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Abstract
The objective of this greenhouse study was to evaluate the effects on development parameters in Megathyrsus maximus
cv. Mombaça of partially replacing the potassium (K) in fertilizer by sodium (Na) and the impacts of applying calcium (Ca).
The experimental design was completely randomized with 4 replicates, in a 3 × 4 + 3 factorial arrangement. Three Ca sources
(CaCO3, CaSO4 and CaCl2) were applied at 4 Ca doses (10, 20, 30 and 40 mg Ca/kg of soil) to the grass where 25% of the K
fertilizer was replaced by NaCl. The 3 additional treatments were: application of standard fertilizer (N:P:K) with 100% of K
recommendation; application of fertilizer with 25% of K replaced by Na but no Ca applied; and grass with no fertilizer of any
kind as Control. The variables analyzed were: leaf area, leaf area ratio, net assimilation rate, relative growth rate and
photosynthetic rate. Partial replacement of K by Na up to 25% of the K fertilizer recommendation did not cause significant
change in the development of Mombaça grass or to any of the measured parameters. Addition of Ca had minimal impact on
the analyzed variables regardless of level or source. These measurements helped to explain why dry matter yields of Mombaça
grass were not significantly affected by partial replacement of K by Na up to 25% of the K fertilizer recommendation.
Keywords: Abiotic stress, Megathyrsus maximus, salinity.
Resumen
En un estudio de invernadero, realizado en la Universidad Federal de Tocantins, Gurupi, Brasil, se evaluaron los efectos
de reemplazar parcialmente el potasio (K) en fertilizante por sodio (Na) y el efecto de aplicar calcio (Ca), sobre los
parámetros de desarrollo del pasto Megathyrsus maximus cv. Mombaça. El diseño experimental fue completamente al
azar con 4 repeticiones, en un arreglo factorial 3 × 4 + 3. Se usaron 3 fuentes de Ca (CaCO 3, CaSO4 y CaCl2) para 4
niveles de Ca (10, 20, 30 y 40 mg Ca/kg de suelo) aplicado al pasto, donde 25% del K en el fertilizante fue reemplazado
por NaCl. Los 3 tratamientos adicionales consistieron en: la aplicación de fertilizante estándar (N:P:K) con 100% de K
recomendado; aplicación de fertilizante con 25% de K reemplazado por Na pero sin aplicación de Ca; y sin fertilización
(testigo). Las variables evaluadas fueron: área foliar, tasa de área foliar, tasa de asimilación neta, tasa de crecimiento
relativa y tasa fotosintética. El reemplazo parcial de K por Na hasta 25% de la dosis de K recomendada no causó cambios
significativos en el desarrollo del pasto ni en los parámetros medidos. La adición de calcio tuvo un efecto mínimo en las
variables analizadas, independientemente del nivel o la fuente utilizada. Estas mediciones ayudaron a explicar por qué
los rendimientos de materia seca del pasto Mombaça no fueron afectados (P>0.05) por el reemplazo parcial de K por Na
hasta el 25% de la fertilización de K recomendada.
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Introduction
Brazil is among the world's leading fertilizer consumers.
A total of 5,854 megatons of K2O was applied in 2017,
and 95% of this fertilizer was imported (ANDA 2018).
The need to import potassium (K) fertilizer for applying
to crops and pastures in most Brazilian soils (Silva et al.
2014) considerably increases production costs, directly
affecting agribusiness.
Potassium is the second most important mineral
nutrient required by plants, being vital for photosynthesis,
activation of various enzymatic systems and increasing
resistance to adverse environmental conditions, and in
situations of deficiency photosynthetic rate is reduced and
respiration increased, resulting in decrease of carbohydrate accumulation (Ernani et al. 2007; Novais et al.
2007). Despite K being essential for plants, studies show
that sodium (Na) and K share some physiological
functions, being chemically and structurally similar
monovalent cations (Marschner 1995). Thus, some plants
are able to benefit from this close similarity between K
and Na, and Na is considered a beneficial element and
may contribute to plant growth in or resistance to
unfavorable conditions (Malavolta 2006).
In studies carried out by Andrade et al. (2014) to
examine the partial substitution of Na for K in Mombaça
grass (Megathyrsus maximus cv. Mombaça), forage
production was reduced when Na replaced K at levels
higher than 28 mg Na/kg, which represented a 35%
replacement of K by Na. However, substitution up to this
rate failed to depress production significantly.
An alternative to increase plant tolerance of the added
Na would be to apply calcium (Ca) to the soil. Calcium
decreases saline stress through an unknown function that
preserves K/Na selectivity and inhibits K absorption sites,
which can reduce the Na influx mediated by the low
affinity K absorption component (Melloni et al. 2000).
Since substituting Na for K at low percentages did not
significantly reduce forage yield, we hypothesized that
adding Ca to soil could increase forage production or
allow an even greater substitution of Na for K.
In a work complementary to this using the same
experiment, Carneiro et al. (2017) evaluated the effect of
substituting K for Na and the addition of Ca doses as a
possible reliever of salt stress that could be caused by this
substitution in the production and nutrition of Mombaça
grass plants. These authors verified that the substitution of
K for Na did not cause salinity to the soil. In addition, the
application of Ca doses favored the greater development of
plants and promoted a reduction in the accumulation of Na
in plants. Consequently, based on these results, we sought

to evaluate the effects of these treatments on biometric and
physiological parameters of plants.
Thus the objective of this study was to evaluate the
effects on development parameters in Mombaça grass of
partially replacing the K in fertilizer by Na and the impact
of applying Ca from different sources and at a range of
doses on the outcomes.
Materials and Methods
The work was conducted in a greenhouse in the
experimental area of the Federal University of Tocantins
in Gurupi, southern region of the state of Tocantins,
Brazil. The regional climate is of type ‘Aw’ with distinct
wet and dry seasons (Alvares et al. 2013). The greenhouse
was 4 m wide and 20 m long, covered with transparent
plastic of 150 microns and sombrite on the sides, with
retention capacity of 50% of incident radiation.
The experimental design was completely randomized
with 4 replicates. The 15 treatments were arranged in a 3
× 4 + 3 factorial. Three Ca sources (calcium carbonate CaCO3, gypsum - CaSO4 and calcium chloride - CaCl2)
were applied at 4 Ca doses (10, 20, 30 and 40 mg Ca/kg
of soil). These treatments (rates) were applied in the
fertilizer where Na replaced 25% of the standard K
application. The 3 additional treatments were: standard
fertilizer application with 100% of recommended K
fertilizer level; standard fertilizer application but with
25% of K replaced by Na without any Ca added; and grass
with no added fertilizer as a Control. All fertilizer (Ca, Na
and K) was applied at the same time. Nitrogen fertilizer
(50 kg N/ha) was applied after each harvest of the grass.
The experimental units were plastic pots filled with 4.0
kg of soil, which was drawn from the 0‒200 cm horizon
of an Oxisol (USDA soil taxonomy), with sandy clay
texture (Table 1). Holes were made in the sides of the pots
to allow drainage of surplus water and to maintain the soil
at field capacity.
The K level in the soil (Table 1) was considered low
and P very low for plant growth (Alvarez et al. 1999), as
was Na level (Sobral et al. 2015), which was too low to
negatively influence development of plants.
Fertilizer levels used were based on the chemical
analysis of the soil (Table 1) and the manual with
recommendations for fertilizing Cerrado plants at
medium levels (Sousa and Lobato 2004), i.e. 50 kg N/ha
as urea, 120 kg P2O5/ha as single superphosphate and 60
kg K2O/ha as potassium chloride (standard fertilizer). To
treatments with partial replacement of K by Na at 25%
rate, 45 kg K2O/ha as KCl and 15 kg Na/ha as NaCl were
applied.
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Table 1. Characterization1 of the soil (DM basis) used in the
experimental pots, Gurupi, Tocantins.

Net assimilation rate - NAR (g/cm2) was calculated as
follows:

Parameter
Value
pH(CaCl2)
5.3
Organic matter (g/kg)
1.1
Phosphorus (mg/kg)
0.5
Potassium (mg/kg)
23.0
Calcium (cmolc/kg)
0.4
Magnesium (cmolc/kg)
0.2
Aluminum (cmolc/kg)
0.0
Potential acidity (H+Al) (cmolc/kg)
1.8
Sum of bases (Ca+Mg+K+Na) (cmolc/kg)
0.7
CEC (Ca+Mg+K+Na+H+Al) (cmolc/kg)
2.5
Sodium (cmolc/kg)
0.017
Sand (%)
46.5
Silt (%)
6.3
Clay (%)
47.2
1
According to Embrapa’s methodology (Embrapa 1997): P and K
extracted by Mehlich-1; Ca, Mg and Na extracted by KCl 1 mol/L.

NAR =

At 10 days after plant emergence (DAE) of Mombaça,
seedlings were thinned to leave 7 plants per pot. Stands of
seedlings were thinned further to 5 plants/pot at 20 DAE.
At 48 DAE all plants were cut at 20 cm from the soil
surface. In addition to this uniformity cut, 3 further
harvests at 20 cm were made at 21-day intervals, giving a
total growth period of 111 days.
At each harvest Mombaça forage (leaf and tillers) was
packed into paper bags before drying in a ventilated oven
at 60 ºC for 72 hours to determine total dry weight
(TDW). TDW was reported in a separate publication
(Carneiro et al. 2017) and values were used to calculate
the parameters indicated below.
Leaf area (LA) was calculated using measurements of
length and width of 3 representative leaves per pot
according to Benincasa (1988). Leaf area ratio (LAR), net
assimilation rate (NAR), relative growth rate (RGR) and
photosynthetic rate (PR) were calculated according to
Benincasa (1988) and Perez and Fanti (1999).
Leaf area - LA (cm2) was calculated using the formula:
LA = L × W × 0.905
where:
L = average length (cm); and
W = average width (cm).

Leaf area ratio - LAR (cm²/g) was calculated by the
formula:
LAR = LA/TDW
where:
LA = leaf area (cm2); and
TDW = total dry weight (g).

TDW(n) − TDW(n − 1)
LnLA(n) − LnLA(n − 1)
×
t(n) − t(n − 1)
LA(n) − LA(n − 1)
where:
n = number of collections;
TDW = total dry weight;
Ln = Napierian log;
t = time in days; and
LA = leaf area (cm²).

Relative growth rate - RGR (g/day) was calculated as
follows:
RGR =

NAR × LAR(n) + LAR(n − 1)
2

where:
n = number of collections;
NAR = net assimilation rate; and
LAR = leaf area ratio.

Photosynthetic rate - PR (g/cm²/day) was calculated as
follows:
PR = NAR × K/h
where:
NAR = net assimilation rate;
K = 1.65; and
h = 12 hours.

K is a conversion factor of dry matter quantity in
amount of absorbed carbonic gas, and h is hours of
photoperiod considered, according to Paulilo et al. (1993).
The data were verified for the homoscedasticity of
variances and normality and subsequently were submitted to
analysis of variance and regression analysis through the
Sisvar program (Ferreira 2011). When significant by
analysis of variance, the Tukey test was applied at 5%
probability (P<0.05). Regression models were chosen based
on the significance of the coefficients of the regression
equation (β), adopting 5% probability (P<0.05).
Results
The partial replacement of K by Na in fertilizer
application (75K:25Na) did not affect any of the
variables, i.e. LA, LAR, NAR, RGR and PR (Table 2).
Applying Ca to the 75K:25Na treatment had no
significant effects on any of the parameters, compared
with no Ca application. When K was replaced by Na and
Ca added as CaCO3 and CaSO4, the LAR was higher than
for 100% K fertilizer application.
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Table 2. Effects of partial replacement of potassium by sodium plus addition of calcium on mean leaf area (LA), leaf area ratio
(LAR), net assimilation rate (NAR), relative growth rate (RGR) and photosynthetic rate (PR) of Mombaça grass.
Treatment1
LA (cm²)
LAR (cm²/g)
NAR (g/cm²)
RGR (g/day)
PR (g/cm²/day)
Control
33.5 b
72.4 a
0.0023 b
0.077 b
0.00030 b
100% K
129 a
8.95 c
0.0264 a
0.115 a
0.00364 a
75K:25Na
133 a
10.3 bc
0.0230 a
0.116 a
0.00318 a
CaCO3
135 a
10.7 b
0.0223 a
0.116 a
0.00308 a
CaSO4
134 a
10.7 b
0.0227 a
0.116 a
0.00312 a
CaCl2
140 a
10.3 bc
0.0236 a
0.117 a
0.00324 a
Probability
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
1
100% K = recommended K level of fertilizer applied; 75K:25Na = 25% of recommended K fertilizer replaced by NaCl; CaCO 3,
CaSO4 and CaCl2 = addition of Ca in these different forms to 75K:25Na. Means followed by the same letters within columns do not
differ from each other according to the Tukey test at P<0.05.

Development of Mombaça grass in unfertilized
Control plots was lower than for all other treatments. This
indicates that, in order to grow this forage in soil of low
fertility, fertilizer application is necessary to increase soil
fertility. Mombaça grass plants averaged 134 cm2 and
116 g/day, respectively, for LA and RGR across all
treatments.
Increasing level of Ca fertilizer applied to Mombaça
grass as CaCO3 promoted a quadratic response in LAR,
NAR and PR (Figure 1). Mean LA measurements were
134, 134 and 138 cm2, respectively, for CaCO3, CaSO4
and CaCl2, regardless of the dose given (Figure 1A). On
the other hand, plants that received 100% of K fertilizer
showed an average LA of 128 cm2, 3% less than that of
plants where Na replaced some of the K. Mean LA for
plants receiving recommended fertilizer levels with the
complete K proportion was significantly greater than that
of unfertilized plants in the Control treatment (129 and
33.5 cm2, respectively).
Responses from adding Ca as CaSO4 and CaCl2 did not
fit the model. For LAR, maximum value (11 cm2/g) was
obtained at a Ca application of 22 mg Ca/kg of soil. The

high LAR observed for the Control occurred due to the
low dry mass production (0.61 g) of these plants (Carneiro
et al. 2017), since LAR is a relationship between leaf area
and total dry mass produced by plants.
For NAR, responses to applying increasing levels of
CaCO3 followed a quadratic model (Figure 1C) with the
maximum depression (approx. 19%) in this parameter at
20‒22 mg Ca/kg of soil. Responses to the other Ca
sources (CaSO4 and CaCl2) did not fit the model. Net
assimilation rate for the complete K treatment was
significantly greater than that of the unfertilized Control
(0.0264 and 0.0023 g/cm2, respectively; Table 2).
Irrespective of source and level of Ca provided, RGR
of plants was 0.11 g/day (Figure 1D), a value similar to
that found for plants with 100% K fertilizer. The increase
relative to plants that were not fertilized was 57%.
Effects of Ca application on photosynthetic rate (PR)
followed a quadratic model for the CaCO3 source (Figure
1E) with maximum depression at about 20‒22 mg Ca/kg
of soil. Photosynthetic rate on the treatment with full K
rate was more than 12 times that on the unfertilized
Control.
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Figure 1. Leaf area - LA (A); leaf area ratio - LAR (B); net assimilation rate - NAR (C); relative growth rate - RGR (D); and
photosynthetic rate - PR (E) of Mombaça grass as a function of dose and source of calcium when added to soil where 25% of the
potassium fertilizer was replaced by sodium.
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Discussion
Growth of higher plants is based on the conversion of light
energy into chemical energy, the intensity of which is
proportional to the interception and capture of light by the
crop canopy (Gomide and Gomide 1999). Evaluating
variables like leaf area, leaf area ratio, net assimilation rate,
relative growth rate and photosynthetic rate, which are
directly related to plant growth, can help in understanding the behavior of plants in relation to their adaptation
to the environments in which they are grown.
Since leaf area values in plants with partial replacement of K in fertilizer by Na were similar to plants with
100% K fertilizer levels, partial replacement of K by Na
obviously did not cause any marked change in this variable.
These data are promising, since leaf area is of great
importance in pasture productivity, having a direct influence
on ability of plants to absorb incident light and
photosynthesize as well as the nutritional value of the plant
(Lavres Júnior and Monteiro 2003; Pedreira and Pedreira
2007). Therefore, we can infer that there was no negative
effect on nutrient uptake by plants with partial replacement
of K by Na. Not surprisingly application of Ca did not have
any significant effect on leaf area.
Leaf area ratio indicates the relative size of the
photosynthetic apparatus, also expressed as the foliar area
useful for photosynthesis, being a morphophysiological
component of growth analysis (Benincasa 1988). The high
leaf area ratio observed for the Control treatment results
from low dry mass production in this treatment, which
increases the ratio. The data regarding plant production can
be seen in Carneiro et al. (2017), which were on average
12.15 (75K:25Na with no Ca addition), 13.39 (+ calcium
carbonate), 12.75 (+ gypsum), 14.25 (+ calcium chloride),
14.73 (100% K) and 0.61 g of dry mass/pot (Control). Since
photosynthetic rate for plants with partial replacement of K
by Na was similar to that for plants with 100% of K fertilizer,
one could not expect differences in plant development
between these treatments.
Values found for relative growth rate show that plants
subjected to partial replacement of K by Na had a similar
growth rate to plants receiving 100% of the recommended K
fertilizer dosage, while adding Ca, regardless of source or
dose, had little influence on this variable. We are unaware of
any published reports of studies in which the effects of
partial replacement of K by Na in fertilizer and interactions
with applied Ca were examined.
The effects of high salinity on plants occur through a 2stage process; initially there is a rapid response to high
osmotic pressure at the root-soil interface and this is
followed by a slower response caused by Na accumulation
in the leaves. These processes directly affect growth of the

aerial parts of plants, with reduction in leaf expansion,
inhibition of tillering, photosynthesis and biosynthetic
processes (Taiz et al. 2017). High concentrations of
dissolved salts in the soil solution reduce the osmotic
potential and consequently water potential of this solution,
thus reducing the availability of water and nutrients to plants
(Alves et al. 2011). Quantities of Na added in this study were
obviously insufficient to cause salinity problems in
Mombaça grass.
Studying the benefits of applying Ca to reduce salt stress
caused by partial replacement of K by Na in Mombaça grass
at a 25% rate, Carneiro et al. (2017) concluded that the
addition of Ca to modify the salinity effect enhanced the
development of Mombaça grass, mainly for plant height
(cm) and growth rate (cm/day). That work was carried out in
the same experiment, being therefore complementary to this
one. For the production and nutrition variables, the Ca doses
affected the response of the plants when K was replaced by
Na, unlike the results obtained in this work in which there
was no influence on the biometric and physiological
parameters.
Although our study showed little benefit in applying Ca
in this situation, it did reveal that Na could replace 25% of
the K in the fertilizer applied without causing reduction in
most of the analyzed variables, particularly leaf area and
relative growth rate. K sources, containing significant Na
contaminants, require less energy in the purification process,
so the final price of fertilizer is reduced (Castro et al. 2017).
Our results suggest that these cheaper sources of K could be
applied to Mombaça grass without marked impact on the
plants, especially without reduction in growth rate, on soils
similar to those used in this study.
Photosynthetic rates of plants can be reduced by the
partial replacement of K by Na, which is generally
associated with a decline in growth as a result of salinity
(Chatrath et al. 2000). According to these authors, the
reduction in photosynthetic rate can occur for 2 reasons, i.e.
reduction in stomatal conductance and reduction in the
biochemical photosynthetic capacity of the leaf. While
photosynthetic rate in our study was reduced when 25% of
the recommended K fertilizer level was replaced by NaCl,
the differences were not significant. In more saline soils the
results might have been more definite.
In studies with partial replacement of K by Na when
fertilizing pasture, Andrade et al. (2014) found that partial
substitution of up to 35% of K by Na increased forage yield,
in the second cultivation cycle. According to the authors, this
response is related to the reduction of the effect of Na due to
its extraction by plants in the previous cycle, and also due to
the greater supply of energy for root development in the
second cycle. In contrast, Carneiro et al. (2017) showed that
substitution of Na for up to 25% of K in fertilizer for
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Mombaça grass had no affect on either absorption of
nutrients or productivity of the crop. Our results provide an
explanation for the results of Carneiro et al. (2017), allowing
us to conclude that up to 25% of K fertilizer applied to
Mombaça grass can be replaced by NaCl without detriment
to production on the soils we studied because the parameters
contributing to DM production were not affected.
As our study demonstrated, there is little influence on
plant growth of the partial replacement of K by Na on these
types of soils. It is possible that benefits from applying Ca to
soil could be more evident with higher levels of substitution
by Na, where there would be greater stress on plants due to
the increase in Na absorption. More detailed plant
evaluations, such as foliar and root nutrient accumulation,
are recommended in later studies. In addition the use of
levels higher than 25% in the partial replacement of K by Na
could be examined in order to explore the benefits of saline
stress minimizer, as well as similar levels on more saline
soils.
Conclusions
Partial substitution of K fertilizer by Na up to 25% of the
recommended K fertilizer level did not cause damage to
the development of Mombaça grass plants in this study.
Results might be different if basic Na levels in soil were
higher and this warrants investigation.
While the addition of Ca to counteract any effects of
increasing salt levels in soil with the partial substitution
of K by Na showed no beneficial effects, in soils with
higher salt levels results may differ.
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