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Abstract

Potassium (K) is the second nutrient of greater absorption by plants, and it is of fundamental
importance for the development of the cultures and acts in the activation of enzymes that
participate in the photosynthetic processes. However, there are still doubts about its residual
effect on crop succession. Therefore, the objective of the research was to evaluate the effect
of K doses on growth, gas exchange and maize yield and its residual effect on bean culture.
The experiment was a randomized complete block design, in a 5x2 factorial scheme, totaling
10 treatments, with five K doses (0, 50, 100, 150 and 200 kg ha™) and two fertilization
periods (seeding and V5 stadium) in maize plants. Growth parameters, gas exchange and
yield were evaluated in maize plants, and growth was evaluated in Bean plants in an
experimental area belonging to the Department of Plant Science and Environmental, Federal
University of Paraba in Northeast Brazil. For the analysis of the data, we performed the
analysis of variance, according to the design adopted. Subsequently, the data were submitted
to regression analysis, with curve fitting, according to the parameters evaluated. Results
revealed that, K fertilization influenced the growth of maize plants in the two fertilization
periods (seeding and V5 stadium) at 45 and 75 days after planting, as well as in gas exchange
and productivity. Fertilization at the V5 stadium in maize presented higher values compared
to fertilization at seeding, in which the dose of 150 kg ha™ presented the best results at both
planting times. In relation to the residual effect of K on bean growth, it was verified that,
there was influence of the doses on the growth of plants, in which the dose of 200 kg ha™
recorded the highest values. The results showed that there is the residual response of K on
bean cultivation in succession with maize. For the greater development of maize, it is
recommended to use the dose of 150 kg ha™ at the V5 stage of plants.

Keywords: potassic fertilizer, maize productivity, gas exchange, residual response
1. Introduction

Potassium (K) is the second nutrient with the greatest absorption by plants, with fundamental
importance for the development of the cultures, and it becomes effective in the activation of
enzymes that participate in the photosynthetic and respiratory processes (Raij et al., 1997;
Vilela et al., 2004; Taiz et al., 2017). According to Benites et al. (2010), the levels of K in
tropical soils are generally considered low, and it is necessary the use of potassic fertilizers to
supply the necessity required by the cultures. Deficiency of this nutrient may lead to reduction
of internodes, apical dominance and plant growth, as well as directly affect productivity, in
order to produce smaller fruits (Ernani et al., 2007). Such deficiency occurs due to inadequate
soil management, occurring after a few years of cultivation (Cavalli & Lange, 2018).

The absence or insufficient application of K may cause nutrient exhaustion in the soil, and
excessive application may increase the leaching loss, also occurring in soils with medium and
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high CEC (cation exchange capacity) (Ernani et al., 2007). The cycling of K in the soil occurs
soon after plant senescence, because K is present in the ionic form (K*) (Pavinato et al., 2008).

The residual effect of K depends on the amount exported by the crops and also on the
leaching process (Parente et al., 2016). Ferreira et al. (2011) emphasize that the nutrients that
are available to plants depend on soil fertility and residue degradation, and that in intensive
cultivations, K absorption by the plant remains for most of the time in the plant tissue,
without leaching or erosion. Thus, abiotic factors, such as temperature and humidity of the air,
directly affect the rate of release of K in the soil (Parente et al., 2016).

In the maize crop, K affects mainly the grain mass and the number of grains per spike (Coelho
et al., 2007), and it is the second nutrient most absorbed by the crop, with 30% exported by the
grains. The responses of maize to K in field experiments with direct planting were less frequent
than studies with phosphate and nitrogen fertilization, due to the low productivity indexes that
were observed (Coelho et al., 2006). This author verified that K fertilization provided increases
in yield using doses of up to 120 kg ha™ de K50 in soils with low levels of K.

In the bean culture the K absorption, in favorable conditions, provides a greater development
of the grains in the period of maturation and in the vigor of the seeds (Oliveira et al., 1996).
For bean culture, K is the nutrient extracted and exported in large quantities, and in most soils
where commercial exploitation takes place, low levels of this nutrient are registered (Sousa et
al., 2013). Melo et al. (2005) states that although K does not present significant responses in
most trials, it has been confirmed that doses between 20 and 40 are responsible for high K
concentrations in plant tissues.

In view of the above, the present study is based on the hypothesis that the use of increasing
doses of K in maize provides a greater residual effect on the bean culture. From this, the
objective was to evaluate the effect of K doses on growth, gas exchange and maize yield and
its residual effect on bean culture.

2. Material and Method
2.1 Study Area, Experimental Design and Cultivation

The work was carried out in an experimental area belonging to the Department of Plant
Science and Environmental, Federal University of Paraba, Campus Il, located in the city of
Areia, in the micro-region of Brejo and mesoregion of wild regions in Paraba, state of
Paraiba, Northeast Brazil (6°96°62”S and 35°71°58”W) (Figure 1). The region has a tropical
climate, with high rainfall in the months of June and July (Ribeiro et al., 2018), classified
according to Peel et al. (2007) as Aw’. It presents variable altitude between 400 and 600
meters, average annual temperature 22 and annual rainfall of 1,400mm.

The research was carried out from April to June (maize crop) and from September to
November (bean crop) of 2017. The climatic data regarding precipitation (mm), mean
temperature (<€) and relative humidity of the air (%), during the period of conduction of the
experiment, are described in Figure 2.
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Figure 1. Geographic location of the experimental area, located at the Federal University of
Para ba, municipality of Areia, Paraba, Northeast Brazil
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Figure 2. Precipitation (mm), mean temperature (<C) and relative air humidity (%) in the

period of conduction of the expe

riment, between April and June (maize), and September and

November (bean) of 2017. Data collected at the Meteorological Station of the Center for
Agrarian Sciences, Federal University of Paraba, Areia-PB (Source: Instituto Nacional de

Meteorologia - INMET)

The experiment was set up in a randomized complete block design, in a 5 x 2 factorial

scheme, totaling 10 treatments, f

ive K doses (0 kg ha™, 50 kg ha™, 100 kg ha™, 150 kg ha™

and 200 kg ha™) and two fertilization periods (seeding and V5 stadium) in maize plants. K
chloride was used as the source of K. These treatments were similar for bean plants, in which
the residual effect of K fertilization under growth in succession with maize crop was
evaluated. All evaluations were carried out in five plants randomly selected in each plot, in

the three central lines.
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For maize, the cultivation AG 1051 (double hybrid) was used: which has the following
characteristics: open architecture foliar, semi-precocious cycle, yellow toothed grains,
average height of the plant 2.20m, height of insertion of the spike considered high 1.12m, and
its production can be intended for grain production, silage, green maize. For the Beans, the
cultivation BRS was used, it presents a semi-precocious cycle, high productive potential,
lodging tolerance and resistance to anthracnose and fusarium wilt.

Initially, the experiment received fertilization of 30 and 60 kg ha™* de N e P,Os at the planting
(in the form of urea and simple superphosphate). These plots presented an area of 4,5 m.
Maize sowing was done in lines with 4 furrows/plot, with spacing between lines of 50 cm and
3 seeds per linear meter *, obtaining an estimated population of 60,000 plants per hectare ™.
Bean sowing was carried out 60 days after maize harvest, with 30 seeds that were planted in
each 3 meter line, spaced 50 cm apart, with a population of approximately 200,000 plants per
hectare *. The chemical characteristics of the soil collected before planting the maize is
shown in Table 1. For soil analysis, individual samples were collected in each experimental
plot, and then combined to form a composite analysis. At the end of the experiment (after
bean harvested), the K analysis was performed in all experimental plots, the mean values of
which are shown in Table 2.

Table 1. Chemical attributes of soil in the experimental area before maize planting

P K Na H+Al Al Ca Mg BS CEC o.M
pH in H,0 mg dm?® cmolc dm? gkg?
5.4 26.43 43.67 023 221 0.05 0.85 0.23 142 3.63 22.45

BS: base sum; CEC: cation exchange capacity; O.M: organic matter.

Table 2. Chemical analysis of K at the soil of experimental area after bean planting

Treatments K
(kg ha™) (mg/dm?)

Seeding

0 42.35
50 30.77
100 28.01
150 38.15
200 32.30
V5 stadium

0 25.41
50 22.86
100 24.72
150 27.46
200 30.03

The analyzes of growth, gas exchange and productivity were carried out in maize plants. For
the bean plants, growth analyzes were performed.
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2.2 Growth

In maize plants, the height was determined through a metric scale graduated in centimeters,
that was measured from the neck to the apex of the last open leaf; the diameter of the stem,
using a pachymeter, with measurements that were taken above 2 cm from the soil; and the
number of leaves, evaluating the photosynthetically active leaves. The evaluations were made
at 60 and 90 days after planting (DAP). For the beans, the height of plants, stem diameter,
number of nodes and number of leaves were evaluated, and they were performed at 20 and 40
days after planting (DAP).

2.3 Gas Exchange

The gas exchange evaluations were carried out in maize plants, in which the rate of
photosynthesis (A) (pmol m? s™), internal CO, concentration (Ci) (pmol mol™), transpiration
(E) (mmol m? s™), stomatal conductance (gs) (mol m? s™), instantaneous water use
efficiency (WUE - A/E), with the ratio of photosynthesis and transpiration rate [(pmol m? s™)
/ (mmol m? s™1)], intrinsic water use efficiency (IWUE — A/gs), calculated by the ratio
between the photosynthetic rate and the stomatal conductance [(pmol m? s™) / (mol m? s™)]
and the instantaneous carboxylation efficiency (ICE - A/Ci) [(pmol m? s™) / (pmol mol™)]
from the relation between the photosynthetic rate and the internal CO; concentration. The
readings were performed on healthy leaves and completely expanded, located in the middle
third of the plants. A portable infrared radiation photosynthesis analyzer was used under
maximum natural light conditions (IRGA) (model Li-6400XT, LI-COR). The evaluations
were carried out in the period between 09:30 and 11:00 hours, 75 days after planting (DAP).

2.4 Productivity

For the evaluation of the primary productivity components, five random spikes of each plot
were used: ear length, ear diameter, kernels rows number, number of kernels per row, kernel
weight and kernel moisture content.

2.5 Data Analysis

For the statistical analysis of the data, we performed the analysis of variance, according to the
design adopted. Subsequently, the data were submitted to regression analysis, with curve
fitting, according to the parameters evaluated (Soares et al., 2016).

3. Results and Discussion
3.1 Growth — Maize

K fertilization influenced the growth of maize plants during the two fertilization periods
(seeding and V5 stadium) at 45 and 75 days after planting (DAP).

In relation to plant height, there were significant differences with quadratic effect for the K
doses in the two fertilization periods (Figure 3-A and B). The highest values were recorded at
dose 150 kg of K ha™, with 57.6 cm at 45 DAP and 143.1 cm at 75 DAP. In the two evaluation
periods the dose of 150 kg of K ha™ applied at the /5 stadium provided higher values for maize
plant height, and the lowest values were recorded for the control (0 kg of K ha™). Kalpana and
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Krishnarajan (2002) and Petter et al. (2016) observed a significant influence of the application
times of K at maize plant height, corroborating with the results of this study. However, Rab&o
et al. (2013) did not verify differences in height of the plants submitted to the potassic doses
applied at different fertilization periods. These distinct results may have occurred due to the
different soil and climatic conditions found in each region studied.

The diameter of the stem of maize plants responded positively to K doses, mainly at 75 DAP
(Figure 3-C and D). The dose of 150 kg of K ha™ in the V5 stadium provided the highest
mean values in the two evaluation periods, with 2.28 cm at 45 DAP and 2.69 cm at 75 DAP
(Figure 3-C and D). The dose of 150 kg of K ha™ had a positive influence on the diameter of
the stem in the two fertilization periods, when it was verified that the K use in the V5 stadium
had higher values, with an increase of 31.58 and 20.5% in the control (0 kg of K ha™) at 45
and 75 DAP, respectively (Figure 3-C and D) Andreotti et al. (2001) also observed a larger
diameter of the stem with the increase of the doses of K. This increase in stem diameter has
fundamental importance for the development and physiology of plants, because the stem is a
structure determined to the storage of soluble solids, that are used mainly in the formation of
grains through the reserves, and it doesn't have only having the function of sustain the leaves
and inflorescences of plants (Carmo et al., 2012).

The increase of K doses in the two seasons of fertilization, provided a greater number of
photosynthetically active leaves in maize plants (Figure 3-E and F). Compared with
fertilization at seeding, in the V5 stadium at 45 and 75 DAP, the highest mean values were
recorded, with 6.3 and 8.8 leaves plants™, respectively (Figure 3-E and F). At 75 DAP, there
was a greater change in the values in the V5 stadium, ranging from 6.5 leaves in the control
(0 kg ha™) to 8.8 leaves in the dose of 150 kg of K ha™ (Figure 3-E and F). For a greater
number of leaves, K fertilization is of fundamental importance for the metabolism of plants,
aiding in the physiological aspects of cell growth and division, increasing the distance
between nodes and consequently the number of leaves (Kerbauy, 2012).
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Figure 3. Plant height (A and B), stem diameter (C and D) and number of leaves (E and F) in
maize plants submitted to increasing K doses in two fertilization periods (seeding and V5
stadium) at 45 and 75 DAP

3.2 Gas exchange — Maize

The mean values of maize gas exchange responses in relation to the effects of K doses for the
gas exchange results are shown in Figure 4. From the results of the analysis of variance, K
fertilization in the two application periods significantly affected the photosynthesis rate,
internal CO, concentration, transpiration, stomatal conductance, instant water use efficiency,
intrinsic water use efficiency, and the instantaneous efficiency of carboxylation (Figure 4).

The photosynthetic rate (A) of maize plants as a function of K doses presented an increasing
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quadratic responses in the two seasons of fertilization (seeding and V5 stadium), in which the
values ranged from 11.09 to 13.51 pmol m™ s in fertilization at seeding and from 11.48 to
15.85 pmol m™? s in the V5 stadium (Figure 4-A). The highest values were recorded in the
dose of 150 kg of K ha™ in the two seasons of fertilization, however, the application of K in
the V5 stadium of the plant provided higher values (Figure 4-A). The factor of the highest
value of A was recorded in the dose of 150 kg of K ha™ in the two seasons of fertilization,
may be related to the ideal amount of K that the maize plants need, and as the plant nutrition
influences in the photosynthetic process, such dose promoted the highest values for this
variable. According to Larcher (2006), high rates of photosynthesis can be recorded through
fertilization.

The internal CO, concentration (Ci) presented a linear response decreasing to the effect of K
doses in the two fertilization periods (Figure 4-B). The values at the time of fertilization at
seeding provided the highest values, ranging from 62.38 to 91.15 pmol mol™, with the highest
values observed in the control (0 kg of K ha™) (Figure 4-B). At the time of fertilization at V5
stadium, mean values ranged from 58.63 to 77.39 pmol mol™, in which the control (0 kg of K
ha™) had higher values (Figure 4-B). This increase of Ci in the control indicates that CO 2 is
not being used in the synthesis of sugars during the photosynthetic process, for example, a
lower photosynthesis rate, and that there may be a non-stomatal factor influence in this case,
leading to a higher accumulation of Ci in the leaves (Freire et al., 2014).

The results for transpiration (E) followed the same tendency of the photosynthesis rate,
presenting a quadratic response to the effect of K doses in the two fertilization periods
(Figure 4-C). At the time of fertilization at seeding the values ranged from 3.75 to 5.00 mmol
m? s, with the highest averages recorded at the dose of 150 kg of K ha™ (Figure 4-C). In the
fertilization carried out in the V5 stadium the plants presented higher values than the seeding
season, with values ranging from 4.07 to 5.60 mmol m? s, where the dose of 150 kg of K
ha™ was most effective (Figure 4-C). This increase in the rate of transpiration at the dose of
150 kg of K ha™ at fertilization times causes an increase in the water flow in the xylem and
the concentration of cytokinin in the roots, and it is an important factor for delaying leaf
senescence, corroborating with the present study (Soares et al., 2013).

The stomatal conductance (gs) showed a quadratic response between the doses in the two
seasons of fertilization (Figure 4-D). In fertilization at seeding, the dose of 100 kg of K ha™
presented the highest values, ranging from 0.2178 to 0.3108 mol m™? s (Figure 4-D). At the
time of fertilization in the V5 stadium the plants had the highest values, in which the dose of
150 kg of K ha™ gave the best results, with rates ranging from 0.2170 to 0.3555 mol m? s™
(Figure 4-D). This response of the plants may be directly related to the lower stomatal
opening in the lowest K doses, in order to avoid damage in the water system by the vegetable.
K is involved in protoplasmic processes and photosynthesis, directly influencing the
regulation of stomatal opening (Silva et al., 2013).

The instantaneous water use efficiency (WUE) values showed a quadratic response to the
effect of increasing doses of K in the two fertilization periods (Figure 4-E). Comparing the
seasons of fertilization, the highest values were recorded in fertilization at seeding at the dose
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of 150 kg of K ha™, with a variation of 2.44 and 3.36 [(mol m?s™) / (mmol m™? s™)] (Figure
4-E). For V5 fertilization, the dose of 150 kg of K ha™ also provided the highest values,
ranging from 2.59 to 3.25 [(pmol m™ s) / (mmol m™ s™1)] (Figure 4-E). The increase made
by the United States at the dose of 150 kg of K ha™ in fertilization at seeding and in V5
stadium of the plants may be related to the other variables of gas exchanges, in which the
dose provided the highest values. Such a parameter is calculated by the ratio between the
photosynthesis and transpiration rates (A/E), where the measured values involve the amount
of carbon gained by the plant per unit of water that is lost (Jaimez et al., 2005).

For the intrinsic water use efficiency (IWUE), there was a quadratic effect of increasing doses
of K at fertilization times (Figure 4-F). At the time of fertilization at seeding the values
ranged from 42.67 to 59.56 [(pmol m? s™) / (mol m? s™%)], with the dose of 150 kg of K ha™
registering the highest rates (Figure 4-F). At the time of fertilization in the V5 stadium of the
plants, the values were higher than the fertilization at seeding, with a variation from 46.81 to
60.71 [(pmol m2s™) / (mol m? s™)], in which the dose of 150 kg of K ha™ provided the best
results. These higher values that were elaborated by the United States, in the dose of 150 kg
of K ha! in the two seasons of fertilization, becomes an indicative that with the increase of
the liquid photosynthesis the stomatal conductance also increased, however, the reduction of
the gs was greater than the reduction of A, supporting the occurrence of stomatal limitation
(Bertolli et al., 2015).

The instantaneous carboxylation efficiency (ICE) showed differences in the different
increasing doses of K, with linear effect at the time of fertilization at seeding and quadratic
effect at fertilization at V5 stadium (Figure 4-G). The highest values were recorded when
doses of K were applied at the V5 stadium, with values ranging from 0.2211 to 0.2939 [(jumol
m? s%) / (pmol mol™)], in which the dose of 150 kg of K ha™ presented the highest values
found (Figure 4-G). At the time of seeding the values ranged from 0.1578 to 0.2400 [(pmol
m?2 s / (mol mol™)], in which the dose of 150 kg of K ha™ presented a higher rate than the
others (Figure 4-G). The higher values of ICE recorded at the dose of 150 kg of K ha™are a
reflection of the high photosynthesis rate in relation to the decrease in the internal
concentration of CO;in the plants, because in this way if the Ci decreases there may be an
increase in the consumption of CO2 in the chloroplast due to the highest photosynthetic
activity, and thus the A/Ci ratio has high values, as it was observed in the present study.
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Figure 4. Photosynthetic rate (A), internal CO, concentration (B), transpiration (C), stomatal
conductance (D), instantaneous water use efficiency (E), intrinsic water use efficiency (F)
and instantaneous carboxylation efficiency (G) in maize plants submitted to increasing K

doses in two fertilization periods (seeding and V5 stadium)
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3.3 Productivity — Maize
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The mean values of the productivity indexes of maize plants as a function of increasing doses
of K at two application times are presented in Figure 5. According to the analysis of variance,
the K doses in the two fertilization periods (seeding and V5 stadium) significantly affected
the length spike diameter, number of rows of grains, number of grains per row, grain weight
and kernel moisture content (Figure 5). Petter et al. (2016) in their study, found similar results,
in which K doses influenced all productivity variables except for the length of spikes.

The ear length values showed a quadratic effect in relation to the K doses at the different
times of application (seeding and V5 stadium) (Figure 5-A). Fertilization in the V5 stadium
gave the highest values, ranging from 13.74 to 18.65 cm, at the dose of 150 kg of K ha™
(Figure 5-A). At seeding the values ranged from 13.71 to 16.25 cm, where the highest value
was recorded at the dose of 150 kg of K ha™ (Figure 5-A). For the ear diameter, there was a
quadratic response in relation to the increasing doses of K in the two fertilization periods
(seeding and V5 stadium) (Figure 5-B). In seeding the values ranged from 42.30 to 50.93 mm,
in which the dose of 150 kg of K ha™ was more effective than the others. In the V/5 stadium,
the highest values were recorded in maize plants, at a dose of 150 kg de K ha®, with a
variation of 45.91 to 54.64 mm (Figure 5-B).

In their study, Cavallet et al. (2000) recorded mean values for ear length between 13.6 and
14.4 cm, presenting values similar to the present study. But for Lopes et al. (2007), ear length
IS not essential for production when the area exhibits a small number of spikes.

The kernels rows number as a function of different K doses presented a quadratic response in
the two seasons of fertilization (seeding and V5 stadium) (Figure 5-C). The highest values
were recorded with the fertilization in V5 stadium, in the dose of 150 kg of K ha™, with
variation of 11.59 to 15.40 kernels rows (Figure 5-C). In fertilization at seeding the values
varied from 11.70 to 14.45 kernels rows, in which the dose of 150 kg of K ha™ was higher
(Figure 5-C). The number of kernels per row presented quadratic responses as a function of
the different doses of K in two times of application (seeding and V5 stadium) (Figure 5-D).
The seeding fertilization presented values ranging from 25.31 to 28.81 kernels per row, in
which the dose of 100 kg of K ha™ registered the highest value (Figure 5-D). On the other
hand, fertilization in the V5 stadium presented higher values ranging from 25.52 to 29.41
kernels per row, in which the dose of 200 kg of K ha™ provided the highest grain yield per
row (Figure 5-D).

For kernel weight as a function of increasing K doses, there was a quadratic effect for seeding
and linear effect for fertilization in the V5 stadium of the plants (Figure 5-E). Fertilization at
seeding presented the highest values for this variable, with values between 124.03 and 162.59
g, in which the dose of 100 kg of K ha™ was responsible for providing the highest kernel
weight in maize plants (Figure 5-E). In the V5 fertilization the values ranged from 122.43 to
157.24 g with the highest values recorded at the dose of 150 kg of K ha™ (Figure 5-E). The
kernel moisture content (%) at the time of harvest varied significantly as a function of the
different doses of K, presenting a quadratic effect in the two seasons of fertilization (seeding
and V5 stadium) (Figure 5-F). At the time of fertilization at seeding the average values
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ranged from 22.12 to 24.53%, with the highest values recorded at the dose of 100 kg of K
ha™ (Figure 5-F). Already the fertilization of the plants in \/5 stadium provided higher values,
ranging from 22.95 to 24.60%, in which at the dose of 100 kg of K ha™ the kernel moisture
was higher (Figure 5-F).

However, Deparis et al. (2007) in their study did not find a significant effect of the K doses (3
kg ha™; 7,5 kg ha™; 15 kg ha™; 30 kg ha™*; 45 kg ha™; 52,5 kg ha; and 57 kg ha™ of K) on
the productivity variables mentioned above, which may have occurred due to the use of lower
doses of K, differently from the present study, in which higher doses (100 kg ha™; 150 kg ha™;
and 200 kg ha™) provided the highest productivity indexes in plants of maize in the two
seasons of fertilization. This fact possibly happened due to the fact that K directly influences
the cell growth, with the enzymatic activation in the transport of the Nitrogen, causing the
formation of the vegetal tissues (Taiz et al., 2017). BUI (1993) observed that K influences the
development of the crop, as well as the number of grains per spike and kernel weight.
Wendling et al. (2008), found that maize under no-tillage did not significantly respond to K
fertilization, in most sites and crops, in experiments conducted in Paraguay.
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Figure 5. Ear length (A), ear diameter (B), kernels rows number (C), number of kernels per
row (D), kernel weight (E) and kernel moisture content (%) (F) in maize plants submitted to
increasing K doses in two fertilization periods (seeding and V5 stadium)

3.4 Growth — Bean

According to the growth analysis of bean plants cultivated in the same area as maize, K
fertilization was significantly influenced by plant height, stem diameter, number of nodes and
number of leaves in the two seasons of fertilization (seeding and V5 stadium) 20 and 40 days
after planting (DAP) (Figure 6). These results do not corroborate with the study by Melo et al.
(2005), in which the beans hardly respond to K fertilization.

The height of bean plants as a function of the K doses showed quadratic responses in the two

http://jas.macrothink.org



ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A I“Stitute " 2019, Vol. 7, No. 4

fertilization periods (Figure 6-A and B). In the V5 fertilization, the highest values were
recorded at the dose of 200 kg of K ha™, ranging from 24.65 to 29.20 cm at 20 DAP, and
from 29.90 to 33.25 cm at 40 DAP (Figure 6-A and B). In fertilization at seeding the dose of
200 kg of K ha™ provided higher values for plant height, ranging from 24.3 to 28.4 cm at 20
DAP, and from 27.15 to 32.45 at 40 DAP (Figure 6-A and B). Comparing the two seasons of
fertilization, it was verified that the fertilization in V5 stadium was superior for the height of
plants (Figure 6-A and B). Souza et al. (2013) evaluating the effect of increasing potassic
doses on black string beans, found a significant effect on plant height as a function of the
doses used. The residual effect of the K doses is directly related to the growth of the bean
plants, with the best development recorded in the highest K doses.

For stem diameter in bean plants as a function of increasing K doses, there was a quadratic
response for seeding at 20 DAP and linear at 40 DAP, and for fertilization at V5 stadium there
was linear effect at 20 DAP and quadratic at 40 DAP (Figure 6-C and D). At fertilization in
seeding the dose of 150 kg of K ha™ presented the highest values at 20 DAP, ranging from 4.20
to 4.90 mm, and at 40 DAP the dose of 200 kg of K ha™ presented higher values, ranging from
4.50 to 5.50 mm (Figure 6-C and D). In fertilization in \/5 stadium, the dose of 200 kg of K ha™
presented the highest values in the two evaluation periods, with values varying from 4.26 to
4.95 mm at 20 DAP and 4.83 to 5.75 mm at 40 DAP (Figure 6-C and D).

The diameter of the stem is of fundamental importance to evaluate the potential and
development of agricultural species, thus, the plants that present larger stem diameters,
consequently also provide higher productivity indexes, and it is less susceptible to tipping
(Souza et al., 2006). Anyway, as for Sousa et al. (2013), increasing doses of K did not
significantly influence stem diameter in bean plants.

In relation to the number of nodes in common bean plants under increasing doses of K, it was
observed that there was a quadratic effect on fertilization at seeding at 20 and 40 DAP and
linear effect on fertilization at V5 stadium at 20 DAP and quadratic at 40 DAP (Figure 6-E
and F). In fertilization at seeding the values varied from 3.60 to 4.20 at 20 DAP, and from
4.30 to 5.45 at 40 DAP when the dose of 200 kg of K ha™ presented the highest values
(Figure 6-E and F). In the V5 fertilization, the values in the two evaluation periods ranged
from 3.25 to 4.20 at 20 DAP, and from 4.70 to 6.05 at 40 DAP, in which the dose of 200 kg of
K ha™ presented better responses in both seasons of the evaluations (Figure 6-E and F).

The number of leaves of bean plants submitted to different potassic doses presented
increasing linear responses in the different evaluation periods (20 and 40 DAP) and in the
two fertilization periods (seeding and V5 stadium) (Figure 6-G and H). In fertilization at
seeding the dose of 200 kg of K ha™ registered the highest values, which varied from 4.95 to
5.98 at 20 DAP, and from 7.10 to 9.55 at 40 DAP (Figure 6-G and H). At the time of
fertilization in V5 stadium the values varied from 4.65 to 6.03 at 20 DAP, and from 7.35 to
9.20 at 40 DAP, in which the dose of 200 kg of K ha™* was superior to the others (Figure 6-G
and H). This positive response of bean plants to residues of K fertilization in intercropping
with maize can be explained by the fact that higher doses of K meet the nutritional needs of
the crop in a balanced way (Oliveira et al., 2009).
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Figure 6. Plant height (A and B), stem diameter (C and D), number of nodes (E and F) and
number of leaves (G and H) in bean plants submitted to increasing K doses in two
fertilization periods (seeding and V5 stadium) at 20 and 40 DAP
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4. Conclusion

There is an effect of K fertilization on growth, gas exchange and maize productivity in the
two planting seasons, with fertilization in the V5 stadium, and it is the most appropriate for
the crop;

The dose of 150 kg ha™ provided better development in maize plants during the two planting
seasons (seeding and V5 stadium);

K fertilization at seeding and in V5 stadium promoted residual effect on bean growth, with
the dose of 200 kg ha™ providing the best development of plants;

For the greater development of maize, it is recommended to use the dose of 150 kg ha™ at the
V5 stadium of plants.
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