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ABSTRACT: ‘Cedro doce’ [Pochota fendleri (Seem) Alverson & Duarte] is a native forest species in Amazon
with great ecological and economic importance. Understanding nutritional requirements of the species allows
cultivating Pochota fendleri with more efficient fertilization practices since its initial growth, as a seedling.
Thus, this research aimed to evaluate the symptoms of nutritional deficiency of young ‘cedro doce’ plants. The
experiment was carried out from September to December 2016, under greenhouse conditions, at Embrapa
Roraima, in Boa Vista, RR, Brazil. The experiment was a randomized complete block design with seven
treatments [complete solution and individual omission of the macronutrients (N, -P, -K, -Ca, -Mg, -S)] and
three replications. Each experimental plot corresponded to a pot with one plant, corresponding to 21 plots.
At 77 days after transplanting the seedlings to the pots, the plants were evaluated for symptoms of nutritional
deficiency: total height, collar diameter, leaf number, chlorophyll a and b, chlorophyll a/b index ratio, shoot
and root dry mass, and root/shoot ratio. The macronutrients omission caused nutritional deficiency symptoms
in all ‘cedro doce’ plants. In general, P and N omission caused the least development of plants. This result is
an indicative that ‘cedro doce’ is a high demanding species for both nutrients, especially phosphorus.
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Sintomas de deficiéncia nutricional de plantas jovens
de cedro doce cultivado sob omissao de macronutrientes

RESUMO: O cedro doce [Pochota fendleri (Seem) Alverson & Duarte] é uma espécie florestal nativa da
Amazodnia e com expressiva importancia ecoldgica e econémica. Conhecer as exigéncias nutricionais da
espécie permite cultivar o cedro doce com praticas de adubagdo mais eficientes desde a sua fase de muda.
Sendo assim, o objetivo desta pesquisa foi avaliar os sintomas de deficiéncia nutricional de plantas jovens de
cedro doce. O experimento foi conduzido de setembro a dezembro de 2016, em casa de vegetagiao da Embrapa
Roraima, em Boa Vista, RR. O delineamento experimental foi em blocos casualizados, com sete tratamentos
[solugdo nutritiva completa e com omissdo individual dos macronutrientes (-N, -P, -K, -Ca, -Mg, -S)] e trés
repeticdes. Cada parcela experimental correspondeu a um vaso com uma planta, totalizando 21 parcelas.
Aos 77 dias apds o transplantio das mudas para os vasos, as plantas foram avaliadas quanto aos sintomas de
deficiéncia nutricional: altura total, didmetro do colo, nimero de folhas, indice de clorofila a e b, razdo do
indice de clorofila a/b, massa seca da parte aérea, massa seca da raiz e razio raiz/parte aérea. A omissio dos
macronutrientes ocasionou sintomas de deficiéncia nutricional em todas as plantas de cedro doce. De maneira
geral, a omissdo de P e de N provocou o menor desenvolvimento das plantas. Esse resultado ¢é indicativo de
que o cedro doce seja uma espécie muito exigente em ambos os nutrientes, especialmente em fosforo.
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INTRODUCTION

From the Malvaceae family, ‘cedro doce’ [Pochota fendleri
(Seem) Alverson & Duarte] is an endemic timber species in
several countries of Central and South America. In Brazil, the
species occurs naturally only in forest ecosystems in the state
of Roraima (Halfeld-Vieira et al., 2007). The wood of ‘cedro
doce’ is mainly used for furniture manufacture due to its
characteristics of resistance to the attack of termites, absence
of odor and its mechanical properties very favorable to the
furniture industry (Arco-Verde & Moreira, 2002).

In the last decades, natural populations of ‘cedro doce' have
been under severe pressure due to wood and deforestation
exploitation in the occurrence areas. Thus, there is the need
for degraded ecosystems recovery and establishment of
commercial planting of the species. Pochota fendleri cultivation
will contribute not only to biodiversity maintenance (Andrade
& Boaretto, 2012), but also to raw material supply for timber
market.

Native forest species or any other plant species need
the correct nutrient supply at all physiological stages for
satisfactory development (Malavolta et al., 1997). However,
there is little information on the nutritional requirement for
'cedro doce'. It is necessary to develop research to define the
nutritional requirements of the species, since this information
is essential to provide subsidies that guarantee planting
management (Souza et al., 2010).

Therefore, this study aimed to characterize macronutrient
deficiency symptoms in young ‘cedro doce’ plants using the
nutrient omission technique.

MATERIAL AND METHODS

The research occurred between September and December
2016, in a greenhouse at the Embrapa Roraima headquarters,
whose geographic coordinates are 2° 42’ 30” N and 47° 38’
00” W. During the experiment, mean values of temperature
and relative humidity inside the greenhouse were 29 °C and
71.6%, respectively.

Pochota fendleri seeds were used from trees cultivated
in the experimental field of Embrapa Roraima. Seeds were
treated with 2 mL of fungicide Derosal® with 1 L water. They
were in contact with the solution for 10 min. After drying
in the open air, seeds were sown in polyethylene bags filled
with sand. The bottom of the container had a layer of gravel
to avoid water accumulation. The sowing was irrigated
whenever necessary.

The sand used in the experiment as substrate was washed
with 10% hydrochloric acid solution (v/v) for 10 min and
then rinsed with running water. Finally, it was rinsed four
times with deionized water until the sand pH reached around
value of 5.5.

After 10 sowingdays, 10 cm tall seedlings were transplanted
to polyethylene pots with 2.5 L washed sand and irrigated
with complete (C) Hoagland nutrient solution (Table 1), with
partial and individual omission of nitrogen (-N), phosphorus
(-P), potassium (-K), calcium (-Ca), magnesium (-Mg) and
sulfur (-S). As the plants were in the initial development
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stage, it was provided with 10% of the element concentration
that would be omitted, in agreement to each treatment. If the
plants received the nutrient solution with total omission of
the missing element, at this stage, they would not develop and
would not express the characteristic deficiency symptoms of
each nutrient. From the 49* day after transplanting, the 10%
of the missing elements of the respective solutions used to
irrigate the pots were removed. Substrate was not washed
for the complete removal of the missing element because as
the plants had already grown the nutrient demand would be
greater than the availability of the omitted element in each
pot.

From day 1 to day 14, after transplantation, the solutions
contained 20% of the total ionic strength. From day 15 to day
22, plants were irrigated with solutions at 50% ionic strength.

From day 23 until the end of the experiment, solutions
with 100% ionic strength were used. Daily, from day 1 to day
14, plants were irrigated with 1 L solution. From then until
the end of the experiment, the volume of solution used for
daily irrigation was 1.5 L.

Under each pot, there was a pot to collect the drained
solution after irrigation. Each pot was wrapped outside with
aluminum foil to prevent light incidence in the nutrient
solutions drained from each pot. Solutions had no contact
with aluminum foil. The pH of the solutions was maintained
between 5.8 and 6.2 by adjusting daily with solution of HCIl
or NaOH. After adjusting the pH, the volume of the solutions
was completed to 1 L (or 1.5 L, as explained above) using
deionized water. The same solution was reapplied on the
sand of the respective container to irrigate the plants. After
complete drainage, the collecting pots were capped to prevent
the incidence of light and algae growth in the solutions.
Solutions were changed weekly.

The experimental design was in randomized blocks
with seven treatments: complete nutrient solution (C) and

Table 1. Composition of nutrient solutions (100% ionic
strength) complete (C) and with 10% concentration of the
missing elements: nitrogen (-N), phosphorus (-P), potassium
(-K), calcium (-Ca), magnesium (-Mg) or sulfur (-S), in the
respective solutions

Volume of stock solution

uckisolutions 0.1 L nutrient solution (mL)

Reagents (molL) € -N -P K -Ca -Mg -S
KNO; 4.80 4.80 4.80 4.80 4.80
Ca(N03)2.4H.0 1 3.20 0.60 3.20 3.20 0.32 3.20 3.20
NH.H.PO, 1 0.80 0.80 0.80 0.80 0.80
MgS04.7H,0 1 1.60 1.60 1.60 1.60 1.60 0.16 0.16
NH.NOs 1 0.80 0.80
NaNOQ; 1 3.20 4.80
KH,PO, 1 0.80 0.08
K»S0O, 0.5 4.00
(NH,)2S04 0.40
MgCl..6H.0 1 1.60
Na,S0, 1 1.60
CaCl>-2H.0 1 2.00
KCI 1 0.48
Fe-EDTA* 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Micronutrients** 0.80 0.80 0.80 0.80 0.80 0.80 0.80

*FeCl, 6H,0, 40 mM; Na, EDTA, 40 mM; **H,BO,, 25 mM; MnCl,.4H,0, 2 mM; ZnCL,
2 mM, NaCl, 50 mM; CuCl,.2H,0, 0.5 mM; H,MoO,, 0,5 mM; Underlined values indicate
the volumes of stock solutions that provided 10% of each macronutrient in the respective
solution in which the element was completely omitted on the 49" day after transplanting
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with individual omission of the macronutrients (-N, -P, -K,
-Ca, -Mg, -S) and three replicates. Each experimental plot
corresponded to one pot with one plant, amounting to 21
plots.

At 77 days after transplanting, plants were evaluated
for visual symptoms of nutritional deficiency, total height
(cm), distance between the substrate level and the apical
bud; stem diameter (mm), using a caliper; number of leaves
and chlorophyll (IChl) a and b index, through which the
chlorophyll a/b index ratio was obtained, using Clorofilog
(Model CFL 1030, Falker). The IChls were measured in the
central leaflet of the third and fourth leaves of each plant,
between 8:00 and 10:00 A.M., local time. For statistical
analysis, the mean of the two leaves was considered. Then
plants were harvested and their shoot was separated from the
root. The plant material was oven dried at 65 °C for 72 h and
then weighed to obtain the dry weight of shoot, root, and the
root/shoot ratio.

Data were submitted to analysis of variance at 0.05
probability and means were compared with the Scott Knott
test at 0.05 probability. The statistical program Sisvar was
used (Ferreira, 2008).

RESULTS AND D1SCUSSION

Plants grown in the complete nutrient solution (C)
showed good development, with no nutritional deficiency
symptom (Figures 1A and 2A). The -N treatment reduced
plant growth and showed leaves with chlorosis throughout
the leaf blade (Figures 1A and 2C). Generalized chlorosis was
observed, reaching new and old leaves throughout the plant.

N deficiency symptoms are common in old leaves, since
this nutrient moves within the plant. When there are low N
concentrations in the plant, the element is redistributed from

Figure 1. ‘Cedro doce’ plants grown in complete nutrient
solution, C and with absence of nitrogen, -N (A); Phosphorus,
-P (B); Potassium, -K, (C); Calcium, -Ca, (D); Magnesium,
-Mg (E) and Sulfur -S (F)
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Each unit in the scale of the orange bar represents 6 cm in length

Figure 2. Visual symptoms of nutritional deficiency in ‘cedro
doce’ leaves grown in complete nutrient solution, C (A); with
absence of Phosphorus, -P (B); Nitrogen, -N (C); Potassium,
-K (D); Calcium, -Ca (E); Magnesium, -Mg (F) and Sulfur,
-S(G)

the old leaves to the new ones (Malavolta et al., 1997). However,
when the deficiency evolves to a more advanced stage, the
symptom may manifest throughout the plant (Andrade &
Boaretto, 2012), as observed in ‘cedro doce’ plants.

Chlorosis is a typical symptom of N deficiency because
the nutrient is part of the chlorophyll molecule. Therefore, if
there is reduction of N in the plant, chlorophyll degradation
also occurs (Maillard et al., 2015). As the chlorophyll
concentration in the leaf reduces, photosynthesis tends to
decrease as well, resulting in a reduction of plant growth
(Wallau et al., 2008).

The petiole of ‘cedro doce’ leaves under N deficiency
showed a reddish coloration. This can be explained by the
large accumulation of unused carbohydrates in the synthesis
of nitrogen compounds. Excess of carbohydrates can be used
in anthocyanin synthesis, which in turn gives red color to
the tissue (Nemie-Feyissa et al.,, 2014). According to Diaz
et al. (2006) the red coloration on Arabidopsis leaves is a
symptom of anthocyanin accumulation and relates to aging
and nutritional deficiency.

Figures 1B and 2B show a great reduction in the growth
of the cultivated plants with P absence. Some leaflets had
burning aspect in the apices.

Symptoms of P deficiency, similar to those observed
in 'cedro doce', have been reported in African mahogany
plants by Corcioli et al. (2014) and in cherry plant by Vieira
et al. (2011) cultivated under P absence. P participates in
the metabolism of several molecules, such as starch, fats
and proteins. Additionally, P plays a structural role in the
plant and is directly involved with the transfer and storage
of energy. Therefore, when the nutrient is in suboptimal
concentrations for the plants, growth reduction becomes
evident (Marschner, 1995).
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Plants grown under Mg absence showed interveinal
chlorosis in all leaves (Figure 2F). Similar symptoms, but in
older leaves, occurred in Brazilian peppertree cultivated in
nutrient solution with no Mg (Andrade & Boaretto, 2012).
As Mg is considered mobile in the plant (Marschner, 1995),
nutrient deficiency symptoms were expected to appear first
on older leaves. However, possibly Mg deficiency was very
advanced at the time of symptom assessment and, therefore,
interveinal chlorosis occurred in all leaves. Chlorosis is also
expected because Mg is part of the chlorophyll molecule
(Malavolta et al., 1997).

Visually, there was little or no difference between the
plant sizes of treatments C, -K and -Ca (Figures 1C and D;
2D and E). Plants cultivated under K absence presented mild
chlorosis throughout the leaf blade. Literature commonly
presents record of chlorosis in older leaves of plants under
K deficiency (Moretti et al.,, 2011; Sorreano et al.,, 2012).
However, Camacho et al. (2014) observed that plants of
Bombacopsis glabra (Pasquale) Robyns, cultivated under K
deficiency, did not present visual K deficiency symptoms.

Ca deficiency in the culture medium reflects different
consequences on the development of distinct plant species.
Sorreano et al. (2011) and Andrade & Boaretto (2012)
presented a negative effect of Ca absence on the growth of
young plants of Croton urucurana and Brazilian peppertree
(Schinus terebinthifolius Raddi), respectively. However, Ca
omission from the culture medium did not cause differences
in the growth of seedlings of Pink trumpet tree Tabebuia
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impetiginosa, as reported by Souza et al. (2006), corroborating
the results observed for Pochota fendleri. The results of this
study suggest that young Pochota fendleri plants are not very
demanding in Ca and K or have high efficiency of use of both
nutrients.

Macronutrient omission, in general, resulted in reduced
growth characteristics (plant height, stem diameter, number
of leaves, shoot dry mass accumulation, SDM; root dry mass,
RDM and total dry mass, TDM) in almost all treatments
(Figures 1; 3A, B, C, D, E and F). Plants cultivated under
P omission, followed by those cultivated under N absence
presented the lowest values for all these variables.

Except for P and N, omission of the other macronutrients
did not interfere with plant height (Figures 1C, D, E and F;
3A). Only Ca omission was not enough to reduce the diameter
of ‘cedro doce’ plants (Figure 3B).

Number of leaves reduced in plants grown in nutrient
solution with absence of macronutrients, except for
-Mg treatment (Figures 1E and 3C). As for dry mass
accumulation, Ca omission was the one that least affected
biomass accumulation in different parts of the ‘cedro doce’
plants (Figures 3D, E and F). Comparing to the control,
plants cultivated under Mg omission showed lower SDM
accumulation; however, the number of leaves was equal
to the control. One explanation for this is the fact that the
diameter of plants grown under Mg omission was smaller
than the diameter of control plants (Figure 3B). Another
possible reason is, although there was no leaf anatomy or
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Same capital letters do not differ statistically from one another by the Scott Knott Test at 0.05 probability. Bar represents the standard error of the mean. n =3

Figure 3. Plant height (A); stem diameter (B); number of leaves (C); shoot dry mass, SDM (D); root dry mass, RDM (E); total
dry mass, TDM (F) and root/shoot ratio, RSR (G) of ‘cedro doce’ plants grown in complete nutrient solution (C), with absence
of Nitrogen (-N), Phosphorus (-P), Potassium (-K), Calcium (-Ca), Magnesium (-Mg) and Sulfur (-S)
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morphology study in the present research, the thickness
or the leaf expansion of the plants under Mg omission was
probably smaller, which can contribute to the less dry mass
accumulation in the shoot.

P omission resulted in the lowest values for plant height
and stem diameter (Figures 3A and B). The same results
were found for Tabebuia ochracea Cham. Standl. in which
P omission was the most limiting in the plant height and
diameter growth of seedlings (Vieiraetal., 2016). According to
Shen et al. (2011), this element plays a role in photosynthesis,
respiration, cell division and growth, and energy transfer
as part of adenosine triphosphate (ATP). Once there is P
deficiency in plants, there is also a reduction in plant growth.

The reduction of shoot, root and total dry mass
accumulation was evident in plants cultivated under
macronutrient omission. However, it occurred with greater
emphasis on plants with no P or no N culture mediums.
The result indicates that young ‘cedro doce’ plants are very
demanding in N and P, according to Aquino et al. (2016).

Similar results were observed for Australian cedar cultivated
under absence of macronutrients. The major limitations to
SDM accumulation occurred when plants were cultivated
under N, P, S and Ca omission (Moretti et al., 2011). In Brazil
wood seedlings (Caesalpinia echinata Lam.), N omission
limited SDM production (Valeri et al., 2014). However, TDM
of Drumstick tree (Moringa oleifera Lam.) had no alteration
when cultivated with no K, Ca and S (Vieira et al., 2008).

All the values observed for the root/shoot ratio (RSR) were
lower than 1 (Figure 3G), which means greater investment
in shoot growth than in the root system. The ‘Cedro doce’
plants cultivated under N absence showed the highest RSR.
In the absence of K, Ca and Mg, plants presented the lowest
RSR. The RSR for the treatments -P and -S were similar to
that presented by the control.

Results of root/shoot ratio (RSR) lower than one were also
observed in studies with Cedrela odorata L., by Locatelli et al.
(2007) and with eucalyptus (Swietenia macrophylla King), by
Rocha et al. (2014). On the other hand, Moretti et al. (2011)
reported that Australian cedar presented RSR greater than 1.
It is evident that dry mass accumulation between the different
parts of the plant varies among the species. According to Chen
etal. (2009), RSR of Betula alnoides was higher in all treatments
with nutrient omission, compared to control, except for
treatment without Mg. RSR increase means greater investment
for root growth in relation to the growth and development of
shoot. Under low nutrient availability conditions, there is a
tendency for greater root growth in search of greater absorption
of the missing nutrient (Fonseca et al., 2010).

Different arboreal species submitted to cultivation under
nutrient omission show different nutritional needs. Toona
ciliata M. Roem var. australis (Australian cedar) showed
limited initial growth when cultivated with no N, P, K, S
and Mg and lower stem diameters in treatments without
P, N, K and S (Moretti et al., 2011), corroborating with the
observations in this study. In contrast, plants grown under
Ca absence presented similar development in the control
treatment, which is similar to that presented by ‘cedro doce’.
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The chlorophyll a index was lower in plants cultivated
under N or S omission (Figure 4A). Chlorophyll a/b ratio
was lower only in the plants of the treatments -P, -K and -Ca
(Figure 4C). Plants grown under S omission, similarly to
those of the N treatment, reduced IChl a and b (Figures 4A
and B), but maintained both indexes, because of the similarity
between Chl a/b ratio of this treatment and the control.

It is known that S is not a chlorophyll molecule constituent.
However, this nutrient is part of ferredoxin, Fe-S protein
present in chloroplasts and necessary for chlorophyll synthesis
(Capaldi et al., 2015). Therefore, S deficiency compromises
chlorophyll synthesis, which was visually evident with chlorosis
in ‘cedro doce' leaves under S deficiency (Figure 2G). In turn,
N is part of the chlorophyll molecule (Mufoz-Huerta et al.,
2013). Therefore, it is expected that plants grown in medium
with low N or S availability show reduced IChl a and/or b values
as observed for ‘cedro doce' plants.

The Chl a/b ratio reduction in -K and -Ca treatments
occurred due to the increase of 61.2 and 31.0% in Chl b,
respectively. According to Kitajima & Hogan (2003), the low
N availability in the culture medium causes an increase in the
Chl a/b ratio. However, this result was not observed for ‘cedro
doce' plants as verified by the similarity of values between Chl
a/b ratio of the control and -N treatments.
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Figure 4. Chlorophyll a (A) and chlorophyll b (B) index
and chlorophyll a/b ratio index (IChl a/b ratio) (C) of ‘cedro
doce’ plants grown in complete nutrient solution (C), with
Nitrogen (-N), Phosphorus (-P), Potassium (-K), Calcium
(-Ca), Magnesium (-Mg), and Sulfur (-S) omission
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CONCLUSIONS

1. The omission of macronutrients caused visual nutri-
tional deficiency symptoms in young ‘cedro doce' plants.

2. In general, P and N omission caused the least
development of plants. This result indicates that ‘cedro doce'
is a very demanding species in both nutrients, especially P.
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