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Abstract 
Brazil is the world’s largest producer of sugarcane (Saccharum officinarum). In this context, in addition to the 
already extensive areas occupied with sugarcane crops, new areas, characterized as having low natural soil 
fertility, have been incorporated into the production system, showing that the new sugarcane genotypes that are 
efficient in the use of mineral nutrients in the soil they must be selected for use in these areas. Thus, the objective 
with this work was to evaluate the feasibility of using biometric indexes in the early selection of potassium (K) 
use efficient sugarcane genotypes. For this, four sugarcane genotypes were submitted to five doses of K, 
evaluating the possibility of selection during the initial phases of the crop (at 5, 8 and 14 months of age). The 
RB92579 genotype was the most efficient in the use of K for stem dry matter, showing that it is possible to select 
efficient genotypes in the use of K using the stem dry mass or efficiency in the use of K as indexes already at 8 
months after planting in sugarcane, but provided that they are tested under conditions of low K availability in the 
soil, that is, without adding fertilizers to the soil. 

Keywords: plant breeding, mineral nutrition, Saccharum officinarum 

1. Introduction 
Sugarcane (Saccharum officinarum) is grown in all regions of Brazil, which is the world’s largest producer 
(Companhia Nacional de Abastecimento do Brasil, 2020). According to CONAB (2020), about 72% of Brazilian 
sugarcane production is concentrated in the states of São Paulo, Goiás and Minas Gerais. In other words, places 
that present soils with low natural fertility (“cerrado” regions) and with large volumes of rainfall throughout the 
year, being, therefore, places that require large amounts of investments in soil fertilization (Figure 1).  
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2. Method 
2.1 Experimental Conditions and Experimental Design 

The experiment was carried out at the Diogo Alves de Melo Experimental Station, Gleba Aeroporto, belonging 
to the Plant Science Department of the Federal University of Viçosa (UFV), in Viçosa, MG. The local 
geographic coordinates are 20°46′ south latitude and 45°52′ west longitude, at an altitude of approximately 650 
m.  

This study was conducted between June 2015 (winter season) and August 2016. The region’s climate is humid 
subtropical with dry winter and hot summer, according to the Köeppen-Geiger classification (Alvares Stape, 
Sentelhas, Gonçalves, & Sparovek, 2013) with an average annual temperature of 21 °C and an average annual 
rainfall of 1,200 mm.  

The experiment was planted in a dystrophic Red-Yellow Argisol which had the following characteristics in the 
0-0.20 m layer: P (Mehlich-1 Extractor) = 10 mg dm-3; Organic matter = 33.6 g dm-3; pH (CaCl2) = 5.56; K = 62 
mg dm-3, Ca, Mg, Al and H + Al = 4.7; 1.4; 0 and 4.1 cmolc dm-3, respectively and V% = 61%. 

Planting fertilization with phosphorus (P) was carried out using 112 kg ha-1 of P2O5 whose commercial product 
was single superphosphate (50% of P2O5) in all treatments, applied to the bottom of the planting furrow. 
Potassium fertilization was carried out at planting according to the treatments, the doses were: 0; 63; 129; 195 
and 261 kg ha-1 of K, in the form of potassium chloride (60% of K2O).  

The studied sugarcane cultivars were RB987935 with medium-late maturation and RB92579, RB867515 and 
RB988082, the three with medium maturity, belonging to the Germplasm Bank of the Sugarcane Genetic 
Improvement Program (PMGCA-UFV/RIDESA).  

2.2 Sampling and Measurements 

The experimental design used was randomized blocks, with four replications, with plots consisting of five lines 
(grooves) 5 m long, with a spacing of 1.40 m between them and 1 m between plots. The RB867515 genotype 
was treated as a control since it is a consolidated clone and cultivated throughout Brazil and served as a reference 
for comparing data obtained from other cultivars. 

In November 2015 (5 months after planting [MAP]), February 2016 (8 months after planting) and August 2016 
(14 months after planting), the aerial part of the plant was harvested and the dry stem mass was evaluated (MSC), 
stem potassium content (TKC) and the potassium use efficiency for stem dry matter (EUK). 

The sampling area for each evaluation was 2.0 m from a planting line for each plot, with 15 plants being cut 
close to the ground and then weighed. After removing the leaves, the central 5 cm of the stems were washed in 
running water, rinsed in distilled water, dried in a forced ventilation oven at 65 °C, until reaching constant weight. 
Then, the dry mass of the samples was ground and subjected to nitro-perchloric digestion, followed by 
determination of K by flame photometry. 

For the calculation of the efficiency of the use of K (EUK), the stem, which is the commercial product, was used 
and Equation 1 was used. 

EUK	=	 MSC (Stem dry matter in t ha-1)

TKC (Stem K content in dag kg-1)
                              (1) 

2.3 Statistical Analysis 

The variables analyzed at 14 MAP (MSC, TKC, EUK) were compared with each other using Pearson´s 
correlations to confirm whether there is a correlation between them and thus verify the possibility of early 
selection sugarcane cultivars more efficient in the use of K. A scale of values was used to rank the correlation 
coefficients: Weak correlation: 0.00-0.55; Medium correlation: 0.56-0.70 and Strong correlation: 0.71-1.00. 

The stem dry matter (MSC), stem potassium content (TKC) and the potassium use efficiency for stem dry matter 
(EUK) were subjected to analysis of variance, the means of which were compared by the Tukey test, at 5% 
probability. For all variables, the Shapiro-Wilk test was performed to verify whether the data followed a normal 
distribution. The data were processed using the statistical program R (2018) using the computer software Rbio 
(Bhering, 2017). The doses effect (quantitative) was studied by regression analysis and the genotype effect 
(qualitative) was analyzed by F test at 5%. 
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3. Results 
3.1 Macroresponds 

The effect of the treatments [Doses (D) and Genotypes (G)] was observed, when these variables were 
individually considered, for most of the variables studied, in the three evaluation periods, at the level of 5% 
probability by the F test. In the other hand, there was no effect of the interaction between doses and genotypes in 
all analyzed variables. 

It was observed that the increasing doses of K resulted in positive and increasing performance up to dose 3 (130 
kg ha-1), from which a general downward trend was observed. Regarding the genotypes, a different behavior was 
observed regarding the efficiency of the use of K, indicating more efficient genotypes in the use of this nutrient. 
Therefore, given the non-interaction between doses versus genotype, the sources of variation were analyzed 
separately. 

3.2 Effect of Doses 

The production of MSC was influenced by the application of K in the soil. It was observed that the maximum 
production of MSC was achieved with the doses of 154, 159 and 167 kg ha-1, at 5, 8 and 14 MAP, respectively 
(Figures 2A, 2B and 2C). Beyond these quantities, there was a drop in the production of MSC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



jas.ccsenet.

Figure 2

Note. ** si

 

As for the
increase in
hand, the h
of 1.47 dag
8 MAP c
decreased 

org 

. Regression c
four

ignificant at 1%

e stem potassi
n K doses prov
highest TKC p
g kg-1 at 14 M
an be explain
the K content 

curves for stem
rteen (C) mont

%; n.s. not sign

ium content (T
vided a linear 
presented itsel

MAP, while the 
ned by the ra
in the stem du

Journal of A

m dry matter (M
ths after planti

nificant by the

TKC), it was 
increase in the
f at 5 MAP, re
lowest TKC w

apid growth a
ue to the dilutio

Agricultural Sci

206 

MSC) of four s
ing as a functio

e F test at 5%.

observed that
e content of th
eaching an ave
was reached at
and accumulat
on effect. 

ience

ugarcane geno
on of five pota

t, at all times 
his nutrient in t
erage of 2.19 d
t 8 MAP. The d
tion of bioma

 

 

 
otypes at five (
assium doses 

and for all f
the stem (Figu
dag kg-1; follow
difference betw

ass during the

Vol. 12, No. 8;

(A), eight (B) a

four genotypes
ure 3). On the 
wed by the co
ween TKC at 5
ese seasons, w

2020 

and 

s, the 
other 
ntent 
5 and 
which 



jas.ccsenet.

Figure 3. R

Note. ** si

 

3.3 Effect 

As for the
RB988082

3.4 Potass

The stem 
regarding 
ethanol an
levels of K
Mariano et

Despite th
ha-1 dose t

org 

Regression cur
and fo

ignificant at 1%

of Genotypes 

e genotypes, t
2 genotypes we

sium Use Effici

dry matter wa
the use of pot

nd sugar. The i
K at 14 MAP
t al. (2016). 

he fact that the
that provided 

rves for stem p
ourteen (C) mo

%; n.s. not sign

the RB987935
ere intermedia

iency for Dry S

as analyzed fo
tassium, since 
increase in K c
P are similar t

e 167 kg ha-1 d
the highest E

Journal of A

potassium cont
onths after plan

nificant by the

5 genotype pr
ate, and the RB

Stem Productio

or TKC and as
it is from ther
content in the 
to those found

doses promote
UK results (F

Agricultural Sci

207 

tent (TKC) of 
nting as a func

e F test at 5%.

resented the h
B867515 presen

on 

s a criterion in
re that its juice
stem followed

d by Bhanuva

ed the highest 
Figure 4C), be

ience

four sugarcane
ction of five po

highest MSC v
nted the lowes

n the selection
e is extracted 
d the increase 
ally, Ramesha,

MSC yields a
cause, in addi

 

 

 
e genotypes at
otassium doses

values, while 
st performance

n of the most e
for the subseq
in applied K d
, and Yoggees

at the 14 MAP
ition to provid

Vol. 12, No. 8;

t five (A), eigh
s 

the RB92579
e (Figure 2C).

efficient genot
quent productio
doses. The ave
shappa (2017)

P, it was the 10
ding a perform

2020 

ht (B) 

9 and 

types 
on of 
erage 
) and 

07 kg 
mance 



jas.ccsenet.

similar to 
content in 
and the K 

The highe
(Figures 4
30% than 
(Figures 2
Barbosa (2

 

Figure 4.

Note. ** si

 

 

 

org 

that achieved 
the stem 26%
content in the 

st EUK was ob
A, 4B and 4C
RB987935 (Fi

2A, 2B and 2C
2015) for sever

. Regression cu
(B) and 

ignificant at 1%

with 167 kg h
% lower than do

tissue. 

bserved in the
). These result
igures 3A, 3B 
C). EUK valu
ral sugarcane g

urves for potas
fourteen (C) m

%; * significan

Journal of A

ha-1 with only 5
ose 3 (Figure 3

e RB92579 gen
ts were caused
and 3C) whic

ues are similar
genotypes. 

ssium use effic
months after p

nt at 5%; n.s. n

Agricultural Sci

208 

5% less produ
3C), as the EU

notype at 5, 8 
d by the fact th
h was the leas
r than those re

ciency (EUK) 
lanting as a fu

not significant 

ience

ction (Figure 2
UK is a ratio be

and 14 MAP, w
hat RB92579 g
st efficient, alth
eported by Ki

of four sugarc
unction of five 

by F test at 5%

2C), also prese
etween the pro

with 6, 21 and
genotype show
hough it was th
ist, Silveira, C

 

 

 
cane genotypes
potassium dos

%. 

Vol. 12, No. 8;

ented an avera
duction of bio

d 30%, respect
wed a TKC low

he most produ
Costa, Oliveira

s at five (A), ei
ses 

2020 

age K 
mass 

tively 
wer in 
uctive 
a and 

ight 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 8; 2020 

209 

3.5 Correlations 

The chemical analysis, in general, presented a different behavior of the genotypes regarding the behavior in the 
different evaluated periods, indicating the possibility of identifying genotypes more efficient in the use of K early. 
There was a large variation in the potassium doses between the variables analyzed due to the statistical 
differences between the dose averages, with dose 1 (0 kg ha-1 of K) being the one with the highest number of 
correlations (Table 1). A scale of values was used to rank the correlation coefficients: Weak correlation: 
0.00-0.59; Medium correlation: 0.60-0.79 and Strong correlation: 0.80-1.00.  

 

Table 1. Pearson’s correlations between the variables of the final evaluation (14 MAP) and the initial evaluations 
(5 MAP) and (8 MAP) of sugarcane genotypes as a function of five potassium doses 

Variables 14 MAP 
Dose 1  Dose 2 Dose 3 Dose 4  Dose 5 

5 8 14  5 8 14  5 8 14  5 8 14  5 8 14 

---------------------------------------------------------------- MAP -----------------------------------------------------------------

EUK 0.1 0.6 1.0  0.0 0.0 1.0  -0.2 0.5 1.0  -0.1 0.3 1.0  0.2 -0.3 1.0

MSC 0.4 0.6 1.0  -0.1 -0.2 1.0  0.3 0.2 1.0  0.0 0.0 1.0  0.0 0.3 1.0

TKC -0.1 0.0 1.0  0.4 -0.2 1.0  0.0 0.8 1.0  0.2 0.3 1.0  -0.1 0.2 1.0

Note. Gray-colored data show medium and strong correlations. 

 

4. Discussion 
The quadratic behavior in the stem dry matter values (Figure 2) due to the increase in the doses of K applied can 
be explained by the fact that in these doses the maximum need for the crop is reached and K is the essential 
element required in greater quantity for the same (Mengel, Kirkby, Kosegarten, & Appel, 2001). 

In this sense, Cavalcante et al. (2015) concluded that, in sugarcane, adequate doses of K in the soil increase the 
rate of emergence and vigor of tillers, which leads to greater accumulation of plant dry matter. However, the drop 
in production from the maximum points may was caused because the plants have a limitation in the selectivity of 
membranes (Marschner, 1995), thus having an antagonistic effect on the absorption of similar nutrients (case of 
the exchangeable bases as potassium, calcium and magnesium) physically and chemically. In addition, the 
negative interactions between nutrients that can be observed due to an excessive concentration caused by an 
unbalanced supply by the soil (Havlin, Tisdale, Nelson, & Beaton, 2014). 

Thus, when there are high levels of K in the soil solution, competition can occur in the absorption of other 
cations such as calcium and magnesium (Rhodes, Miles, & Hughes, 2018), consequently affecting plant growth. 

The behaviors shown in Figure 2 can be explained by the fact that the RB92579 has as main characteristics 
excellent agricultural productivity, excellent tillering, good closing of the lines, allowing less competition with 
weeds. In addition, this genotype has better architecture for greater interception of solar radiation, good recovery 
after periods of drought; it is highly responsive to irrigation and very efficient in the water use (Daros, Oliveira, 
& Barbosa, 2015). 

The RB92579 genotype showed greater performance over the studied seasons. On the other hand, the low 
performance of RB867515, in the evaluated seasons, is an unexpected result due to its rapid growth rate; 
however, the growth of this genotype is negatively affected when cultivated in clay soils (Daros et al., 2015) as 
the soil of the present study. 

The genotypes RB988082 and RB987935 are new materials, recently launched on the market, so it was expected 
that they would be more productive and efficient in the use of inputs when compared to RB867515, despite the 
fact that this genotype is consolidated as highly productive throughout the country and in the world. 

The genotype RB987935 presented the highest mean values of TKC in all evaluated periods; nonetheless, the 
other genotypes showed different behaviors, and at 5 MAP, the genotypes RB92579 and RB867515 were shown 
to be intermediate, while RB988082 obtained the lowest values (Figure 3A). However, at 8 MAP the genotypes 
RB92579 and RB988082 reached medium levels, while RB867515 showed the lowest values (Figure 3B). Thus, 
the TKC of RB92579, RB867515 and RB988082 at 14 MAP did not differ (Figure 3C). Kist et al. (2015), who 
stated that the production of dry matter is not influenced only by the availability and use of nutrients, but by 
other factors, among them, the yield potential of cultivars, can explain the previous scenario. 
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For EUK and MSC from the last evaluation, medium correlations were found at dose 1 to 8 MAP. The TKC 
showed only a strong correlation in dose 3 at 8 MAP. Thus, the choice of a criterion in the methodology for the 
early identification of the most efficient genotypes in the use of K, is the result of the time in which it is 
performed and the dose of K used; which makes it difficult to standardize the process, obtaining it different EUK 
values as a function of the K doses applied to the soil (Figures 2C, 3C and 4C). This behavior can be explained 
by the fact that the efficiency of nutrient use is highly influenced by the amount of fertilizer applied and the soil 
fertility (Fixen et al., 2014).  

The average correlations found in dose 1 at 8 MAP are due to the fact that under low levels of the nutrient in the 
soil, the genotypes express their real efficiency potential for the use of K. This can be explained by “luxury 
consumption” by the plant that occurs when the K levels in the soil are well above the plant’s needs (Havlin et al., 
2014). 

Thus, according to Rochester and Constable (2015), the selection of genotypes with higher efficiency in the use 
of nutrients should occur when soil fertility is low. Wang, Shen, and Liao (2010), mention that those genotypes 
more efficient in the use of nutrients that manage to maintain adequate levels of productivity even with low 
concentrations of the nutrient in the tissues when there is a low availability of the nutrient in the soil are very 
promising.  

5. Conclusions 
It is feasible to use stem dry matter and efficiency in use of K as a biometric indexes in the selection of 
sugarcane genotypes efficient in the use of potassium (K) at 8 months of age in the sugarcane plant, when tested 
under low conditions availability of K in the soil, that is, without adding fertilizers to the soil. In addition, the 
viable age to be used for the selection of sugarcane genotypes aiming at the selection of potassium use efficient 
genotypes is at 8 (eight) months after planting. 
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