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In order to determine the efficiency and response regarding the use of 
phosphorus of soybean cultivars, experiments were conducted in the 2013/2014 
season, to evaluate 15 soybean genotypes under two phosphorus using a 
randomized complete block, with three replications. To simulate environments 
with low and high levels of phosphorus, doses of 40 and 120 kg.ha-1 of P2O5 were 
applied. Characteristics were evaluated for number of pods per plant, grain yield 
and using the methodology proposed by Fageria & Kluthcouski (1980), determined 
efficiency in the use of phosphorus. The environment high phosphorus positively 
affected the average grain yield in all genotypes, with an increase of 48.9% over 
the average grain yield in low-phosphorus environment. Cultivars JULIANA RR, 
M9056 RR, P99R01 and M9144 RR were classified as efficient and responsive as 
the use of phosphorus. 
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RESUMO - Com o objetivo de determinar a eficiência e resposta quanto ao uso de fósforo de cultivares de 
soja, foram conduzidos ensaios na safra 2013/2014, avaliando-se 15 genótipos de soja em duas condições de 
adubação fosfatada, utilizando um delineamento experimental em blocos casualizados, com três repetições. 
Para simular os ambientes com alto e baixo nível de fósforo, foram utilizadas, respectivamente, doses de 120 
e 40 kg ha-1 de P2O5. Foram avaliadas as características de número de vagens por planta, produção de grãos 
e, através da metodologia proposta por Fageria & Kluthcouski (1980), determinada a eficiência no uso do 
fósforo. O ambiente de alto fósforo afetou positivamente as médias de produtividade de grãos em todos os 
genótipos, com um acréscimo de 48,9% em relação as médias de produção de grãos em ambiente de baixo 
fósforo. As cultivares JULIANA RR, M9056 RR, P99R01 e M9144 RR foram classificadas como eficientes e 
responsivos quanto ao uso do fósforo. 
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INTRODUTION 

The Cerrado is the second biggest Brazilian 
biome, covering an area of 2.04 million ha, 
representing about 24% of the country. Since it 
presents geopolitical conditions favorable to the 
large-scale production, it comprises, nowadays, the 
main Brazilian agricultural region, responsible for 
42% of the gross national production (GNP) of 
agribusiness1. Among the 96 million tons of soy 
produced in the 2012/2013 crop, 67% are from the 
cultivation in Cerrado areas2. Prospects that global 
demand for the grain may reach 319 million tons in 
2020 (growth of 23% compared to 2012) assign to 
Cerrado the role of main agricultural barn, and the 
responsibility of offering food to population in the 
coming decades3. 

Due to climate characteristics, source 
material and high degree of weathering, the 
Cerrado soils, normally red-yellow colored and with 
good drainage, are intensely leached, with low 
natural fertility4. With particular chemical 
characteristics, they present conditions of high 
acidity, related to the presence of minerals low 
activity clay, and consequent adsorption of anions, 
mainly phosphorus. In these soils, the majority of 
phosphorus is in the form of non-labile P, being 
necessary to increase the fraction of phosphorus 
available for plants through the application of 
soluble mineral fertilizers5. 

Phosphorus, as one of the macronutrients 
for plant development, performs important role in 
production, transference and energy storage via 
ATP and NADPH, in all biologic processes. It is 
central component of metabolic processes, 
including photosynthesis and respiration; 
participates of activation and deactivation of 
enzymes, beyond its structural function in the 
conformation of nucleic acids and phospholipids6.  

The nutritional adjustment in soybean crops 
depends, beyond the technology level used, on the 
ability to uptake and use of phosphorus by plants, 
characteristic that is related to morphophysiologic 
parameters of genetic orientation specific of each 
cultivar, and expressed in function of 
environmental conditions in the cultivation area7. 
The utilization of efficient cultivars in phosphorus 
use is considered an important strategy to reduce 
the production cost of agricultural species. 

The literature proposes several specific 
methodologies for mineral stress, applicable to 
plant breeding in the selection of efficient 

genotypes regarding the use of the nutrients and 
efficient genotypes responsive to the nutrients 
application8-10. Fageria e Kluthcouski8 define the 
efficiency in the nutrient use as the average of the 
grain productivity in low level nutrient, being the 
response to its utilization obtained by the 
difference between grain productivity in both 
nutrient levels, divided by the difference between 
the doses. Recent studies prove the effectiveness 
of the methodology of Fageria e Kluthcouski8 in the 
determination of efficiency in phosphorus 
utilization in genotypes of rice, bean and corn11-13. 

The discrimination of soybean cultivars 
regarding the efficiency in use and response to the 
use of phosphorus fertilization, besides favoring 
the correct agricultural planning and the 
productive sustainability, generates subsidies to 
breeding programs focused on the achievement of 
superior cultivars in Cerrado areas, since they 
classify and select potential parents to form 
segregating populations. 

Thus, this study aimed to determine the 
efficiency and response regarding the phosphorus 
use of soybean cultivars in conditions of southern 
Cerrado of Tocantins, Brazil. 

MATERIAL AND METHODS 

The experiments of high and low phosphorus 
(P) levels were performed in the experimental 
station of Universidade Federal do Tocantins 
(Federal University of Tocantins), in municipality 
Gurupi – TO, located at 280m height, 11º44’48” S 
latitude and 49º03’12” W longitude, in the 
agricultural year of 2013/2014.  

For the study, 15 soybean cultivars were 
used (P98Y51; P98Y70; P99R01; P99R03; P98R91; 
JULIANA RR; STS 820 RR; M9056 RR; M9144 RR; 
M8766 RR; M8867 RR; M8527 RR; M9350; M8866 
and ENGOPA 314), all them recommended for 
cultivation in Tocantins State.  

The soil preparation was carried out in a 
conventional way. The correction of soil acidity, as 
well as sowing fertilization, was performed 
according to chemical and physical analysis of soil. 
At experimental unit were collected samples of soil 
in the 0-20cm depth layer, obtaining the following 
results: pH in H2O = 4.5; M.O (g.dm-3) = 2.2; P 
(Melich-1) = 1.1 mg.dm-3; Ca = 1.5 cmolc.dm-3; Mg = 
0.9 cmolc.dm-3; H+Al = 2.75 cmolc.dm-3; K = 0.31 
cmolc.dm-3; 66% of sand; 7.5% of silt and 26.5% of 
clay. 
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For simulation of environments of low and 
high levels of phosphorus, were used the doses 40 
and 120 kg ha-1 of P2O5 in the form of Triple 
Superphosphate (37% P2O5), applied in the sowing 
row. According to Neto5, these two contrasting 
doses of phosphorus allowed, in experiments 
under Cerrado soil, the discernment of soybean 
cultivars regarding the grain productivity. 

The experimental design was randomized 
blocks with three replications. The experimental 
plot was constituted by four rows of 5.0 m length, 
spaced by 0.45 m. In harvest, 0.50 m of the end of 
each central row were despised. The useful area of 
plot was represented by the two central rows that 
constitute 3.6 m². 

The sowing density was performed aiming to 
obtain 14 plants per linear meter. In plots that the 
number of plants was superior to the desired, it 
was realized thinning at 10 days after emergence. 
The plants were harvested a week after showing 
95% of mature pods.  

Based on the useful area of plot, the 
following agricultural characteristics of the cultivars 
were evaluated: number of pods per plant (NPP), 
determined by manual counting of pods contained 
in a plant, repeating the process in 10 random 
plants, with subsequent achievement of an average 
number for that characteristic; and grain 
productivity (PROD), obtained by weighing of 
threshed grains, in kg plot-1, corrected to 13% of 
humidity and subsequently the values were 
converted to kg ha-1. 

After data achievement, analyses of variance 
for each environment were performed. The 
averages were grouped by Scott & Knott test at 5% 
probability. All the statistical analyses were 
performed through the software in Genetics and 
Statistics – Genes14. 

The characterization of cultivars regarding 
the fertilization use elapsed through the 
methodology proposed by Fageria e Kluthcouski8, 
in which the efficiency in the nutrient use is 
defined by the grain productivity average in low 
fertilization level. The response to the utilization of 
the nutrient is obtained by the difference between 
grain productivity in both fertilization levels, 
divided by the difference between doses, using the 
following formula: RESP = (PRODa – PRODb)/DBD, in 
which PRODa refers to grain production in high 
fertilization level; PRODb refers to grain production 
in low fertilization level; DBD refers to the 
difference between doses of the fertilization used. 

According to Cancellier et al.12, the cultivars 
were dispersed in Cartesian plane for subsequent 
classification. On the x-axis is the efficiency in 
phosphorus use and on y-axis the answer to it 
utilization. The point of origin is the average 
efficiency and the cultivars average response. In 
the first quadrant are represented the efficient and 
responsive cultivars (ER); in the second, the not 
efficient and responsive (NER); in the third, the not 
efficient and not responsive (NENR) and in fourth, 
the efficient and not responsive (ENR). For 
graphical representation, it was used the computer 
application SigmaPlot. 

RESULTS AND DISCUSSION 

The coefficients of variation of variables 
number of pods per plant (16.87%) and grain 
productivity (7.34%) can be considered appropriate 
for assays of soybean cultivars under mineral stress 
conditions15. In this study, since joint analysis of 
experiments was performed, the environment of 
low phosphorus fertilization was the one that 
contributed more to raise the final value of these 
coefficients (Table 1). Significant difference can be 
verified between both environments in the 
characteristics assessed: in the high P environment 
plants shown, on average, 69 pods per plant 
against 44 pods per plant in the low P environment 
(increase of 56.8%). The grain productivity was also 
influenced positively with the elevation on 
phosphorus fertilization: in the high P environment 
plants shown average grain productivity of 2308.14 
kg.ha-1, while in low P the production did not 
overcome 1549.33 kg.ha-1 (increase of 48.9%). 
These results are superior to those reported by 
Brevilieri et al.16, who, with high P levels, observed 
increases of 7% on number of pods per plant and 
17.8% on soy grain productivity from fertilizations 
with 120 kg ha-1 of P2O5 in Cerrado soils. Neto et al.5 
also found significant effect in the productivity of 
soy genotypes in Cerrado soils in function of a raise 
on fertilization levels, with increase of 30.7% in 
grain productivity, with fertilization levels similar to 
the used in this study. 

In relation to the number of pods per plant 
(NPP), in high P environment, cultivars M8766 RR 
and P99R01 shown the highest averages with 100 
and 98 pods, respectively, do not differing 
significantly of the other six cultivars. However, in 
low P environment, stand out the cultivars JULIANA 
RR, M9144 RR and M8766 RR, with 69, 64 and 62 
pods, respectively.  
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Table 1. Number of pods per plant and soy grains productivity in Cerrado soils under different conditions of 
phosphorus fertilization, crop 2013/2014, Gurupi-TO.  

Note. Means followed by same lowercase letters in columns and uppercase in lines constitute statistically 
homogeneous group, by Scott and Knott test at 5% probability. High P: 120 kg ha-¹ of P2O5; Low P: 40 kg ha-¹ of P2O5.  

 

Being pods strong drains of phosphorus in 
soy plants: more than 50% of aerial part 
phosphorus are translocated for formation and 
filling of pods, Rosolem e Tavares17, studying 
symptoms of phosphorus (P) deficiency in soy, 
verified that the nutritional stress harmed the 
formation of pods and that the soybean plants 
were sensitive to the phosphorus deficiency, with 
an increase on the percentage of pods abscission 
when the deficiency presented itself in post-
flowering stage.  

In relation to grain productivity (PROD) in 
high P, the cultivars P98Y70, P99R01, P98R91, 
JULIANA RR, M 9156 RR and M9144 RR stood out, 
composing a statistically group of the highest 
averages. In low P environment the cultivars 
P99R01, P99R03, P98R91, M9056 RR, M9144 RR, 
M8866 and ENGOPA 314 remained grouped in 
same statistically group, with the highest averages. 

It is also observed that, regardless of the 
environment, the cultivars that shown the highest 
averages of PROD were not necessarily the ones 
with the highest averages of NPP. According to 
Peixoto et al.18, this characteristic is not sufficient 

to guarantee that the productivity potential will be 
reached, since it depends on the capacity of plant 
to fill the pods with grains. Rosolem e Tavares17, in 
soybean experiment in different conditions of 
phosphorus fertilization, verified that in deficient 
plants, the higher the demand for the nutrient to 
pod formation, the higher the percentage of grains 
with deficient maturation, while in plants with 
lower NPP the few pods formed were better 
nourished, with higher grain weight.  

The cultivars M8766 RR and M8867 RR were 
classified as not efficient in phosphorus use and 
not responsive to its utilization – NENR, by 
presenting grain productivity lower than the overall 
average of genotypes in environments of low and 
high P, expressed, thus, in the first quadrant of 
Figure 1. Cultivars classified this way are not 
recommended to be sown in agricultural properties 
of Cerrado areas, regardless of the fertilization 
level used, since, in low levels of phosphorus 
fertilization, they are not very productive, with 
small productivity increases when cultivated under 
high investment in fertilizers. 

 

Cultivars 
NPP PROD (kg ha-1) 

High P Low P Mean High P Low P Mean 

P98Y51 73 a A 27 b B 50 b 2446.67 a A 1416.30 b B 1931.48 a 

P98Y70 58 b A 34 b A 46 b 2240.74 b A 1472.22 b B 1856.48 b 

P99R01 98 a A 56 b B 77 a 2513.33 a A 1725.19 a B 2119.26 a 

P99R03 59 b A 43 b A 51 b 2126.67 b A 1645.81 a B 1884.26 a 

P98R91 74 a A 47 b B 61 a 2455.93 a A 1745.19 a B 2100.56 a 

JULIANA RR 80 a A 69 a A 75 a 2305.68 a A 1546.67 b B 1926.18 a 

STS 820 RR 68 a A 32 b B 50 b 2168.15 b A 1564.44 b B 1866.30 b 

M9056 RR 39 b A 37 b A 38 b 2394.56 a A 1606.30 a B 2000.43 a 

M9144 RR 88 a A 62 a A 75 a 2882.22 a A 1655.19 a B 2268.71 a 

M8766 RR 100 a A 64 a B 82 a 2216.30 b A 1506.30 b B 1861.30 b 

M8867 RR 52 b A 30 b A 44 b 2068.89 b A 1331.11 b B 1700.00 b 

M8527 RR 51 b A 24 b A 37 b 2373.33 b A 1366.67 b B 1870.00 b 

M9350 50 b A 36 b A 43 b 2281.48 b A 1469.63 b B 1875.56 b 

M8866 82 a A 49 b B 65 a 2066.67 b A 1601.48 a B 1834.07 b 

ENGOPA 314 62 b A 48 b A 55 a 2081.48 b A 1587.41 a B 1834.44 b 

Mean 69 A 44 B  2308.14 A 1549.33 B   

CV (%) 15.43 18.52 16.87 6.22 8.25 7.34 



COLOMBO et al. (2016) 

J. Bioen. Food Sci., v.3, n.1: p.42-49, 2016       46 

Figure 1. Efficiency in use of phosphorus and response to its utilization in soybean cultivars, 
by methodology of Fageria & Kluthcouski (1980), crop 2013/2014, Gurupi-TO. 

 
Font: Authors 

 

The cultivars STS 820 RR, ENGOPA 314, 
M8866, P99R03 and P98R91 were classified as 
efficient in phosphorus use and not responsive to 
its utilization – ENR, which produced above 
average in low phosphorus environment (1549.33 
kg.ha-1). However, when cultivated in high level of 
phosphorus environment, they had values of 
response rates smaller than the overall average 
(9.4), expressed, thus, in the second quadrant of 
Figure 1. Cultivars classified this way are 
recommended for cultivation in properties that 
adopt low technology, as a strategy for a 
satisfactory grain production in unfavorable 
environments, with small financial outlay in the 
supplementation of the phosphorus levels of soil. 

According to Calderón19, efficient plants in 
phosphorus use have genes that confer adaptive 
mechanisms to contour low availability of nutrients 
in the environment, among them modifications in 
architecture and growth of the root, increase in 
phosphatase production and change in the activity 
of several enzymes in glycolytic route. 
Nevertheless, in presence of appropriate 
nutritional levels, these genes may not express 

themselves, resulting in a lower plant response to 
the environmental improvement. 

Phosphorus is an element of low mobility in 
soil, so its absorption by plants is directly related to 
the root system of genotypes. As reported by 
Procópio et al.20, differences between plants in 
relation to efficiency in the use of the nutrient can 
be assigned to the fact that the absorption of the 
phosphorus present in the soil solution occurs via 
root interception, so that plants of bigger root 
system present advantages in its capture.  

The cultivars M8527 RR, P98Y51, M9350 and 
P98Y70 were classified as not efficient in 
phosphorus use and responsive to its utilization – 
NER, because they produced below average of the 
genotypes in low P environment, with production 
of 1366.67; 1416.30; 1465.63 and 1472.22 kg ha-1, 
respectively. However, when cultivated in high P 
environment, they presented response rates above 
average of the others genotypes and, thus, are 
expressed in the third quadrant of Figure 1. 
Cultivars classified this way are recommended for 
sowing in high technology, because they answer to 
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the environment improvement by the increase in 
the phosphorus fertilization. 

The cultivars JULIANA RR, M9156 RR, P99R01 
and M9144 RR were classified as efficient in 
phosphorus use and responsive to its utilization – 
ER, by presenting grain productivity superior to 
overall average of genotypes in low and high P 
environments, expressed, thus, in the fourth 
quadrant of Figure 1. For each kilogram of 
phosphorus added, the cultivars increased in 9.48; 
9.86; 9.85; and 15.34 kg ha-1, respectively, the grain 
production. Cultivars classified this way are 
recommended for cultivation in different levels of 
phosphorus fertilization, showing themselves 
productive in environments of lower fertility, 
besides answering to the investment in phosphorus 
fertilization. 

The dynamics of phosphorus in soil-plant 
interaction, of close relation with the 
edaphoclimatic conditions, is also correlated to 
arbuscular mycorrhizal fungi, naturally present in 
Cerrado soils and affected by management and 
fertility of them21. These fungi have essential role in 
ecosystems, benefiting plants by the increase of 
nutrients absorption22. The interaction between 
fungus and plant varies according to the genotype, 
since they have affinity for root systems with 
characteristics that favor mycorrhizal symbiosis, 
like higher exudation of lipids, carbohydrates and 
carbon compounds23. The effect of P on the 
efficiency of mycorrhizal fungi in dry matter and 
grains production has been verified by many 
authors, in several situations24,25. These studies 
shown that low doses of P increase mycorrhization 
and efficiency of mycorrhizal fungi in promoting 
dry matter increase; however, high doses of this 
nutrient affect negatively the mycorrhization. The 
efficient cultivars in phosphorus use can be related 
to higher levels of mycorrizal interaction and 
consequent increase in nutrient absorption.  

It is important highlight that cultivars 
JULIANA RR, M9056 RR, P99R01 and M9144 RR, 
classified as efficient to phosphorus use and 
responsive to its utilization, are from different 
groups of physiological maturity. According to 
Peluzio et al.26 and Santos et al.27, in evaluations of 
soybean genotypes in southern Tocantins state, the 
cultivars M9144 RR and M9056 RR are classified as 
late maturation cycle, while the cultivars P99R01 
and JULIANA RR present average maturation cycle. 
Thus, excludes itself the tendency of only late cycle 
genotype be superior in unfavorable environmental 
conditions, by its ability to develop, throughout the 
vegetative stage, mechanisms of tolerance to 
stress28. 

CONCLUSIONS 

The cultivars JULIANA RR, M9056 RR, P99R01 
and M9144 RR are efficient in phosphorus use and 
responsive to its utilization, and thus 
recommended for cultivation in Cerrado soils of 
Tocantins, regardless of the condition of 
phosphorus fertilization.  

The cultivars STS 820 RR, ENGOPA 314, 
M8866, P99R03 and P98R91 are not efficient in 
phosphorus use and not responsive to its 
utilization. 
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