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Resumen

El diagndstico nutrimental ayuda a mejorar la eficiencia del uso de fertilizantes en plantaciones forestales y a incrementar
tanto las utilidades econémicas, como los beneficios ecoldgicos. Dos métodos cominmente usados, para tal efecto, son
las concentraciones criticas y el Sistema Integrado de Diagndstico y Recomendaciéon (DRIS); sin embargo, no existen
estudios que aporten los valores criticos 0 normas DRIS para Cedrela odorata (cedro rojo), especie importante en las
regiones tropicales. El objetivo del presente estudio fue desarrollar un conjunto de concentraciones criticas y uno de
normas DRIS para C. odorata en su etapa de medio turno. El estudio se realizd con 74 arboles localizados a lo largo del
area de distribucion natural del taxon en México, a los cuales se les determind el incremento diamétrico y la concentracién
nutrimental entre julio de 2017 y enero de 2018. Se derivo un conjunto de concentraciones criticas y uno de normas
DRIS. Una segunda fase fue la verificacion de las concentraciones criticas y normas DRIS generadas, mediante un
experimento en una plantacién de cedro rojo de medio turno. El ensayo fue completamente al azar con arreglo factorial
3 x 4, en el que los factores correspondieron a la aplicacién de P y K, respectivamente. Se presenta un conjunto de
concentraciones criticas y uno de normas DRIS para arboles de C. odorata de medio turno. El proceso de verificacion
indica que ambos conjuntos de valores de referencia predicen correctamente el estado nutrimental de los arboles de
medio turno del cedro rojo.

Palabras clave: Cedro rojo, diagndstico nutrimental, fertilizacién, nutricién forestal, nutrimento, Sistema
Integrado de Diagndstico y Recomendacidn.

Abstract

Nutrient diagnosis helps increase fertilizer use efficiency in forest plantations as well as economic profits and ecological benefits.
Two of the methods commonly used for diagnosis of the nutrient status are critical nutrient concentrations and the Diagnosis
and Recommendation Integrated System (DRIS); however, no studies exist that show the critical values or DRIS norms for
Cedrela odorata (red cedar); which is an important tropical tree species. The aim of the present study was to develop a set of
critical nutrient concentrations and a set of DRIS norms as well, for C. odorata at the mid-rotation stage. The study was carried
out by selecting 74 trees located over the species natural distribution area in Mexico, on which diameter increment and nutrient
concentration was recorded from July 2017 to January 2018. A set of critical nutrient concentrations and one more of DRIS
norms were developed. In a second phase of the study, both nutrient standards were verified by using an experiment installed
within a red cedar mid-rotation plantation. The experimental design was a complete randomized, with a 3x4 factorial
arrangement of treatments, where the factors corresponded to the application of P and K, respectively. A set of critical nutrient
concentrations and a set of DRIS norms for C. odorata at its mid-rotation stage are exhibited in this paper. The verification
process indicates that both reference sets correctly predict nutrient status of mid-rotation red cedar trees.

Key words: Red cedar, nutrient diagnosis, fertilization, forest nutrition, nutrients, Diagnosis and
Recommendation Integrated System.
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Introduction

Cedrela odorata L. is one of the most important forest species in the tropical and
subtropical regions of Mexico and South America and is considered one of the most
valuable in the world in the commercial field (Russell et al., 1993; Semarnat, 2016),
by the properties and aesthetic characteristics of its wood, which is soft, has a
pleasant aroma, and it is easy to work with for cabinetmakers. The beauty of its wood
is synonymous of quality and good taste. Once dry, it is resistant to insect attack
(Brown and Pacheco, 2006). Together with Swietenia macrophylla King, Tectona
grandis L. f. and Eucalyptus sp., it is included among the most commercially planted
forest species in Mexico (Ramirez et al., 2013). It is grown intensively in the tropics

of the American continent, and naturally in rainforests (Muellner et al., 2009).

In the national market, the demand for red cedar is of great relevance and the supply
is insufficient due, partially, to the low productivity of the species in natural conditions
or even in plantations. The productivity of forest species can be increased by the
addition of fertilizers, if deficient nutrients are applied at the site. However, to define
such deficiency in each case, it is necessary to carry out a diagnosis of trees in that

sense or of soil fertility.

Critical concentrations and the Diagnosis and Recommendation Integrated System
(DRIS) are two of the most commonly used techniques for the nutritional diagnosis
of forest species. These methodologies have given good results in commercial
plantations and natural forests (Moreno et al., 2002; Osiecka et al., 2019). Critical
concentrations refer to foliar concentrations of nutrients, with which a performance
between 90 and 100 % is obtained with respect to the potential performance (Medina-
Morales, 2004) and are particular for each forest species and for each nutrient;

however, for C. odorata, the values are unknown.

The DRIS is a nutritional diagnhostic system developed and tested by Beaufils and
Sumner (1976), designed for particular forest species, and subsequently applied to
multiple agricultural crops. It consists of a set of standards (means and coefficients

of variation) corresponding to quotients between the nutrients of interest. Currently,
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there are sets of DRIS standards for few Mexican forest species and, despite the high
demand for C. odorata wood, there are no such regulations for it, even if they are
necessary to contribute to the design of programs oriented to its sustainable
management. Therefore, in the present study a set of critical concentrations and one

of DRIS standards for C. odorata were generated.

Materials and Methods

Generation of critical nutrient concentrations and DRIS standards

Sampling procedure

A targeted sampling was made by selecting a series of individual trees (74) and trying
to cover most of the natural range of the species in Mexico (Pennington and Sarukhan,
1998; Conabio, 2017). Individual trees were finally established in the states of
Veracruz, Puebla, Tabasco, Chiapas, Campeche, Quintana Roo and Yucatan. The
selected individuals were healthy specimens, without mechanical damage, or
bifurcations, dominant and codominant, free from excessive fruiting; they were
placed in the diametric category of 15 to 19 cm initial or half-turn and in easily

accessible places for later monitoring.

Assessed Variables

The evaluated response variable was the increase in normal diameter (diameter at
1.3 m above ground level, in an evaluation period of 7 months) and was calculated
by subtracting the normal diameter measured in July 2017, to the normal diameter

measured in January 2018, for each of the 74 trees.

The normal diameter was recorded with diametric tape (Forestry Suppliers 20FT) and
its imprint on the circumference of the shaft was marked with indelible ink. The height
of the tree was determined with a W-Germany Haga gun and the measurement

method developed by Lépez (2005). The geographical coordinates at the base of the
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tree were set with a Garmin Venture Cx GPS. Each tree was marked with the
corresponding consecutive number, with glow-in- the-dark paint for later

identification and re-measurement.

Tree Re-measurement

Seven months after the initial measurement of the trees, the same variables were
repeated. In addition, a sample of 30 leaflet was collected from each tree as indicated
by Wells and Allen (1985).

The collected leaflet were transported in containers (refrigerators) with ice to the
Salvador Alcalde Blanco laboratory of the Colegio de Postgraduados, where the foliar
concentration of N, P, K, Ca, Mg, B, Cu, Fe, Mn and Zn was determined for each tree.
The N by the micro-Kjeldahl method, and the rest of the nutrients from a digestion
with sulfuric, perchloric and nitric acids; an aliquot was taken from this digestate that
was analyzed by an inductively coupled plasma spectrophotometer (ICP-AES)
(VARIAN 725-ESI).

Data Analysis

Data were analyzed by using the methodology originally described by Beaufils and
Sumner (1976), for the development of DRIS standards and critical concentrations
(Walworth and Sumner, 1987). For the second type, the total of 74 observations was
subdivided into two subgroups: high performance (16 %) and low performance (74 %)
(Medina and Medina, 1992). Such concentrations for the species of interest at half-
turn age corresponded to the means of each nutrient in the high performance trees.
The DRIS standards consisted of the ratios of nutrient concentrations in the same

subpopulation. Each quotient was determined by its mean and its coefficient of variation.



Revista Mexicana de Ciencias Forestales Vol. 11 (58)
Marzo — Abril (2020)

Validation of critical concentrations and generated DRIS standards

Description of the experimental plot

To validate the sets of critical concentrations and DRIS standards, a plantation of C.
odorata with an area of seven ha was chosen (Figure 1). The plantation is 10 years
old, it has a 4 x 3 m spacing, diametric categories between 15 and 20 cm, alluvial

soil and a slope <5 %.
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Figure 1. Location of Cedrela odorata L. experimental plot in Villa Lazaro Cardenas,

Venustiano Carranza municipiality, Puebla State.

Diagnosis of the nutritional condition of the experimental plot

Based on the homogeneity of the experimental area (flat surface and even-aged trees),
the initial nutritional diagnosis was made from three foliar samples from three randomly
distributed trees in the experimental area. Samples were collected according to the
protocol published by Wells and Allen (1985) for foliar sampling of forest trees for
chemical analysis purposes. The samples were sent to the Salvador Alcalde Blanco
laboratory of the Colegio de Postgraduados where the elements mentioned above

were determined, using the methodologies already described.



Parra et a.l, Critical nutrient concentrations and DRIS norms...

In addition, soil sampling from the study area was made, in which nine subsamples were
taken at a depth between 0 and 30 cm, from which three composite samples were formed.
In the mentioned laboratory, pH, electrical conductivity (EC), organic matter (MO) and
cation exchange capacity (CIC) were determined, as well as concentrations of N, P, K, Ca,
Mg, Mn, Fe, B, Cu and Zn. Based on these results, the general fertility of the experimental

site and the treatments that should be applied were defined.

Experimental design

A completely randomized experimental design was selected with a factorial arrangement of
the treatments, in which the experimental unit consisted of a tree, in the diametric category
of 15 to 19 cm in normal diameter and approximately 12 m in height. Each treatment was
replicated five times and the factors tested were P and K, with three levels (doses) of P and

four of K, which gave a total of 12 treatments.

The response variable analyzed was the increase in normal diameter and the statistical

model used was:

yij = w+ Ai + Bj + ABij + €ij

Where:
i = 1,2,3 Number of levels of the A factor (phosphorous)
j =1,2,3 Number of levels of the B factor (potassium)

ij = Value of the response variable that belongs to the i level of the A factor; j level
of the B factor

u = General mean
Ai = Effect of the i level of A

Bj = Effect of the j level of B
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ABij = Interaction of the A and B factors

€ij = Experimental error corresponding to the i level of the A factor, j level of the B

factor

€ij ~ NIID(0,0 2) must be accomplished

To assign the treatments to the experimental units, a randomization was run using

the R software (The R Project, 2017).

Applied treatments

The 12 fertilization treatments resulting from the combination of P and K levels (Table 1)

were applied to the previously selected experimental units.

Table 1. Factors and levels tested in the Cedrela odorata L. fertilization experiment

in Venustiano Carranza, Puebla.

P K Number of
Levels o
(HsPO,> mL per tree) (K,SO, g per tree) replications
1 0 0 5
2 390 660 5
3 690 1340 5
4 2 000 5

In addition to the 12 treatments mentioned, a treatment without fertilization was
established (absolute control). To each of the experimental units, except for the
absolute controls, N was applied in the form of commercial urea, at a rate of 600 g
per tree and 100 mL of microelements in the commercial presentation called “sagaquel
combi” (Fe = 3.1 %, Zn = 4.05 %, B = 0.05 %, Cu = 0.04 %, Co = 0.002 %,
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Mn = 0.25 %, Mo = 0.005 %). These fertilizer materials were supplied to ensure the
absence of deficiencies of said nutrients throughout the experiment. The application
of these nutrients and treatments with P and K was done in eight holes 30 cm deep

in the soil, at a distance of 1 m from the base of each tree.

At the time of applying the treatments to the trees, weeds were removed, with the
use of a systemic herbicide, based on glyphosate, which was applied within a radius
of 2 m around each tree, including absolute controls; this prevented the consumption

of nutrients by weeds.

Response variables

For each experimental unit, the diameter was measured at 1.30 m above ground level.
The first measurement was made on October 22, 2017, and the second on October 22,

2018. From these data the annual diameter increase (cm yr'') was obtained.

In September 2018, a foliar sample of three experimental units of each treatment
was taken, according to the recommendations of Wells and Allen (1985). The samples
were prepared for analysis in the same laboratory mentioned before, where N, P, K,

Ca, Mg, Fe, Cu, Mn, B and Zn were determined by the methods already described.

Results

Figure 2 illustrates the two subpopulations into which the population of 74 trees
evaluated was divided. The high performance subpopulation included 11 trees of the

total population, while the low performance subpopulation included 63 trees (84 %).
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Incremento de diametro normal = Increase in diameter; Supoblacion de bajo
rendimiento = Low performance subpopulation,; Subpoblacion de alto rendimiento =

High performance subpopulation; Numero de arbol = Tree number.

Figure 2. Increase in diameter reached in seven months of the evaluation period in

the subpopulations of Cedrela odorata L. trees.

Table 2. Basic descriptive statistics regarding the increase in diameter at breast

height in the subpopulations of high and low performance.

Number of Minimum Maximum
Subpopulation Mean
samples value value
1 11 3.1364 2.7 4.0
2 62 1.3597 0.1 2.5

The increase in diameter in the evaluation period varied from 0.1 cm to 4.0 cm. The
average of the high performance subpopulation was more than double, compared to

that of the low performance subpopulation (Table 2).



Parra et a.l, Critical nutrient concentrations and DRIS norms...

The t-test for the comparison of the Diameter at Breast Height Increment (IDAP, for
its acronym in Spanish) in the high and low performance subpopulations indicates
that these are different from each other (Pr> 0.0001), which expresses that the
average of the subpopulation of high performance is significantly higher than low

performance (Table 3).

Table 3. t test to compare the diameter increase in the high performance and low

performance subpopulations.

Method Variances FD T value Pr>|t|
Clustered Equal 71 8.6 <0.0001
Satterthwaite Not-equal 23.066 12.6 <0.0001

The ranges and means of the concentrations of the nutrients studied in red cedar

foliage are shown in Table 4.

Table 4. Foliar nutrient concentrations in the entire population of Cedrela odorata L. trees.

Nutrient Concentration Mean
range concentration
N (%) 0.56-3.78 1.94
P (%) 0.082-0.25 0.14
K (%) 0.26-2.28 0.83
Ca (%) 0.58-3.17 1.71
Mg (%) 0.079-0.38 0.22
B (ppm) 14.7-108.3 41.0
Cu (ppm) 0.95-6.08 3.04
Fe (ppm) 38-417 102.0

Mn (ppm) 4.99-136.0 21.3




Revista Mexicana de Ciencias Forestales Vol. 11 (58)
Marzo — Abril (2020)

Critical nutrient concentrations consisted of the means of the concentrations of each

nutrient, associated with the 11 trees of the high performance subpopulation (Table 5).

Table 5. Nutrient concentrations of the trees corresponding to the subpopulation of high

performance and critical concentrations for mid-rotation Cedrela odorata L. trees.

N P K Ca Mg B Cu Fe Mn Zn
(%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (pPpm)

IDAP

4.0 2.205 0.174 0.720 1.708 0.258 19.59 1.83 202.10 30.06 31.53

3.5 1.75 0.176 0.901 1.239 0.135 17.41 3.70 220.06 29.09 24.98

3.4 1.575 0.089 0.415 2.650 0.317 53.96 1.74 50.77 28.83 28.41

3.2 2.065 0.141 0.445 2.090 0.203 26.17 1.98 104.41 9.45 27.45

3.1 2.415 0.154 1.610 1.163 0.161 33.30 3.62 127.21 16.93 20.52

3.0 2.065 0.147 0.416 2.480 0.250 25.73 2.59 85.29 19.59 36.45

3.0 2.835 0.155 0.905 1.160 0.140 60.13 2.71 103.77 14.29 22.55

2.9 2.31 0.241 0.872 1.476 0.124 20.70 3.99 221.16 32.52 29.56

2.9 2.24 0.168 1.352 1.676 0.312 21.08 2.22 81.86 18.36 18.01

2.8 2.1 0.098 0.374 2.541 0.303 71.83 2.38 53.96 22.14 22.16

2.7 1.61 0.170 1.216 0.916 0.178 18.04 0.95 84.75 5.00 15.29

CC 2.106 0.156 0.839 1.736 0.216 33.45 2.52 121.39 20.57 25.17

IDAP = DBH Increment (cm in the evaluation period of 7 months); CC = Critical

Nutrient Concentration.
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A set of DRIS standards (Table 6) was also generated with the different ratios between
the mean values and coefficients of variation of the nutrients, corresponding to the
high performance subpopulation, with 45 quotients. In this process, the
macronutrient concentration unit was always percentage (%) with respect to dry

matter, while the micronutrients were handled in ppm.

Table 6. Set of DRIS standards for mid-rotation Cedrela odorata L. trees.

Ratio Value C.V. Ratio Value C.V. Ratio Value C.V.

N/P  14.24 25.57 P/Mn 20.57 41.48 Mg/B  0.01 46.15
N/K  3.12 45.37 P/Zn 0.01 34.83 Mg/Cu 0.10 52.40
N/Ca 1.38 39.11 K/Ca 0.61 69.86 Mg/Fe 0.00 73.52
N/Mg 11.09 42.94 K/Mg 4.59 61.44 Mg/Mn 0.01 63.37
N/B  0.08 37.71 K/B 0.03 63.75 Mg/Zn 0.01 41.40
N/Cu 0.94 34.03 K/Cu 0.39 79.20 B/Cu 14.97 59.26
N/Fe 0.02 42.25 K/Fe 0.01 54.72 B/Fe 0.41 96.41
N/Mn 0.13 59.41 K/Mn 0.06 105.81 B/Mn  2.00 61.12
N/Zn 0.09 28.34 K/Zn 0.04 66.97 B/zn 1.41 59.41
P/K  0.22 35.86 Ca/Mg 8.25 23.90 Cu/Fe 0.02 41.28
P/Ca 0.11 4598 Ca/B 0.06 38.60 Cu/Mn 0.14 37.33
P/Mg 0.85 53.64 Ca/Cu 0.79 46.57 Cu/Zn 0.10 37.62
P/B 0.01 53.58 Ca/Fe 0.02 77.35 Fe/Mn 6.99 57.58
P/Cu 0.07 52.88 Ca/Mn 0.10 52.89 Fe/Zn 4.90 43.49
P/Fe 0.00 28.62 Ca/zn 0.07 29.97 Mn/Zn 0.81 35.43

C.V. = Coefficient of variation
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Verification of critical concentrations and DRIS standards in the field

According to Table 7, when applying the fertilization experiment to the critical
concentrations in the present study, the absolute control showed deficiencies of N, P,
K and Mg; however, the most deficient nutrient was K and IDAP was 0.25 cm. Based
on this diagnosis, a second treatment of the fertilization experiment was selected
(Table 7), which provided 600 g of potassium sulfate and 600 g of urea. The foliar
analysis indicated that the application of the aforementioned materials caused an
increase in the foliar concentrations of N and K. When applying the generated critical
concentrations to this treatment, K proved to be still the most deficient nutrient, but
the N deficiency was counteracted. This treatment increased the IDAP from 0.25 cm
to 1.27 cm; that is, there was an increase five times higher than that of the absolute
control. Such increase means that the critical concentrations developed in the present

study correctly predicted the nutritional status of the absolute control.

Table 7. Process of verification of critical nutrient concentrations for Cedrela

odorata L. through a field experiment.

Treatment Foliar concentration (%) Diagnosis by CC IDAP
Number
P K N N P K Ca Mg N P K Ca Mg (cmyear?)
1 0 0 0 1.70 0.13 0.34 2.69 0.17 D D MD S D 0.25
2 0 600 600 2.09 0.13 0.46 2.25 0.19 S D MD S D 1.27
3 0 1340 600 2.00 0.14 0.41 1.93 0.17 LD LD MD S D 1.10
4 390 2 000 600 1.98 0.13 0.41 2.42 0.18 D LD MD S D 1.03

Num. = Number of treatment; IDAP = DBH Increment (cm year!); S = Enough;
LD = Slightly defficient; D = Defficient; MD = Very defficient; N, P and K treatment in g

de urea, Phosphoric acid and Potassium sulfate, respectively, applied to each tree.
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From the diagnosis of the second treatment (Table 7), a third treatment
corresponding to a higher dose of potassium sulfate (1340 g tree™) was applied, but

the fertilization level was maintained with N (Table 7).

Although the application of potassium sulfate and urea in treatment three did not
manifest itself in increases in the concentrations of these nutrients, the IDAP
decreased slightly with respect to treatment two (from 1.27 cm year™! to 1.10 size™).
It is likely that this slight decrease in IDAP is due to the fact that the diagnosis of
treatment two was not strictly addressed since, in addition to K (potassium sulfate),
a dose of P (phosphoric acid) had to be applied. This response from the trees confirms
that the set of critical concentrations generated correctly predicted the nutritional

status of treatment two (Table 7).

To attend, at least partially, the diagnosis of treatment three treatment four was
implemented that included 390 g of phosphoric acid (P) and 2000 g of potassium
sulfate (K), while maintaining the same level of N (600 g of urea), when the dose
of this nutrient should be increased according to the diagnosis of treatment three.
It was not possible to correct the Mg deficiency diagnosed in treatment three,
because the experiment did not include the application of Mg. Since this treatment
was unable to satisfy the strong K deficiency as well as the deficiencies of N, P
and Mg, the performance decreased slightly with respect to treatment three (from
1.10 to 1.03 cm year™?).

In treatment two (Table 7), by correcting K, which was the most deficient element, it
was possible to have the highest foliar concentration of this nutrient while achieving
the highest IDAP, which consistently demonstrates that the critical concentrations

generated are effective.

When verifying the effectiveness of the DRIS standards, using the DRIS indices of the
absolute control or treatment one (Table 8), it was determined that the most deficient
element was K (lowest DRIS index; -27.09), followed by N (-5.74) , Mg (-3.52) and
P (-1.56) (Table 8), so by applying potassium sulfate (treatment 2) and 600 g of urea
it was possible to reduce the K index (-15.91) and satisfy the deficiency N (0.24), to

which the tree reacted by increasing the foliar concentration of these two nutrients
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and the IDAP from 0.25 to 1.27 cm.year™. This indicates that the DRIS norms generated

in the present study correctly predicted the nutritional status of treatment one.

Table 8. Verification of DRIS standards in a field experiment.

Treatment Foliar concentration (%) DRIS Index
Number IDAP
P K N N P K Ca Mg N P K Ca Mg
1 0 0 0 1.70 0.13 0.34 2,69 0.17 -5.74 -1.56 -27.09 37.92 -3.52 0.25
2 0 600 600 2.09 0.13 0.46 2,25 0.19 0.24 -4.05 -15.91 19.18 0.54 1.27
3 390 1340 600 1.97 0.14 0.40 2.84 0.17 -3.21 -2.26 -22.82 35.08 -6.78 0.73

IDAP = DBH increment (cm year™; 1.30 m)

In treatment 3 (Table 8) the nutrients diagnosed as deficient in treatment two were
applied, maintaining the application level of 600 g of urea (N); however, the
application failed to improve the DRIS index of K, but only that of P, but in addition,
there was a significant deficiency of Mg, a nutrient that was not handled in the fertilization

experiment, which led to a reduction in performance in regard to treatment two.

According to Table 8, the highest DRIS index of K (-15.91) corresponds to the highest
IDAP (treatment 2), which may mean that K is the most deficient nutrient, as
diagnosed by the DRIS standard generated in this study. With these results, it is
possible to assert that the set of DRIS standards developed in the present study

correctly predicts the nutritional status of C. odorata trees in half term.

Based on the process of verification of the DRIS standards at the plantation site, the
most deficient nutrient is K, but there are deficiencies of P, Mg and N. On the other
hand, at the study site there are soil conditions that limit the availability of some
nutrients, especially P and K. Apparently there is an effect of antagonism between N
and K, which in the soil compete for adsorption sites (Mengel and Kirkby, 1982),

causing leaching of one of them or both.
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Discussion

The critical nutritional concentrations obtained in the present study (Table 5), were
in the case of N (2.106 %), a value that is in the range indicated by Drechsel and
Zech (1991) for C. odorata, as an intermediate concentration interval for the species
(2 years old). Ramirez et al. (2018) found foliar concentrations of N (not critical
concentrations) in C. odorata trees from 2 to 17 years old, above the critical
concentration of N defined in the present study. The critical concentration determined
in the present study (0.156 %) is low compared to that indicated by Drechsel and
Zech (1991) 0.23 %, but similar to that found by Ramirez et al. (2018). The results
of the present study yielded a critical concentration of K of 0.839 %, comparable to
the concentrations found by Calixto et al. (2015) in various fertilization treatments
applied. However, Drechsel and Zech (1991) indicate an optimal concentration of K
(0.244 %), which is very low compared to that defined in the actual study. The critical
concentration of Ca found in the current study is more than six times higher than that
proposed by Drechsel and Zech (1991) of 1.736 % vs. 0.179 %. In the case of Mg,
the critical concentration determined in this study is similar to that recommended by
Drechsel and Zech (1991) 0.24 vs 0.2163 %. For micronutrients, Drechsel and Zech
(1991) report 25 ppm for Mn, 148 ppm Fe and 15 ppm Zn; the corresponding values

found in this investigation are 20, 121 and 25, for Mn, Fe and Zn, respectively.

Critical concentrations correctly predict the nutritional status of C. odorata trees,
although in some steps of the verification process, the fertilization treatments
available within the fertilization experiment, did not allow timely correction of all the
deficiencies detected. In this process, it should be noted that the inability of treatment
four to correct the deficiencies of K, N and P, even when they were applied, is probably
due, in the case of K, to the known effect of antagonism between N and K (Mengel
and Kirkby, 1982). The permanence of P deficiency, even when this nutrient was
applied in treatment four, may be due to the high calcium content (Ca) in the soil
(8 840 ppm) since its pH is high (7.72), in which condition occurs the formation of
calcium phosphates that precipitate at deep horizons of the soil being unavailable to
the tree (Montero-Solis et al., 2019).
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The DRIS set of rules correctly predicted the nutritional status; however, in treatment
3 the problem arose, apparently, of low availability of the applied nutrients (P and K).
It is likely that the deficiency of K could not be corrected, because in treatment three
N was also applied, a nutrient that was not deficient and that is often antagonistic
with K in the soil (Mengel and Kirkby, 1982).

In the study site a generalized low availability of P is identified, which apparently
occurs when this element reacts with Ca, a nutrient that has a high concentration
(8 840 ppm) in the soil, accompanied by a high pH value (7.72). Under these
conditions, the formation of calcium phosphates in the soil is frequent (da Silva and
Fitzsimmons, 2016; Montero-Solis et al., 2019), which precipitate towards deep

horizons, decreasing the availability of P.

It is important to note that the DRIS standards and critical concentrations generated
in this study should be considered preliminary, since they were derived from a
relatively small database (74 trees); however, despite the fact that the predictive
capacity of these nutritional standards is perfectible, their verification processes

indicate that their predictive right.

Conclusions

A set of critical nutrient concentrations and one of DRIS standards are presented, for foliar

concentrations of 10 nutrients of mid-rotation Cedrela odorata trees (around 10 years old).

Critical nutrient concentrations and DRIS norms derived from the study correctly
predict nutrient deficiencies in C. odorata trees in half shifts and are ideal for
determining their nutritional status during the phenological stages corresponding to

the mentioned age and diametric categories of 15 to 19 cm.

The C. odorata plantation adopted for the verification of the sets of critical concentrations

and DRIS standards has severe K deficiencies and slight of N, Mg and P.
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