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Potato yield and phosphorus
nutrition using humic
substances in two soil textures

Abstract — The objective of this work was to evaluate the effect of humic
substances (HS) and phosphorus fertilizer on the growth, P uptake, tuber
yield, fertilizer P recovery (FPR), and applied P-use efficiency (APUE) of
potato (Solanum tuberosum) cultivated in a sandy and in a clayey soils. In
both soils, the experiment was carried out in a randomized complete block
design, in a 4x3 factorial arrangement, with four replicates. The treatments
consisted of four P rates (0, 100, 200, and 400 kg ha' P,0;) and of three HS
rates (0, 50, and 300 L ha''). Phosphate fertilization increased the P uptake and
tuber yield of potato in both soils. Soil characteristics conditioned the effect
of the addition of HS. In the sandy soil, with a lower content of organic matter
(OM) than the clayey soil, the addition of HS increases the P uptake and FPR,
besides providing a greater tuber yield and APUE, especially under the P
absence or with the application of a reduced P rate. In the clayey soil, HS does
not affect the response of potato to P fertilization.

Index terms: Solanum tuberosum, humic acid, mineral nutrition, soil organic
matter, soil texture.

Produtividade e nutricao fosfatada da
batateira com uso de substancias humicas
em dois tipos de texturas de solos

Resumo — O objetivo deste trabalho foi avaliar o efeito de substancias
humicas (SH) e adubo fosfatado sobre o crescimento, a absor¢do de fosforo
(P), a produtividade de tubérculos, a recuperagdo do P do fertilizante (RPF)
e a eficiéncia de uso do P aplicado (EUPA) de batateira (Solanum tuberosum)
cultivada em um solo arenoso ¢ em um argiloso. Em ambos os solos, o
experimento foi realizado em delineamento de blocos ao acaso, em arranjo
fatorial 4x3, com quatro repeti¢cdes. Os tratamentos consistiram de quatro
doses de P (0, 100, 200 e 400 kg ha' de P,Os) e de trés de SH (0, 50 ¢ 300 L
ha'). A adubac¢do fosfatada aumentou a absor¢do de P e a produtividade de
tubérculos da cultura da batateira em ambos os solos. As caracteristicas do
solo condicionaram o efeito da aplicagdo de SH. No solo arenoso, com menor
contetido de matéria organica do que no solo argiloso, a aplicacdo de SH
aumenta a absorcao de P e a RPF, bem como proporciona maior produtividade
de tubérculos e maior EUPA, especialmente na auséncia de P ou em aplicagao
com dose reduzida de P. No solo argiloso, a aplicagdo de SH ndo afeta a

phosphorus nutrition using humic substances
in two soil textures. Pesquisa Agropecuaria
Brasileira, v.55, €01703, 2020. DOI: https://doi.
org/10.1590/S1678-3921.pab2020.v55.01703.

resposta da cultura da batata a adubagao fosfatada.

Termos para indexacido: Solanum tuberosum, éacido humico, nutri¢do
mineral, matéria organica do solo, textura do solo.
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Introduction

Potato (Solanum tuberosum L.) cultivation is
highly demanding for nutrients available in the soil
because of its short cycle, high growth rate, and high
yield per unit of area (Fernandes et al., 2011; Fleisher
et al., 2013; Fernandes & Soratto, 2016a). Phosphorus
(P) ranks first among the macronutrients whose
deficiencies are most limiting for potato yield in
tropical soils (Luz et al., 2013; Fernandes & Soratto,
2016a, 2016b). This occurs because the recovery
of fertilizer P by plants is usually very low due to
the high capacity of soils to adsorb/bond P to soil
constituents, especially in acid clayey soils (Falcdo &
Silva, 2004; Novais et al., 2007).

Potato plant takes up approximately 0.6 kg P
from the soil for each tonne of tubers produced, and
about 78% P is removed by the tubers (Fernandes
et al., 2011). In soils with low P availability, potato
shows reduced stem length, leaf size and number,
and leaf area, compromising the plant dry matter
(DM) production (Fleisher et al., 2013; Fernandes
& Soratto, 2016b). The number, size, and yield of
tubers are also significantly reduced (Fleisher et al.,
2013; Luz et al., 2013; Fernandes & Soratto, 2016a,
2016b). Therefore, high rates of P fertilizer have been
applied in potato cultivation, and the use efficiency of
applied P is usually low (Luz et al., 2013; Fernandes
& Soratto, 2016a).

In order to improve the efficiency of P fertilizer,
it is possible to use fertilizers containing humic
substances (HS), or apply them directly to the soil
(Seyedbagheri, 2010). HS are, in general, sources of
humic and fulvic acids that reduce the P adsorption
in soil colloids, increasing their availability and,
consequently, their uptake by crops (Selim et al.,
2009; Seyedbagheri, 2010). In addition, HS can
improve the moisture retention in sandy soils (Selim
et al., 2009). In plants, HS has an effect similar to
that of auxin hormone, with improvements of the root
system development (Canellas et al., 2002; Zandonadi
et al., 2007) and activation of proton pump ATPases
present in the cell membrane (Canellas et al., 2002;
Mora et al., 2010), which results in an increased
nutrient uptake (Eyheraguibel et al., 2008; Baldotto
et al.,, 2009) and plant biomass production (Abu-
Zinada & Sekh-Eleid, 2015). Specifically for potato
cultivation, the use of HS associated, or not, with
mineral fertilizer has resulted in increased vegetative
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growth, plant height, leaf area, and DM production
(Abu-Zinada & Sekh-Eleid, 2015), increased water-
use efficiency, and specific gravity and starch
content in tubers (Alenazi et al., 2016), and promoted
the increase of potato tuber yield (Sanli et al., 2013;
Alenazi et al., 2016).

The agricultural use of HS-based products has
been growing. However, the effect of applying HS
to soil has limitations, especially for the rate to be
applied (Sanli et al., 2013; Abu-Zinada & Sekh-Eleid,
2015), as well as for the amount of organic matter
(OM) (Hartz & Bottoms, 2010; Summerhays et
al., 2015) and soil texture (Selim et al., 2009) to be
used; nevertheless, the results are still contradictory
(Seyedbagheri, 2010).

It is possible that the addition of HS to the soil
increases the efficiency of phosphate fertilization,
with higher P uptake by plants and a yield increase of
potato tubers, depending on the soil texture.

The objective of this work was to evaluate the effect
of HS and P fertilizer on the growth, P uptake, tuber
yield, fertilizer P recovery (FPR), and applied P-use
efficiency (APUE) of potato cultivated in a sandy and
in a clayey soils.

Materials and Methods

Two field experiments were carried out during
the 2015 fall-winter cropping season, in the state of
Sdo Paulo, Brazil, in two soil types: a sandy-textured
Latossolo Vermelho distrofico (Typic Hapludox), and
a clayey-textured Nitossolo Vermelho distroférrico
(Typic Rodudalf), according to Santos et al. (2013).
The sandy soil was in the municipality of Sao
Manuel (22°46'S, 48°34'W, at 740 m altitude), and the
clayey one, in the municipality of Botucatu (22°51'S,
48°26'W, at 786 m altitude).

The predominant climate in the region is
subtropical Cfa, according to the Koppen-Geiger’s
classification, characterized by dry season and hot
summer. Rainfall and temperature were measured
daily, during the experimental periods (Figure 1).

Before the potato planting, soil samples were
collected at 0.0-0.20-m soil depths. The sandy soil
showed the following characteristics: 7 g dm? OM;
5.4 pH(CacCl,); 8 mg dm™ P,,; 0.8 mmol. dm= K, 13
mmol, dm? Ca, 6 mmol, dm* Mg, and 14 mmol, dm?*
H+AL; 3, 0.09, 0.5, 13, 14, and 0.8 mg dm? B, Cu,
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Fe, Mn, Zn, and SO,-S, respectively; base saturation
(BS) of 59%; and 874, 22, and 102 g kg sand, silt,
and clay, respectively. The clayey soil characteristics
were as follows: 26 g dm= OM; 5.1 pH(CaCl,); 13 mg
dm? P,,; 2.2 mmol, dm? K, 46 mmol, dm> Ca, 22
mmol, dm? Mg, and 39 mmol, dm? H+AIl; 4 mg dm?
B, 0.44 mg dm?Cu, 4.3 mg dmFe, 26 mg dm= Mn, 8
mg dm3Zn, and 1.8 mg dm~ SO,-S; 64% BS; and 280
g kg sand, 90 g kg! silt, and 630 g kg! clay.

The experiments were carried out in a randomized
complete block design, with a 4x3 factorial
arrangement consisted of four P rates (0, 100, 200,
and 400 kg ha' P,Os) and three HS rates [0, 50
(recommended), and 300 L ha], in 4x5 m plots, and
four replicates. Each plot consisted of five 5-m-long
rows, with 0.80 m row spacing. For the evaluations,
the three central rows were considered, and 0.5 m
was excluded at the end of each row.
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Figure 1. Daily rainfall, irrigation, and maximum and
minimum air temperatures recorded from the May to
September 2015, in the experimental areas with the sandy
(A) and clayey (B) soils, in Sdo Manuel and Botucatu,
respectively, in Sao Paulo state, Brazil.

Soil tillage consisted of two heavy disk-harrowing
operations, chiseling, and light harrowing, which
occurred in the day before planting. Potatoes were
planted on 14 and 22 May, 2015, in the sandy and
clayey soil experiments, respectively. The furrows
were mechanically opened using a furrower-planter.
At planting, all plots received 80 kg ha! N (urea, 44
% N), 150 kg ha' K,O (potassium chloride, 60 %
K,0), 200 kg ha! phosphogypsum (22% Ca, and 17%
S), and 50 kg ha'! of fritted trace elements (FTE BR-
12, containing 1.8% B, 0.8% Cu, 2% Mn, 9% Zn, 3%
Fe, and 1% Mo). The phosphate fertilizer was also
applied in the furrows according to the treatments,
using triple superphosphate (46% P,0Os) as source.
The fertilizers were manually applied and slightly
incorporated into the furrows, using a hoe at 0.15
m average depth with the seed tubers 0.05 m above.
Uncut seed tubers (type I1I, with diameters between
30 and 40 mm) of the potato cultivar 'Agata’ were
hand-planted in furrows spaced at 0.35 m. The HS
treatments were applied with a handheld sprayer
on the seed tubers deposited in the furrow. As a
source of HS, the commercial product Humic HF
(Agrolatino Soil Conditioners & Special Fertilizers,
Rincao, SP, Brazil) was used. It is characterized as an
organomineral fertilizer, source of humic and fulvic
acids, presentinginitschemical composition 15.45 gL
N, 15.45 g L1 K,0, 30.9 g L total organic carbon, and
it is composed of potassium hydroxide, urea, peat,
and water. The pesticides kasugamycin (40 g ha')
and thiamethoxam (60 g ha') were subsequently
applied. Finally, the furrows were covered manually.

Plants emerged 16 days after planting (DAP)
in the sandy soil, and 17 DAP in the clayey soil.
Sidedressing fertilization was applied 30 DAP to both
experiments, and 80 kg ha' N (ammonium sulphate,
20% N) and 100 kg ha' K,O (potassium chloride)
were applied simultaneously with hilling immediately
after sidedressing. Invasive plants were controlled by
hand weeding when necessary. The preventive pest
management was performed weekly from 34 DAP
on, with the following insecticides and fungicides:
acetamiprid (300 g ha' a.i.), chlorphenapyr (300
g ha'a.i.), abamectin (10 g ha! a.i.), chlorpyrifos (530
g ha'a.i.), kasugamycin (35 g ha! a.i.), metiram (1500
g ha! a.i.), mancozeb (1500 g ha' a.i.), propamorcabe
hydrochloride (100 g ha™ a.i.), and copper oxychloride
(360 g ha'! a.i.). The experiments were irrigated with
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a conventional sprinkler system, according to water
requirements of the crop.

The third-expanded leaf from the apex was
collected from 15 randomly selected plants per plot,
at 50 DAP and 45 DAP, in the experiments with
sandy and clayey soil, respectively. The leaves were
rinsed with deionized water, dried in a forced-air
oven, at 65°C for 72 hours, then ground and used for
the analysis of P and Zn concentrations (Malavolta et
al., 1997). Five plants at the tuber maturation stage
were collected from the analysis area of each plot one
day before vine killing. These plants were divided
into tubers and shoots (leaves, stems, and stolons),
separately rinsed with deionized water, and dried in a
forced-air oven, at 65°C for 96 hours. Dry plant parts
were weighed, and the DM accumulation in the tubers
and shoots was calculated. The dry plant tissues
were separately ground and used for the analysis
of P concentration (Malavolta et al., 1997). Total P
uptake was calculated as the sum of the amounts
of P that accumulated in the tubers and shoots of
the plant before the vine killing. The amounts of P
accumulated in the tubers and shoots were calculated
by multiplication of P concentration of each plant part
by the amount of accumulated DM.

Potato vine killing was performed with the
herbicide paraquat (400 g ha'! a.i.) at 96 and 98 DAP,
in sandy and clayey soils, respectively. The potatoes
were harvested at 108 and 102 DAP in the experiments
in sandy and clayey soils, respectively. Tubers from
two 1.5-m-long rows (ten plants), in the useful area of
each plot, were excavated with a spade and manually
collected. The tubers were graded to determine the
total yield and the yield of tubers >45 mm. After
they had been sorted, the tubers were counted and
weighed to determine the number of tubers per plant,
tuber mean weight, and tuber yield. The percentage
of tubers of >45 mm was expressed as a percentage of
tubers in relation to the total tuber yield.

The percent of fertilizer P recovery (FPR) was
calculated by the traditional method, with the
following equation presented by Chien et al. (2012):
FPR (%) = {[P uptake in a treatment (with P and/or
HS) - P uptake in the absolute control (no P or HS)]
/ amount of P fertilizer applied} x 100. The APUE
for tuber yield in a treatment was determined by the
division of the difference between the tuber yield of
a treatment (with P and/or HS) and the tuber yield
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of the absolute control (no P or HS) by the P,O;
fertilization rate.

The data from each experiment were separately
subjected to the analysis of variance using the
Sisvar statistical software package (Universidade
Federal de Lavras, Lavras, MG). The means of the
HS treatments were compared by Tukey’s test, at 5%
probability. The effects of the P fertilizer rates were
evaluated by the regression analysis and plotted
using SigmaPlot 10.0 software (Systat Software,
Inc., San Jose, CA).

Results and Discussion

Leaf P concentration in potato plants, cultivated
in both soils, was influenced only by P rates
(Figure 2). Phosphate fertilization increased the leaf
P concentration up to the estimated rate of 392 kg ha!
P,0s, in the sandy soil, and up to the highest rate
used (400 kg ha! P,Os) in the clayey soil. However,
only in the absence of P fertilization, in the sandy
soil, the leaf P concentration was below the range
considered suitable for potato (from 2.5 to 5.0 g kg™)
by Lorenzi et al. (1997).

In the sandy soil, leaf Zn concentration was
affected by the HS X P interaction (Figure 2). In the
absence of HS, and with a rate of 50 L ha' HS, the
concentration of Zn increased up to the highest P
fertilizer rate. At the highest P rate, the use of 300
L ha' HS promoted a lower leaf Zn concentration
than other HS treatments. In the clayey soil, there
was no effect of HS nor of P fertilization on the leaf
Zn concentration that presented an average value
of 30 mg kg!. In all treatments and both soils, leaf
Zn concentrations were within or above the range
considered appropriate for potato (from 20 to 60 mg
kg") (Lorenzietal., 1997). Excessive P fertilizer may
induce Zn deficiency under low or marginal available
Zn condition, by decreasing soil Zn diffusion and
interfering with the uptake, translocation, and use of
Zn by plants (Fageria, 2001); however, this fact was
not observed in the present work.

In the sandy soil, DM accumulated in the shoots,
tubers, and whole plant, before vine killing, were
influenced by the HS x P interaction (Figure 2).
With the lowest P rates (0 and 100 kg ha™' P,Os),
HS (50 or 300 L ha! HS) increased the amounts
of DM accumulated in shoots. In the absence of



Potato yield and phosphorus nutrition using humic substances 5

~ §1A Sandy soil 818 Clayey soil
=11]
~
=1)]
&
o 6 6
.S
=
o
= 4 4
O
Q
a
]
151 p q
-9 29 2
=
9 y=2.34+0.0243x-0.000031x* R*=0.99%* y=2.5+0.0058x-0.000007x° R’ = 0.99%*
0 0
Eany
i 80 1 D
on
g
g 60 A
g
s
5
8 40 1
2
9] ° * o
Q
& 20 1 o y=40.3410.0535x R =0.88%* 20
= m y=40.04+0.0553x R®=0.78**
2 A y=492 y=30.0
0 + T 0
600 | F
P 500 A
2
o 400
&
=
s 300 |
(a)]
k) 200 4
Q L
% 0 y=221+1.9674x-0.0035% R*=0.99**
100 m y=340+1.123x-0.0019x° R’ =0.90** 100 1

N = " 2 2= 3k
A y=310+1.4435x-0.00206 R’ =0.71%* ¥ = 164+1.0762x-0.0019x" R*=0.99

0+ 0
5,000
~ 4,000
<
£
2 3,000
=
A 2,000
Q
=
& 1,000{ © y=1.809+2.066.5(1-exp(-0.9320x)) R’ =0.98* 1.000
B y=2,640+1,713.6(1-exp(-0.0140x)) R*=0.97* ’ )
0 A y=1840+2,678.5(1-exp(-0.0214x)) R’=0.99* 0 y=2,188+16.283x-0.0272x" R’ =0.99**
6,000 q j
TE 5,000 1
2
< 4,000
=
2 3,000
=
= q
& 2,000 1
S 0 y=2,028+2,299.7(1-exp(-0.0387x)) R’=0.99*
§ 10007 & §=2970+1.860.4(1-exp(-0.0144x)) R’ =0.98* 1,000 1
o L2y 2,12742,819.6(1-exp(-0.0240x)) R’ =0.99* ¥ =2356+17.360x-0.0292¢ R = 0.99%*
0 100 200 300 400 0 100 200 300 400
P,O, rate (kg ha™) P,O, rate (kg ha™)

| ©0Lha' = 50Lha’ 4300Lha’ e mean of three HS rates |
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the P fertilization, the rates of 50 L ha' HS also
increased by approximately 1,000 kg ha' the
amounts of DM accumulated in tubers and whole
plant, in comparison to the other HS treatments. The
increase of tuber DM was also substantial with the
a of the highest HS rate associated with 100 kg ha™!
P,0s, and at the highest P rate, regardless of the HS
rate. The increase of the vegetative growth, plant
height, leaf area, and DM production of potato plant
was also observed with the addition of HS rates
associated with NPK fertilizer, in the experiment
of Abu-Zinada & Sekh-Eleid (2015). The action of
HS on DM production by plants is due to a sum of
effects on plant growth and development, caused
by lateral root development, which is controlled by
auxin (Canellas et al., 2002; Zandonadi et al., 2007),
resulting in increased nutrient uptake (Eyheraguibel
et al., 2008; Baldotto et al., 2009; Mora et al., 2010),
increase of chlorophyll and carotenoid biosynthesis,
and improvement of photosynthetic characteristics
of plants (Baldotto et al., 2009). In the sandy soil,
regardless of HS, P fertilization increased the
amounts of DM accumulated in the plant parts only
for rates between 100 and 200 kg ha! P,Os.

In the clayey soil, there was an isolated effect of
P rate on DM accumulation in the shoots, tubers,
and the whole plant (Figure 2). The accumulated
DM amounts (shoots, tubers, and whole plant)
increased up to approximately the estimated rate
of 300 kg ha! P,Os, which can be explained by the
role that P plays in several processes in the plant,
such as photosynthesis, storage, and transfer of
energy (Malavolta et al., 1997). P-deficient potato
plants show low DM accumulation because of their
limited leaf area and photosynthesis (Fleisher et
al., 2013).

Irrespectively of the HS treatments, P fertilizer
rates increased the P concentration, both in the
shoots and tubers of the potato plants in both soils
(Figure 3). It should be noted that in the sandy soil,
the effect of P fertilizer rates on the increase of the
P concentration in the tubers was greater than in the
clayey soil. In the sandy soil, the amount of P taken
up by the potato crop was influenced by the HS x P
interaction. Especially at the highest P rates (200 and
400 kg ha! P,Os), both HS rates outperformed the
treatment without HS. Regardless of HS addition,
P uptake was increased up to estimated rates of
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approximately 340 kg ha' P,Os, reflecting on the
effects observed on the DM accumulation, as well as
on P concentration in plant tissues (Figures 2 and 3).

In the clayey soil, there was only an isolated
effect of the P fertilization on P uptake by potato,
with an increase up to the highest P rate, however,
the effect was smaller than that on the sandy soil
(Figure 3). Increased P uptake in response to P
fertilizer supply is expected, as the concentration of
this nutrient in shoots and tubers was also linearly
increased. However, the high rates of P fertilizer
may lead to unnecessary uptake of P, when high
rates of the nutrient are applied, since increases of P
concentrations in plant tissues were observed up to
higher rates of P fertilizer than those that provided
increases in DM accumulation (Malavolta et al.,
1997; Fernandes & Soratto, 2016b).

The FPR was also affected by the HS x P
interaction in the sandy soil (Figure 4). In the
presence of the highest P rates (200 and 400 kg ha!
P,0s), the use of HS promoted FPR higher than
the treatment without HS. The HS can reduce the
P adsorption on soil colloids (Selim et al., 2009;
Seyedbagheri, 2010), as well it can increase root
growth (Canellas et al., 2002; Zandonadi et al.,
2007), and activate the proton-pumping ATPases
in the cell membrane (Canellas et al., 2002; Mora
et al., 2010), which results in an increased nutrient
uptake (Eyheraguibel et al., 2008; Baldotto et al.,
2009). However, in the clayey soil, no effects of HS
were observed. In general, the values of FPR were
higher in the sandy than in the clayey soil because
the initial P ., concentration in the clayey soil was
higher, and the P-adsorption capacity and energy
showed positive correlations with the soil-clay
content (Falcdao & Silva, 2004; Novais et al., 2007).
In the sandy soil, the available P concentration will
remain higher than in the clayey soil, and thus potato
plants can uptake more P (Martins et al., 2018).

In the sandy soil, the number of tubers per plant,
tuber mean weight, total tuber yield, proportion
of tubers with >45 mm diameter, and APUE were
affected by the HS x P interaction (Figures 4 and 5).
In the absence of P fertilization, the rate 50 L ha!
HS increased the number of tubers per plant, tuber
mean weight, total tuber yield, and yield of >45 mm
tubers, in comparison to the absence of HS. The
rate 50 L ha! HS also increased APUE of the potato
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cultivation in the presence of 100 kg ha! P. However, 300 L ha' HS, promoted a number of tubers per
the highest P fertilizer rate, associated with the  plant, and tuber yield smaller than the treatment with
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Figure 3. Concentration of P in shoots (A and B) and tubers (C and D), and total P uptake (E and F) of the potato crop
affected by the use of humic substance (HS) and phosphate fertilizer rates, when cultivated in sandy (A, C, and E) and clayey
(B, D, and F) soils. Vertical bars indicate the least significant difference to separate HS rates in a same phosphate fertilizer
rate, by the Tukey’s test, at 5% probability. *, **Significant at 5% and 1%, respectively.
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50 L ha' HS. In the absence of HS, the P fertilization
increased the tuber yield more significantly than
in treatments with HS and up to the highest P rate
studied. In the clayey soil, there was only an effect
of P rates increasing the number of tubers per plant
and tuber mean weight, with an increase of the total
tuber yield up to an estimated rate of 337 kg ha’
P,Os. However, the APUE decreased because of
the applied P rates. The higher effects of HS in the
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sandy soil than that in the clayey soil may be related
to improvements of water retention and nutrient
maintenance in sandy soils (Selim et al., 2009). In
addition, the effect of HS is intensified in soils with
low OM content (Summerhays et al., 2015), like the
sandy soil of the present study (Figures 2, 3, 4, and
5) that showed 7 g dm® OM, which is much lower
than that of the clayey soil (26 g dm” OM).

Clayey soil

200 B

10
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150

100 A

100 200 400
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Figure 4. Fertilizer P recovery (FPR, A and B) and applied P-use efficiency (APUE, C and D) of the potato crop affected
by the use of humic substance (HS) and phosphate fertilizer rates, when cultivated in sandy (A and C) and clayey (B and
D) soils. HS rates are: 0 L ha'; 50 L ha'; 300 L ha''. Different lowercase letters indicate a significant difference among HS
rates, whereas different uppercase letters indicate a significant difference among phosphate fertilizer rates, by the Tukey’s

test, at 5% probability.
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Figure 5. Number of tubers per plant (A and B), tuber mean weight (C and D), total tuber yield (E and F), and proportion
of tubers with a diameter larger than 45 mm (G and H) of the potato crop affected by the use of humic substance (HS) and
phosphate fertilizer rates, when cultivated in sandy (A, C, E, and G) and clayey (B, D, F, and H) soils. HS rate: 0 L ha'', 50
L ha', 300 L ha''; and mean of three HS rates. Vertical bars indicate the least significant difference to separate HS rates in a
same phosphate fertilizer rate, by the Tukey’s test, at 5% probability. *, **Significant at 5% and 1%, respectively.
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Conclusions

1. The use of humic substances in the potato
cultivation in sandy soil increases the P uptake and
the fertilizer P recovery, as well as it provides a higher
number of tubers per plant, total tuber yield, yield of
larger tubers, and applied P-use efficiency under the
P absence, or application of reduced P fertilizer rate.

2. The use of humic substances does not affect the
response of potato to the P fertilization in clayey soil.

3. The phosphate fertilization increases the P
uptake and tuber yield of potato cultivation in both soil
textures.
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