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Abstract-The use of water potential indicators in the plant has been adopted in irrigation 
management, in recent years, since it is accepted that the plant is the best indicator of its own water 
status. The objective of this study was to verify the relationship between water potential in peach 
tree branches and the evaporative demand of the atmosphere and the water availability in two 
textural classes of an Aquertic Hapludalf soil, aiming to adopt irrigation management strategies 
based on the water potential in the plant. Research was carried out in a commercial peach orchard, 
cv. Esmeralda, in the municipality of Morro Redondo-Rio Grande do Sul state, Brazil. Four peach 
tree rows were evaluated, being two irrigated and two non irrigated. The irrigation management 
was based on the replacement of the potential crop evapotranspiration. It was concluded that the 
water potential in the peach tree branch is positively related with the evaporative demand of the 
atmosphere and negatively related with soil water storage. Future studies should adopt irrigation 
management strategies for peach trees based on the water potential mainly for the irrigation 
management of post-harvest peach trees.
Index terms: Prunus persica (L.), water status, evapotranspiration, soil water content, irrigation 
management.

Potencial de água no ramo de pessegueiro em função 
do armazenamento de água no solo e da 

demanda evaporativa da atmosfera
Resumo-A utilização de indicadores do potencial de água na planta tem sido adotada no manejo 
da irrigação ao longo dos últimos anos, pois é admitido que a planta seja o melhor indicador de 
seu próprio estado hídrico. O objetivo do presente trabalho foi verificar a relação do potencial da 
água nos ramos do pessegueiro com a demanda evaporativa da atmosfera e com a disponibilidade 
de água em duas classes texturais de um Argissolo Bruno-Acinzentado, visando à adoção de 
estratégias de manejo da irrigação em pessegueiros, baseada no potencial de água na planta, em 
um pomar comercial de pessegueiro, cv. Esmeralda, no município de Morro Redondo-Rio Grande 
do Sul Foram avaliadas plantas em quatro linhas de pessegueiro, sendo duas irrigadas e duas 
não irrigadas. O manejo da irrigação foi baseado na reposição da evapotranspiração potencial 
da cultura. Concluiu-se que o potencial de água no ramo do pessegueiro apresenta uma relação 
direta com a demanda evaporativa até o final da colheita dos frutos e uma relação inversa com o 
armazenamento de água no solo. Futuros estudos devem ser realizados, baseados no manejo da 
irrigação por meio do potencial de água na planta de pessegueiro principalmente, na  pós-colheita.
Termos para indexação: Prunus persica (L.), estado hídrico, evapotranspiração, conteúdo de 
água no solo, manejo da irrigação.
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	 Introduction

The fruit industry in Brazil, has been one of the 
agricultural activities that has booming the country’s 
economic scenario in recent years, due to its high 
profitability in small areas, playing an important role 
in generating income and employment in the rural area 
mainly in small properties.

Temperate fruits have relevant socioeconomic 
importance in several regions of Brazil, especially in 
the states of Rio Grande do Sul, Santa Catarina, Paraná, 
São Paulo, Minas Gerais, either for fresh consumption, 
processing industries or agrotourism (FACHINELLO et 
al., 2011).

In Rio Grande do Sul (RS), the peach growing 
activity is increasing, with new areas being incorporated, 
as an economic and social alternative for counties that 
historically had no tradition in the peach tree cultivation 
(MADAIL, 2014).

Currently in the State, about 129 thousand tons are 
harvested in 12,582 hectares, with an average yield of 10.3 
tons (IBGE, 2017), being Pelotas-RS and Canguçu-RS the 
municipalities with the largest cultivated areas, 3,000 ha 
and 2,600 ha, respectively. However, the average yields of 
7 Mg ha-1, are below the average yield recorded for state 
and other municipalities, such as Bento Gonçalves-RS, 
which produces, on average, 15 Mg ha-1 (MADAIL, 2014).

In this context, several aspects related to the orchard 
production system still deserve attention, especially the 
possible need for irrigation as well as the response to water 
excess or deficit, during the peach cycle.

The use of water potential indicators in the plant 
has been adopted in irrigation management during the last 
years, since it is accepted that the plant is the best indicator 
of its own water status (CONEJERO et al., 2011). There 
are some methods that indicate the water status of plants, 
which serve as a reference for the irrigation management, 
such as: water potential of the branch (ABRISQUETA 
et al., 2012; ABRISQUETA et al., 2015; WELLS, 2015; 
HOCHBERG et al., 2016; MARSAL et al., 2016; MIRÁS-
AVALOS et al., 2016), stomatal resistance (TORRES-
RUIZ et al., 2013; ESMAEILPOUR et al., 2016), 
temperature of the vegetative canopy (GONZALEZ-
DUGO et al., 2012; ZARCO-TEJADA et al., 2012), 
trunk diameter fluctuation (CONESA et al., 2016; DE 
LA ROSA et al., 2016) and turgor pressure monitoring 
(ZIMMERMANN et al., 2010; EHRENBERGER et 
al., 2012; RODRIGUEZ-DOMINGUEZ et al., 2012; 
BRAMLEY et al., 2013).

The water potential in the branch determines how 
efficiently the water is transported by the plant, since 
integrates the effects of soil, plant and atmospheric 
conditions on the water availability within the plant 
(WELLS, 2015). Abrisqueta et al. (2012) used the water 
potential in the branch for irrigation management and 
concluded that this is a fast, sensitive and effective tool 

for integrating the soil-plant-atmosphere system. This 
method can be an indication of the water stress level in 
the plant, characterizing the beginning and end of this 
period, and may be useful in the adoption of irrigation 
strategies, including inadequate irrigation.

Several authors have monitored the water potential 
in the branch at dawn (MARCHAND et al., 2013, 
MEDRANO et al., 2015, CHASTAIN et al., 2016). 
However, in the works of McCUTCHAN; SHACKEL 
(1992), ABRISQUETA et al. (2012, 2015), WELLS 
(2015), MARSAL et al. (2016) and MIRÁS-AVALOS et 
al. (2016), the water potential in the branch was monitored 
at noon since, according to these authors, it is when the 
plant expresses the greatest photosynthetic and water 
demand. Thus, measuring the water potential in the branch 
at noon detects the progressive development of water 
deficits in non-irrigated plants, as well as water potential 
levels in the branch, ideal for the good development of 
plants (McCUTCHAN; SHACKEL, 1992).

The objective of this work was to verify the 
relationship between water potential in the peach tree 
branches and the evaporative demand of the atmosphere 
and the soil water availability in two textural classes of an 
Aquertic Hapludalf soil aiming the adoption of irrigation 
management strategies in peach orchards based on the 
water potential of the plant.

	 Material and methods

The study was carried out from October to 
December 2014 in an a commercial peach orchard in 
Morro Redondo-RS, - 31º 31 ‘55.30’ S and 52º 35 ‘37.87 
“W and 243 m a.s.l. The climate of the region is Cfa 
type, according to Köppen classification, being temperate 
humid with hot summers. The region has annual mean 
temperature of 18ºC and the average precipitation is 
1,509.2 mm. The annual mean of relative air humidity is 
78.8% (TERRA, 2012). The soil was classified according 
to Santos et al. (2006), as Aquertic Hapludalf.

The peach orchard, of Esmeralda cultivar was 
planted in an area of 1.8 ha, consisting of 18 peach rows 
with trees spaced by 1.5 m along the row and 6.0 m 
between rows, totalizing 1,450 plants. The plants were 
harvested in four times, once a week.

By applying the Regionalized Variables Theory 
(Geostatistics), elaborated by Terra (2012), spatial 
distribution maps of the soil textural fractions in the 
orchard (sand, silt, and clay contents) and homogeneous 
areas were delimited. Two homogeneous areas were 
delimited having as predominant textural classes the 
Sandy Loam and Sandy Clay Loam.

The influence of soil water availability in each 
textural class on the water potential in the peach tree was 
evaluated in four rows of plants, two irrigated by drip 
irrigation and two not irrigated, separated by three rows, 
one from the other. The irrigation management in the 
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experimental area was based on crop evapotranspiration, 
with water replenishment twice a week, on Mondays 
and Thursdays. Reference evapotranspiration data were 
obtained through an automatic meteorological station 
(EMA), installed near the peach orchard. The crop 
coefficient used was 1.0 based on the average values of 
the peach crop coefficient (ranging from 0.85 to 1.15) the 
same used by Allen et al. (1998).

A “Scholander” pressure chamber (SCHOLANDER; 
HAMMEL, 1965), branded “PMS Instrument Company”, 
was used to monitor water potential in the branch. In each 
soil textural class combined with and without irrigation, 
one plant was selected in which two water potential 
readings were performed on two leaves of the middle 
part of the canopy. This leaves were previously covered 
with waterproof bags to prevent transpiration. Readings 
were performed twice a week (Mondays and Thursdays) 
between 11:00 a.m. and 1:00 p.m. The average value of 
the two readings was considered as the water potential in 
the branch.

The soil water content was monitored with a 
Diviner 2000® capacitance probe. Measurements were 
also performed twice a week, on Mondays and Thursdays, 
at depths of 0.10, 0.20 and 0.30 m. A calibration equation 
for the capacitance probe was adjusted for each textural 
class. For the Sandy Loam textural class, the following 
equation was adjusted (MONTEIRO et al., 2015):

                                                    		    eq 01

where qu is the volumetric soil water content 
estimated by the capacitance probe (cm³.cm-³) and FR is 
the relative frequency value. For the Sandy Clay Loam 
textural class, the following equation was adjusted 
(MONTEIRO et al., 2015):

                                                                           eq 02

The experimental design was completely 
randomized. Soil water content data were submitted 
to variance analysis as a 2 x 2 factorial: two irrigation 
levels (with and without irrigation) and two soil textural 
class (Sandy Loam and Sandy Clay Loam). When have 
interaction, the means were compared by Tuckey test as 
5% of probability. Statistical analyses were performed 
with the help of the GENES software (CRUZ, 2013) and 
Office Excel® software.

Results and Discussion

The measured soil water content values (q) in the 
0-0.30 m layer were higher in the Sandy Clay Loam class 
without irrigation (Figure 1D), when compared to those 
observed in the Sandy Loam class without irrigation as 
well (Figure 1B). This is related to the water retention 

capacity of these two texture classes, being higher in 
the Sandy Clay Loam textural class. This higher water 
retention capacity did not reflect in lower Yw values in 
the Sandy Clay Loam textural class (Figure 1D) when 
compared to Yw values in the Sandy Loam textural 
class (Figure 1B). During the monitoring period, the 
pluviometric volume was 160 mm and the irrigation depth 
was 110 mm (Figure 1).

Water supplementation by irrigation maintained the 
water potential in the branch (Yw) around -12 bar (-1.2 
MPa) for plant cultivated in the Sandy Loam textural 
class with irrigation throughout the studied period (Figure 
1A), which is lower than that indicated by Abrisqueta 
et al. (2012, 2015), who mentioned that Yw values 
approximately of -10 bar may correspond to an indication 
of high water stress. According to the classification 
proposed by Fulton et al. (2007), Yw value of -12 bar 
is classified as mild stress for the month of December 
and as mild to moderate stress for the month of August 
(in Northern hemisphere, this corresponding to June and 
February, respectively in the South). According to the 
authors, this value is below the level considered moderate 
and acceptable for the month of September (March in 
Southern hemisphere) (from -14 to -18 bar, respectively), 
that is, plants are not in water stress.

For irrigated plant, evaluated in the Sandy Clay 
Loam soil class (Figure 1C), it was observed that the 
ETP replacement through irrigation was not sufficient 
to maintain Yw value around -12 bar as observed for 
the Sandy Loam soil class, with irrigation (Figure 
1A). Abrisqueta et al. (2015) evaluated five irrigation 
management treatments, in Spain, during five years 
(2009/2013) and verified that 100% ETP replacement was 
sufficient to maintain Yw between -2 and -9 bar, keeping 
Yw values below those found in this study. The authors 
also obtained Yw values from -4 to -12 bar in the irrigation 
treatment with 50% ETP replacement, values found in this 
work with the 100% ETP replacement.

The values among irrigated plants cultivated in the 
Sandy Clay Loam varied from -8 bar to -18 bar (Figure 
1C), whereas in the non irrigated ones it varied from -6 bar 
to -20 bar (Figure 1D). Although values were similar in 
terms of magnitude, the Yw values had lower fluctuation 
in irrigated plants (Figure 1C), indicating that irrigation 
contributed to a lower variability in the Yw values. It 
was also observed that the variation in the Yw values 
in the branch during the monitored period, was lower in 
the irrigated Sandy Loam soil class (Figure 1A) when 
compared to the variation in the Yw values in the irrigated 
Sandy Clay Loam (Figure 1C). This fact may be an 
indication that the replacement of the evapotranspiration 
rates of the peach tree grown in Sandy Clay Loam soils 
by irrigation may not be the best criteria for irrigation 
management.
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Hochberg et al. (2017) reported that soil water 
replenishment, via irrigation, is more adequate based on 
crop evapotranspiration rates. However, in the present 
study it was observed that ETP replacement is not enough 
to keep the plants in a suitable water status.

During the observed period, the potential 
evapotranspiration variable, as an integral of the 
atmospheric evaporative demand, was positively related 
to the Yw values, that is, lower Yw values correspond to 
lower ETP values (Figure 2), and this positive relationship 
was observed until second week peach harvest (121 DAF). 
This fact may be related to the high water requirement 
of the plant during the phenological phase of fast fruit 
growth. At the end of this phase, a significant decrease in 
the physiological stress suffered by the plant until the last 
harvest was observed. Precipitation at 133 and 134 DAF 
may also have influence in the reduction of water stress 
due to the changes in the plant’s water demand, after the 
stressful period of water supply to the fruits.

High water demands determine that water supply 
by roots is not enough to overcome transpiration, which 

Figure 1. Temporal variation of the water potential in the branch (Yw), precipitation (P), irrigation depth (I), potential 
evapotranspiration (ETP) and soil water content (q) at 0.10 m, 0.20 m and 0.30 m for the period from 90 to 143 days 
after flowering (DAF) of irrigated peach. Morro Redondo - RS, 2014. (A - Sandy Loam textural class with irrigation, 
B - Sandy Loam textural class without irrigation, C - Sandy Clay Loam textural class with irrigation, D - Sandy Clay 
Loam textural class without irrigation).

reduces the water potential in plant tissues. Hochberg et al. 
(2017) studying controlled deficits in vines also observed 
that high evapotranspiration results in a lower Yw values 
along with a low stomatal conductance, demonstrating the 
high influence of evapotranspiration on the Yw behavior.

The relationship between Yw and evapotranspiration 
is nonlinear (Figure 2), represented by an exponential 
model with determination coefficient R² = 0.70. This 
result corroborates the ones found by Itier et al. (1992), 
who stated that ET0 has a good relationship with the base 
matric potential, which is the water potential in the tissue 
of plants measured before sunrise. However, the authors 
reported that this correlation seems to be dependent on 
the soil characteristics and stage of crop development. 
Simões (2007) verified that the water potential in the 
peach tree measured at noon, is related to the substrate 
matric potential. However, this author observed that the 
water potential in the plant suffers interference from other 
factors, in addition to the water potential in the substrate, 
and this interference may be related to environmental 
factors such as wind and radiation.
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Figure 2. Water potential in the branch as a function of the potential evapotranspiration (ETP) in peach orchard 
regardless of textural class, with and without irrigation, including the pre-harvest and post-harvest phases. Morro 
Redondo - RS, 2014. [(Yw= 1.63 * (1 – e(- 0.47 * ETP)); R²= 0.70)].

The Yw values in the post-harvest period may be 
related to a possible reduction of plant stress since the 
fruits harvested (Figure 2). This post term may be related 
to the decrease in the water demand that plants needed to 
keep their fruits turgid and at high growth rate. Valancogne 
et al. (1996) also verified that Yw is closely related to 
ETP, in several fruit crops. Itier et al. (1992) also found 
that Yw is closely related to ETP in several annual crops.

In both textural soil classes, an exponential type 
equation was adjusted, with R² value of 0.34 and 0.45 
for Sandy Clay Loam and Sandy Loam, respectively, i.e., 
Yw values correlated better with soil water storage in the 
Sandy Loam textural class (Figure 3).

The Yw values in the Sandy Loam texture 
reached levels of approximately -15 bar, for soil water 
storage of approximately 12 mm, while for the same Yw 
values in the Sandy Clay Loam, soil water storage was, 
approximately, 35 mm. Bergonci et al. (2000) emphasized 
that it is important to consider the resistance involved in 
the process of soil water transfer to the root system of 
the crop. In addition to management, the soil particle size 
and mineralogical composition also influence the water 
retention, since the adsorption forces basically depend on 
the water depth that covers soil particles, which varies 
according to its specific surface. Thus, although water 
retention is expected to be higher in clayey soils (SILVA et 
al., 2005), the retained water may not be readily available 
to plants, even under conditions of high soil water storage 
values.

The largest soil water storage in the 0-0.30 m 
layer was observed in the Sandy Clay Loam soil class as 
compared to the same layer in the Sandy Loam (Figure 
3). However, this higher water storage in the Sandy Clay 
Loam did not reflect higher water availability to plants, 
which can be observed through Yw values (Figure 3). 
On a study to verify what would be the best water stress 
indicator for the peach tree, Remorini and Massai (2003) 
concluded that it is not always easy to relate the soil water 
content to the water status of plants.

Evaluating five irrigation treatments, Abrisqueta 
et al. (2015) concluded that soil water content is the 
main contributor to Yw values and emphasizes that it 
includes the soil-plant-atmosphere system, which was not 
observed in the present study where, the main contributor 
to Yw values was ETP, until the end of the peach harvest. 
However, it was observed that after the peach harvest, the 
main contributor to Yw values was the soil water content.

Table 1 shows that there was a significant interaction 
between mean soil water contents in layers of 0.0-0.10 and 
0.10-0.20 m depth for the evaluated factors (textural class 
and irrigation), whereas for layer of 0.20-0.30 m depth, 
there was only main effect of the soil textural class. The 
highest soil water content in the Sandy Clay Loam textural 
class was observed in both layers.
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Figure 3. Water potential in the peach tree branch as a function of soil water storage, layer 0-0.30 m depth in each 
evaluated textural class, regardless of irrigation. Morro Redondo, Rio Grande do Sul, Brazil, 2014. Sandy Clay Loam 
Textural Class (Yw= 8.88*e(-0.02*A) -5.95*e(-0.02*A); R²= 0.34). Sandy Loam textural class (Yw= 5.27*e(-0.024*A) -3.4*e(-

0.024*A); R²= 0.45).

Table 1. Comparison between averages of soil water content (cm3 cm-3) in layers of 0.0-0.10 m, 0.10-0.20 m and 
0.20-0.30 m depth in Sandy Loam and Sandy Clay Loam classes with and without irrigation, evaluated in a peach 
experiment in the 2014 harvest by the Tukey test at 5% probability.

Textural Class / Irrigation Factor With irrigation Without irrigation
Main Effects of Soil

Textural Classes
--------------------------------------------- Water Content 0.0-0.10 m --------------------------------------------

Sandy Loam 0,0505 B 0,0701 B 0,0603
Sandy Clay Loam 0,1147 A 0,1033 A 0,1090
Main Effects of Irrigation Factor 0,0867 0,0826 -
--------------------------------------------- Water Content 0.10-0.20 m --------------------------------------------
Sandy Loam 0,0632 B 0,0907 B 0,0770
Sandy Clay Loam 0,1587 A 0,1429 A 0,1508
Main Effects of Irrigation Factor 0,1109 0,1168 -
---------------------------------------------- Water Content 0.20-0.30 m -------------------------------------------
Sandy Loam 0,0993 0,1065 0,1029 B
Sandy Clay Loam 0,1916 0,1852 0,1884 A
Main Effects of Irrigation Factor 0,1455 0,1459 -

	
	 * Averages not followed by the same capital letter in the column differ by the Tukey test at 5% probability.
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	 Conclusions

The water potential in the peach tree branch can 
be used in irrigation management and its bether than 
evaporative demand water replacement.

The water potential in the peach tree branch has a 
positive relationship with the evaporative demand until 
the end of the peach harvest and a negative relationship 
with the soil water storage.

Management of irrigation through the water 
potential need to be more studied in post-harvest period. 
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