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Abstract 

 
Previous investigations showed that the sweet cherry trees on most promising dwarfing, precocious and 
highly productive rootstocks show water deficiency during the hot and dry summer months, which influence 
the crop and fruit quality in the subsequent year. No doubt that under extremely dry conditions the maximum 
productivity and efficiency of water usage in woody heterografts can be achieved at harmonized interaction 
of factors determining the water relations. Those cherry trees are especially concerned, which are grafted on 
growth reducing rootstocks, as it became actual practice in intensive sweet cherry orchards. The rootstock 
research and breeding produced a wide series of dwarfing rootstocks  for sweet cherry, but the trees grafted 
on to most promising of them show water deficiency symptoms under hot and dry summer climate. This is 
typical to the largest cherry growing countries of the world, like Turkey and Iran, but the conditions are 
similar in certain sites of Hungary too. Knowledge of hydraulic conductivity, hydraulic architecture and 
water-usage in case of different woody and herbaceous plant is an increasingly important issue. Because of 
recently occurred climate changes growing numbers of researchers work on the topic. For easy and fast 
analysis of plant water regime, water potential of plant parts and hydraulic conductivity of soil-plant-
atmosphere, a special, tool (Hydraulic Pressure Flow Meter) was developed. The usage of HPFM is based on 
pressure-variance in tracheas. During our researches in high-density cherry orchards we found the otherwise 
promising dwarfing rootstocks (such as Gisela® 5) far the worst drought-tolerant, contrary to trees on 
Mahaleb. There is no sufficient information about drought-tolerance mechanism and hydraulic architecture of 
different rootstocks, thus our research purpose is to compare the above mentioned parameters in case of 
Prunus avium, P. mahaleb, P. cerasus and their hybrids. Our test trees are all multi-component grafts, which 
complicate the question even more. Not only rootstocks and scions, but graft unit itself influence transport 
capacity of stem. Anatomical researches have proved that trachea surface by stem cross section in case of 
strong vigor rootstocks is double, which suppose smaller resistance to sap flow, comparing to dwarfing 
rootstocks. Anatomical results itself are not enough to fully understand drought-resistance mechanism of 
plants, therefore our HPFM researches can approve to achieve wider knowledge of this mechanism and 
hereby to find appropriate dwarfing and semi-dwarfing  cherry rootstocks for the Hungarian site conditions. 
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1.Introduction 
 
The rootstock research and breeding produced a wide series of dwarfing rootstocks  for sweet cherry, but the 
trees grafted on to most promising of them show water deficiency symptoms under hot and dry summer 
climate. This is typical to the largest cherry growing countries of the world, like Turkey and Iran, but the 
conditions are similar in certain sites of Hungary too. Previous investigations showed that the sweet cherry 
trees on most promising dwarfing, precocious and highly productive rootstocks show water deficiency during 
the hot and dry summer months, which may influence the crop and fruit quality in the subsequent year and 
lead to early senescence of trees. There is no sufficient information about drought-tolerance mechanism and 
hydraulic architecture of different rootstocks, thus our research purpose is to compare the water relations of 
cherry trees on Prunus avium, P. mahaleb, P. cerasus and their hybrids.  
Not only rootstocks and scions, but graft unit itself influence transport capacity of stem. Anatomical 
researches have proved that trachea surface by stem cross section in the case of strong vigor rootstocks is 
double. This supposes smaller resistance to sap flow, comparing to dwarfing rootstocks. In cherries, results of 
Meland et al. (2007) suggested xylem-flux differences in grafting unit of cultivars on Prunus avium seedling, 
Colt and Gisela 5. Our recent investigation showed differences in the stem vascular system of cherry 
cultivars and rootstocks, the trachea lumen in the stem cross section of low vigour cherry rootstocks is 
considerable smaller compared to the scion or vigorous rootstocks (Végvári et al. 2005). This possible 
relationship is also confirmed by Olmstead et al. (2006), who examined the xylem vessel anatomy in the graft 
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union of sweet cherry on different vigorous rootstocks and found that the vessel hydraulic diameter (VDh), as 
well as lumen area (LAV) is smaller on dwarfing Gisela 5 rootstock. The authors assumed that the smaller 
and fewer vessels in the graft union, as well as irregular vessel orientations in the vascular tissue could 
contribute to hydraulic resistance in the graft union, however there are a lot of open questions (Cochard et al. 
2007). Direct and indirect evidence indicates that hydraulic conductance of dwarfing apple rootstocks is 
lower than that of strong rootstocks (Cohen and Naor, 2002; Atkinson et al., 2003). 
On the other hand, xylem-flux measurements may also contribute to understanding of water relations of 
cherry trees. In Hungary, the first attempt to use the thermal dissipation sensors for measuring the sap flow 
was made by Hrotkó and Tőkei (1998). Using the same equipment Ács et al. (2001) measured the sap flow in 
cherry trees and concluded that in the thicker trunk of cherry trees on vigorous rootstocks the sap flow 
reacted to changes of solar radiation faster than in tree grafted on growth reducing rootstocks. Juhász et al. 
(2007) carried out measurements on cherry trees using the Flow 32 equipment of Dynamax. They also found 
that the sap flow was linear related to the air vapour deficiency and temperature. 
In our paper, the leaf and bark water content of cherry trees are presented, related to weather parameters. 
Further investigations are planned on water consumption, xylem flux, and hydraulic resistance to understand 
the water deficiency problems of cherry trees on dwarfing rootstocks.  
 
2.Materials and Methods 
 
The experimental orchard is planted in the Soroksar Station Experimental Farm of the Faculty of 
Horticulture, Corvinus University of Budapest. The farm is located in South-East to Budapest on a light 
calcareous sandy soil. Lime content is around 2.5 %, pH 7.7 and the soil compactness index (KA) is 24. 
Organic matter in the soil is low, 0.87%. The climate is typical to the central Hungarian flatland, 
meteorological characteristics on average of the last fifteen years (1991-2004): yearly temperature is 11.3 °C, 
total sunshine is 2079 hours in a year, rainfall is 560 mm year-1. Trees were budded on rootstocks in 2002, 
one-year-old trees were lifted in the nursery 2003 autumn and planted into the orchard in spring 2004. 
The trees were planted at a spacing of 4 m x 2 m, with a density of 1250 trees ha-1. In one plot there are three 
trees planted, and plots from each rootstock/scion combination are six times repeated and randomized. The 
trees are trained to Hungarian Cherry Spindle (Hrotkó et al. 2007); in the alley way naturally grown grass is 
managed by mowing. 
  
Rootstocks and scion: 
Mazzard (Prunus avium L.) seedlings of slected virus free seed tree clone C 2493. 
SL 64 (Prunus mahaleb L.) selected clonal rootstock from France, widespread used sweet cherry rootstock 
all obver the world. Vigorous, very productive, performs well on light sandy soils. 
Bogdany (Prunus mahaleb L.): clonal rootstock selected in Hungary. Vigorous, very productive, more hardy 
than SL 64, performs well on light sandy soil. 
Magyar (Prunus mahaleb L.): clonal rootstock selected in Hungary. Moderate vigorous, very productive, 
more hardy than SL 64, performs well on light sandy soil. 
GiSelA 6 (Prunus cerasus x P. canescens, Gi 148/1): clonal rootstock from Germany, semi-dwarf, 
precocious, requires fertile soil and irrigation.  
Prob (Prunus fruticosa Pall. forma aucta Borb.): clonal rootstock from Hungary. Dwarfing, precocious, early 
senescence of trees is typical on this rootstock. 
Cultivar: ‘Petrus’®: patented new Hungarian cultivar, ripe early (second cherry week), self fertile. 
 
Leaf and bark sampling and measuring of water content:  
On each rootstock from the six trees which are randomly located in the orchard, leaf samples at the end of 
month in May, June, July and August were collected. Leaves were collected from the middle of long shoots 
(50-70 cm) from four side of the trees. Bark samples were taken in September from the same trees above and 
under the graft unit at a distance of 10 cm, samples contained the phloem and the periderma. Samples were 
measured fresh, then were dried at 103°C until weight loosing stopped and measured again.  
 
3.Results and discussions 
 
Considering the average of 50 years the year 2007 can be characterized with an extremely high mean 
temperature (average is 11.3 °C), average precipitation and high number of sunshine hours (Table 1). Highest 
rainfall was measured in May, August and June, and also July was not an extremely dry month. 
The leaf water content showed in each month significant differences and a gradually decreasing tendency 
from May to August (Table 2). The highest water content was measured in the cherry leaves on mahaleb 
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‘Bogdány’ rootstock in May, followed by mahalebs Magyar and SL 64, while significant less (9%) water was 
found in the tree leaves on mazzard, Gisela 6 and Prob rootstocks. Almost the same relation was found 
between the trees on different rootstocks in summer month, however the relative water content slowly 
decreased. A less decrease in leaf water content was shown in the trees on mahaleb ‘Magyar’ rootstock. 
Since the water supply by precipitation in summer months was higher than under usual weather conditions, 
the differences could be caused by a different water uptake capacity of the root system, and the different 
transpiration capacity of leaves, which is the driver of the sapflow in the xylem.   
The bark water content both in the rootstock shank and the scion trunk followed the same tendency found in 
the leaves, namely trees on mahalebs showed higher water content, and trees on hybrid rootstocks and 
mazzard, lower water content (Table 3). None of the rootstock/scion combination showed differences 
between the rootstock bark and the scion bark within the tree. This means that the water deficiency concerns 
equally both part of the tree. 
Our results show that cherry trees on mahaleb rootstocks have a larger water content in both leaves and bark, 
which is consistent with our knowledge on drought tolerance of these rootstocks. The performance of leaf 
and bark water content of cherry trees on mazzard rootstock is strange, but could be explained by the site 
conditions: in our light sandy soil their roots did not reach the deeper soil layers which could  provide a solid 
water supply basis. The same concerns also for the trees on Gisela 6 and Prob rootstocks.  
Our results display well the visible symptoms of water relations, but compared to literature data they do not 
help understand the whole complex, a lot of questions remained open. Further investigations are needed to 
understand the role of leaf surface and performance of stomata in the transpiration capacity. More 
information should be collected on xylem flux and water consumption of trees on different rootstocks, as 
well as on the role of the hydraulic resistance of graft unit and the scion and rootstock part of the trees. 
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Table 1. Major weather characteristics in Soroksár Station, Hungary, (2007) 
 

Month Mean temperature 
(°C) 

Precipitation Sum 
(mm) Sunshine hours 

January 5,2 24 96 
February 5,2 46,1 54,4 
March 8,9 42,4 164,2 
April 14,6 2,2 322,3 
May 19,3 79 272,3 
June 24,0 52,4 290,1 
July 25,4 33,8 321,1 
August 23,3 75,4 279,4 
September 14,8 44,1 205,5 
October 11,1 50,3 139,3 
November 4,1 50,4 107 
December 0,9 57 55 
Mean / Sum 13.06 557,1 2306,6 
 

 
Table 2. Leaf water content (%) of ‘Petrus’ cherry trees on different rootstocks 

 
Leaf water content % Rootstocks May June July August 

Mazzard sdlg. 62 ab 58 a 58 ab 52 a 
Mahaleb ’Bogdány’ 67 e 62 b 58 ab 56 ab 
Mahaleb ’SL64’ 65 cd 60 ab 60 b 56 ab 
Mahaleb ’Magyar’ 65 de 56 a 58 ab 59 b 
P. cerasus hybr. ’Gisela6’ 63 bc 57 a 58 ab 55 ab 
P. fruticosa hybr. ’Prob’ 61 a 59 ab 53 a 53 a 
 
 
Note here and in Table 3 that different letters mean significant differences between treatments 
 

Table 3. Bark water content (%) of ‘Petrus’ cherry trees on different rootstocks 
 
 Under graft unit 

(rootstock) 
Above graft unit 

(scion) 
Mazzard sdlg 36 a 40 abc 
Mahaleb ’Bogdány’ 49 bcd 44 abcd 
Mahaleb ’SL64’ 48 bcd 50 cd 
Mahaleb ’Magyar’ 49 cd 52 d 
P. cerasus hybr. ’Gisela6’ 36 a 38 ab 
P. fruticosa hybr. ’Prob’ 42 abcd 41 abc 
 
 
 
 


