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Fertilization/ Original Article

Nitrogen and potassium
application on yellow
mombin initial growth

Abstract — The objective of this work was to evaluate the effects of the
application of combined rates of nitrogen and potassium on the initial growth
of 'Lagoa Redonda' yellow mombin. The experiment was carried out in a
screen house, in a randomized complete block design, with a 5* fractional
factorial arrangement, with five N rates (0, 100, 200, 300, and 400 mg dm?),
five K rates (0, 100, 200, 300, and 400 mg dm), and five replicates. After 360
days, plants were evaluated for height, stem diameter, and number of leaves,
as well as for stem, petiole, leaf, shoot, root, and total dry matter. Potassium
fertilization and the N x K interaction did not have significant effects on the
biometric and biomass characteristics. Nitrogen fertilization influenced the
number of leaves, plant height and stem, petioles, leaves, shoot and total dry
matter production. Fertilization at 296 mg dm™ N increases the total dry matter
production in the initial growth of the 'Lagoa Redonda' yellow mombin.

Index terms: Spondias mombin, mineral fertilization, tropical fruits.

Aplicacao de nitrogénio e potassio no
crescimento inicial de cajazeira

Resumo — O objetivo deste trabalho foi avaliar os efeitos da aplicacdo
combinada de doses de nitrogénio ¢ de potassio sobre o crescimento inicial da
cajazeira 'Lagoa Redonda'. O experimento foi realizado em telado agricola,
em delineamento de blocos ao acaso, em arranjo fatorial 5* fracionado, com
cinco doses de N (0, 100, 200, 300 e 400 mg dm™), cinco doses de K (0, 100,
200, 300 e 400 mg dm) e cinco repeti¢cdes. Apos 360 dias, as plantas foram
avaliadas quanto a altura, ao didmetro do caule e ao numero de folhas, bem
como quanto a massa de matéria seca de caule, peciolos, folhas, parte aérea,
raizes e total. A adubagdo potassica e a interagdo N x K ndo apresentaram
efeitos significativos sobre as caracteristicas biométricas e as de biomassa. A
adubacdo nitrogenada influenciou o nimero de folhas, a altura de plantas e
a producdo de massa de matéria seca de caule, peciolos, folhas, parte aérea e
total da cajazeira. A adubagdo com 296 mg dm de N aumenta a produgao da
matéria seca total no crescimento inicial da cajazeira 'Lagoa Redonda'.

Termos para indexac¢ao: Spondias mombin, adubagao mineral, frutas tropicais.

Introduction

Brazil has a great diversity of fruit species, which can be both
explored for research and exploited for economic purposes; hence, there
is a need for studies including these native and nontraditional species,
such as the Anacardiaceac family (Souza et al., 2006; Vasconcelos
et al., 2017).
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Anacardiaceae is a plant family with 800 species
and more than 80 genera globally distributed,
predominantly in tropical and subtropical regions of
the world (Mitchell et al., 2022). According to botanical
classifications, yellow mombin (Spondias mombin
L.), red mombin (Spondias purpurea L.), Brazil plum
(Spondias tuberosa Arruda), and umbu-caja (Spondias
bahiensis P. Carvalho, Van den Berg & M. Machado)
belong to this family (Mitchell & Daly, 2015; Mitchell
et al., 2022).

The yellow mombin tree originated of the tropical
region of the American continent (Sousa et al., 2023),
and it is also distributed in the tropical and subtropical
regions of Asia, Oceania, and the Neotropics (Machado
et al., 2021). Yellow mombin cultivation is prominent in
the regions where it is developed, but this agricultural
activity does not yet fit into a commercial-scale
production system. In its production, the extractive
model predominates, in which species are still in
the process of domestication. As a result, there are
many gaps in the yellow mombin cultivation system,
especially in relation to mineral nutrition, which
makes current fertilization recommendations based on
other fruit species.

Among the nutrients for the development of fruit
trees, N and K stand out, as they are nutrients required
for the adequate production quality of fruit (Xu et al.,
2020). However, by applying N fertilization, the
efficiency of nutrient use by young and mature fruit
trees is generally less than 55% (Carranca et al., 2018).
Therefore, the nutrients should be applied in adequate
rates. This procedure can optimize the nutrient
efficiency of use by plants and reduce the costs of
unnecessary fertilizer application, minimizing nutrient
losses, and ensuring environmental sustainability.

The objective of this work was to evaluate the effects
of N and K combination rates on the initial growth of
'Lagoa Redonda' yellow mombin.

Materials and Methods

The experiment was carried out at Embrapa
Agroindustria Tropical, located in the municipality of
Fortaleza, in the state of Ceara, Brazil (3°45'05.0"S,
38°34'35.5"W, at 19.5 m altitude), in a screen house,
covered with plastic to reduce solar radiation by 50%.
It was conducted in a randomized block design, with
5* fractional factorial arrangement with five N rates
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(0, 100, 200, 300, and 400 mg dm?), five K rates (0,
100, 200, 300, and 400 mg dm?), with five replicates.
According to procedures described by Littel & Mott
(1975), 13 combinations were obtained: 0 N and 0 K;
0 N and 200 K; 0 N and 400 K; 100 N and 100 K;
100 N and 300 K; 200 N and 0 K; 200 N and 200 K;
200 N and 400 K; 300 N and 100 K; 300 N and 300
K; 400 N and 0 K; 400 N and 200 K; and 400 N and
400 K. Nitrogen and potassium rates were based on the
fertilizer recommendation for the first year of Spondias
sp. cultivation, proposed by Souza et al. (2020): 250 g
urea per plant; and 180 g potassium chloride per plant.
Each experimental unit consisted of a 20 L pot of soil
and one yellow mombin seedling.

Soil samples of an Argissolo Vermelho-Amarelo,
according to Brazilian Soil Classification System (Santos
et al., 2018), corresponding to an Arenic Haplustults,
were collected at 0-20 cm soil depth. Subsequently,
the samples were air dried, sieved through a 2 mm
mesh, homogenized and subjected to chemical analyses
according to procedures described in Teixeira et al.
(2017). The soil presented the following characteristics:
pH H,O, 6.1; soil organic matter (Walkley-Black
method), 5.0 g kg'; P, 42 g kg''; K, 0.6 mmol, kg'; Na*,
2.2 mmol. kg'; Ca?, 11.9 mmol. kg'; Mg*, 4.4 mmol.
kg'; AP, 0.0 mmol, kg'; HtAl 8.9 mmol, kg !; CEC
(T), 28.0 mmol, kg'; base saturation (V), 68.2%; Cu,
0.4 mg kg!; Fe, 17.0 mg kg'; Mn, 15.0 mg kg'!; and Zn,
6.7 mg kg'. The soil granulometric analysis by pipette
method showed the following results: sand, 915 g kg';
silt, 34 g kg'; and clay, 51 g kg'.

Plastic pots with a 20 L capacity were used, which
were filled with 23.4 kg soil, equivalent to 18 L soil.
Liming was not applied, since the soil had a base
saturation close to 70%, which is recommended for
Spondias sp. (Neves etal., 2008). The amount of
phosphorus was based on the recommendation of
300 g per pothole of simple superphosphate (20% of
P,0s), proposed by Souza et al. (2020). The amount of
micronutrients was based on the recommendation of 5
mg dm? of Zn (Corréa et al., 2014), using FTE BR-12
as Zn source (9% of Zn; 1.8% of B; 0.8% of Cu; 0.1%
of Mo; and 2.0% of Mn).

'Lagoa Redonda' yellow mombin (Spondias mombin)
seedlings were obtained from a commercial nursery.
This clone was used because it is very vigorous, with
very thick stems and high productivity (Souza et al.,
2006). One yellow mombin seedling was grown in



Nitrogen and potassium application on yellow mombin 3

each pot. Afterwards, water was added to reach 70%
of the water retention capacity, previously determined
in the laboratory.

The seedlings were transplanted into the pots in
May 2021, and the treatments began one month after.
The fertilizer rates containing N and K were diluted in
deionized water and divided over 12 months to avoid
soil salinization, and the solution was applied to the soil
surface. Urea (45% N) and potassium chloride (60%
K,0) were used as sources of N and K, respectively.

During the experiment, the irrigation was applied
manually three times a week, to maintain the water
retention capacity mentioned above. Weeds were
removed manually, and agricultural pesticides were
applied to control aphids and mites.

InJune 2022, one year after the start of the treatments,
the plants were evaluated as following descriptions.
Height (cm) was measured from the soil surface to the
apex of the plant, with the aid of a graduated ruler. The
number of leaves was counted in plants with 13 to 15
leaflets. Stem diameter (mm) was determined with a
digital caliper, at the base of the stem, one centimeter
from the soil surface. Subsequently, the plants were
cut and separated into leaves, petioles, stem, and roots,
which were washed in tap water, 3% hydrochloric acid
solution, and deionized water. After these procedures,
the plants were dried in a forced-air circulation oven
at 65°C, until constant mass was attained, to obtain
leaves, stem, petiole and roots dry matter (g per plant).

Data were analyzed using the SAS software (SAS
Institute Inc, 2012). The F-test was applied, and
the polynomial regression analysis, using response
surface, was calculated by the PROC RSREG function
when N x K interaction was significant. In the absence
of N x K interaction, the models of first- and second-
degree regression analyses were adjusted using the
PROC GLM function, at 5% probability. When the
second-degree regression model was significant,
the maximum point was obtained by using the first
derivative of the regression equation.

Results and Discussion

Nitrogen rates promoted changes in the number of
leaves and height of 'Lagoa Redonda' yellow mombin
(Table 1).

The number of leaves was adjusted to the positive
linear model (Figure 1 A), while the height of
plants was adjusted to the second-order polynomial

regression, and the maximum value was obtained
with the application of 340 mg dm?® N (Figure 1 B).
Height of yellow mombin seedlings had 46% increase,
in comparison with the treatment not fertilized with
N, confirming the importance of this nutrient for plant
growth, especially in the first year of cultivation.

In a study by Neves etal. (2007a), the height of
Brazil plum seedlings was adjusted to the second-order
polynomial regression, with the highest value obtained
with 272 mg dm> N.

Excess application of fertilizers, when requirements
are low, or when local conditions are unfavorable, surpass
the plant’s needs, causing various physiological reactions,
nutritional imbalances, decline of soil organic matter
content, and decrease of soil quality and low quality of
orchards (Albornoz, 2016). Excess N application causes
yield reduction to various crops, and severely threat the
orchard ecological environment (Zhu et al., 2018). Fruit
trees can be more susceptible to disease attack and show
premature fruit fall (Carranca et al., 2018).

Young fruit trees need N fertilizer, and the supply of
this nutrient should never be limited. Low rates make
it difficult to uptake and transport nitrate (NO;") and
ammonium (NH,") ions to plant cells, thus harming
the vegetative development of the tree (Carranca et al.,
2018; Facanha et al., 2019).

Table 1. Biometric parameters of 'Lagoa Redonda' yellow
mombin (Spondias mombin) plant as affected by N and K
rates.

Factor Rate Number of  Stem diameter  Plant height
(mg dm?) leaves (mm) (cm)
0 15.8 19.0 48.7
100 22.0 24.7 68.0
N 200 20.2 22.4 68.9
300 233 26.0 69.8
400 28.2 23.9 75.3
0 18.4 23.6 63.6
100 25.5 25.9 73.8
K 200 21.4 21.2 68.5
300 20.1 24.8 64.1
400 22.8 20.6 60.8
F-test
N 3.72% 2.63% 3.38*
K 0.20" 0.73 0.97"
NxK 0.16™ 0.82m 0.107
CV (%) 38.21 22.34 17.63

*Significant at 5% probability. ™Nonsignificant. CV, coefficient of
variation.
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Nitrogen rates applied to the soil did not affect stem
diameter, which corroborates the results for Brazil
plum plants found by other authors (Melo et al., 2005;
Neves et al., 2007a; Lacerda etal., 2009; Andrade
et al., 2013).

Potassium rates, as well as the interaction with N,
did not influence the number of leaves, stem diameter,
and plant height of 'Lagoa Redonda' yellow mombin
(Table 1). A possible explanation for the lack of
effect of the K rates could be the low demand for the
nutrient in the initial growth of yellow mombin, even
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Figure 1. 'Lagoa Redonda' yellow mombin (Spondias
mombin) as affected by nitrogen rates for: NL, number of
leaves; PH, plant height. ** *Significant at 1% and 5%
probability, respectively.
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when grown in soil with a low K concentration (0.6
mmol, kg").

Although the lack of K effect on yellow mombin
was observed in the present experiment, other authors
found otherwise for the biometric characteristics in
Brazil plum (also a species of the Spondias genus),
since K influenced plant height and stem diameter in
this species (Neves et al., 2007b). Stem thickness of
Brazil plum decreased linearly with K fertilization;
and seedling height was adjusted to the second-order
polynomial regression, with the maximum height
obtained with 188.14 mg dm= of K (Neves et al. 2007b).

Several external factors affect the nutrient uptake
by plants, such as temperature, humidity, aeration, pH,
ionic interactions, and symbiotic interactions with soil
organisms (Faganha etal., 2019). lonic interactions
between ammonium (NH4") and potassium (K*) ions
can reduce K availability to plants, such as the N
amount applied, the time of application, and the source
used, as they can influence these interactions (Zhang
et al., 2010).

A study on nutrient stocks and nutritional efficiency
of woody species in tropical forests showed that Brazil
plum (Spondias tuberosa) was one of the species
that best utilized potassium (Barbosa et al., 2019). It
also suggests that, even in conditions of low nutrient

Table 2. Biomass characteristics of 'Lagoa Redonda' yellow
mombin (Spondias mombin) as affected by N and K rates.

. Raes SOM PDM LDM ShDM RDM TDM
g d(ﬁ%) ------------------------- g
0 219 29 123 371 838 1209
100 472 59 303 84 1073 1907
N 200 434 51 220 706 1151 1857
300 527 59 279 866 1564 243.0
400 516 64 267 847 1099 1946
0 452 53 234 740 1127 1867
100 448 61 294 802 1399 220.1
K 200 397 51 207 654 995 165.0
300 552 57 289 897 1238 2135
400 320 40 169 529 965 1494
F-test
N 6.87%* 593 | 377¢ 82I%* 240" 4.92%%
K 0.76* 170 1I15*  131™ 059" 087"
NxK 0.05 139 042 005 075" 035"
CV (%) 3499 3496 3987 2991 39.09  30.79

** *Significant at 1% and 5% probability. “Nonsignificant. Dry matter
of the following plant parts: StDM, stems; PDM, petioles; LDM, leaves;
ShDM, shoots; RDM, roots (RDM); and TDM, total dry matter.
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availability in the soil, the plant showed efficiency
in uptake, transport, and use of K for its growth and
development, and it is recommended as an alternative
for reforestation plants in less fertile soils, such as
those of Brazil’s Northeastern Semiarid region.

The N rates promoted changes in the following
analyzed parameters: stem, petiole, leaves, shoot, and
total dry matter (Table 2). The dry matter (DM) of
the plants parts — stem (StDM), petiole (PDM), leaves

45 A
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35 1

Stem dry matter (StDM)
(g per plant)

25 7 StDM = —0.0003*N° + 0.1726**N + 23.98**

? R’ =0.85%*
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a <*
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g
—
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LDM = —0.0002*N2 + 0.0900*N + 14.43%*
R2=0.55*
10 Ll T T T 1
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N rates (mg dm”)

(LDM) and shoots (ShDM) — were adjusted to the
second-order polynomial regression (Figures 2 A, B,
C, and D). The maximum productions of StDM, PDM,
LDM, and ShDM were obtained by the application of
288,292, 225, and 280 mg dm= N, respectively.

Neves etal. (2007a) also studied responses of
Brazil plum seedlings to N rates, and they observed
an increase of the dry matter accumulation of stem,
leaves, roots, and total dry matter. The N rates of

Petioles dry matter (PDM)
(g per plant)
W
1

4 -
PDM = —3E-00*5N" + 0.0175*N + 3.29%*
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3 T T T 1
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40 A ShDM = —0.0005%*N2 + 0.279%*N + 4] .59%*
T R2 = 0.75%*
30 o T T T L ]
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N rates (mg dm™)

Figure 2. Dry matter of 'Lagoa Redonda' yellow mombin (Spondias mombin) as affected by N rates in the following plant
parts: A, StDM, stems; B, PDM, petioles; C, LDM, leaves; and D, ShDM, shoots. **, *: Significant at 1% and 5% probability,

respectively.
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286 and 226 mg dm* were those that provided the
maximum production of stem and leaves dry matter,
respectively.

Shoot dry matter (ShDM) is a parameter that shows
the vigor of plants and their photosynthetic capacity
in response to fertilization, being an important
characteristic for the evaluation of biomass (Cruzet al.,
2010). Using the nutrient omission methodology, Silva
et al. (2005) found that the absence of N, followed by
those of P and Ca, were the ones that most limited the
growth of height and diameter, as well as the ShDM of
Brazil plum plants.

Yellow mombin root dry matter (RDM) was not
influenced by N rates. RDM is an important indicator
to assess the survival and initial development of
seedlings in the field, and at this stage of development,
N plays a more relevant role in the plant shoots, that
is, in the bud formation and leaf area expansion (Pinto
et al., 2016).

Nitrogen rates influenced the yellow mombin total
dry matter (TDM) (Figure 3). The estimated rate of
296 mg dm N resulted in maximum TDM production,
representing a greater increase of 80% in relation to the
N absence, showing how N rates positively influenced
the plant biomass production. Similar results were

2601 p

2401 *
2201
200
180

1601

Total dry matter (TDM)
(g per plant)

140

TDM = -0.0011**N? + 0.652**N + 122.2%*
R2=0.81**

120

100 T T T
0 100 200 300 400

N rates (mg dm”)

Figure 3. Total dry matter (TDM) of 'Lagoa Redonda'
yellow mombin (Spondias mombin) as affected by N rates.
**Significant at 1% probability.
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obtained by Neves et al. (2007a), who found that 286
mg dm? N provided the maximum Brazil plum TDM
production.

Thus, high N rates, in addition to not leading
positive results to plant development, can promote
soil acidification, since N-transformation processes
contribute to the production and consumption of H*
ions, affecting the soil pH (Wang et al., 2023).

Potassium rates, as well as the interaction between
the factors, did not influence the biomass parameters.

Divergent results were found in the study on Brazil
plum seedlings, in which K fertilization significantly
affected the dry matter of roots, stem, leaves, and total
dry matter, as well as the shoot/root ratio of seedlings
(Neves et al., 2007b).

Conclusions

1. Potassium rates, as well as the interaction with
nitrogen, do not promote an increase in the initial
growth and dry matter production of 'Lagoa Redonda'
yellow mombin (Spondias mombin).

2. Fertilization at 296 mg dm™ N increases the total
dry matter production in the initial growth of the
'Lagoa Redonda' yellow mombin.
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