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Abstract 
 
The objective of this work was to verify the nutritional efficiency to phosphorus (P) as well as the responses of the use of P for three 
potato clones in soil and soilless cultivation (semi hydroponic). For this purpose, the Asterix, SMIC 148-A and SMINIA 793101-3 
clones were evaluated under high and low P levels in soil growing (70 and 560kg P2O5 ha-1) and in soilless cultivation using sand as 
substrate (2.32 and 23.2mg P L-1 of nutritive solution). Rooting efficiency, absorption, translocation and use of P, fresh tuber mass, 
total dry mass and harvest index were evaluated in the clones. Each clone responds differently to the growing systems used in 
terms of nutritional efficiency for P. In both growing systems, the Asterix, SMIC 148-A and SMINIA 793101-3 clones did not show 
any increase in the absorption efficiency and in the efficiency of using P to compensate for the low level of P, which may have 
caused the reduction in total dry mass under low P. The restriction of P causes a reduction in tuber fresh mass for the Asterix and 
SMINIA 793101-3 clones in the two growing systems tested and for the SMIC 148-A clone only in soilless cultivation. Asterix is the 
clone with the highest harvest index under low P in the field, even without differing from the others in soilless cultivation.  
 
Introduction 
 
The sustainability of the potato production system (Solanum 
tuberosum L.) requires a reduction in the use of inputs, 
especially mineral fertilizers whose sources are not 
renewable, such as phosphates. Therefore, it is necessary to 
improve the management of the use of fertilizers and select 
genotypes that have high yield and quality, even under 
nutrient limiting conditions. 
With the improvement of the nutritional efficiency of 
cultivated plants, productivity is increased and the use of 
fertilizers is reduced, with a consequent reduction in costs 
(Gondim et al., 2010). Nutritional efficiency is dependent on 
two main factors: the acquisition and use of P. The first is 
influenced by kinetic (absorption) and morphological 
(rooting) parameters, while the second depends on 
translocation and conversion to biomass (use) (Fox, 1978; 
Moura et al., 2001). Thus, the nutritional efficiency of P is 
related to the higher production of biomass associated with 
lower consumption of P, under conditions of adequate or 
limited supply. 
The difference between clones in terms of nutritional 
efficiency to P is explained by different morphological, 
physiological, biochemical and molecular mechanisms 
(Gaxiola et al., 2011; Plaxton and Tran, 2011). The existence 
of this variability is what allows us to select those clones that 
show rapid growth and low demand for phosphate fertilizers 
in the field (Fernandes et al., 2017; Sorato and Fernandes, 
2016; Sorato et al., 2015) and soilless cultivation (Sausen et 

al., 2020a; Sausen et al., 2020b; Sausen et al., 2020c; Martins 
et al., 2018).  
In order to facilitate the selection process of the most 
efficient potato clones to P, in addition to assisting in the 
production of quality seed potatoes, soilless cultivation have 
been used, which allow better control of nutrient 
concentrations (Sausen et al., 2020d; Bisognin et al., 2015). 
Thus, the objective of this work was to verify the nutritional 
efficiency of P as well as the responses of the use of P for 
three potato clones in soil and in soilless cultivation. 
 
Results and discussion 
 
In response to a condition of P restriction, the plants 
promote some changes in the morphology and architecture 
of the root system seeking to increase the surface of P 
acquisition (Gaxiola et al., 2011). The potato plant has the 
characteristic of having a small root system and in the 
present study carried out in soil, it was found that the root 
system little developed to contribute to the acquisition of P 
in the condition of nutrient limitation, since it invested little 
in the production of roots dry mass when low in P (Table 1). 
Compared with the growth of the plant shoot, root growth is 
less affected under P deficiency, a fact that leads to a 
decrease in the shoot / root ratio (Smith et al., 1990). Thus, 
it is evident that this adaptive mechanism to circumvent the 
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low availability of P was not expressed in the potato, or 
occurred for a short time. 
Contrary to what was observed for potato clones in the soil, 
in the soilless cultivation, rooting efficiency (RE) was 
different between the P levels for the three potato clones, 
being higher at the low P level (Table 1). In low 
concentrations of P, plants direct the photoassimilates to 
the growth of the roots to the detriment of the shoot, a fact 
that increases the exploration of a larger volume of 
substrate (Niu et al., 2012). That is, at the time the plants 
were evaluated, the potato clones showed superior growth 
and development of the root system in response to the low 
P condition. This may have occurred as a result of the 
increase in the growth rate in root extension, increase in the 
formation of lateral roots or root hairs (Abel et al., 2002), 
promoting greater acquisition of P from the nutrient 
solution. This relationship between root parameters and 
nutritional efficiency to P has also been suggested in studies 
comparing genotypes of beans (Liao et al., 2001) and wheat 
(Silva et al., 2015) under low level of P in the soil, where 
plants with low efficiency of P absorption (PAE) showed 
greater volume and length of roots than plants with high 
PAE. 
An improvement in the nutritional efficiency of P can be 
obtained through the selection of potato clones with a 
greater capacity to absorb P from the soil in a nutrient 
limiting condition (Balemi, 2011). In the early stages of plant 
growth and development, the absorption of P by the roots is 
the largest source of P for the plant. Thus, clones with a 
superior capacity to absorb P from the substrate ensure the 
proper formation of their tissues and organs (Pinto et al., 
2011). However, for the three clones, in both growings, 
there was no increase in PAE to compensate for the low 
level of P (Table 1). On the contrary, in soil growing, the 
Asterix clone showed a 12% reduction in PAE in the low level 
of P and in soilless cultivation the PAE was also lower in the 
low level of P for the Asterix and SMINIA 793101-3 clones, in 
92 and 87%, respectively (Table 1). Both experiments were 
evaluated in the tuberization phase, where there is a change 
in the source of P supply to the plant, which can be 
intensified with the restriction of P, so that the main source 
of P for growth may have become the P remobilized from 
other tissues and no longer the P absorbed from the soil 
(Plaxton and Tran, 2011). 
Another factor that can influence the nutritional efficiency of 
P is the transport of P from the absorption site in the root to 
another point, inside or outside the root. In soil growing, the 
translocation of P from the roots to the shoot was not a 
limiting mechanism to the metabolic process of P 
assimilation, since the clones transported 30% more P to the 
shoot when subjected to the low level of P in the soil (Table 
1). However, in soilless cultivation, the Asterix clone did not 
differ in P translocation efficiency (PTE) between P levels, 
but SMIC 148-A and SMINIA 793101-3 clones showed higher 
PTE at high P level, 41 and 49% respectively. Generally, 
plants deficient in P retain more P in the roots and 
translocate it less to the shoot to maintain the growth of the 
root system, as a priority, and to increase the acquisition of 
P to reestablish the metabolism. 
The internal capacity of the plant to use P also interferes 
with nutritional efficiency. According to Balemi and Schenk 
(2009) the difference in the nutritional efficiency of P 
between potato clones is a result of the P use efficiency 
(PUE) and not of PAE. In this work, the PUE in soil growing 
for clones Asterix and SMIC 148-A increased 46 and 94% and 

in soilless cultivation the clone SMINIA 793101-3 showed an 
increase of 52% when grown at the high level of P (Table 1). 
These results contradict a large number of studies that show 
that the more P available to plants, the lower the PUE 
(Gondim et al., 2010; Moura et al., 2001). These 
discrepancies are probably related to the clones and the 
experimental conditions used. 
Regarding the production of biomass of commercial interest, 
in both crops, the three clones showed higher production of 
tuber fresh mass (TFM) under high level of P, despite the 
SMIC 148-A having no difference between the levels of P in 
the soil growing. This increase was 193 and 71% for the 
Asterix and SMINIA 793101-3 clones, respectively, in soil 
growing and 108, 96 and 287% for the Asterix, SMIC 148-A 
and SMINIA 793101-3 clones, respectively. (Table 1). These 
results help to confirm the effects that P promotes on 
tubers, already mentioned by Prezotti et al. (1986), 
stimulating the formation of large tubers, speeding up 
maturation and reducing the crop cycle. Due to the large 
participation of tubers in the total dry mass (DM Total), this 
variable showed the same response as DM Total for the 
three clones in the two growing systems, with lower 
production of DM Total in the low level of P, except for the 
SMINA 793101-3 clone, that showed no difference between 
P levels in soil growing (Table 1). It was observed, in soil 
growing, under low P level a reduction of 37 and 26% in DM 
Total, respectively for the Asterix and SMIC 148-A clones, 
whereas in soilless cultivation, in low P level, the reduction 
in DM Total of the Asterix, SMIC 148-A and SMINIA 793101-3 
clones was 57, 42, and 73%, respectively (Table 1). Balemi 
(2009), in a study evaluating the nutritional efficiency of P 
among contrasting potato clones regarding the efficiency of 
P, also observed that the restriction of P affected the DM 
Total of inefficient P clones more severely, where the 
reduction in the low level of P reached 75% of the DM Total, 
while for efficient P clones this reduction was close to 30%. 
Thus, in the present study, the SMIC 148-A clone, for 
presenting a reduction in DM Total less than 30%, was 
classified as efficient for P in soil growing. The SMINIA 
793101-3 clone, on the other hand, is inefficient for P in 
soilless cultivation, due to a reduction in DM Total close to 
75%. 
As for the HI, which refers to the fraction of the tubers in 
relation to the total biomass of the plant, in soil growing the 
restriction of P caused a reduction in the HI by 16%, and 
among the clones Asterix had the highest HI (40% ), followed 
by SMINA 793101-3 (33%) and SMIC 148-A (23%) (Table 1). 
In the soilless cultivation, the P restriction caused a 7% 
reduction in the HI for the Asterix clone, an increase of 8% 
for the SMIC 148-A clone and did not affect the HI of the 
SMINIA 793101-3 clone (Table 1). At the high level of P, the 
highest HI was observed for the Asterix clone (77%), 
however, at the low level it was not possible to differentiate 
the clones, as was the case for all other variables analyzed in 
this study in soilless cultivation, making it possible to assume 
that in this system, the restriction of P is limiting the yield of 
the crop. 
The HI values found in this study ranged from 22 to 44% 
(Table 1) for clones grown in soil, close to the HIs found by 
Bisognin and Dellai (2015) for the cultivars Macaca and 
Asterix, which ranged from 0.2 to 0, 6 depending on the 
growing season, but very low for a potato growing in soil, 
where it is expected to find HI greater than 0.6 as those 
already reported by Belanger et al. (2001) and Mazurczyk et 
al.  (2009).   The   soilless   cultivation,   on   the  other  hand,  
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Table 1. Rooting, absorption, translocation and utilization efficiency of P, fresh tuber mass, total dry mass of the plant and harvest 
index of potato clones grown in soil evaluated at 73 DAP and grown out of soil with sand as substrate evaluated at 62 DAT. Santa 
Maria, RS, 2017. 

Level of P 

Soil growing 

Average 

Off-soil growing 

Average 

Asterix SMIC 148-A 
SMINIA 
793101-3 Asterix 

SMIC 
148-A 

SMINIA 
793101-3 

Rooting efficiency at P (RE) (g2 msr mg-1P in the shoot) 
High 0.24 0.18 0.29 0.2 A 0.00 Bb 0.01 Ba 0.00 Bb 0.00 
Low 0.13 0.12 0.17 0.1 B 0.02 Aa 0.02 Aa 0.02 Aa 0.02 
Average 0.18 b 0.15 b 0.23 a   0.01 0.01 0.01   
CV (%) 13.90   27.34   

P absorption efficiency (PAE) (mg g-1) 
High 56.43 Aa 35.66 Ab 45.06 Aab 45.7 628.80 Aa 129.90 Ac 479.76 Ab 412.8 
Low 49.46 Ba 41.51 Ab 46.19 Ac 45.7 49.34 Ba 52.63 Aa 64.27 Ba 55.4 
Average 52.94 38.58 45.63   339.07 91.27 272.01   
CV (%) 9.21   24.75   

P translocation efficiency (PTE) 
High 50.98 66.21 47.89 55.0 B 30.87 Aa 38.34 Aa 41.08 Aa 36.8 
Low 69.27 77.57 67.30 71.4 A 31.50 Aa 27.19 Ba 27.49 Ba 28.7 
Average 60.13 b 71.89 a 57.60 b   31.19 32.76 34.28   
CV (%) 7.88   17.62   

P use efficiency (PUE) (g2 mg-1) 
High 31.85 Aa 16.89 Ac 25.16 Ab 24.6 5.34 Ab 4.07 Ab 8.03 Aa 5.8 
Low 21.76 Ba 8.71 Bb 22.68 Aa 17.7 5.52 Aa 5.79 Aa 5.29 Ba 5.5 
Average 26.81 12.80 23.92   5.43 4.93 6.66   
CV (%) 10.68   22.19   

Tuber fresh mass (TFM) (g pl-1) 
High 300.2 Aa 77.30 Ac 199.33 Ab 192.3 77.51 Ab 62.84 Ab 122.31 Aa 87.5 
Low 101.3 Bab 37.15 Ab 116.56 Ba 85.0 37.21 Ba 32.02 Ba 31.57 Ba 33.6 
Average 200.8 57.23 157.95   57.36 47.43 76.94   
CV (%) 29.55   23,96   

Total dry mass (DM Total) (g pl-1) 
High 108.93 Aa 50.19 Ac 82.66 Ab 80.6 19.78 Ab 15.83 Ab 34.70 Aa 23.4 
Low 68.48 Ba 37.15 Bb 74.50 Aa 60.0 8.55 Ba 9.18 Ba 9.22 Ba 9.0 
Average 88.70 43.67 78.58   14.17 12.51 21.96   
CV (%) 10.82   22.19   

Harvest index (HI) (%) 
High 44.26 23.22 36.83 34.8 A 76.70 Aa 68.80 Bb 70.20 Ab 0.7 
Low 35.92 22.75 28.65 29.1 B 71.00 Ba 74.60 Aa 71.00 Aa 0.7 
Average 40.09 a 22.99 c 32.74 b   73.85 71.70 70.60   
CV (%) 16.94   4.85   

aValues followed by equal capital letters in the columns and lower-case letters in the rows in each growing, do not differ significantly by P≤0.05 by the Tukey test. 

 
showed HI that exceeded expectations, greater than 69% 
(Table 1) for all clones, showing that in addition to the 
genetic characteristics of the clones, the conditions of the 
growing system can also provide a change in the HI for 
potato clones. 
 
Materials and methods 
 
Plant materials, treatments and conduction of study 
 
The experiment in soil (field) was installed in the spring of 
2013 (from 09/05 to 12/19) in an experimental area of the 
Federal University of Santa Maria, Santa Maria - RS 
(29º43'38''S, 53º43'21 '' W and altitude of 95m), in soil of 
the type Umbric Alkyd Bruno-Gray Argisol (Ultisol) 
(Embrapa, 2013). The area had been prepared for planting in 
2008 (liming and fertilization) but had not been cultivated 
for five years and had a very low P content (1.5mg dm-3), pH 
in water 6.1, CECpH7.0 10.4, OM 5.4% and K 55mg dm-3 at a 
depth of 0-0.20 cm. The soil preparation was carried out in a 
conventional manner. The seed tubers were sown at a 
spacing of 0.8m between rows and 0.35m between tubers. 
The sowing fertilization was carried out in the planting 
furrow based on the results of the chemical analysis of the 0-
0.20 cm layer. Phosphorus was added in the form of triple 

superphosphate (0-42-0), nitrogen in the form of urea and 
potassium in the form of potassium chloride. The other crop 
treatments and crop management were carried out 
according to the technical recommendations for the growing 
of potatoes (Bisognin, 1996). 
For the experiment in the soilless cultivation (closed semi 
hydroponic system), the same potato clones, previously 
micropropagated in MS growing medium (Murashige and 
Skoog, 1962), kept in a growth room for 14 days were used, 
and then the plants were removed from the MS medium, 
had their roots washed in tap water and acclimatized for 
another 14 days in a soilless cultivation with sand as a 
substrate (Bandinelli et al., 2013), kept under shade (60% of 
light extinction) during the first five days. In this system 
composed of trays, the sand used was previously washed 
once with sodium hypochlorite and three times with tap 
water. During the day, three irrigations were carried out 
with a nutritive solution, each lasting 15 minutes, with the 
aid of a digital programmer and a low-flow pump so that the 
entire substrate was saturated with solution. The excess 
solution was drained through a hole located at the base of 
the tray. After that period, the plants were transplanted to a 
sand cultivation system similar to the one used for 
acclimatization, where twelve plants remained in each tray 
in a 10 by 10 cm spacing. Phosphorus treatments consisted 
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of 5 and 50% of the standard concentration of P in the 
nutrient solution described by Bisognin et al. (2015) for 
soilless potato cultivation, called low (2.32mg P L-1) and high 
(23.2mg P L-1) P levels in this work. To maintain the 
potassium content of the standard solution, KCl was used. 
The electrical conductivity (EC) was maintained at 2dS m-1 ± 
0.2 (water was used to reduce the EC when necessary) and 
the pH at 5.7 adjusted every two days by adding HCl.  
 
Experimental design 
 
The experimental design used in the soil experiment was 
completely randomized, with four replications, where each 
level of P represented an environment and within each 
environment, treatments (clones) were randomized. The 
experimental unit consisted of 2 rows of 5 m in length, with 
0.7 m being discarded at the end of each row, in addition 
two lines of boundary surrounded the whole experiment. 
Potato clones SMIC 148-A and SMINIA 793101-3 and the 
cultivar Asterix (referred to as a clone for simplification 
purposes) and two levels of P, called in this work low and 
high levels of P (70 and 560kg P2O5 ha-1). The soilless 
experiment was conducted in a greenhouse, in a randomized 
block design, using four replications. The experimental unit 
consisted of three plants. 
 
Characters measured 
 
At 73 days after planting (DAP) for the experiment in soil and 
at 62 days after transplanting (DAT) for the soilless 
experiment, the plants were washed with tap water and 
divided into shoots, tubers and roots. The tuber fresh mass 
(TFM) was evaluated (in grams) and after drying the material 
for 15 days in an oven at 65 °C, the shoots (SDM), tubers 
(TDM) and roots (RDM) dry mass were also evaluated, and 
then the samples were macerated manually. The analysis of 
the total phosphorus concentration in the tissues was 
performed according to Tedesco et al. (1995), with the 
digestion of 0.2 g of tissue with 0.7 g of digestion mixture 
(100 g of Na2SO4, 10 g of CuSO4.5H2O and 1 g of selenium) in 
sulfuric acid (H2SO4) with hydrogen peroxide (H2O2) 
remaining in digestion block for one hour at 350 ºC. The 
determination of P in plant tissue extracts was performed by 
colorimetry, according to Murphy and Riley (1962). The 
accumulation of P in the tissues was obtained by the product 
between the concentration of P and the dry mass of each 
organ of the plant. Once these data were obtained, the 
following efficiency indexes were estimated: i) rooting 
efficiency (RE): (root dry mass)2 / P accumulation in the 
shoot, according to Siddiqi and Glass (1981); ii) P absorption 
efficiency (PAE): P accumulation in the plant / dry root mass, 
according to Swiader et al. (1994); iii) P translocation 
efficiency (PTE): accumulation of P in the shoot / 
accumulation of total P, according to LI et al. (1991); iv) P 
use efficiency (PUE): (total dry mass of the plant) 2 / P 
accumulation in the entire plant, according to Siddiqi and 
Glass (1981); v) harvest index (HI): {[(tubers dry mass) / 
(total dry mass of the plant)] * 100}, according to Nautyal et 
al. (2002). 
 
Statistical analysis 
 
For the joint analysis of the data from the soil experiment, 
the statistical software Genes (Cruz, 2006) was used and for 
the statistical analysis of the data from the soilless 

experiment, the Sisvar 5.3 software (Ferreira, 2011). Analysis 
of variance and comparison of means were performed using 
the Tukey test at 5% probability. 
 
Conclusion 
 
Each clone responds in a different way to the growing 
systems used in terms of nutritional efficiency to P. In soil 
and soilless cultivation, the Asterix, SMIC 148-A and SMINIA 
793101-3 clones do not show an increase in absorption 
efficiency and in the P use efficiency to compensate for the 
low level of P which may have caused the reduction in total 
dry mass under low P. But the restriction of P causes a 
reduction in the tuber fresh mass for the Asterix and SMINIA 
793101-3 clones in the two growing systems tested and for 
the SMIC 148-A clone only in soilless cultivation.  Asterix is 
the clone with the highest harvest index under low P in the 
field, even without differing from the others in soilless 
cultivation. The closed soilless cultivation with the use of 
sand as a substrate overestimates the responses of potato 
clones in relation to the availability of P and can compromise 
the selection of genotypes in relation to their real 
performance in the field. 
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