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The possibility of hydraulic redistribution (HR) by various plant species has been well investigated in 
recent years. The concepts of the term are presented in this review article, as well as a little concerning 
the techniques used to verify the occurrence of HR in the field or in the greenhouse. 
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INTRODUCTION 
 
The first publications on hydraulic redistribution emerged in 
the 1980's. The many authors are not agreed as to the 
concepts and distinction of hydraulic lift (HL) and hydraulic 
redistribution (HR). According to Richards and Caldwell 
(1987) and Caldwell et al. (1998), the transfer of water from 
deep soil layers to the dry surface layers of the soil by 
means of the root system makes up hydraulic lift. Burgess 
et al. (1998) assume that HL is the process of the 
movement of water from wet to relatively dry layers, having 
the root system of the plant as a conductor, and that the 
process can be ascending or descending, being controlled 
by water potential gradients; the downward flow is termed 
reverse flow by the authors. 

Oliveira et al. (2005) assume that hydraulic redistribution 
(HR) is an additional process to that of lift, and that it 
explains the absence of water stress during the dry period; 
the authors use the terms downward and upward hydraulic 
redistribution, the latter being called hydraulic lift (HL). For 
Horton and Hart (1998), HL is the process by which some 
deeply-rooted plants capture water from deep layers in  the  
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soil and exude it into the dry, upper layers. Hultine et al. 
(2003) assume that HR is the transport of water from the 
deep to the upper layers via the root system, and Bayala et 
al. (2008) call HR to the bidirectional movement of water. It 
is because of these contrasts that the concept adopted 
here is of HL being the process by which the transport of 
water from the soil to the atmosphere takes place, passing 
through the plant, and of HR being the distribution of 
absorbed water from the deep layers to the surface layers 
of the soil via the lateral roots; the opposite motion, with 
distribution via the main root, is the reverse flow - a kind of 
HR. 

During the night, due to closure of the stomata, the water 
potential of the plant increases until balanced with the 
greatest water potential of the soil being exploited by the 
root system, usually taking place in the deeper layers 
(Sekyia;Iano, 2004). If the water potential in the upper 
layers of the soil is much lower than that of the plant root, 
as occurs in periods of drought, movement of water can 
take place in the direction plant to soil. This water, that is 
released by plants into the upper layers of the soil, 
becomes available to neighbouring plants with shallow root 
systems (Corak et al., 1987), a process here constituting 
hydraulic redistribution (HR) (Figure 1). 
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                                                                  Figure 1.Schematic hydraulic redistribution. 
 
 
 
 
 
 
Hydraulic lift occurs due to differences in water potential 

(ψw) between environmental compartments (soil-plant-
atmosphere). Water always moves from a higher water 
potential to the more negative (Ferri, 2006). In HR the 
water that moves in this continuum does not pass through 
the atmosphere, being released into the soil soon after 
leaving the plant by which it was captured in the deeper 
layers. This happens at night due to the water potential of 
the topsoil being less than that of the plant, and because 
during this period no transpiration takes place. 
 
 
Hydraulic redistribution by species 
 
Some researchers have demonstrated the occurrence of 
hydraulic redistribution by deep-rooted species. Corak et 
al. (1987) demonstrated that alfalfa performs hydraulic 
redistribution, benefiting the cultivation of maize. Sekyia 
and Iano (2004), testing the occurrence of HR in two 
legume species with deep-root systems, intercropped with 
maize in a semi-arid region, were able to verify that at least 
one,  pigeon pea (Cajanuscajan), carried out this process. 
A list of potential water-redistributing species can be seen 
in Table 1. Other species are also mentioned by Caldwell 
et al. (1998). According to Liste and White (2008), 
numerous species have the potential to carry out the 
process, as long as the deep roots are in contact with 
moisture and the topsoil is dry. Another prerequisite is that 
the plants exhibit a dimorphic root system, with two 

functional types of superficial roots: shallow-connected and 
deep-connected (David et al., 2013). In addition, Yu and 
D'Odorico (2014) point out that a decrease in the rainfall 
frequency, the depth of the rooting zone, root density in the 
deeper soil, and tree leaf area indexalso influence the 
occurrence of HR. 
 
 
Techniques for the study of hydraulic redistribution 
 
Although a fair amount of research into hydraulic 
redistribution has already been developed, many species 
still can and should be investigated. The chosen procedure 
may involve only one technique or a combination of 
methods. The methods most used in the investigation 
involve analysis of the water potential of both soil and 
plant, heat dissipation with the use of thermal probes, and 
the analysis of stable isotopes of hydrogen and oxygen. 
However, these methods should not be separated from the 
investigation of physical environmental parameters (such 
as relative humidity and soil volumetric water content) and 
of morphological parameters of the selected plants (such 
as rooting depth and root morphology). 
 
Hydraulic redistribution through measurements of water 
potential and the method of heat dissipation 
 
For the analysis of HR by means of water potential, a 
portable pressure chamber is   used   for   the  plants,  and  



 

 

 

 

396. Glo. Adv. Res. J. Agric. Sci. 
 
 
 
           Table 1. Plant species of proven hydraulic redistribution 
 

Scientificname Habit Locality Author(s) 
Acaciatortilis Tree Africansavannas Ludwig et al., 2003 
Acer saccharum Tree (deciduous) Nova York  

(Mesic forest) 
Dawson, 1996. 

Adesmiabedwellii,PorlieriachilensisandProustiacuneifolia Shrubs Chile (desert) Muñozet al., 2008. 

Artemisiaordosica Undershrub 
(deciduous) 

Mongolia Xuet al., 2007. 

Artemisiatridentata Undershrub Utah (semiarid) Richards and Caldwell, 
1987 

BlepharocalyxsalicifoliusandByrsonima crassa  Dwarftreeandbush Brazilian 
cerrado  

Moreira et al., 2003 

Cajanuscajan Shrub Zambia 
(semiarid) 

Sekiyaand Yano, 2004. 

Celtisreticulata, Fraxinusvelutina and Juglans major Trees Southern 
Arizona, USA. 

Hultineet al., 2003 

Gossypiumhirsutum L. Shrub Texas McMichaelandLascano, 
2010. 

GuierasenegalensisandPiliostigmareticulatum Shrubs Africa Kizitoet al., 2012. 
Parkiabiglobosae Vitellariaparadoxa Trees East África Bayalaet al., 2008. 
Pistacialentiscus Bush Spain Armas et al., 2010 
Pinus nigra Tree(pine) NE Spain 

(Mediterranean) 
PeñuelasandFilella, 
2003. 

Populuseuphratica Tree China (Riparian 
forest in desert) 

Haoet al., 2010. 

Prosopistamarugo Shrub Chile (desert) Mooneyet al., 1980 
Quercusagrifolia Tree California 

(savana) 
Querejetaet al., 2007. 

Retamasphaerocarpa Shrub Spain 
(Mediterranean) 

Prieto et al., 2011. 

Triticumaestivum Grass China (semiarid) Shenet al., 2011. 
 
 
 
psychrometers for the soil, associated with the use of 
probes (TDR), which measure the soil volumetric water 
content. The occurrence of HR can be demonstrated by 
this method when an increase in the water potential or in 
the volumetric water content of the topsoil takes place and 
there is high water potential in the plant. The change in 
water potential should be observed at night, when the 
stomata are closed and there is no transpiration from the 
plant. In this way, water captured at depth, where the soil 
water potential is greater, will be released into the more 
superficial and dryer layers of soil, which will have a lower 
water potential. 

Where the water-potential method is used, other 
physiological measurements of the plants can be taken, 
such as transpiration and stomatal conductance. Tree 
transpiration rates can be estimated from sap velocity 
using thermal dissipation probes (TDP) and sapwood area, 
and thus the contribution made by water from hydraulic 
redistribution to tree transpiration can be determined 
(Bayalaet al., 2008). The method using heat dissipation 
probes was initially proposed by Granier (1985), which is 

why the equipment that was developed bears his name 
(Granier’s probe). This method uses a supply of heat to the 
stem, which acts as a sap marker and can be related to the 
sap flow density and consequently to transpiration 
(Delgado-Rojaset al., 2007). Granier related the speed of 
dissipation of the heat applied to a point on the stem to sap 
flow density. The temporal variation for the difference in 
temperature between this point and a point below it is 
caused by convective heat transport by the sap. 
Determination of the sap conducting area in the trunk 
(effective area of the xylem) is necessary to estimate the 
flow of sap by this method, since the heat dissipation probe 
determines the flow density at the site of probe insertion. 
Determination of the effective area of the xylem is a source 
of error in the method, and as it requires the removal of a 
sample of woody tissue, or the total destruction of the 
plant, it is seen as a detrimental procedure of the Granier 
method when compared to another widespread method 
(heat balance or heat ratio). Another source of error can be 
attributed to  the   natural   thermal   gradient   of  the  stem  
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Figure 2. Oxygen isotope ratios (δ18O) of water extracted from the roots of maize growing 1.0 (M1), 2.0 (M2), 3.0 (M3) and 4.0 (M4) meters from the base 
of a C. oncocalyxtree, C. oncocalyxxylem root sap (CO) and soil water at increments of 0-20, 20-40 and 40-60 cm under an agrosilvopastoral system. 
Datab y the author. 
 
 
 
temperature, especially when the sensor is placed very 
close to the ground (Vellame et al., 2009). 
 
Hydraulic redistribution and stable isotopes 
 
The isotope composition of the oxygen and hydrogen of 
water isthe ideal tracer of water sources and reactions 
(Horita; Kendall, 2004). It is thus possible to use these 
isotopes to make assumptions about the sources of water 
used by plants, since if plants use water from a certain 
source, that source can be determined directly by 
comparing the δD and/or δ18O of all the possible water 
sources. However, if they capture water from different 
sources, it becomes necessary to use quantitative 
analyses, such as the use of models (Zhang et al., 2009). 
One tested and widely used model is the Linear Mixing 
Model (Dawson et al., 2002). 

A study with isotopes (δ15N and δ18O) carried out by 
Jordan et al. (2008), demonstrated that two plant species 
withdrew water 3 to 12 meters deep. In field studies, 
comparison between the isotope composition of the water 
in the stems of Hordeumvulgare, Maireanasedifolia and 
Pinusradiate, and in adjacent soil profiles, suggested that 
the depth for water extraction by the roots varied according 
to water availability and rooting depth (Walker; Richardson, 
1991). Those authors therefore conclude that examination 
of stable isotopes in the soil and in the water from the 
xylem provides a more realistic interpretation of the source 
of the water obtained by the plant, than do studies on the 
water content of the soil alone. According to Jackson et al. 

(1995), stable isotope techniques are an alternative means 
of evaluating the absorption of water by plants in a forest, 
and can thereby indicate the presence of hydraulic 
redistribution. 

The study of HR through stable isotopes has been 
practised for at least 20 years. According to Caldwell et al. 
(1998), experiments show that the water from plants with 
deep roots is seen to be highly enriched in 18O, which has 
also been observed in water from the xylem of 
neighbouring herbaceous plants. Since the root system of 
herbaceous plants only goes down a short way into the 
soil, water with a signature that is different from that of 
more superficial water, must have been made available by 
other plants with deeper root systems. This fact underlies 
research into HR using isotopic techniques. Asbjornsen et 
al. (2007) suggest that a more detailed analysis of the 
processes of water cycling between compartments and 
plants (including transpiration and hydraulic redistribution) 
is needed to better understand the differential responses in 
the patterns of water absorption between plant species and 
communities. 

In an agroforestry system of the Brazilian semiarid 
region, investigation with stable isotopes of the water 
extracted from the sap of maize plants (Zea mays) grown 
at four different distances from the stems of trees 
(Cordiaoncocalyx), the results of which are shown in Figure 
2, may indicate the presence of redistribution. The plants 
grown one meter from the stems had a similar isotopic 
signature to that of C. oncocalyx, which in turn presented a 
signature close to that of   the   water   extracted  from  the  
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deeper soil (60 cm). The plants which were most distant 
from the stems - from 2.0m – had an isotopic composition 
which was more similar to that of the shallower soil (20 and 
40 cm). It can thus be concluded that plants 1.0 m from the 
stems may be using deeper water, not accessed through 
their own reduced root system, but possibly due to 
redistribution by C. oncocalyx. 
 
 
Benefits of HR 
 
Hydraulic redistribution is an important ecological process. 
Studies have indicated that the presence of HR leads to a 
higher ψs in the plant rhizosphere, and is therefore 
important in soil water dynamics and plant nutrition, due to 
making the soluble elements more accessible (Bayalaet 
al., 2008). Dawson (1996) reported that seedlings of A. 
saccharum that performed hydraulic lift were able to 
achieve higher daily integrated carbon gain than plants in 
which hydraulic lift was experimentally 
suppressed.Research into HR can shed light on ecological 
studies into facilitation and competition, and explain the 
coexistence of species in both native forests and cropping 
systems. 

As a consequence, studies which associate the effect of 
plants that carry out this distribution of water on other 
plants under cultivation, demonstrate that the survival and 
development of these crops has been benefited by the 
redistributing plants. According to Caldwell et al. (1998), 
the occurrence of HR during dry periods improves nutrient 
acquisition by plants, the uptake of solutes, growth and 
useful life of the roots, as well as making possible a greater 
association with microorganisms (mycorrhizae). Querejeta 
et al. (2007) understand that water redistributed by trees 
may have reduced the negative effect of soil desiccation on 
the rhizosphere hyphae, and may influence the 
biogeochemical carbon and nutrient cycles in seasonally 
dry ecosystems. 

For Liste and White (2008),crop sustainability can arise 
from the substitution of irrigation with trees which have the 
potential for HR, as this allows the crop to have increased 
yields, to be harvested earlier, to be of higher quality and of 
low cost. Nevertheless, research is necessary to identify 
which species in each environment are capable of carrying 
out HR, and the environmental conditions which allow the 
process to take place. Proving the existence of hydraulic 
redistribution by plants may contribute to the choice of 
species to be incorporated into, or left out of, silvopastoral 
and agroforestry systems of production. 
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