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INTRODUCTION

In the state of Santa Catarina (SC) 
approximately 17,604 hectares are cultivated with 
apple trees (Malus domestica) with total yield of 
613,828 tons, which accounts for 45% of the national 
production (GOULART JUNIOR, 2015). In most 
orchards species of weeds, such as white clover 
(Trifolium repens), red clover (Trifolium pratenses), 
bahiagrass (Paspalum notatum) and heal and draw 
(Chaptalia nutans) are desiccated on the tree row 
of apple trees. In the inter-row, weeds are generally 
mowed and the residue is deposited on the soil surface. 
Weed control on tree rows in orchards is performed to 
reduce competition for water and nutrients, especially 

nitrogen (N) (DALLA ROSA et al., 2009; NAVA, 2010; 
ATUCHA et al., 2011). In the event of competition for 
N, it may adversely affect apple yield (PELIZZA et al., 
2009; NAVA, 2010; ATUCHA et al., 2011).

Weed management in orchards, particularly 
those on the tree row, can lower N forms in the soil 
solution, especially nitrate (NO3

--N) (VENTURA 
et al., 2008; GE et al., 2015; ZHANG at al., 2015; 
HAMMERMEISTER et al., 2016). This is because 
weeds can absorb N forms from the soil throughout 
the cycle incorporating them in the plant biomass and 
later during the process of decomposition release N 
onto the soil surface. (EISSENSTAT, 2007; ATUCHA 
et al., 2011; BRUNETTO et al., 2014; VENTURA 
et al., 2014; WANG et al., 2016). Consequently, N 
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ABSTRACT: Weed management in apple orchards (Malus domestica) can affect the leaching of nitrogen (N) in soil. The study aimed to 
evaluate the potential leaching of N forms in soil of an apple orchard with different weed management treatments. The experiment was 
conducted in an apple orchard implanted in 2008. In October 2011, 80 plants were selected and the following treatments were implemented: no 
weed management (NM), desiccation of weeds on the tree row with herbicide use (DR) and mechanical mowing of weeds on the tree row (MR). 
Yield was evaluated in the 2011/2012, 2012/2013 and 2013/2014 crop seasons. In May 2012 porous cup lysimeters were installed in the NM, 
DR and MR treatments. In the solution collected at 0.20m, NH4

+-N and NO3
--N were analyzed sixteen times and mineral N concentration was 

calculated. The highest concentrations of NO3
--N and mineral N occurred in soil solution with DR, which increases availability of the nutrient 

to apple trees, but also enhances the potential losses. Weed management and N flow in the solution did not affect apple yield.
Key words: mineral N, nitrate, ammonia, Malus domestica.

RESUMO: O manejo de plantas espontâneas em pomares de macieira (Malus domestica) pode afetar a lixiviação de nitrogênio (N) do solo. 
O trabalho objetivou avaliar a lixiviação de formas de N em solo sob pomar de macieiras com diferentes manejos de plantas espontâneas. O 
experimento foi conduzido em um pomar de macieira implantado em 2008. Em outubro de 2011, foram selecionadas 80 plantas e implantados 
os tratamentos: sem manejo das plantas espontâneas (SM); dessecamento das plantas espontâneas na linha de plantio com uso de herbicidas 
(DL) e roçada mecânica das plantas espontâneas na linha de plantio (RL). Nas safras 2011/2012, 2012/2013 e 2013/2014 foi avaliada a 
produtividade. Em maio de 2012 foram instalados lisímetros com cápsula porosa nos tratamentos SM, DL e RL; e na solução coletada a 0,20m 
em dezesseis épocas foram analisados NH4

+-N e NO3
--N, e calculado o teor de N-mineral. Os maiores teores de NO3

--N e mineral-N ocorreram 
na solução no solo com DL, o que aumenta a disponibilidade do nutriente às macieiras, mas também potencializa as perdas. O manejo de 
plantas espontâneas e o fluxo de N na solução não afetaram a produtividade de maçã.
Palavras-chave: perda de N, nitrato, amônio, Malus domestica.
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derived from the decomposition of weed residue may 
contribute to apple nutrition (TAGLIAVINI et al., 
2007; SCANDELLARI et al., 2007).

In the southern region of Brazil there are 
few studies that relate weed management systems 
in apple orchards with N concentration in the soil 
solution which is associated with nutrient availability 
to plants, but also to nutrient loss. Therefore, this 
study aimed to evaluate the concentration of N 
forms in soil of an apple orchard with different weed 
management treatments.

MATERIALS   AND   METHODS

The experiment was conducted in an apple 
orchard implanted in 2008 in the city of Urubici, 
located in the Planalto Serrano region of the state 
of Santa Catarina, southern Brazil (28°02’47.5”S 
49°26’26.6”W, 1000m altitude). According to the 
Köppen classification the climate is Cfb with the 
average annual rainfall varying between 1360-
1600mm. The average maximum and minimum 
temperatures vary from 19.4 to 22.3°C and 9.2 to 
10.8°C, respectively (Figure 1). The temperatures 
below or equal to 7.2 ºC or ranged from 642 to 847 
hours accumulated annually.

The soil was classified as Haplumbrept 
soil (SOIL SURVEY STAFF, 2006). It presented 
the following attributes before the experiment, at 
0.0-0.20m top-layer: medium texture with 475g 
kg-1 sand, 294g kg-1 silt and 231g kg-1 clay; 46g kg-1 
organic matter; 5.8 pH in water (1: 1); 0.0cmolc dm-3 

exchangeable Al, 8.45cmolc dm-3 exchangeable Ca 
and 3.15cmolc dm-3 exchangeable Mg (both extracted 
by KCl 1mol L-1); 32.1mg dm-3 available P and 243mg 
dm-3 exchangeable K (both extracted by Mehlich-1), 
12.22mg dm-3 CECeffective, 16.38mg dm-3 CECpH 7.0 and 
74.6% base saturation.

The orchard had two commercial varieties: 
Gala and Fuji, which comprised 70% and 30% of the 
plants, respectively. The cultivar Fuji was used as 
pollinator, and only plants of the cultivar Gala were 
selected for the experiment. The orchard was conducted 
with central leader system and the plants were grafted 
on Marubakaido rootstock with a 20cm filter of M9. 
Plant density was of 1,482 plants ha-1 (4.5m between 
rows and 1.5m between plants on the row).

In October 2011, we selected 80 
plants according to a complete randomized block 
experimental design, with four replications. Five plants 
were marked in each repetition and the three central 
plants were evaluated. The following treatments were 

Figure 1 - Average rainfall (mm) and air temperature (°C) during the experiment.
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implemented: no weed management (NM), desiccation 
of weeds on the tree row (DR) and mowing of the 
weeds on the tree row of apple trees (MR).

Mowing and herbicide application were 
done when the plants were approximately 30cm 
height. Eight non-residual herbicide applications with 
the active ingredient glyphosate and twelve mowings 
were done during the experiment. Mowings of the 
plants were done at approximately 10cm from the 
soil surface, and a dosage of 50mL of the product 
was used for every 20L of water in each desiccation, 
with a spray volume of approximately 300L ha-1. In 
the orchard there were predominantly weeds of white 
clover (Trifolium repens), red clover (Trifolium grass 
cultivation), bahiagrass (Paspalum notatum) and 
chaptalia (Chaptalia nutans). Annually, 50kg P2O5 
ha-1 (triple superphosphate) and 200kg K2O ha-1(KCl) 
were top dressing applied and without incorporation.

In the 2011/2012, 2012/2013 and 
2013/2014 crops, all the fruits of the plants were 
collected and weighed. In May 2012 porous cup 
lysimeters were installed in the three treatments: 
NM, DR and MR. Lysimeters were installed on the 
crop row at a 0.20m depth in three experimental 
units of each of the treatments. For the installation 
of the lysimeters, drilling in the soil was done with 
the help of a Dutch auger to a depth of 0.20m and 
soon were placed after the lysimeters. Afterwards, 
part of the removed soil was put back for the fixing 
of the lysimeters, carefully adding the corresponding 
soil to each depth. Additionally, after the fixing of the 
lysimeters, an expansive material (vermiculite) was 
added to the 0.05m depth to avoid preferential flow of 
water in the soil profile.

Collections of the soil solution were made 
on 06/07, 07/11, 09/15, 10/10 and 12/10 of 2012; 
01/22, 05/15, 07/12, 08/14, 09/11 and 11/20 of 2013; 
and 01/20 2014. In order to do this, vacuum was applied 
to the lysimeters (25kgf), using a manual pump. The 
vacuum was held for approximately 24 hours. The 
solution was removed from inside the lysimeters with 
a syringe attached to a hose. Afterwards, the solution 
samples were stored in 90mL snap-cap vials and kept 
in a polystyrene box with ice, until, NH4

+-N and NO3
-

-N determinations (TEDESCO et al., 1995).
The yield of apple trees was subjected to 

analysis of variance and when there was a significant 
effect, the means were compared by Tukey test (α = 
5%). Results of N in the soil solution throughout the 
period of evaluation, due to the lack of “independence” 
among the observations, made polynomial 
regression analysis unviable. In addition, inability to 
experimentally control environmental variables such 

as volume and interval of rainfall has implications as 
to the satisfaction of all the assumptions of analysis 
of variance. Thus, we chose to present the means of 
the results obtained with their respective standard 
deviations. The annual averages of the attributes 
NH4

+-N, NO3
--N, mineral N and yield were submitted 

to principal component analysis (PCA).

RESULTS   AND   DISCUSSION

Ammonia (NH4
+-N) concentrations did 

not differ among the weed management treatments 
from June 2012 until September 2013 (Figure 2A). 
On average, NH4

+-N concentration in the soil solution 
did not exceed 1mg L-1 in all the collections (median 
of 0.41; maximum and minimum concentration of 
2.24 and 0.07mg L-1, respectively). Low NH4

+-N 
concentrations in the soil solution can be attributed to 
the rapid transformation of NH4

+-N into NO2
--N and 

subsequently into NO3
--N (WU et al,. 2014). However, 

on November 20 of 2013 and January 20 of 2014, 
the highest NH4

+-N concentrations were observed 
in the solution of the DR treatment. This probably 
occurred due to mineralization of soil organic N, 
caused by the increase of air temperature (Figure 1) 
and consequently of soil temperature (ZHANG et al., 
2006; BENBI et al., 2014). In the NM treatment there 
were always plants on the soil surface and, thus, the 
soil temperature may have decreased, consequently 
reducing the mineralization of organic matter and 
resulting in lower NH4

+-N concentration (BENBI et 
al., 2014; LEON et al., 2015). Considering the sum 
of the twelve collections, there is a N-NH4

+ potential 

loss of 9.1mg L-1 in the NM, DR and MR treatments, 
respectively. Therefore NH4

+-N concentration in DR 
was 2.8 and 11.3% higher than in the MR and NM 
treatments, respectively.

The highest concentrations of NO3
-

-N on June 7 were observed in the soil of the DR 
treatment (Figure 2B). On July 11 the highest NO3

--N 

concentrations were also observed in this treatment, 
which did not differ from MR, but presented a 
difference from the NM treatment. On September 
15, NO3

--N concentrations decreased in all treatments 
compared to the first two collections with values close 
to zero. In this collection, NO3

--N concentrations 
were also higher in the DR treatment compared to 
the other weed management treatments. On October 
10 and December 20 of 2012, concentrations of NO3

-

-N increased in all treatments compared to the third 
collection with the highest concentrations observed in 
the DR treatment and the smallest in the NM treatment 
(Figure 2B). In December 20 of 2012, the highest 
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Figure 2 - Concentration of NH4
+-N (a), NO3

--N (b) and mineral N (c) in the soil 
solution collected at a depth of 0.20m in an apple orchard submitted to 
different weed management treatments; (NM) no weed management; 
(DR) desiccation of weeds on crop row; (MR) mowing of weeds on 
the crop row. The vertical bars indicate the standard deviation.
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concentrations of NO3
--N were observed in the DR 

treatment (6.8mg L-1). However, this concentration is 
lower than the maximum concentration allowed for 
the potable use of groundwater, which is 10mg L-1 for 
human consumption (BRAZIL, 2004).

On January 22, May 15, July 12, August 
14 and September 11 of 2013, concentrations of 
NO3

--N did not differ among treatments (Figure 2B). 
However, for the collections made on November 
20 of 2013 and January 20 of 2014, the highest 
concentrations of NO3

--N- in the soil solution were 
observed in the DR treatment. This is probably due to 
increased mineralization of soil organic matter, due 
to temperatures having reached their highest values 
during the period (Figure 1). Therefore, desiccation 
of weeds associated with the highest temperatures 
promoted a higher decomposition rate of plant 
residues; and consequently, there was greater release 
of NO3

--N in the soil solution (LEON et al., 2015). 
Additionally, weed management in the DR treatment 
presented higher NO3

--N concentration in the soil 
solution in seven of the 12 collections made in the 
experiment (Figure 2B). This probably happened 
because of the greatest availability of this N form 
in the soil which enhances leaching (VENTURA et 
al., 2008; BRUNETTO et al., 2011).  Furthermore, 
when considering the sum of the twelve collections, 
the DR treatment presented 22.50mg L-1 NO3

--N. This 
concentration is 15.3% and 9.8% higher than those 
observed in the NM and MR treatments, respectively.

Mineral N and NO3
--N concentrations 

showed the same pattern and in general the higher 
mineral N concentration was reported in DR compared 
to NM and MR treatments (Figure 2C). When there 
is the presence of weeds on the soil surface minor 
losses of N in the culture system may occur due to 
slower element cycling, mainly in the form of NO3

-

-N. Management with frequent mowing of weeds 
tends to stimulate the absorption and accumulation of 
a greater amount of N at its roots for the regrowth 
of the shoots after cutting; thereby, decreasing 
nutrient leaching in the soil which is dependent on 
the adsorption and the amount of the element in the 
soil solution (JANSSENS et al., 2010; BRUNETTO 
et al., 2011; LORENSINI et al., 2012). Thus, there 
is a decrease in NO3

--N transfer in the soil deeper 
profile, as observed in this study. This is because the 
lowest NO3

--N concentrations were reported in the 
soil solution of the MR and NM treatments (Figure 
2B), which reflects directly the lowest concentration 
of mineral N in the solution (Figure 2C). Considering 
the sum of the twelve collections, there is NH4

+-N 

potential loss of 9.1mg L-1 in the DR treatment. 

Therefore, t NH4
+-N concentration in the MR and NM 

treatments were 5.1 and 6% higher than in the DR 
treatment, respectively.

Using PCA, which included the variables 
NH4

+-N, NO3
--N and mineral N of the three treatments 

and of the three years of evaluation, it was found 
through the first principal component (Factor 1), which 
explained 63.85 % of the data, that there was separation 
of the NM, DR, MR treatments in 2014 and DR in 2012 
of the NM, DR, MR treatments in 2013, and NM and 
MR in 2012 (Figure 3). Variables that contributed most 
to this separation were NH4

+-N, NO3
--N and mineral N. 

Despite the treatments presenting specific differences 
among them in the three years of evaluation, PCA 
has shown that when considering the annual average, 
behavior is quite homogeneous and the effects are seen 
from one year to the next. This fact can be explained by 
rainfall between August and September 2013, which 
represented 33% of the total amount of rainfall during 
the evaluation period. Therefore, N solution may have 
moved to the deeper layers. In addition, the increase in 
absorption and accumulation of N by the apple trees in 
the 2012/2013 crop may have contributed to this effect, 
since fruit yield per plant in this period was 30% higher 
than the previous.

Principal component 2 explained 23.45% of 
the data and was influenced only by yield. Apple yield 
in the 2011/2012, 2012/2013 and 2013/2014 crops was 
not affected by weed management treatments in the 
apple orchard. In the 2011/2012 crop, apple yield was 
14.3; 17.2 and 13.8Mg ha-1 (CV=12.5%) in the NM, 
DR and MR management treatments, respectively. 
In the 2012/2013 crop, yield was 28.9; 31.0 and 
35.7Mg ha-1 (C.V.=13.1%) in the same management 
treatments, respectively. Conversely, in the 2013/2014 
crop, it was 27.0; 29.1 and 33.9Mg ha-1 (C.V.=12.4%), 
respectively. In the 2012/2013 crop, apple fruit yield 
was higher than that observed in 2011/2012, with an 
increase of 102%, 81% and 158% in NM, RD and MR 
management treatments, respectively. The increase 
in yield over the years may be attributed to increased 
number of productive buds and their differentiation 
(NAVA, 2010), with  increase of the number of fruit 
per plant. But in the 2013/2014 crop, the average yield 
of the treatments was 5.5% lower than that observed in 
2012/2013. This was due since there were two frosts 
in October 2013 during the bud sprout and flowering 
of the apple trees, which caused the fall of the flowers 
and consequently resulted in a decrease in yield in all 
the treatments.

During the 19 months of the study, it was 
observed that as higher concentrations of NO3

--N 
and; consequently, minerals N in the soil solution as 
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consequence of desiccation of weeds on the tree row. 
Thus, we recommended the use of species of cover 
plants between the lines of the orchards, which avoids 
as losses of N the system and reduces a contamination 
of subsurface waters.

CONCLUSION

The high concentration of minerals and 
NO3

--N in soil solutions collected from application of 
herbicide plots increased the availability of nutrients 
to apple trees and N loss potential, but without effect 
on apple yield.
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