**]  +9.3223**] 2 -1.80 <L, <2.13 0.880
\ -2.70 0.44 Zn= 41.796 + 21.868%*I,, -2.55 <1z, <1.85 0.860
G 0.53 0.12 - - -

"Yields greater than 91.1 t ha!, 90.6 t ha! and 87.8 t ha!, respectively. * and **: significant at 5 % and 1 %, respectively, by the t-test.
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Table 3. Optimal content and optimal range values for shoot nutrient concentrations of the carrots grown in the Alto Paranaiba region
generated by the CND method, at the three stages sampled, in comparison with the literature.

Nutrient Optimal content Optimal range Literature
Stage 1  Stage2  Harvest Stage 1 Stage 2 Harvest Stage 1! Stage 2° Harvest?
gkg!
N 44.4 37.1 20.8 43.2-45.7 34.5-39.7 20.3-21.3 - 18.0-25.0  15.0-25.0
P 3.6 2.8 1.6 3.1-4.1 2.5-3.1 1.3-1.9 - 2.0-4.0 1.8-4.0
K 43.6 45.8 50.6 38.7-48.5 41.5-50.0 43.2-58.0 60.0 20.0-40.0  14.0-40.0
Ca 20.7 18.5 27.2 19.4-22.0 17.5-19.5 25.4-28.9 22.5 20.0-35.0  10.0-15.0
Mg 4.3 3.7 3.5 4.1-44 3.3-4.0 3.2-3.8 3.5 2.0-5.0 4.0-5.0
S 2.2 2.0 2.1 1.7-2.8 1.5-2.4 1.7-2.6 4.0 - -
mg kg!
B 58.3 48.9 55.4 57.1-59.4 46.6-51.1 51.7-59.2 - 20.0-40.0  20.0-40.0
Cu 13.5 9.7 82.2 9.2-17.8 5.5-17.6 42.1-138.3 - 4.0-10.0 4.0-10.0
Mn 63.8 63.9 79.3 35.2-102.4  34.2-106.5 56.0-110.9 - 30.0-60.0  30.0-60.0
Zn 33.6 31.4 41.8 27.0-40.3 14.2-63.5 27.2-56.4 - 20.0-60.0  20.0-60.0

! Optimal content according to Malavolta et al. (1997); > optimal range according to Hanlon & Hochmuth (2009).

The availability of Mn to plants may be
inversely related to the soil pH, where the Mn
deficiency is most pronounced in areas where the
pH is higher than 6.2 (Dezordi et al. 2016). The
average pH of the soils sampled in the present

Table 4. Order of nutrient limitation calculated by the CND
method at the three stages for carrot crops.

Order of nutrient limitation'
General population

Stage 1
Mn>Cu>Z7Zn>S>Ca>K>B>N>Mg>P

Stage 2
Cu>Mn>N>Mg>Ca>K>P>B>S>7n

Harvest
Mn>Mg>K>Ca>S>B>N>Cu>Zn>P

High-yield population?

Stage 1
Mn>Cu>Mg>7Zn>S>Ca>K>N>P>B
Stage 2
Ca>Mn>Cu>B>Mg>P>K>S>N>Z7n
Harvest
Zn>B>S>P=Ca>N>Mg>Mn>K>Cu
Low-yield population®
Stage 1
Mn>Cu>Zn>S>B>K>N>Ca>Mg>P
Stage 2
Cu>N>Mn>Mg>Ca>K>P>B>S>7n
Harvest
Mn>Mg>K>Ca>Cu>S>N>B>P>Z7n
! Classification generated as a function of the fertilization response potential; > High

yield (>93.1 tha',>90.6 tha' and > 87.8 t ha!), as a function of the stage (1, 2

and harvest, respectively); * Low yield (<93.1 tha',<90.6 tha' and <87.8 tha™),
as a function of the stage (1, 2 and harvest, respectively).

study is 6.3 (Table 1), evincing a deficiency of
this nutrient (Borket 1991, Zando Junior et al.
2007). Furthermore, high amounts of P at sowing
time (average of 650 kg ha' of P,O,) reduce the
availability of Mn, making it necessary to increase
the nutrient supply for carrot crops (Gongalves et al.
2011, Dezordi et al. 2016).

In general, Zn, B and P were the least
limiting nutrients for carrot crops, regardless of
the sampling time. This may be due to the constant
application of these nutrients in the soil and, in the
case of P, it may be owing to its high application
rates in the cultivation areas (about 640 kg ha™' of
PO, at sowing time).

With the use of the t-test, it was observed that
the highest frequency of yield differences, in relation
to the NL class, were at the stage 2 and at harvest time
(Table 5). For N, K, Mg, Mn and Zn, these differences
were higher at harvest time. This result suggests that
the final stages are most adequate for sampling and
foliar diagnosis in carrot crops, because a higher plant
growth decreases the possibility of errors related to
the nutrient concentration and dilution in dry matter
(Maia 2012, Gongalves et al. 2017).

Once the classes (LD, NL and LE) are
defined, crops with a nutrient content in the limiting
classes are expected to have lower yields than
those appropriately nourished (Wadt et al. 2013).
In contrast, the nutrients N, K, Mg, S, Mn and Zn
showed significantly higher yields in the limiting
classes (LD and LE).
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Table 5. Frequency of plots and average yield of the classes [limiting by deficiency (LD), non-limiting (NL) and limiting by excess
(LE)] calculated by the CND method, as a function of the fertilization response potential, at the three stages sampled'.

Nutritional status (%)

Yield (t ha')

Nutrient Stage LD NL LE LD NL LE
Stage 1 15.3 78.8 5.8 81.3 80.9 86.3
N Stage 2 20.0 70.0 10.0 77.6 77.6 87.2%
Harvest 10.5 64.4 2.0 89.4%* 74.7 71.8
Stage 1 14.7 78.8 5.8 81.6 80.2 86.8
P Stage 2 20.7 66.4 12.8 79.2 78.5 76.6
Harvest 11.9 49.1 40.0 85.0 77.0 70.5%
Stage 1 10.0 72.6 17.2 84.2 81.8 79.3
K Stage 2 18.3 57.3 24.4 80.6 79.3 76.4
Harvest 323 48.5 19.0 75.5 71.7 84 .5%*
Stage 1 22.9 58.3 18.7 85.8 80.3 78.8
Ca Stage 2 24 .4 56.8 18.8 77.7 77.9 81.3
Harvest 28.5 50.0 21.4 75.6 77.6 69.8%*
Stage 1 18.1 66.4 153 78.8 80.7 87.0
Mg Stage 2 303 56.0 13.7 71.5%* 80.1 87.1
Harvest 35.6 58.5 5.8 73.2 74.4 95.7%*
Stage 1 21.6 40.3 38.0 85.3 81.8 80.3
S Stage 2 15.3 59.5 25.2 86.4* 77.3 81.3
Harvest 14.5 59.3 26.0 79.3% 70.6 69.8
Stage 1 12.1 67.1 20.7 854 82.3 76.9
B Stage 2 21.7 57.7 20.6 77.8 79.0 78.5
Harvest 9.8 81.9 8.3 83.1* 73.2 81.8
Stage 1 32.8 41.2 26.0 80.0 80.8 82.4
Cu Stage 2 38.0 40.1 21.9 76.3 78.1 80.5
Harvest 16.4 59.4 24.1 72.6 74.1 77.5
Stage 1 40.6 35.9 234 77.9 79.5 85.8
Mn Stage 2 335 39.9 26.6 77.4 75.7 84.0%*
Harvest 41.6 37.0 21.3 66.9%* 78.3 83.2
Stage 1 16.8 54.2 28.9 87.0 80.6 77.6
Zn Stage 2 12.3 37.1 50.6 94.2%* 81.5 72.1%*
Harvest 14.1 439 41.5 92.7%%* 73.0 72.1

* and **: different from the NL yield by the t-test at 5 % and 1 %, respectively.

The highest yield (95.79 t ha') was obtained
when Mg was classified as limiting by excess (LE)
(Table 5). Possibly, the adequate contents and ranges
of this element in carrot leaves are superior to those
obtained in this study. Thus, it is possible that the
CND method has underestimated the optimal range
in view of the general nutrient limitation, including
that of the subpopulation classified as high yield.

The highest frequencies of plots in the non-
limiting class at the three sampled stages were for
the nutrients N, Ca, Mg and B (Table 5). For one
or more stages, the other nutrients presented higher
frequencies of plots in the limiting classes (LD and
LE), if compared to those in the non-limiting class.
Among these, Mn stands out, evidencing its yield
limitation, also observed in Table 4.

The definition of diagnostic indices during
the carrot cycle (stage 1, stage 2 and harvest time)
could be an alternative for correcting the fertilization
method in the current crop. However, in general, the
harvest stage had the highest frequencies of plots in
the limiting classes, suggesting that this stage is the
most adequate for the sampling and nutrient diagnosis
of carrot crops. Moreover, Mn was the nutrient
that most reduced carrot yield due to crop failure.
Therefore, for Mn, the foliar diagnosis will only be
effective in the correction of nutritional disorders in
subsequent crops. Likewise, the high plant growth
obtained in late sampling, such as at harvest time,
minimizes the misunderstandings related to nutrient
concentration and dilution in the plant dry matter
(Maia 2012).
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CONCLUSIONS

1. At 70 days after sowing and at harvest time, Mg and
Mn are the most limiting nutrients by deficiency,
while Zn is the most limiting nutrient by excess at
70 days after sowing, and P and Ca are the most
limiting nutrients by excess at harvest time;

2. To perform a nutrient diagnosis in carrot crops
using the CND method, it is suggested that shoots
be collected at harvest time. Therefore, an early
nutrient diagnosis is not feasible and will only be
effective in the correction of nutritional disorders
in subsequent crops;

3. At harvest time, the appropriate contents of
macronutrients (g kg!') and micronutrients (mg kg™!)
are: 20.3-21.3 for N; 1.3-1.9 for P; 43.2-58.0 for
K; 25.4-28.9 for Ca; 3.2-3.8 for Mg; 1.7-2.6 for
S; 51.7-59.2 for B; 42.1-138.3 for Fe; 56.0-110.9
for Mn; and 27.2-56.4 for Zn.
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