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ABSTRACT - African mahogany is a species preferred by many entrepreneurs as an investment in the forestry sector.
However, there are few studies or research on the species, especially in Brazil. The aim of this work was to study the
efficiency of nutrient uptake, accumulation, distribution and use in Khaya ivorensis and Khaya senegalensis, in addition to
aspects of growth variables and of dry matter partitioning as a function of mineral fertilisation. Morphological, physiological
and nutritional parameters were determined in the African mahogany plants 140 days after transplanting (DAT). The greatest
zinc (Zn) content was detected in the shoots of both the Khaya ivorensis and Khaya senegalensis plants, accounting for more
than 50% of the accumulated total of the plants with added nutrient solution. Maintaining the plants of Khaya senegalensis
and Khaya ivorensis with the use of nutrient solution provides the best conditions for nutrient use, and allows plants with
excellent morphological and nutritional characteristics to be ready for the field within five months after transplanting in
a shaded nursery. The most efficient uptake, transport and use of macro and micronutrients is found in the species Khaya
senegalensis with the addition of nutrient solution.
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RESUMO - O mogno africano é uma espécie que vém se destacando na preferéncia dos empresarios como opg¢do no
investimento florestal. Porém, estudos e pesquisas sobre a espécie, principalmente no Brasil, sdo escassos. O objetivo
neste trabalho foi estudar a eficiéncia de absor¢do, acumulo, distribui¢do e uso de nutrientes em Khaya ivorensis e Khaya
senegalensis, além de aspectos relacionados as variaveis de crescimento e de parti¢do de matéria seca em funcéo da adubacéo
mineral. Pardmetros morfoldgicos, fisiol6gicos e nutricionais foram determinados nas plantas de mogno africano aos 140 dias
apos o transplantio (DAT). O maior teor de zinco (Zn) foi detectado nas brotagdes das plantas de Khaya ivorensis e Khaya
senegalensis, representando mais de 50% do total acumulado das plantas com adicéo de solugdo nutritiva. A manutencéo das
plantas de Khaya senegalensis e Khaya ivorensis com o uso de solucdo nutritiva fornece as melhores condicdes para o0 uso
de nutrientes, e permite que plantas com excelentes caracteristicas morfoldgicas e nutricionais estejam prontas para o campo
dentro de cinco meses apds o transplantio em viveiro sombreado. A absorcdo, transporte e uso mais eficientes de macro e
micronutrientes sdo encontrados na espécie Khaya senegalensis com a adicéo de solucéo nutritiva.
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INTRODUCTION

The genus Khaya belongs to the family Meliaceae.
Originating in Africa and Latin America, the family
comprises 51 genera covering 1.400 species, 60% of which
are part of the forest economy of various countries. The
genus Khaya spp. is known by many authors as African
mahogany (SMIDERLE et al., 2016).

The wood is of fine-quality, with great economic
potential on the domestic and international markets, and
can be used in the furniture and naval industries, in civil
construction, and for panels and laminates, among other
uses.

Khaya ivorensis has wood of a red to pale brown
colour, a mean basic density of 0.47 g to 0.58 g.cm= and
good workability (CENTRE FOR AGRICULTURE AND
BIOSCIENCES INTERNATIONAL, 2013). Wood of the
genus Khaya is highly valued on the international market:
one cubic metre of native logs can fetch approximately
USD 1000, according to import and export records for
different wood products of the genus Khaya published
by the International Tropical Timber Organization —
International Tropical Timber Organization (2011).

Mahogany is still one of the most exploited species
in the country, and as such, is threatened with extinction,
as renewal of the native tree is not in proportion to its
exploitation. The need to invest in developing research into
the production of mahogany seedlings for the purposes of
reforestation is essential. The success of forestation and
reforestation projects depends on various factors, but
the quality of seedlings placed in the field is extremely
important. This requires knowledge of species in various
areas of the forestry sector. Most single or intercropped
species fail due to problems related to the growing
conditions, including seedling quality.

In Brazil, the species was initially introduced in
the north of the country through seeds donated to the
researcher Italo Falesi in 1976, but it was only in 1989
that trees from these seeds began to reproduce, allowing
the species to spread around the country. the State of
Roraima has extensive arable land, which is currently
under-exploited due to lack of investment in research,
trained personnel, infrastructure and technical knowledge,
especially regarding the nutritional requirements,
morphological response and seedling growth of these
species in production systems in protected environments
using substrates and mineral fertiliser.

Fertilising plants with nutrient solution has
increasingly been used in the nutritional management
of forest species, aiming to optimise the use of inputs
and plant growth under different cropping systems with
minimal waste to the environment (PRADEEPKUMAR

et al., 2017). Nutrient solutions also have a wide
application in studies of plant physiology, with a view to
studying and correlating the presence and concentration
of mineral nutrients with the processes that coordinate
plant growth (BALDI et al., 2014).

According to Souza et al. (2017), adding the
complete nutrient solution formulated by Souza et al.
(2011) to substrates is a promising technique for the
initial formation of forest plants in the greenhouse.
Another strategy for identifying nutritional requirements
is to determine the ideal concentration for promoting
the best uptake, distribution and use of nutrients, and
their effects on growth variables (BALDI et al., 2014;
ELSADR; SHERIF, 2016), and of dry matter partitioning
on the mineral composition of plant roots, stem and leaves
(ELSADR; SHERIF, 2016).

Among the most-used organs to estimate the
nutritional status of plants, the leaf is the most important, as
it is the seat of metabolism, responsible for the production
of photoassimilates (SOUZA et al., 2019), reflecting
nutritional changes in its composition, and expressing the
symptomatic effects of nutrient status in its colouration
(MERINO-GERGICHEVICH et al., 2017).

In addition to the organic macronutrients carbon,
hydrogen and oxygen, which represent the largest part of
plant dry weight (SOMMER et al., 2016), it should be
remembered that the other mineral elements, although
required in smaller quantities, are a key point in the
performance of major metabolic cell functions and plant
growth (MILOSEVIC; MILOSEVIC; GLISIC, 2013).

The aim of this study, therefore, was to evaluate the
efficiency of nutrient uptake, accumulation, distribution
and use in Khaya ivorensis and Khaya senegalensis, in
addition to aspects of growth variables and of dry matter
partitioning as a function of mineral fertilisation.

MATERIAL AND METHODS

The research was conducted at the seedling
nursery of Embrapa Roraima, located in the Industrial
District, at Km 8 of the BR 174 highway, at 02°45’28”
N and 60°43°54” W, and an altitude of 90 m. The city of
Boa Vista is in the Tropical Climate Zone (SMIDERLE
et al., 2018). According to Kdppen, the climate in the
region is type Aw (tropical rainy with a short dry season)
with a mean annual rainfall of between 1700-2000 mm
(SMIDERLE et al., 2018). The mean annual temperature
is 25.5 °C.

The species Khaya ivorensis and Khaya
senegalensis were used as plant material, with seedlings
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grown from seeds obtained from parent plants of the
Brazilian Forestry Institute (Instituto Brasileiro de
Florestas - IBF).

The seeds were sown in a seedbed that contained
washed medium sand as substrate for the germination
and initial development of the seedlings. The seedlings
were placed in 14-L polypropylene pots containing a
thin layer of approximately 5 cm of pebbles to improve
drainage and OrganoAmazon® ORG substrate (Table 1),
a commercial organic compound (100% natural, regional
organic fertiliser, consisting of cattle, horse, chicken and
sheep manure, aged and charred rice straw, peat, bagasse,
grass clippings, galls and foliage).

The plants were kept on benches in a nursery under
50% shade, with irrigation by programmed sprinkler
every five hours during the day, each irrigation lasting
five minutes. The plants were irrigated twice weekly with
200 mL of the nutrient solution proposed by Souza et al.
(2018), after the final irrigation of the day to avoid nutrient
leaching (Table 2).

The experimental design was a 2 x 2 factorial
scheme (with and without the addition of nutrient solution,
and two species of African mahogany Khaya ivorensis and
Khaya senegalensis).

At 140 days after transplanting (DAT), the height
(usingamillimetre rule) and stem diameter (10 cm above the

substrate with the aid of a digital calliper) were determined.
Root and shoot dry matter were also determined, with the
aim of evaluating assimilate partitioning. The shoots and
roots were separated and packed in paper bags, remaining
in a drying oven at 70 °C for 72 hours. After drying, the
samples were weighed on a 0.01 g precision balance to
determine shoot dry weight (SDW), root-system dry
weight (RDW), and from the sum of these two values, the
dry weight of the plant (TDW). The formula proposed by
Dickson, Lead and Osmer (1960) to define the Dickson
Quality Index (DQI) was used to measure plant quality.

The roots and shoots were then ground in a
Wiley mill with a 20-mesh screen, and the macro- and
micronutrient concentrations were analysed as per
Malavolta, Vitti and Oliveira (1997). The content of each
nutrient was calculated by multiplying the dry weight of
each part of the plant by the concentration of each nutrient
(BATAGLIA et al., 1983). The following indices were
also calculated: (a) uptake efficiency = (total nutrient
content of the plant)/(root-system dry weight), as per
Swiader, Chyan and Freiji (1994); (b) transport efficiency
= [(nutrient content of the shoots)/(total nutrient content of
the plant)] x 100, as per Li, Mckeand and Allen (1991); (c)
use efficiency = (total dry matter produced)?(total nutrient
content of the plant), in macronutrients (mg plant?) and
micronutrients (ug plant?) respectively, as per Siddigi and
Glass (1981). Analysis of variance and comparison of mean

Table 1 - Chemical composition, micronutrients and granulometry of the substrate (OrganoAmazon®) used in growing Khaya ivorensis

and Khaya senegalensis

Sorption complex®

pH \% M P oM
Ca* Mg* K* AP H+Al S t T
CMOI M3 - oo 7 — mg dm?® g kg*
58 105 7.9 1.6 - 2.08 20 20 22 90.6 - 176.77  69.2
Micronutrients® Granulometry
Zn Fe Mn Cu B S Clay Silt Sand
mg dm® g kgt
ORG 195 27.08 124 0.3 0.33 19.0 170 290 540

Where:. @pH in water (1:2.5); Ca?*, Mg? e Al**: KCI extractor 1 mol L*; K*

- oxidation Na,Cr,0,

and P: Mehlich-1 extractor; H+Al: SMP extractor; OM.: organic matter

4N +H_SO, 10N; S: sum of exchangeable bases; t: effective cation exchange capacity (CTC); T: CTC at pH 7.0; V- base saturation

index; m: aluminium saturation index. ©Zn, Fe, Mn e Cu: Mehlich-1 extractor; B: hot water extractor; S: monocalcium phosphate extractor in acetic

acid

Table 2 - Composition of the nutrient solution used in the production

of seedlings of Khaya ivorensis and Khaya senegalensis

Composition N-NO, N-NH* P K Ca Mg S Fe EC  [lons] lonic strength
mg L*! Ds m mmol L
Nutrient Solution ~ 174.0 240 39.0 183.0 1420 380 520 320 174 26.92 21.94

Rev. Ciénc. Agron., v. 51, n. 2, e20196711, 2020



A. G. Souza etal.

values were carried out by Tukey’s test at 5% probability
using the Sisvar software (FERREIRA, 2011).

RESULTS AND DISCUSSION

At the end of the experiment (140 days after
transplanting) the survival rate of the Khaya ivorensis and
Khaya senegalensis plants was 100% for all treatments.
Each variable under analysis displayed an interaction
(p<0.05) between species and the absence or presence
of nutrient solution (Table 2), showing that studying the
interaction of factors is important in defining the best
species-mineral fertilisation conditions for stimulating
plant growth.

At 140 days after transplanting (DAT), the plants
of Khaya senegalensis with added nutrient solution
showed a greater mean height, corresponding to 91.0 cm
(Table 3). The plants of Khaya senegalensis with added
nutrient solution had a diameter 52.63% greater than
those of Khaya ivorensis with the addition of nutrient
solution (Table 3), showing the importance of the need for
specific studies between each species of the genus Khaya,
that would make it possible to determine the greatest
diameter for each species and result in superior growth
and efficiency in the use of mineral fertiliser in plants of
African mahogany.

In the area of forestry seedling production, it is
important that the plants show rapid growth, both in height
and stem diameter, making it possible to reach quickly the
ideal stage for grafting - a desired aspect of the current
system of seedling production of forest species.

The mean stem diameter of the plants ranged from
8.0t0 17.9 mm (Table 3). The lowest mean value for plant
stem diameter was obtained in Khaya ivorensis without
the addition of nutrient solution. The superior performance
of the variables of height and stem diameter in African
mahogany seedlings produced in a protected environment
was also noted by Smiderle et al. (2016), who concluded
that cultivation in a nursery under 50% luminosity with
the application of nutrient solution results in a significant
increase in the values of the morphological variables.

Regarding the production of shoot dry weight, root
dry weight and total dry weight, a significant difference
was seen with and without the addition of nutrient solution
between the species of the present study. However, the
plants grown with added nutrient solution obtained higher
values for dry matter production. These results agree with
those found by Smiderle et al. (2017), evaluating the
effects of the nutrient solution proposed by Souza et al.
(2011) on seedling growth in Pochota fendleri, where, as
nutrient solution was added, dry matter production in the
plant increased.

This increase in dry matter production is a result
(over 90%) of the photosynthetic assimilation of carbon
(SOUZA et al., 2011), which is related to the supply of
nutrients, among them nitrogen (N), in the nutrient solution
formulation used in this study.

The use of nutrient solution ensures the availability
and efficient use of N by the plants; N is an essential
element for the components of the photosynthetic
system, such as chlorophylls, and the carboxylase/
oxygenase activity of ribulose 1.5 bisphosphate and
phosphoenolpyruvate carboxylase, thereby maintaining
satisfactory rates of carbon assimilation (SOUZA et al.,
2015), and guaranteeing the production of photoassimilates
that support plant growth ( MILOSEVIC; MILOSEVIC;
GLISIC, 2013).

However, despite being a nutrient that is only
required in small amounts, adequate levels of the nutrient
are essential for maintaining plant metabolism, for
example, the formation and integrity of cell membranes
and the production and transfer of cellular energy involving
ATP, as well as in the metabolism of carbohydrates
(MENEGATTI; SOUZA; BIANCHI, 2019).

Smiderle et al. (2016) and Souza et al. (2018),
evaluating the effect of nutrient solution on seedling
production in Khaya ivorensis and Pochota fendleri,
concluded that the addition of nutrient solution gave an
increase in shoot dry matter, root dry matter and total dry
matter, emphasising the importance of mineral nutrition in
maintaining the photosynthetic process, and consequently,
in the total dry matter production of the plants, so as to
achieve greater growth.

The relationship between shoot height and stem
diameter (Table 3) revealed balanced growth in the plants
when grown in the greenhouse. The ratio between height
and diameter (HDR) is one of the most-used parameters
to evaluate plant quality, since not only does it reflect
the accumulation of reserves, it also ensures the greater
resistance of the seedlings and a satisfactory potential
for their becoming established in the field (SMIDERLE;
SOUZA, 2016; SOUZA et al., 2013). This reliance on the
index is due to two parameters being considered in only
one indicator, allowing the value to be used as a guide to
determine plant quality.

There were significant differences between
treatments for macro- and micronutrient content, which
was higher for both shoots and roots in the plants of Khaya
senegalensis with added nutrient solution (Table 4); this
is consistent with the greater gain in shoot and root dry
weight of the plants (Table 3). On the whole, there was no
significant difference for seedling quality (DQI) between
the species of African mahogany or the addition of nutrient
solution (Table 4).
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of biomass distribution in the plants, including several
parameters considered important; the higher its value, the
better the standard of quality of the seedling.

According to Souza et al. (2018), not only the
HDR, but also the DQI is a good indicator of plant quality,
as its calculation considers robustness and the balance

Table 3- Height (H, cm), diameter (D, mm), shoot dry weight (SDW, g), root dry weight (RDW, g), height to diameter ratio (H/D), total
dry weight (TDW, g) and Dickson quality index (DQI), determined in Khaya ivorensis and Khaya senegalensis at 140 days with and
without the addition of nutrient solution

. H D SDW RDW
Species
WS*>** NS*** WS NS WS NS WS NS
T1** 47.9bB* 67.7 bA 11.3 bA 8.07 bB 25.9 bA 18.8 bB 7.8 bA 5.3bB
T2** 91.0aA 74.2 aB 17.9 aA 13.3aB 52.3aA 27.8aB 12.4 aA 5.8aB
CV% 7.8 4.7 54 10.1
H/D TDW DQI
WS NS WS NS WS NS

T1 5.9 bA 5.4 bA 33.7aA 24.1aB 54 aA 3.8aB

T2 55aA 5.3aA 33.6aA 5.5bB 6.8 aA 3.3aB
CV% 0.9 13.7 5.6

*Mean values followed by the same lowercase letter in a column and uppercase letter on a line do not differ by *Tukey’s test (p<0.05). **T1: Khaya
ivorensis - T2: Khaya senegalensis; ***WS: with nutrient solution; NS: no nutritional solution

Table 4 - Mean values for macronutrient accumulation (mg plant?) in the shoots and root system, determined in Khaya ivorensis and
Khaya senegalensis at 140 days with and without nutrient solution

Shoots
N P K
Species WS*** NS*** WS NS WS NS
T1** 54.5 bA* 40.9 bB 6.6 bA 5.54 bA 35.4bA 31.47 bA
T2** 94.7 aA 55.2aB 15.5aA 10.0aB 74.8 aA 43.2aB
CV% 9.88 11.22 17.62
Ca Mg S
T1 35.05aA 21.26 aB 6.3 aA 6.2 aA 4.3 aA 2.3aA
T2 38.7 aA 18.26 aB 8.6 aA 5.2aB 7.5aA 2.6 aB
CV% 12.01 14.95 9.76
Root system
N P K
Species WS NS WS NS WS NS
T1 7.54 bA 6.00 aA 2.01 bA 1.02 aA 8.64 aA 9.18 aA
T2 12.12 aA 6.79 aB 7.42 aA 2.38aB 13.61 aA 7.69 aB
CV% 7.66 13.2 9.7
Ca Mg S
T1 2.99 bA 2.486 aA 1.36 aA 0.91aA 0.58 aA 0.69 aA
T2 12.37 aA 3.52aB 3.92aA 1.19aB 0.74 aA 0.36 aA
CV% 13.2 7.6 4.5

*Mean values followed by the same lowercase letter in a column and uppercase letter on a line do not differ by Tukey’s test (p<0.05). **T1: Khaya

ivorensis - T2: Khaya senegalensis; ***WS: with nutrient solution; NS: no nutritional solution
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In general, the lowest levels of macronutrients
were seen in Khaya ivorensis when compared to Khaya
senegalensis, irrespective of the addition of nutrient
solution (Table 4). Even the plants of Khaya ivorensis with
no nutrient solution showed low levels of the nutrients
Nitrogen (N), Potassium (K) and Phosphorus (P) in the
shoots, with no visual symptoms of foliar deficiency.
Hidden hunger may have been present in this treatment,
characterised as plants being deficient in a certain nutrient
but presenting no visible symptoms, the deficiency
being quite detrimental to plant growth (MERINO-
GERGICHEVICH et al., 2017). This was demonstrated by
the smaller stem diameter of the plants of Khaya ivorensis
when compared to plants that received the added nutrient
solution (Table 3).

According Menegatti, Souza and Bianchi (2019),
there is a close relationship between the use of K, i.e.
between plant growth and the total content of this nutrient
in the tissues, due to the need for adequate amounts of K in
the cytoplasm to maintain several processes that involve
nitrogen metabolism.

Potassium influences the metabolic processes
associated with the incorporation of mineral nitrogen in
the form of nitrate, either through activation of the nitrate
reductase enzyme, or by signalling for the transcription
and expression of genes related to the nitrate transporters
responsible for N uptake (FALQUETO et al., 2017).

Regardless of the treatment, it was found that N
and K are the most-required nutrients during the initial
phase of plant growth and development in the two species
of African mahogany (Table 4).

According to Smiderle et al. (2016), the ideal range
for the total N content of African mahogany seedlings
varies from 6.04 to 17.24 (mg plant?), which agrees with
the present research. Forest species of the genus Khaya,
such as Khaya senegalensis, accumulate (N) in the form
of free proteins or amino acids, as well as non-structural
carbohydrates including starch and soluble sugars
(sucrose, glucose, fructose and sorbitol). Such molecules
play an essential role in vegetative growth, supplying
structural components for the formation of new cells
and, consequently, the maximum production of biomass
(HAIDER et al., 2018).

Both species of African mahogany presented values
for total phosphorus content (P) within the range (P =
49.53 to 69.61 mg plant?) considered suitable for the crop
(SMIDERLE et al., 2016). Adequate levels of the nutrient
P are essential for plant metabolism, allowing rapid and
intense root growth (SOUZA et al., 2019), especially
due to its low mobility and its functional importance,
where it participates in the formation and integrity of
cell membranes throughout the production and transfer

process of cellular energy involving ATP, as well as in
carbohydrate metabolism (BUCHANAN et al., 2000).

The greater efficiency in the use of P displayed
by African mahogany may be related to the smaller
phosphorus requirement of these two genotypes for
biochemical reactions, as well as to greater efficiency
in redistributing and mobilising nutrient stored in the
vacuoles to the growing points as needed (MENEGATTI,;
SOUZA; BIANCHI, 2019). According to Ullah et al.
(2017), genotypes which are efficient in transporting
P to the shoots guarantee a supply of the nutrient to the
photosynthetically active sites in the plant, maintaining
energy production for carbon metabolism, and indirectly
favouring greater biomass production, a behaviour
displayed by the two genotypes in question.

Regarding root-system quality in Khaya ivorensis
and Khaya senegalensis with no nutrient solution added
to the substrate, the roots were more fragile, breaking
easily when the substrate was removed for the analysis
of macro- and micronutrients. This can be attributed
to calcium (Ca), found in insufficient levels in plants
of African mahogany and affecting the quality and
development of new roots (HIGUCHI; HARA, 2017).
However, such a deficiency may represent a serious
restriction on root development, since this nutrient has
limited internal redistribution due to its low mobility
(SOUZA et al., 2019).

Ca was the third most-accumulated nutrient in the
plants of Khaya ivorensis and Khaya senegalensis when
added to the nutrient solution, with a maximum content of
38.74 mg plant! in the shoots and 12.37 mg plant? in the
roots (Table 5). At 140 DAT, the accumulated Ca content
in the plants of Khaya senegalensis with added nutrient
solution was greater than in the other treatments. It can
be said that the greater accumulation of each nutrient
is due to the higher concentration of nutrients in the
nutrient solution in relation to the substrate, as well as to
the high uptake of Ca by the crop. Ca is strongly related
to membrane and cell-wall integrity and to root growth
(SOUZA et al., 2019).

While Mg can be easily translocated via the
phloem, Ca is an element with low mobility in the plant
(MENEGATTI et al., 2019). It can be seen that the Mg
content of the shoots of the Khaya ivorensis and Khaya
senegalensis plants was within the ideal range of 5.0 to
9.0 mg plant® (SMIDERLE et al., 2016).

According to Rigon et al. (2012), adequate levels of
Mg contribute to obtaining high photosynthetic rates and
consequently better plant adaptation during the planting
phase in the field. There are few studies in the domestic
literature on the supply of sulphur (S) to plants of African
mahogany (SMIDERLE et al., 2016).
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Table 5 - Mean values for micronutrient accumulation (ug.plant?) in the shoots and root system, determined in Khaya ivorensis and

Khaya senegalensis at 140 days after transplanting

Shoots
B Cu Fe
Species WS*>** NS NS WS NS
T1** 134.8 bA* 52.9 bA 57.1aA 32.4hB 407.8 bA 194.9 bB
T2 288.0 aA 63.9aB 72.7 bA 51.0aB 682.1 aA 287.0aB
CV% 15.5 10.8 9.3
Mn Zn
T1 75.6 bA 45.6 bB 41.0 bA 22.5hB
T2 107.0 aA 65.9 aB 69.3 aA 37.9aB
CV% 10.5 9.8
Root system
B Cu Fe
Species WS NS NS WS NS
T1** 73.2bA 42.3bB 58.6 bA 33.4hB 135.3 bA 53.9hB
T2 96.8 aA 62.9 aB 73.2a8A 55.4 aB 190.6 aA 89.2aB
CV% 10.8 12.3 13.9
Mn Zn
T1 41.9 bA 25.3hB 61.1aA 46.9 aB
T2 68.7 aA 36.3aB 39.3bA 24.9bB
CV% 9.1 10.8

*Mean values followed by the same lowercase letter in a column and uppercase letter on a line, do not differ by Tukey’s test (p<0.05). **T1: Khaya
ivorensis - T2: Khaya senegalensis; ***WS: with nutrient solution; NS: no nutritional solution

It was found that the S content of the shoots varied
from 2.28 to 7.57 mg plant?. According to Raij (1991),
a suitable S content for the shoots of forest species is
generally between 3.0 and 8.90 mg plant. In the present
study, the S content was within the range established
by Raij (1991), except in the control treatment for both
species (Table 5). Sulphur applied in suitable doses
can favour better plant growth and development due to
participating in the conversion of non-protein to protein
nitrogen (SOUZA et al., 2019).

Smiderle et al. (2017) demonstrated that Iron (Fe)
is the micronutrient that is most accumulated by plants
during the initial growth stage, followed by manganese
(Mn). However, under the conditions of the present
research, the mean Fe content was within the ideal range
(682.1 to 194.9 pg plant?) for the species of African
mahogany as reported by Alves et al. (2016), except for
plants that received no added nutrient solution (control),
where it was below the ideal range (Table 5). It is known
that Fe plays an important role in enzyme activation,
acting as a prosthetic group (JUCOSKI et al., 2016). In
addition, it catalyses chlorophyll biosynthesis, since it

comprises part of the enzymes responsible for chlorophyll
formation (SOUZA et al., 2019).

In turn, the treatments that received nutrient
solution showed a Copper (Cu) and Mn content within
the appropriate range, while the other treatments did not
provide adequate levels of Cu for Khaya ivorensis or
Khaya senegalensis, according to Alves et al. (2016) and
Smiderle et al. (2016) respectively.

The highest levels of zinc (Zn) were detected in the
shoots of both Khaya ivorensis and Khaya senegalensis,
accounting for over 50% of the total accumulated in the
plants with added nutrient solution (Table 5).

Different responses for nutrient uptake efficiency
were seen in plants with and without the addition of nutrient
solution relative to the species of African mahogany
(Table 6), with maximum values for macronutrient uptake
efficiency recorded in plants of K. senegalensis with the
application of nutrient solution (Table 6).

According to Souza et al. (2019), transport efficiency
indicates the ability of the plant to transport nutrients from the

Rev. Ciénc. Agron., v. 51, n. 2, e20196711, 2020 7



A. G. Souza etal.

Table 6 - Efficiency in the uptake and use of macronutrients, determined in Khaya ivorensis and Khaya senegalensis at 140 days after

transplanting, with and without addition of nutrient solution

Uptake efficiency
N P K
Species WS*>** NS WS NS WS NS
mg nutrient/g root dry weight
T1** 8.2 bA* 8.5aA 2.1 bA 1.8 bA 5.1bA 4.1aA
T2 10.6 aA 7.8aB 6.3 aA 43 aB 8.7 aA 7.4 bA
**EECV.% 9.6 4.7 3.9
Ca Mg S
T1 4.1bA 3.7bA 1.10 bA 0.9bA 0.6 bA 0.5bA
T2 12.7 aA 9.5aB 5.6 aA 7.7aB 8.3aA 4.8 aB
CV.% 85 12.9
Transport efficiency
%
N P K
WS NS WS NS WS NS
T1 89.0 aA 88.6 aA 80.7 bA 67.6 bB 80.4 bA 76.6 bB
T2 87.8 bA 87.2aA 84.3aA 76.8 aB 84.4 aA 80.3aB
CV.% 10.5 12.1 13.2
Ca Mg S
T1 83.8 bA 75.8bB 81.3bA 72.8hB 91.1bA 70.2bB
T2 92.1aA 86.5aB 87.2aA 82.2aB 98.0 aA 86.3aB
CV.% 9.1 10.8 13.92
Use efficiency
(dry weight)? g/mg accumulated nutrient
N P K
WS NS WS NS WS NS
T1 0.2 bA 0.2 bA 1.4 bA 0.7bB 0.3bA 0.2 bA
T2 1.1aA 1.1aA 7.9 aA 6.1aB 15aA 1.2aA
CV% 6.23 6.89 5.01
Ca Mg S
T1 0.7 bA 0.5bA 2.1 bA 1.4 bA 4.6 bA 2.1bB
T2 2.7 aA 1.2aB 8.7 aA 5.7aB 16.8 aA 10.7 aB
CV% 4.12 7.41 7.41

*Mean values followed by the same lowercase letter in a column and uppercase letter on a line, do not differ by Tukey’s test (p<0.05). **T1: Khaya
ivorensis - T2: Khaya senegalensis; ***WS: with nutrient solution; NS: no nutritional solution; ****CV (%) = coefficient of variation as a percentage

roots to the shoots and to incorporate the absorbed nutrient
into biomass. Under the conditions of the present study, the
plants of Khaya senegalensis that received added nutrient
solution best fit the genetic potential of the African mahogany
plants, showing a significant difference to the plants of both
Khaya senegalensis and Khaya ivorensis that did not receive
nutrient solution, with the exception of nitrogen.

There are no studies of the nutrient-use efficiency
of plants of both Khaya ivorensis and Khaya senegalensis
via nutrient solution and substrate. In general, the plants
of Khaya ivorensis with the addition of nutrient solution
proved to be more efficient in using Mg and S (Table 6).
A higher nitrate content contributes to the dynamics of
the cationic nutrients in the soil, since the NO* anion is

8 Rev. Ciénc. Agron., v. 51, n. 2, e20196711, 2020



Growth, nutrition and efficiency in the transport, uptake and use of nutrients in african mahogany

considered an accompanying ion of Ca?, Mg?, K* and
Al¥* (SOUZA et al., 2018) and may therefore improve the
uptake and use of these nutrients, with the results being
seen in the morphometric characteristics of the plants, e.g.
the greater investment in shoot growth and stem diameter
recorded in the present study.

The results of the present study also lead to the
conclusion that there was a significant difference in
micronutrient-use efficiency in Khaya ivorensis both
with and without the added nutrient solution, except
for Boron (Table 7). This confirms the effect of such
micronutrients as Cu, Mn and Fe in electron transport

Table 7 - Uptake efficiency, nutrient transport efficiency and micronutrient-use efficiency, determined in Khaya ivorensis and Khaya
senegalensis at 140 days after transplanting, with and without nutrient solution

Uptake efficiency™
mg nutrient/g root dry weight

B Cu Fe
Species WS*>** NS WS NS WS NS
T1** 2.86 bA 2.25bA 1.97 bA 1.97 bA 2.80 bA 2.80 bA
T2 28.14 aA 27.65aA 21.3aA 10.2aB 17.59 aA 14.11 aB
*HEECV.% 8.9 7.7 10.9
Mn Zn
T1 1.67 bA 1.48 bA 4.62 bA 4.01 bA
T2 10.80 aA 8.71aB 57.8 aA 53.6 aB
CV.% 9.3 13.8
Transport efficiency**
%
B Cu Fe
WS NS WS NS WS NS
T1** 65.09 bA 55.57 bB 49.3 bA 49.2 bA 64.3 bA 64.3 bA
T2 82.07 aA 39.70 aB 56.6 aA 41.0aB 64.4 aA 60.8 aB
CV.% 14.1 13.8 13.7
Mn Zn
T1 40.2 bA 32.5hB 78.4 bA 67.0bB
T2 63.8 aA 60.3 aB 94.5 aA 92.1aB
CV.% 14.1 13.8
Use efficiency***
(dry weight)? g/mg accumulated nutrient
B Cu Fe
WS NS WS NS WS NS
T1 0.07 bA 0.06 bA 0.19 bA 0.08 bB 0.14 bA 0.10bB
T2 0.53aA 0.31aB 0.78 aA 0.53aB 0.68 aA 0.53aB
CV.% 6.23 6.89 5.01
Mn Zn
T1 0.24bA 0.17bB
T2 0.69aA 0.60 aB
CV.% 4.12 7.41

*Mean values followed by the same lowercase letter in a column and uppercase letter on a line, do not differ by Tukey’s test (p<0.05). **T1: Khaya
ivorensis - T2: Khaya senegalensis; ***WS: with nutrient solution; NS: no nutritient solution; ****CV (%) = coefficient of variation as a percentage
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during photosynthesis, on the greater growth of the
African mahogany plants.

Considering the results obtained in this study,
it is suggested that the adequate use of nutrients allows
greater efficiency in the use of production resources, and
if used together with the addition of nutrient solution to
the substrate, it is possible to achieve the early production
of African mahogany seedlings with a high standard of
quality.

There is no information on the mechanisms of
uptake, translocation, remobilisation or nutrient-use
efficiency in plants of Khaya senegalensis or Khaya
ivorensis in either the domestic or international literature.
The present study makes an important contribution, with
information for guiding the nutritional management of
plants of African mahogany during the production phase
of the seedlings.

CONCLUSION

1. Maintaining the plants of Khaya senegalensis and
Khaya ivorensis with the addition of nutrient solution
provides conditions for nutrient use, and allows
plants with excellent morphological and nutritional
characteristics to be ready for the field within five
months after transplanting in a shaded nursery;

2. The most efficient uptake, transport and use of macro-
and micronutrients is found in the species Khaya
senegalensis with the addition of nutrient solution.
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