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SELECTION OF FLOOD – TOLERANT PRUNUS  

ROOTSTOCKS USING SAP FLOW 

 

SUMMARY  
Recent changes in rainfall regime and increased frequency of heavy rains 

have enlarged the incidence of flooding and therefore the damages to stone fruit 
production. Myrobalan plums (Prunus cerasifera) are known for their resistance 
to heavy soils and flooding. Selection of appropriate rootstocks is becoming 
imperative even for dryer climates. Albania is very rich in myrobalans and within 
this gene pool it should be possible to find resistant genotypes but their screening 
requires a fast method. The research presented here describes the use of sap flow 
for selecting resistant genotypes. We have screened several local genotypes of 
myrobalans as candidate rootstocks for flooding tolerance/resistance. Sap flow 
sensors were installed on seedlings growing in pots and subjected to flooding. 
Data from sap flow, soil potential and other meteorological sensors were used to 
evaluate their ability to recover. The results showed that the genotypes were able 
to continue to recover after the flooding events. The advantage of the method is 
to detect the sap flow movement even at very low rates. 
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INTRODUCTION 

Global climatic change has drastically affected the distribution and 

quantity of rainfall during the calendar year. In Mediterranean areas, rain is 

irregular and is concentrated mainly in the spring and fall seasons, leading to 

flooding and water stagnation in poorly drained soils (Alpert et al., 2002). As a 

consequence of this stress, the roots in that soil experience an anaerobic 

environment, which can induce flooding stress and plant death (Pistelli et al., 

2012). Plant response to hypoxia depends on species, genotype, age and duration 

of flooding (Bailey-Serres and Voesenek, 2008).Recent flooding events in 

Albania have underscored these risks. Although no single weather event of this 

type can be directly tied to climate change, an increase in extreme temperature 

and rainfall events such as these are consistent with the best known science of the 

impacts of climate change (Sutton et al., 2013). 

In general, fruit crops require well drained soil for optimum growth and 

yield. Excess water in the soil (greater than field capacity) can cause plant injury 
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or death. Flooding has negative effects on most growth and physiological process 

of woody plants (Kozlowski et al., 1984, 1991; Schaffer et al., 1992). The effects 

of water logging are more sever when exposure to flooding is prolonged and 

temperatures are high (Quamme and Stushnoff, 1983). Water uptake and 

transpiration is reduced and mineral uptake restricted (Kramer, 1969; Rowe and 

Beardsell, 1973).  

Within Prunus, the species peach, almond, and apricot are well known to 

be less tolerant to water logging (consequently anoxia) than other species, and 

this has been reported to be due to the differences in metabolism of the 

cyanogenic glycoside, prunasin. Under anaerobic conditions, prunasin is 

hydrolyzed to hydrogen cyanide which is autotoxic (Quamme and Stushnoff, 

1983). The differential sensitivity of peach, apricot, and plum to waterlogging 

has been reported to be closely related to their ability to hydrolyse prunasin 

(Salesses and Juste, 1970; Rowe and Catlin, 1972). 

Under the climate change scenarios reported above for Albania, selections 

for genetic resistance to waterlogging are imperative. Among the different 

species of Prunus, Myrobalan plum (Prunus cerasifera L.) and European plum 

(Prunus domestica L.) are considered to be flooding tolerant (Ranney 1994). 

Plums Marianna-2624 (P. cerasifera × P. munroniana), Myrobalan 29-C (P. 

cerasifera) and Marianna GF-8-1 are considered to be most tolerant, surviving 

125 days (Duran, 1976). Different new inter-specific rootstocks between 

Myrobolan plum and peach x almond hybrids are under evaluation in a breeding 

program. Breeding has been conducted by several research groups to develop 

new hybrids that carry water logging tolerance (Dichio et al. 2004, Xiloyannis et 

al. 2007, Amador et al., 2009). Rootstock Mr.S.2/5, selected from an open-

pollination P. cerasifera population, is also considered to be fairly tolerant 

(Dichio et al. 2004). Among the rich Prunus germplasm of Albania (Çakalli et al, 

2007; Addante et al. 2008) it is possible to find resistant genotypes of Prunus, 

especially Prunus cerasifera L. Okie and Hancock (2008) discuss the limited use 

of diploid P. cerasifera, a progenitor of hexaploid European plum (P. domestica), 

in genetic improvement of the latter. 

Traditionally, the only screening has been done empirically through the 

selection of rootstocks that withstood more time under flooding. Observations on 

genetic resistance to water logging have been made after natural flooding 

(Jawanda, 1961; Bini, 1963). Controlled flooding also has been used to determine 

cultivar resistance (Ford and Prevatt, 1958; Saunier, 1966; Rowe and Catlin, 

1971; Catlin et al., 1977). In controlled methods, plants are first established in 

containers of soil and then containers are flooded for a set period of time 

(Quamme and Stushnoff, 1983). However, there is always a need for a fast 

screening method. The research presented here describes a novel approach in 

assessing the rate of recovery of rootstocks after a water logging using sap flow. 

Thermodynamically-based sap flow methods utilize heat as a tracer to quantify 

the rate at which sap (water) passes through the xylem tissue of a plant. 

 



Selection of flood – tolerant Prunus rootstocks using sap flow 113 

MATERIAL AND METHODS 
Seeds of three selected genotypes of P. cerasifera found in dry sites were 

germinated and seedlings were grown at a stem thickness at the basis of 1.2 cm 
for sensor installation. The study was carried out in 2014, following a random–
block experimental design, at distances of 30 x 30 cm in 1.5 x 2.0 x 2.0 m soil–
filled containers. Then they were exposed to complete soil submersion 
(waterlogging conditions were established first for a longer period of six days 
and second for one day during June 2014). 

Sap flow sensors (SF) EMS 62 (EMS Brno, CZ www.emsbrno.cz), based 
on SHB (stem heat balance) method (Lindroth et al., 1995, Čermák et al., 2004), 
were installed on the stem using a special cordless drill to open the holes for 
needles (0.6 mm diameter) in xyloid stems at 30 cm height (Kullaj 2013). The 
measuring interval was every minute with 1 s warm-up and storing interval every 
15 minutes during June 2014, on 2 plants for each of the selections. Day-to-day 
variability in sap flow was smaller than plant-to-plant variability. Gypsum 
block’s sensors were placed on the pots at a depth of 10 and 20 cm to measure 
the soil water potential. 

 

RESULTS AND DISCUSSION 

Before the application of the first, long waterlogging event, sap flow 

dynamics show their normal diurnal patterns, although there are differences 

between the three selections in their transpiration pattern. Comparisons (after 

Kullaj et al. 2014) of daily values show that sap flow values of different 

genotypes are not statistically different but further analysis show that Mrbl#2 has 

a more rapid flow at the beginning of the day with the increase of vapor pressure 

deficit whilst Mrbl#3 latter the day and Mrbl#1 in between (Figure 1). 

 
Figure 1. Diurnal patterns of sap flow measured at the stem of Myrobalan 

seedlings before the waterlogging event 

 

In other studies (Dichio, 2004), the effect of waterlogging on the 

photosynthetic activity was greater than on transpiration, therefore, that 
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parameter seems to be a valid indicator of the plants’ sensitivity to waterlogging. 

Short – term effects include a decrease in A and gl and an increase in root 

resistance to water flow. Typically, hydraulic conductivity of the root system is 

reduced (Schaffer et al., 1992; Andersen et al., 1984; Syvertsen et al., 1983) 

followed by typical stress symptoms (more negative Ψl, lower gl, and reduced 

shoot growth). Since transpiration and photosynthesis are coupled, a reduction of 

transpiration as shown in Figure 2. lower the rate of photosynthesis even after 

waterlogging has ceased. 

 
Figure 2. Sap flow values in the last day of waterlogging and just after its cease, 

showing a gradual recovery of transpiration 

 

The hydraulic conductivity of the root system is disrupted soon after 

flooding is imposed. According to Flore 1994, this could result in more negative 

Ψl and an indirect effect on A through inhibition of stomata conductance, gl. 

Although this occurred in cherry, Beckman et al,. 1987 concluded that if 

inhibition of A occurred prior to stomatal closure it was in part due to an 

unknown signal from the root. 

As soil flooding results in low oxygen levels and soils may be oxygen 

depleted within 1 day of waterlogging (Patrick and Mahapatra, 1968). In Figure 3 

we notice an immediate reduction in transpiration. As found by other authors 

(Andersen et al., 1984), Oxygen diffusion rates are inhibited and rates below 0.2 

μg O2 cm
–2

hr
–1

 min
–1

 have been correlated with reduced hydraulic conductivity 

and/or growth in peach. 

It is interesting to notice that the same behaviour is observed in terms of 

sap flow regime between genotypes with Mrbl#2 reaching its maximum 

transpiration rate quicker than the other genotypes, probably as a result of 

quicker stomata opening at lower radiation levels. 
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Figure 3. Sap flow values during the short waterlogging event showing an 

immediate recover afterwards 

 

 
Figure 4. Full recovery of transpiration after the waterlogging event 

 

CONCLUSIONS 

The results showed a drastic reduction in transpiration after a waterlogging 

event on Myrobalan selections. However, all the genotypes recovered after this 

stress. Although in this particular case, with the duration of waterloggin, we 

could not discriminate the genotypes in their ability to recover, it was proven that 

the methodology is very sensitive and produces results in real time. Thus, it could 

be useful in screening seedlings for their tolerance to anoxia 
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