SUMMARY OF WORK
In this project, emphasis was placed on investigating the possibility of establishing such physiological and biochemical biomarkers usable in diagnosis of graft incompatibility at early stages of ontogenetic development, of some fruit species. This study has great practical importance for the production and improvement of fruit seedlings; it allows a priori selection of compatible partners after grafting and reduces losses due to graft rejection of incompatible scions.

For preliminary investigations we have used various pear /quince genotypic associations with varying compatibility degrees. Afterwards, investigations were extended to other species (plum), in order to check potential markers in other taxonomic units. In order to shorten the time required to obtain grafted combinations we check the possibility to create in vitro biological models of scion-rootstock associations and investigate their interaction at the tissue level through  in vitro and in vivo comparative study of physiological and biochemical indicators in combination with different degrees of affinity.

To achieve the proposed objectives were carried out the following activities:
1. Establishment of the experimental field of graft-rootstock combinations with different degrees of compatibility.

In vivo experiments were performed in E.D.S. “V. Adamachi” being held in the two experimental plots. On the first plot, in autumn 2007, was planted Pyrus sativa and Cydonia oblonga rootstocks at  90/20 cm distance and on the turn of August they are  budding by chip budding with Untoasă Bosc, Curé, Willams and Comptesse Paris cultivars. On the second plot, the experiments were initiate in autumn 2008, when they planted of Prunus domestica and Prunus cerasifera rootstocks that were grafted in August 2009 by the same technique, plum varieties (Stanley, Centenar, Tuleu timpuriu and Gras ameliorat) (fig. 1).
The planting material was provided from the germplasm collection of Faculty of Horticulture. Observations and determination were made in second year during the growing season in field and included aspects of growing process (scion and rootstock length, and diameter of grafting point, scion and rootstock) and biochemical indices (assimilatory pigments content, nitrogen among catalase and peroxidase activity, carbohydrates (sugar) content). The samples were collected from the leaves or stem at 2 cm below and above grafting point. 
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Fig. 1 Aspects form the experimental plots – rootstock planting, grafting with pear cultivars, growh and development of engrafted scions.
2. In vitro graft combination 

Plant tissue culture techniques in vitro offers many advantages in experimental programs in that it provides a uniform biological material in a short time, obtained under controlled conditions. Many issues related to study graft-rootstock incompatibility could be resolved using the technique of in vitro micrografting (Joley et Opitz, 1971, AI-Barazi et Schwabe, 1982; Sheibani et de Villiers, 1995).
Within this objective we have proposed to obtain in vitro biological material of scion-rootstock associations of pear varieties with different degrees of compatibility with quince. In vitro experiments were initiated from the same biological material that was use in the in vivo experiments. For both studied species, in vitro experiments were conducted for obtaining micrografting combination and callus co-culture of the rootstock and scion.
In vitro micrografting

Rootstocks were obtained by aseptic seed germination. They were chemically sterilized using 80% ethanol for 5 min and 5% sodium hypochlorite for 20 min, and then were washed three times with sterile distilled water. Germination was carried out both on filter paper soaked with sterile distilled water and on solid media under various light conditions.
Seedlings were decapitated under sterile conditions up to 2 cm from the cotyledons and were used as rootstocks. To establish the optimal conditions for seed germination were tested various  factors : different times of stratification, scarification of the seeds before germination, using immature embryos as starting material for the production of rootstocks, seed germination on filter paper and different media variants without and with added phytohormones gibberellins and citokinins. 

In conclusion, we established that the Cydonia oblonga rootstocks sterilization prevents seed germination, the only way to get the stock being used immature embryos, extracted from seeds sterilized with 5% sodium hypochlorite for 20 min and placed on MS culture medium with ½ macro and micronutrients supplemented with 1 mg / l BAP and 0.5mg / l GA3. By this method was obtained rootstocks in 4 weeks after initiation of the experiment (Fig. 2 A).

As grafts were used in vitro produced shoots from apical meristems, which were sterilized by immersion in 70% ethanol solution for several seconds and 5% sodium hypochlorite for 15 minutes. After sterilization, the explants were placed on MS, WP and G culture media, with various hormonal balances and kept for a month.

Morphogenetic response of explants was dependent on both the culture medium used as a phytohormonal balance. Thus it was found that citokinins are a limiting factor for regeneration of shoots in woody plants. Among the studied citokinins highest in vitro shoots regeneration in all studied varieties showed a BAP, however, also citokinine auxine combination gave satisfactory results in Cydonia oblonga. The results showed that the highest morphogenetic response (in the highest percentage reacting explants, and also the maximum number of shoots / explant (Fig. 2 C)) was obtained on MS medium supplemented with 1mg / l 2,4 D 1 mg / l K 5 mg / l IBA, but on the media  variant with equal auxine / citokinine ratio not conduct to obtaining shoots instead led an intensive process of cell proliferation (Fig. 2 E).

From this shoots were collected 3-15 mm length microscions were used for micrografting. Micrografted plants were subsequently cultivated in vitro on different culture conditions. Grafting union was made successful on the all culture media including variant without phytohormones, but good results were obtained when micrografted plants were maintained for a week in low light and high humidity and temperature and light intensity was increased further up to the optimum for that species.
Transfer to soil: After 10-12 weeks of keeping in vitro obtained plants in aseptic condition grafting point was complete formed and micrografted plants were transferred to the ex-vitro environment, with all the precautions used for transferring any type of plants obtained by micropropagation.
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Fig. 2 The in vitro micrografting on Pyrus specia
A- rootstocks obtained from aseptically germinated seeds B- organogenesis from the soot meristem, C- somatic organogenesis, D-decapitation of rootstocks, E-embryogenic callus, F-in vitro micrografting, G-micrografted plant ready for ex vitro acclimatization

Callus co-culture was achieved by cutting two pieces of callus excised from two different taxa: the rootstock and the rootstock, and put together in close proximity. Callus was obtained from the nodal meristem culture grown on MS medium ratio equal auxine / citokinine.
We tested various auxine (2,4 D and IAA) and citokinine (K and BAP) in different concentrations. For accurate estimation of the results were determined: biomass accumulation, daily rate of biomass accumulation and dry matter content. Results showed that a long time cell proliferation of callus culture it is necessary following requirements: an accumulation of a large amount of biomass, but with a constant ratio and height moisture content (otherwise callus tends switch to organogenesis).
This type of callus was obtained on culture medium supplemented with 2.4 D and K. The addition of IBA to the culture medium increases the dry matter content, and BAP addition  lead to a greater accumulation of biomass in the first week of culture, but the daily accumulation rate decreases dramatically during the subcultivation on same culture medium formula.

In vivo and in vitro anatomical and morphological studies of scion-rootstock combinations with different degrees of compatibility 

One of the theories which explains the causes of incompatibility suggests that the most anomaly of engrafting points structure are caused by 
discontinuity between conductivity vessel of the partners. This part of the project provides a summary of the new advances in studies on the mechanism of graft compatibility focused on the early responses of grafting and how these results can be correlated with the changes observed in some combinations at early stages. Anatomical sections were made 5 cm below the grafting point area and 5 cm above the grafting point of pear cultivars grafted on quince.

In order to make the anatomical-morphological observations, the sections were cut with SLEE MAINZ CUT 6062 semiautomatic section cutter and the coloring was made with methylene blue and ruthenium red. The observations were made with the help of MOTIC B SERIES optical microscope using the 10x and 4x lenses. 

The cross sections were used to determine the radial and tangential diameter of the vessels. The diameter of the vessels was measured directly in the microscope with MOTIC image plus 2.0.
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Fig. 3 anatomic aspects of the symptoms of graft incompatibility
(from left to right: suberisation of cores and cambial tissue necrosis in combination Willams / C. oblonga; bark tissues invagination between the rootstock and rootstock combination Comptesse de Paris / C. oblonga and welding the successful combination Curé / C. oblonga
At incompatible combinations were found we can observe wood desultory, undifferentiated parenchyma layers between scion and rootstock and in some cases parenchyma with suber and necrosis. In compatible combinations, Curé / Cydonia oblonga the grafting zone has a satisfactory development, with wood tissue completely developed, but with deviations from radial structure of xylem vessel due to the engrafting process.
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Fig.4 Xilemic diameter vessels in the scion and rootstock grafted on quince Comptesse de Paris

It was made measurements of xylem vessel in 3 stem parts and the results are presented in tab. no. 1, were could observe a significant differences of vessel diameter between pear and plum. The highest diameter between pear varieties was recorded at Comptesse de Paris 8.7 µm while for plum varieties the vessel diameter was more then 9.81 µm. Making a comparison between xylem vessel from rootstocks and scions at pears with different compatibility grades we can see at Curé variety, compatible with quince, the difference between vessel diameter in all three stem parts are very small (0.39). The other varieties which present engrafting incompatibility recorded differences are greater (1.1 – 2.37).

Table 1  
Conductor vassels diameter at scion, rootstock and grafted point area at some pear cultivars engrafted on pear and quince
	Cultivar
	Diameter (mm)

	
	Scion
	Rootstock
	Grafted point area

	Curé
	7.04±0.42
	7.43±0.51
	7.99±0.87

	Contesa de Paris
	8.70±0.61
	6.33±0.36
	6.89±0.33

	Untoasă Bosc
	5.38±0.24
	7.41±0.73
	6.61±0.59

	Willams
	8.21±0.84
	7.11±0.22
	7.68±0.41


Monitoring of physiological and biochemical indicators of the processes involved in in vivo and in vitro tissue regeneration of  pear varieties with different degree of compatibility with quince in the selection of potential markers for early detection of incompatibility. 

Interaction of the two components exercise significant repercussions on the tree physiological processes, but at the same time, under stress condition, higher plants are able to provide a complex of chemical mediated reactions. One of the most sensitive to stress factors is respiratory enzymes, and a range of secondary metabolites such as alkaloids, polyphenols, carotenoids, etc. For this reason, under this objective, physiological indices (assimilatory pigment content and density of leaf stomata per mm2 language) and also biochemical indices (enzymatic activity, protein phenols, carbohydrates content,) were determined at some pear cultivars grafted on quince in vivo and in vitro for selection of such physiological markers of the graft incompatibility phenomenon. 
Also, the obtained results, both on biological material obtained in vivo and in vitro can be used to determine the similarity degree of in vivo and in vitro differentiation processes, to verify the possibility of extrapolating data obtained on vitro biological models to the plants grown under normal conditions. 
We observed  that the foliage structure of the in vitro micrografted plant was less completed than we found on the trees grafted in the field, so that in vitro produced plants has a less total assimilating pigments while a higher density of stomata per mm2 of leaf, than those produced in vivo. Also, one can observe a higher enzyme activity and increased total protein content in micrografted plants, but a lower content of carbohydrates and polyphenols. These data show a lower photosynthetic intensity and lower secondary metabolism. 
On the other hand, changes in content of carbohydrates, proteins and polyphenols in the scion, rootstock and grafting point, follow the same trends at the in vivo and in vitro grafted plants so that phenomena related to tissue regeneration at grafting are similar in both biological models. 
In conclusion, although the degree of tissue maturation, growth and development of grafted plants in vivo and in vitro was different, however, in vitro grafted plants go through the same stages of development and physiological and biochemical processes is similar. This fact enables us to consider in vitro produced model usable for the study of graft incompatibility.
Table 2 
Dynamic of some physiological and biochemical parameter at some pear cultivars with different grafting degrees compatibility for pear and quince, engrafted in vivo şi in vitro
	
	Total pigm. (mg/g s.p)
	Stomata/mm2
	Peroxidase Activity


	Total

Proteine

(mg/g s.p)
	Sugar content (mg/g s.p)
	Total polyphenols (mg/g s.p)

	IN VIVO

	Curé

	Altoi

Portaltoi

P. altoire
	2.891
	178.34
	0.5029
	78.1
	0.4370
	74.52

	
	
	
	0.1081
	62.5
	0.7471
	74.67

	
	
	
	0.2351
	87.5
	0.8795
	81.98

	Comptesse de Paris

	Altoi

Portaltoi

P. altoire
	2.818
	184.12
	0.1457
	75.4
	0.8067
	102.22

	
	
	
	0.5264
	82.8
	0.8413
	65.27

	
	
	
	0.2870
	79.3
	0.8136
	176.86

	Untoasă bosc

	Altoi

Portaltoi

P. altoire
	2.974
	126.4
	0.7895
	73.4
	0.5472
	96.05

	
	
	
	0.2961
	65
	0.8137
	62.57

	
	
	
	0.4559
	88.4
	1.2653
	134.43

	Willams

	Altoi

Portaltoi

P. altoire
	2.740
	189.37
	1.1750
	90.6
	0.7236
	100.44

	
	
	
	0.8763
	76.6
	1.0314
	52.87

	
	
	
	0.8319
	70.3
	1.487
	153.73

	IN VITRO

	Curé

	Altoi

Portaltoi

P. altoire
	1.983
	237.14
	0.7458
	121.4
	0.3125
	74.11

	
	
	
	0.3514
	98.6
	0.5421
	81.24

	
	
	
	0.4892
	113.5
	0.5935
	88.16

	Comptesse de Paris

	Altoi

Portaltoi

P. altoire
	2.014
	285.37
	0.6524
	124.18
	0.2857
	84.21

	
	
	
	0.5685
	78.48
	0.5942
	68.54

	
	
	
	0.8725
	135.89
	0.5658
	89.46

	Untoasa bosc

	Altoi

Portaltoi

P. altoire
	2.324
	305.27
	0.7958
	111.2
	0.6864
	84.28

	
	
	
	0.3533
	65.6
	0.5654
	75.21

	
	
	
	0.6562
	125.6
	0.8551
	63.88

	Willams

	Altoi

Portaltoi

P. altoire
	2.236
	288.91
	0.9946
	136.9
	0.2653
	99.51

	
	
	
	0.6154
	102.4
	0.4244
	89.12

	
	
	
	0.8786
	145.3
	0.7414
	104.31


6. Data summary on scion rootstock pear-quins associations for elucidate the complex causes underlying the compatibility degree and testing developed techniques on other species of trees (plum). 
Summarizing the data presented above we can be concluded that of all physiological indicators only xilemic vessels similarity may be related to a satisfactory degree of security to by a good indicator of graft incompatibility phenomenon.  The other physiological characters, especially foliar characteristic is statistically inconclusive for early detection of graft incompatibility. In contrast to physiological parameters, for combinations Pyrus / Cydonia was found several possible biochemical markers: peroxidase activity, sugar content, soluble protein content and total polyphenol content. 
The results obtained in Pyrus species have entitled us to consider useful in the following year extension experiments on other species, such as the plum in order to verify their validity in other genotypic grafts combinations. 
To achieve this goal and we select 4 plum varieties (Stanley, Tuleu timpuriu, Gras ameliorat and Centenar) with different degree of affinity with Prunus cerasifera which were grafted in August by the chip budding technique on Prunus cerasifera and Prunus domestica rootstocks. It was applied standard nursery technology, and monitories plant health whiles the percentage of grafting success. The samples were periodical harvested for morphological analysis of the grafting point. 
In parallel we attempted a protocol to obtain in vitro grafted combinations by micrografting technique. To this end, axillary buds from the four varieties of plum have been sterilized in 70% ethanol 2 min and 25 min in 3% sodium hypochlorite, after which they were washed three times with sterile, distilled water. Apical meristem was excised under a microscope and transferred to culture medium. 
It was tested 4 culture media: MS. WP. B5 and MS ½ each medium was supplemented with 3% sucrose, 0.7% agar and 1 mg / l BAP. Each media was assigned to 10 ml in glass tubes and sterilized 20 min at 121oC. After 30 days of culture the number of reacting explants and shoot length were estimate.
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Fig. 5 Micrografting stages on the Prunus specia 
A-Rootstocks preparation, B-Organogenesis, C Shoots development, D-micrografted plant 

MS medium was supplemented with different types of citokinine: BAP, and kinetin zeatine in 0.5, 1, 1.5 and 2 mg / l. concentrations. 15 explants were used for each type of media. After 30 days of culture was estimated survival ratio and shoots length.
It was found that on the WP culture medium survival rate of the explants was 100%. MS medium caused necrosis and vitrification of shoots after several subcultivation. It seems that high nitrogen content does not favor the emergence of shoots.

Table 3

Culture media influence on morphogenetic response at Tuleu timpuriu cultivar
	Nr. crt.
	Base media
	Surviving rate (%)
	Shoot length (mm)

	1
	WP +0.5 mg/l AIA+1 mg/l BAP
	100
	9.9±0.51

	2
	MS+0.5 mg/l AIA+1 mg/l BAP
	66
	4.7±0.23

	3
	1/2MS+0.5 mg/l AIA+1 mg/l BAP
	86
	4.4±0.12

	4
	B5+0.5 mg/l AIA+1 mg/l BAP
	93
	3.1±0.24

	5
	½ MS + 1mg/lBA
	100
	9.9±0.31

	6
	½ MS + 1mg/lBAP
	100
	6.6±0.35

	7
	½ MS + 1mg/lK
	80
	2.7±0.56

	8
	½ MS + 1mg/lZEA
	93
	4.6±0.21


Citokinins had different effects: 100% rate recorded BAP and BA, a 93.3% zeatine and K only 80%. In fact only BA or BAP are most effective in inducing and proliferation caulinare cultures. 

Further subcultivation of the shoots on medium containing K leads to their vitrification. Zeatine and BAP had the most pronounced effect on shoots proliferation.

Tabelul 4

Citokinins influence on shoots inducing process at Prunus sp. (Centenar)
	
	Citokinins
	Concentration (mg/l)
	Shoots number
	Shoot length (mm)

	1
	BAP
	0.5

1

2
	3.1±0.11

6.3±0.24

4.5±0.32
	7.7±1.11

6.7±0.98

5.9±0.54

	2
	K
	0.5

1

2
	1.3±0.05

1.4±0.11

1.1±0.24
	11.3±1.14

13.8±1.21
26.3±1.84

	3
	ZEA
	0.5

1

2
	1.7±0.81

2.1±0.21

1.9±0.18
	18.2±1.27
15.7±1.43

11.6±1.44


Those experiments have shown that during shoots development there are different stages that require special culture conditions and different plant hormones balance. In the first stage, the apical meristem culture starts formation of new shoots under the influence of cytokinines. But in a few case endogenous citokinins was sufficient to initiate this process. In this case, additional citokinine in relatively small concentrations is mandatory. Addition of auxins, especially when using large explants, is not binding in this stage because stem tips are one of the most important locations of auxins biosynthesis, so that the explants do not lack this kind of plant hormones. In case of their use is recommended to add weaker auxins, like IAA or IBA, not 2.4 D and in low concentrations up to 1 mg / l. 
In the next stage of development the aim is shoots proliferation and forming of a large number of adventitious buds. This goal is achieved through an increased intake of citokinine in culture medium, which reduces apical dominance and stimulates the emergence of adventitious buds. However, as can be seen from Tab 5, at this studied species increasing of citokinine concentration exceeding the limit of 1 mg / l, leads to reducing the number of generated shoots. 
As a result of this objective we obtained grafted plants by in vitro micrografting technique on Prunus species and their subsequent acclimation onto ex-vitro conditions. 
In the following steps were made determinations of physio-biochemical indicators selected from research conducted in pear, at the Prunus /Prunus cerasifera combinations with different degrees of affinity grafted in vivo and in vitro. 
Unlike the situation found in Pyrus species, the ratio between the diameter of scion and rootstock wood vessels from plum do not have statistically conclusive results to consider this indices a good marker of graft incompatibility on plums. It notes height differences between the diameter of the scion and rootstock in both compatible and incompatible combinations.

Tabelul 5  
Vessels diameter at scion, rootstock and grafted point area at some plum cultivars engrafted on plum and mirobolam
	Cultivar
	Diameter

	
	Rootstock
	Scion
	Grafted point area

	Stanley
	10,54±0.58
	6,23±0.42
	8,59±0.14

	Tuleu timpuriu
	9,81±0.37
	6,34±0.85
	9,89±0.63

	Gras ameliorat
	9,64±0.52
	6,14±0.44
	10,18±0.88

	Centenar
	11,21±0.87
	6,82±0.39
	9,72±0.52


Peroxydase activity was higher for micrografted plants than those found at in vivo produced combination, but the dynamics of these values at different strain levels show the same trends. Interestingly was an abnormally high activity of peroxydase at the Centenary variety grafted in vivo and also increased activity at the grafting point on Gras ameliorat cultivar, which was somewhat similar to that of protein.
Contrary to expectations polyphenol content was relatively low both on in vivo and in vitro grafted plants. Increased peroxidase activity was not accompanied by an increase in polyphenol content, except Centenary variety, in which all parameters studied had higher values. 
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Peroxidase activity at some plum cultivars with different 

compatibility degree engrafted on  mirobolam 
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In conclusion, biochemical markers which can by potential indicators of graft incompatibility process for plum varieties have been considered only peroxydase activity and soluble protein content. Total polyphenol content was the same variations at graft combination with good affinity and those with low affinity. However, these results, although a practical application, not fully elucidates the mechanism by which the two partners mutually repel. It would be necessary to elucidate the investigation of this phenomenon at the molecular level, aiming to determine polypeptide pattern and gene expression involved in cell differentiation:
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Good juncture at compatible rootstock-scion association 
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Suberification and tissues necrosis at incompatible rootstock-scion combinations.
Fig. 6 Morpho-anatomical aspects of rootstock-scion juncture at some plum cultivars with different compatibility degrees with mirobolam
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