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Abstract 
The research objective was to determine the interrelationship between the roots system of the cherry 

trees (Prunus avium L.) and the physical and chemical properties of the soil, in order to emphasize the S1 
and S2 incompatibility symptoms identified in an orchard ofeight year old, where the trees drying rate is 
between 15.1 - 56.8. The researches had been performed during 2001-2014, in Moara Domneasca 
Research Station (of UASVM-Bucharest), located in the Romanian Plain, with the annual mean 
temperature of 10.5oC and a annual mean precipitations of 548 mm. The soil is Chromic Luvisol 
(according to WRB-ST-1998), with (clayey) argic Bt horizon. Three soil profiles were operated on 
eachidentified cases: healthy tree (HT), symptome 1 (S1) and symptome 2 (S2). Soil samples were 
collected from 10 to 10 cm depth, for physical and chemical analyses. The most appropriate methods for 
the study of the soil-trees relation in our country conditions proved to be Oskamp-Dragavțev-modified by 
Voiculescu. The biometrical measurements of the roots were measured using the metric frame. We find 
that theroot distribution perfectly overlapping with the hydraulic conductivity, designing the pattern of 
the water infiltration and root penetration into the soil. The clayey layer acted as a barrierfor the root 
development. P. mahaleb rootstock, hardly manage the soil profilesleading to the appearance of the 
incompatibility symptoms. 
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1. Introduction 

Over time, it were developed a number of techniques for investigating the relations 
between soil-root system in fruit growing sector, more or less destructive such as skeletal 
method, profile method (Oskamp-Dragavţev), the free monolith method (Kolesnikov, 1971 
[11]), spiral trenches method (Huguet, 1973 [8]), the rizotron method, the minirizotron 
method (J. Lussenhop & R. Fogel, 1993 [14]; J.E. Box Jr., 1993 [3]), etc.As we can see, the 
most appropriate methods for our country conditions, seems to be Oskamp-Dragavțev - 
modified by Voiculescu.  

The undertaking of practice research in a wide range of natural conditions in Romanias 
howed that favorable soils for fruit trees, rootstocks with deep roots main mass (approx. 75%) 
develops to the 20-60cm depth (Voiculescu & al., 1983 [21], 1986 [22]; Voiculescu, 1988 
[23], 1990 [24]). Any change in physical and chemical properties of the soil outside the 
optimal range for each species of fruit, roots react and start avoiding restrictive properties 
horizons, above or below them. In moderate climatic conditions compared with those in our 
country, tree roots do not explore the first 8cm of soil due to excessive humidity and 
temperature variations at this depth (Kimball and Wallace, 1951 [9]; Proebsting, 1955 [18]). 
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Fruit trees have adapted in time to the conditions of a temperate zone, distributing roots at 
a depth enough to be spared by the climatic stress conditions. In this regard, research 
concerning the thermal regime of the soil showed that in the first 10-30cm of soil humidity 
and temperature variations correlate with the variation in air temperature and humidity, with 
similar relative values, including winter frost and dryness in summer, which could lead to 
roots damages that occur in shallow horizon (Glenn D.M. & Welker W.V., 1993 [7]). 
Therefore, any limiting factor of soil related with depth (parental material, non-penetrating 
hard rock roots, excessive moisture in the first 100cm, etc.), limits the soil volume explored 
by the root system, that is moving towards horizons where isn’t exposed to climatic stress.  

For this kind of rooting, periodic destruction of the part of newly formed roots, reduces 
root mass, while growth slows the trunk thickness and reduces the longevity of the plantation 
(Voiculescu, 1990 [24]). In this regard, a series of measurements conducted by Arnouxand 
Gras (1961) from trees of the variety ‘Richared’ (age 10 years), on many soil profiles showed 
that when the root system was cantoned at 40 cm depth, trunk trees thickness was of 29 cm, 
and when it was cantonedat a depth of 80 cm trunk circumference was 52 cm. 

If the limiting factors such as soil reaction with pH values are outside the optimal range, 
or forming a superficial hardpan due to improper application of operating technologies, root 
system react and avoid these horizons, moving forward in depth. In such cases, the root 
system parameters characterize the type of deep rooting. If the shallow root system exposed to 
climatic stress horizons, is moving to deeper horizons, the roots could then encount the 
edaphic stress generated by worsening conditions of aeration, extremely low humus content 
and reducing nutrients in accessible forms to roots (Perry R., 1998 [16]). For the type of 
normal rooting, root distribution is between 20 and 60cm deep. 

The cultivation practices can lead to the deterioration in terms of soil structure and other 
physical properties (Răducu et al., 2002 [19]), but the presence of macropores can increase 
water infiltration into soils (Ela et al., 1991 [4]). Thus, the relations between soil pore 
structure and infiltration play an important role in flow characteristics of water and solutes in 
soil (Lipiec & al., 2006 [13]). 

Causes of incompatibility (Feucht W., 1982 [5], Feucht W. & al, 2001 [6]) are generated 
by genetic, biochemical, morphological and physiological factors and also by external factors 
such as climate (temperature, water), soil properties, pathogens that over a certain threshold of 
intensity in the negative way, trigger irreversible imbalance in plant. In some cases, for 
incompatibility symptoms appearance, it is enough that only one factor to be involved, but in 
the most frequent situations trees decline is caused by a mixture of several unfavourable 
factors in a more weight or less share (Asanica & al., 2012 [2]). 

The objective of the research was to determine the influence of the physical and chemical 
properties of the soil on the root development pattern of the cherry trees (Prunus avium L.) 
from an orchard in the VIII year, where the trees drying rate is 15.1 - 56.8%, in order to 
emphasize the S1 and S2 incompatibility symptoms identified in the orchard. 

 
2. Materials and methods 

The experiment was carried out at the Moara Domneasca Research Station (of UASVM - 
Bucharest), Ilfov county during 2011-2014. The experimental plot is located in Vlasiei Plain, 
Romanian Plain, in the transition area, from steppe to forest steppe. The general relief is flat, 
while the microrelief contains numerous depressions of different shapes and sizes. The soil is 
Chromic Luvisol (according to WRB-ST-1998). The climate was characterized (during 1960-
2010) by a mean annual temperature of 10.5oC and a mean annual precipitations of 548 mm; a 
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potential evapotranspiration which exceeds 600 mm and an aridity index value of 28. In 2011 
the accumulated rainfall has been 293.6 mm, whereas in 2012 there were 475 mm.  

The research had been performed in an eight year oldorchard, N-S oriented, with drip 
irrigation system, with the technology uniformly applied (regarding pesticide treatments, 
mechanical works, pruning and irrigation). For the initiated study, it was chosen 'Stella' 
variety grafted on the Prunus mahaleb L., a vigorous root stock (Perry R.L., 1987 [17], 
Papachatzis A., 2006 [15], Koc A. al. 2013 [10]). 

In the studied orchard, Asanica et al. reported, in 2012 [2], the S1 and S2 incompatibility 
symptoms, grouped into two categories of phenotypic expressionas following: 

- The type I (S1)- characterized by a withered look of the foliage, with thin leaves (edges 
curled and bend on the midrib of the leaf), small and chlorotic leaflets surface; the tree 
is entirely affected. In spring, the blossom is abundant and the binding occurs in high 
percentage. The fruit size is small and remains attachedto the branches and dehydrated 
during the vegetation period (Figure 1 left).  

- The type II (S2) - characterized by a dried skeleton and scaffold branches appearance in 
the vegetation time, the whole tree or in part (from top to bottom). The other half of the 
tree figures like a normal tree without visible symptoms or metabolic injuries. Evolution 
of the trees decline process could be fast, occurring suddenly, the trees dry completely 
in just few weeks after onset. In a slow manner, when the trees show symptoms of 
delayed incompatibility in a progressive degree of damage, trees are dying in about 2 
vegetation seasons (Figure 1 right). 

 

 
 

Figure 1. Incompatibility symptoms - type 1 (S1) left and type 2 (S2) right.  
 
To track the connection between the symptoms of determined incompatibility (type 1 & 

2), three soil profiles were performed, soil samples collected and measurements to the root 
system for the trees with obvious symptoms (S1 & S2) and for a healthy tree (HT). 

Soil profiles were positioned under a main roof framing. The smooth wall profile size 
was 120x 120cm, which is oriented at the trunk at the distance of 1m. The observations made 
were recorded in specially designed field sheets where there are systematic identification 
profile, information about relief, natural vegetation, soil and plants. Soil samples (collected 
from the three pedogenetical profile horizons) were analyzed and the analytical data was 
interpreted according to the Methodology ICPA (1987). Physical properties of soils studied: 
bulk density (BD-g/cm3), total porosity (TP-%v/v) were analyzed according to the 
Methodology ICPA, 1987. The biometrical measurements of the tree-roots were measured by 
the aim of the metric frame (Figure 2).  
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Figure 2. The metrical frame for tree-roots measurements. 
 
For the Oskamp-Dragavţev method, a number of improvements have been made that have 

led to a more accurate reflection of the relationships between soil properties and distribution of the 
root system. Therefore, the roots grouping was modified by diameter and thickness of the roots, 
recording sheets with thickness of 10 mm diameter accurate, the method known as Oskamp-
Dragavţev-changing Voiculescu (C. Lazăr, 2005), method used in this work. 

Starting with 2011, all trees were dinamically catalogued, when these were in the eight 
year of culture, through corresponding notes (‘1’ = S1, ‘2’= s2, ‘U’= dry tree, ‘G’ = goal). 

Primary recordings were processed through the use of biometric indicators which 
synthesize in a quantified form that summarizes the main characteristics of the root system. 
Thus, to obtain relevant results the root frequency (RF) and the root-sectional area (RSA) 
were determined, to be correlated with the main physical and chemical properties of the soil, 
determined according to the ICPA Methodology, 1987. 

Root frequency (RF) is the number or a mount of roots, calculated on orders depth of 10 
to 10cm, the soil profile up to 100cm deep, according to the formula: 

 RF% = nN x 100 

 
where: RF.=roots frequency, n= number of the same group root diameter and N=total number of roots in the 
same depth range 

Root-sectional area (RSA) is an indicator that synthesizes a quantificable number of 
branch roots, and their ramification capacity. RSA is expressed in mm2 and calculates the 
depth order of 10 to 10cm, with the depth of 100 cm. Summarizing, the root surfaces of 4 root 
groups conduct to the total RSA at depths level (0-10, 10-20.....90-100 cm) and pedogenetic 
horizons. 

In order to express the type of rooting of a profile through a single indicator which 
comprises all the information on the distribution of the root system, a root system distribution 
index (RDI) was used. 

Admitting that if all the roots of a tree would be in the 0-10cm depth, this could be noted 
with 1 and for all roots located at a depth of 90-100cm with 10, the index formula distribution 
roots on the soil profile, includes: RDI = = i x 

 

 
where: RDI =Roots Distribution Index on soil profile depth divided into 10 orders; I=depth order (1...10); si=root 
surface and at depth order (mm2); S=surface root section total depth of 100cm (mm2). 
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Root Distribution Index (RDI) was used to detect the effect of soil properties on the use 
of the frequency distribution of the root system and root-sectional area of each side of the 
profile. The normal rooting for type RDI has values of 3-5, rooting superficial type, and type 
values 3 deep rooting, 5 values, these limits are valid for rootstocks with great vigor. 

 
3. Results and discussion 

In terms of favorability for orchard, studied area is included in a Class II quality, under 
the land quality index (63 points). The assessment for the three cases identified in the 
experimental field conduct to the following results: 

 
Healthy tree (HT) 
The granulometric data showed that colloidal fraction (clay < 0.002 mm) increased from 

the soil surface (30.6%) to the Bt1 sub-horizon (38.8%), then gradually decreases (33.7%) 
with depth. Its tendency is specific to the soils with Bt argic horizons. The increase of clay 
content leaded to an bulk density increase, from the medium values (1.33 g/cm3) at the soil 
surface, to higher values (1.58 g/cm3) at 80 - 90 cm depth (Table 1).  

The high bulk density affects water infiltration, plant nutrient availability and further, 
rooting development. The total porosity, which is dependent on the packing arrangement of 
soil aggregates, gradually decreases with depth, from medium (48.8 %v/v) to very low (40.9 
%v/v) values. Consequently, the water infiltration (Ksat - mm/h) values are high (15.84 - 
19.72 mm/h) in the upper part of the soil profile and medium (4.33 - 6.32 mm/h) in the more 
clayey horizons (Table 1).  

The accumulation of the organic matter was low, as a result of an historical development 
of the soil under wood vegetation, thus the humus content is low (1.92 - 2.10%) in 0-70 cm 
and extremely low (0.36 - 0.60%) in the bottom horizons (70-100 cm). The soil supply (Table 
1) with total nitrogen is low (0.113 - 0.118%) to very low (0.055 - 0.088%), decreasing with 
soil depth (parallel to the organic matter decrease). The soil supply with mobile P and K is 
low (3-12mg/kg and 78 - 94 mg/kg respectively – Table 1).  

 
Table 1. The RSA and phisic-chemical data of the health tree case 

Depth  
 RSA 

Humus 
(Ct · 1.72) 

Clay  
(� 0.002mm) 

BD*  
 

TP 
 

Ksat TN 
 

P  
mobile 

K  
mobile 

cm  mm2 % % g/cm3 %v/v mm/h % mg/kg mg/kg 
10 3.14 2.10 30.6 1.33 48.8 15.84 0.118 12 85 
20 148.4 1.92 30.6 1.33 48.8 19.72 0.118 12 85 
30 4.54 1.80 28.9 1.46 45.0 19.72 0.113 10 78 
40 115.61 1.27 32.5 1.50 44.2 9.15 0.088 5 78 
50 77.34 1.22 37.1 1.53 44.2 2.89 0.052 3 94 
60 116.01 1.21 37.1 1.54 42.1 6.32 

   

70 77.14 0.63 37.1 1.54 42.1 6.32 
80 80.28 0.60 38.8 1.58 40.9 4.33 
90 77.14 0.36 38.8 1.58 40.9 4.33 
100 76.94 0.32 33.7 1.5 40.9 7.15 

Total 776,54      
*) BD = bulk density; TP = Total porosity; TN = total nitrogen; P mobile = phosphorus mobile (available); K mobile = potasium mobile 
(available). 

 
The analysis of the data in Table 1 show that the range of 10-20 cm deep, low frequency 

values correlated with elevated RSA (148.4mm2) indicates the predominance of this level of 
support roots here 95.26mm2 accumulating roots coming from 10mm2. 
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The 20-30 cm depth follows an emphasized reduction in the volume of roots, roots active 
gathering only 4.54 mm2 followed by a normal development of the root system to a depth of 
100cm (Figure 3). 

 

 
 

Figure 3. Distribution of root section surface in healthy tree (HT) case. 
 
 

Root Distribution Index (RDI) of 5.74 m shows that the profile is characterized by a type 
of deep rooting otherwise specified by rootstock vigor P.mahaleb. Such a profile justifies the 
normal evolution of the tree that in the same climatic conditions (with other trees) do not 
show symptoms of incompatibility. 

 
Symptom 1 (S1) 
In S1 case, the clay (< 0.002 mm) content values are ranging from 31.5 to 37.7% (Table 

2), values that increased from the upper horizon of the soil to the Bt1 sub-horizon (50-70 cm) 
where it reaches the maximum value (37.7 %), and then gradually decrease towards to deeper 
horizons.  

The bulk density (BD – Table 2) increased with soil depth, from 1.39 g/cm3 (to the 
surface where the soil is loose) to 1.54 - 1.57 g/cm3 (in the more clayey layer, where the 
structural elements are more densely arranged and the soil is more compacted). Therefore, the 
total porosity (TP – Table 2) drastically decreased from higher values (47.5 %v/v) in the top 
soil to very low (40.9 %v/v) in the lower part of Bt horizon.  

Accordingly to BD and TP values, the water infiltration (Ksat - mm/h) is high (13.92 - 
29.83 mm/h) in the upper part of the soil profile and extremely low - low (1.99 - 3.32 mm/h) 
in the more clayey horizons (Table 2).  

The humus content is low (1.60 - 2.46%), decreasing gradually from the top to the 
bottom of the soil profile. 

The total nitrogen (TN – Table 2) has low values (0.111 - 0.136%), the available P is very 
low to medium (5 - 26 mg/kg) and the available K is ranging from 100 mg/kg to 132 mg/kg 
(Table 2). These data emphasized low TN and medium P and K nutrient supply of the S1 soil. 
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Table 2. The RSA and physic-chemical data of the S1 incompatibility case 
 

Depth  
 

RSA Humus 
(Ct · 1.72) 

Clay  
(� 0.002mm) 

BD*  
 

TP 
 

Ksat TN 
 

P  
mobile 

K  
mobile 

cm  mm2 % % g/cm3 %v/v mm/h % mg/kg mg/kg 
10 3.54 2.46 31.5 1.39 47.5 13.92 0.136 26 132 
20 210.05 2.46 31.5 1.39 47.5 29.83 0.136 26 132 
30 406.26 1.80 32.1 1.46 44.8 29.83 0.111 9 100 
40 16.5 1.44 36.0 1.57 43.6 10.11 0.092 5 112 
50 3.54 1.14 37.1 1.53 42.5 1.99 0.083 7 103 
60 45.75 1.02 37.7 1.54 41.9 8.62 

   

70 3.14 0.96 37.7 1.54 41.9 3.32 
80 3.34 0.96 36.6 1.57 40.9 3.32 
90 41.61 0.96 36.6 1.57 40.9 6.05 
100 38.47 0.60 35.4 1.50 43.5 6.05 

Total 772,20      
*) BD = bulk density; TP = Total porosity; TN = total nitrogen; P mobile = phosphorus mobile (available); K mobile = potasium mobile 
(available).  

 
Calculation of RSA in the case of the tree with the symptom 1 of incompatibility, indicates 

normal growth of roots in the upper horizons (10-20 cm and 20-30 cm layer), with a total of 
616.31 mm2 surface of the root section, 50% of these coming from the roots of 10 mm2     

(Figure 4). 

 
 

Figure 4. Distribution of root section surface in S1 incompatibility case. 
 

Scarifying the soil before planting at just 35cm depth led to the distribution of active 
roots in the surface layer. Very low porosity soil and the aero-hydrological conditions of the 
poor soil made the root system to not develop in depth, predisposing trees to a lower 
resistance to weathering. Also very low permeability of the soil for water favored 
incompatibility symptoms in response to poor conditions of aeration in the soils substrate at a 
depth over 40cm. RDI of 3.53 shows that the profile is characterized by a normal rooting. 

 
Symptom 2 (S2) 
The granulometry of the soil at the S2 incompatibility case (Table 3), is dominated by the 

clay fraction (< 0.002 mm) that gradually increased from the upper level of soil towards the 
more clayey horizon (from 29.8% to 37.8% respectively), and further drops again (37.6%) 
towards the lower depths. As a result, the physical properties are affected consequential. The 
bulk density (BD) gradually increased with depth, from a low value (1.24 g/cm3) in surface at 
very high values (1.56 - 1.58 g/cm3) in the argic Bt horizon. The total porosity (TP) is high 
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(53.3 %v/v) in the loose surface and very low (40.9 - 41.0 %v/v) in the more clayey layer. 
Accordingly to physical characteristics of the soil, the values of the water infiltration (Ksat - 
mm/h) are low - medium (3.65 - 9.78 mm/h) in the upper layer and extremely low - low (1.16 
- 3.15 mm/h) in the more clayey layer (Table 5) of the soil profile.  

The humus content of this profile is low (1.68 - 2.34%) in the first 50 cm of the soil and 
gradually decreases towards the base of the profile (to 0.36 - 0.78% values). In respect with 
the organic matter distribution into the soil profile, the nutrient supply (Table 3) decreased 
with depth, from low (0.102 - 0.132%) to very low (0.056%) values for TN, from medium (19 
- 23 mg/kg) to very low (6-7 mg/kg) values for P, and from high (220 mg/kg) to low (103-105 
mg/kg) values for K. 

 
Table 3. The RSA and physical and chemical data of the S2 incompatibility case 

 
Depth  

 RSA   
Humus 

(Ct · 1.72) 
Clay  

(� 0.002mm) 
BD*  

 
TP 

 
Ksat TN 

 
P  

mobile 
K  

mobile 

cm  mm2 % % g/cm3 %v/v mm/h % mg/kg mg/kg 
10 26.32 2.34 29.8 1.24 53.3 9.78 0.132 23 220 
20 113.47 2.34 29.8 1.24 53.3 9.78 0.132 23 220 
30 82.68 2.28 31.1 1.46 45 3.65 0.119 19 141 
40 7.28 1.68 35.7 1.49 43.7 4.48 0.102 6 105 
50 45.55 1.68 37.8 1.49 43.7 1.16 0.056 7 103 
60 3.34 1.32 37.8 1.54 42.1 1.99 

   

70 118.94 1.32 37.6 1.54 42.1 3.15 
80 6.68 0.96 37.6 1.57 40.9 3.15 
90 0 0.96 37.6 1.57 40.9 3.15 

100 0.2 0.96 37.6 1.57 40.9 8.78 
Total 404,46      

*) BD = bulk density; TP = Total porosity; TN = total nitrogen; P mobile = phosphorus mobile (available); k mobile = potasium mobile 
(available). 

 
In the range of 0-20 cm depth, roots frequency was higher (over 20%), supported by low 

levels of root-sectional area (130.79 mm2), indicating the existence at this level of a large 
number of active roots (with the diameter of less than 1 mm). At these depths, a decrease in 
RSA was recorded, to a depth of 60-70cm from where they were later recorded a growth by 
the appearance of roots10 mm2 and summing 115.32 mm2 (Figure 6). RDI of 4.09 shows that 
the profile is characterized by a normal rooting. 

At a depth of 40 cm, soil presents a very hight oughness which prevents normal 
development of the root system. In these conditions, trees are visibly affected, mahaleb 
rootstock hard coping with these edaphical areas of the profile. Resumption of root growth in 
deeper substrates by breaking the barrier of 40-60 cm creates conditions for are balancing of the 
aerial part, manifested by normal growth of part of the crown in S2 incompatible 
symptomatology picture. Poor and delayed communications between the graft and the rootstock 
manifests through the drying of corresponding parts of the crown may be caused by the slowing 
down of roots activity and the reduced number of active roots in the median substrate. 
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Figure 5. Distribution of root section surface in S2 incompatibility case.  
 

The field observations and the analytical data, corroborated with the root biometrical 
measurements, lead to the conclusion that the hydraulic conductivity data (Figure 7) show the 
pattern of the water infiltration into the soil, perfectly overlapping on the root distribution 
charts (Figures 4 - 6). This pointed out that the Bt horizon represents a barrier which impedes 
the roots penetration into the soil.  

The higher content of clay in the HT generated a coarse prismatic structure and large 
cracks, which favor the root penetration into the deep horizons as well as a relatively 
uniformly distribution of the radicular system. 

In the S1 and S2 cases, despite the relatively similar distribution of the clay content into 
the soil profiles, the patterns of the radicular systems are different, but both being in 
correlation with the Ksat values (Figure 6). The structural aggregates are smaller and with a 
stuffed spatial arrangement into the clayey layer, and therefore more packing voids, which 
forced the root to find different patterns (Figures 3 - 5) to penetrate the clayey barrier. 

 

 
 

Figure 6. The hydraulic conductivity (Ksat - mm/h) into the HT, S1 and S2 profiles. 
 

During the 4 years of study, the treesdrying rate in the experimental orchard ranged 
from 15.1% to 56.8% (2011-2014). 
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Table 4. The dynamic of the cherry-tree drying in Moara Domneasca orchard 
 

Year HT  Dry trees S1 S2 
 number  (%) number %  number % 

2011 1734 262 15.1 29 1.6 27 1.5 
2012 1594 298 18.6 77 4.8 83 5.2 
2013 1493 413 27.6 85 5.6 61 4.0 
2014 1124 639 56.8 132 11.7 157 13.9 

 
Even that the total number of the trees affected by S2 incompatibility symptoms is a little 

bit higher than S1 ones, the yearly new entries in one or another of these categories are 
relative balances.  It was noticed that some of the S2 trees are still leaving in the next year, 
others goes in the dry trees category and others are in between. The fragile metabolic balance 
of the affected trees are in direct relation with the climatic and edaphic oscilations, sometimes 
the occurrence of the drying is more evident in the Summer period and in some years after the 
Winter season. 

 
4. Conclusions 

Roots distribution index varied and has changed in the incompatibility trees cases (S1 and 
S2).The root distributionwasperfectly overlapping with the hydraulic conductivity, mirroring 
the pattern of the water infiltration and respectively the root penetration into the soil.  

The clayey layer act as a barrier for the root development, P.mahaleb L. rootstock, hardly 
passing this edaphic barriere from the soil profiles (developing above and below it), which 
lead to the appearance of the specific incompatibility symptoms (S2).  

At the trees with S1 symptoms, the architecture of the root system is different and concen-
trated in the upper soil profile exposing the trees to the drought or different climatic injuries.  

The higher percentage of the trees affected by incompatibility symptoms and the increase 
of yearly drynessoccurrencedisclose the fact that heavy soils, mahaleb rootstock and climatic 
stress are in this case the main factors in the matrix for the sweet cherry incompatibility. 
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