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ABSTRACT

 The main target of this experiment is to study the performance of Washington navel and Balady mandarin budded on Sour orange and Volkamer lemon or on Sour orange (interstock) budded on Volkamer lemon under two soil types (clay and calcareous). 

The highest values of most measurements particularly vegetative growth; nutritional status and biochemical constituents for both citrus scions were in closed relationship to those transplants of both Washington Navel orange and Balady mandarin budded on Volkamer lemon rootstock and grown in clay soil during both experimental seasons. The superiority of such combination (budded transplants of both citrus scions on Volkamer lemon grown in clay soil) was significant as compared to other investigated combinations during both seasons of study. 

On the contrary, the least values of most growth measurements were markedly related to the budded transplants of two citrus scions on the Sour orange interstock on Volkamer lemon grown in calcareous soil. The inferiority of such combinations was true during both seasons, irrespective of citrus scion. 

Anatomical examinations of union zone of all investigated treatments proved the success of union process between two citrus scions (Washington navel orange & Balady mandarin) from one hand and any of the 3 rootstocks from the other. Microscopic examination of union zone between Sour orange interstock and Volkamer lemon rootstock showed also wider parenchymatous vacuoles and necrotic tissues, besides narrower area of different union zone tissues, particularly secondary cortex were presented which gave a logic explanation for the depressive influence of Sour orange interstock on most growth parameters. However, the union process took place successfully. 

INTRODUCTION

Citrus are considered to be the first crop in fruit production in Egypt. The total acreage of citrus in Egypt reached about 359703 feddans representing 31.52 % of the total fruits area*. The great share of citrus plantings were concentrated mainly in the most valuable and limited Delta region. Nowadays the horizontal extension of citrus orchards is planning and depending on the newly reclaimed soils that require specific rootstocks. 

Citrus trees are commonly propagated vegetatively by budding /grafting on rootstocks rather than other methods like as seedlings or cuttings because rootstocks provide certain advantages that are beneficial to a citrus tree. Rootstock has an effect on scion vigor, yield, fruit size, and juice quality which are generally of greatest interest because of their direct relationship on grower profit. Tree growth, spacing and other factors often producing contradictory reports on rootstock performance. 

 Volkamer lemon is one of the promising citrus rootstock. It has significant effective characters that reflected positively on the scions budded on it regarding their rate of growth and its suitability for the unfavorable environmental (climatic and soil) conditions. Moreover, the scion is successful in Navel orange and Balady mandarin whereas, the rate of growth and the tree volume are better compared with Sour orange. Also, the fruit characters such as the peel thickness, coloration, acidity and juice volume are undesired ( Salem et al.,1994). 

Navel orange and Balady mandarin varieties are well compatible scions with both Sour orange and Volkamer lemon. The growth rate of budded Balady mandarin and Navel orange on Sour orange are less than those on Volkamer lemon. Also, the canopy volume of the Balady mandarin and Navel orange trees budded on Sour orange are less than the analogous one on Volkamer lemon. It is will known that budded trees on Volkamer lemon are tolerant for water stress than that on Sour orange.

Moreover, the fruit quality of Navel orange and Balady mandarin are affected by the rootstock as the Navel orange and Balady mandarin on Sour orange have less volume than that on Volkamer lemon. Also, concerning fruit weight, peel thickness and the spacing between pulp and peel, all these fruit quality characters are found to be much less when Navel orange and Balady  mandarin budded on Sour orange than on Volkamer lemon. Moreover, the peel coloration for Balady mandarin and Navel orange fruits on Volkamer lemon are poor when compared with the coloration for Balady mandarin and Navel orange on Sour orange. Generally, the peel roughness increased for Navel orange and Balady mandarin on Volkamer lemon than for Navel orange and Balady mandarin on Sour orange. It is noticed also that fruits of budded Balady mandarin and Navel orange on Sour orange were more juicy with higher T.S.S. content and prolonged storability rather than the corresponding ones on Volkamer lemon rootstock (Abdel- Rahman,2002). 

 It is clear from the foregoing that, Sour orange is a suitable rootstock for a desired Navel orange and Balady mandarin fruit characters and Volkamer lemon is a suitable rootstock for soil types, tree growth and tree yield production for both Navel orange and Balady mandarin. Therefore, interstock grafting form (Sour orange as interstock and Volkamer lemon as a rootstock) as an applicable method for intensifying both rootstocks for Navel orange and Balady mandarin was investigated in this work.

MATERIALS AND METHODS

The present study was carried out during two successive seasons at the nursery of the Horticulture Research Institute, Giza Governorate, Egypt. 
The aim of this experiment is to study the performance of Washington Navel orange and  Balady mandarin budded on Sour orange (Citrus aurantium) and Volkamer lemon (Citrus volkameriana) and Washington Navel orange and Balady mandarin budded on Sour orange (as interstock) budded on Volkamer lemon (Citrus volkameriana) rootstock under the two calcareous and clay soil types. 

Homogenous and normally growing seedlings of the three investigated rootstocks i.e., Sour orange, Volkamer lemon and Sour orange as intermediate / interstock budded on Volkamer lemon were carefully selected and retransplanted in 30 cm diameter plastic pots filled with a specific weight of two soil types (calcareous and clay) at the rate of 20.0 kg per each. These selected transplants were one and two year old for two former rootstocks i.e., Sour orange and Volkamer lemon (used for simple budding) and the later one (Sour orange on Volkamer lemon for interstock grafting system), respectively. After transplanting had been done irrigation and recommended nutrient program were applied till budding time i.e. two month later in March 2001 and 2002 during 1st and 2nd experimental seasons, respectively. Each treatment was replicated five times with four budded rootstock seedlings per an individual replicate.  

The treatments were as follows:
1 – Navel orange on Sour orange rootstock.        2 – Balady mandarin on Sour orange rootstock.

3– Navel orange on Volkamer lemon rootstock. 4 – Balady mandarin on Volkamer lemon rootstock. 

5– Navel orange on Sour orange (interstock) on Volkamer lemon rootstock. 

6–Balady mandarin on Sour orange (interstock) on Volkamer lemon rootstock. 

The following growth parameters has determined:- 

1- Vegetative growth (6 months from budding): scion length (cm), scion diameter (cm), scion leaves number, scion leaf area (cm2),scion leaves dry weight (gm),stem dry weight (gm),leaves dry matter (%) and stem dry matter (%).  

2-Mineral content: 

Ten healthy and mature leaves per each replicate were taken at the end of each season. Then, leaves were wiped free of dust with a damp cloth, washed with tap water and distilled water several times, and oven dried at 70oC till a constant weight. After that, 0.2g of each ground sample was digested using the procedure suggested by Jackson (1958). The digested solution was used for the determination of N, P, K, Ca, Mg, Fe, Zn and Mn nutrients as described by (A.O.A.C. 1975)
3- Bio- chemical constituents: 

- Total indoles: These were determined by using the test of P-dimethylamino-benzaldehyd (Larson et al.,1962) to be estimated colorimetrically. The concentration was calculated from a standard curve of indole acetic acid. 

- Total phenols: Folin and Ciocalten colorimetric method (A.O.A.C. 1975) was used at 700 nm wave length to be determined colorimetrically. The concentration of total phenols was calculated from a standard curve of pyrogallol. 

4- Anatomical studies: 

Anatomical examination of union zone of different budding treatments was also done to study the structure of the newly developed tissues in such area (budding zone). Anatomical studies were implemented by tracing the procedure mentioned by Hartman and Kester (1978).
-Statistical analysis:
The investigation was planned out as a factorial experiment in a complete randomized block design. All data obtained during both seasons of study of every experiment were subjected to statistical analysis according to Snedecor and Cochran, (1972). Means values represented the various investigated treatments were compared using the Duncan's multiple range test (Duncan, 1980) at 5% level of significance. Letters were used for distinguishing various values, representing means of differential investigated treatments, whereas values followed by the same letter/s were not significantly different.    
RESULTS AND DISCUSSION
In this experiment the influences of soil type (clay & calcareous); rootstocks used for budding (Sour orange seedlings, Volkamer lemon seedlings and Sour orange as interstock budded on Volkamer) and their possible combinations were investigated regarding the response of two citrus scions i.e., Navel orange and Balady mandarin as follows: 

1- Vegetative growth measurements: 

-Specific effect: 

With regard to specific effect of soil type on different scion growth parameters of Washington navel orange and Balady mandarin budded transplants, data obtained from Tables (1,2,3 and 4) revealed that response varied from one growth measurement to the other. Hence, (scion length; number of leaves; leaf dry weight and stem dry weight) of scion increased significantly in budded transplants of both Navel orange and Balady mandarin grown in clay soil. The reverse was true with stem dry matter % of both citrus scions which increased in calcareous soil. Meanwhile, scion stem diameter; average area and dry matter % of the leaves didn’t respond to soil type. 

As for the specific effect of rootstock used, data obtained during both seasons display that the rate of response was more pronounced than that soil type. Moreover, the trend of response was to great extent firm, whereas most growth parameters, exhibited their maximum values with transplants of both citrus scions budded on Volkamer lemon. Anyhow, the tallest scion associated with the greatest number of leaves, while the reverse was true with those budded on Sour orange interstock on Volkamer lemon. Meanwhile, Sour orange seedlings as rootstock used on their own root system was in between, except with leaves dry weight of Balady mandarin and stem dry weight of Navel orange whereas it was the superior. In addition, the unique exception was the stem diameter of both citrus scions which didn’t respond to rootstock. 

-Interaction effect: 

Regarding the interaction effect of various combinations between two studied factors (soil type & rootstock used) on different growth parameters of two studied citrus scions, data obtained during both seasons presented in Tables (1,2,3 and 4) revealed that trend and rate of response varied from one measurement to the other. However, the highest values of most parameters particularly scion length & diameter; number of leaves per scion; leaf area and dry weight of leaves & stem for both citrus scions were in closed relationship to those transplants of both Washington Navel orange and Balady mandarin budded on Volkamer lemon rootstock and grown in clay soil during both experimental seasons. The superiority of such combination (budded transplants of both citrus scions on Volkamer lemon grown in clay soil) was significant as compared to other investigated combinations during both seasons of study with few exceptions particularly dealing with dry weight of either leaves or stem organs of two citrus scions. Since, the increase was not significant with comparing values of these two growth parameters (stem & leaves dry weight) of the aforesaid superior combination to the analogous ones budded on Sour orange seedlings grown in the same soil (clay), when dry weight of stem and leaves of Washington Navel orange and Balady mandarin were concerned, respectively. 

On the contrary, the least values of most growth measurements were markedly related to the budded transplants of two citrus scions on the Sour orange interstock on Volkamer lemon grown in calcareous soil. The inferiority of such combinations was true during both seasons, irrespective of citrus scion. Moreover, other combinations were in between the aforesaid two extremes with relative tendency of variance observed not only from one scion to other but also from parameter to other. In addition, the previously detected trends dealing with the superiority and inferiority of (budded transplants on Volkamer lemon seedlings grown in clay soil) and (those budded on Sour orange interstock on Volkamer lemon in calcareous soil), respectively was true during both seasons with all investigated parameters except with dry matter percentage of scion stem and leaves. Herein, with the former two measurements the trend of response took the other way around, whereas the budded transplants of two citrus scions on Volkamer lemon in clay soil showed the least dry matter % but the reverse was true with those budded on Sour orange interstock on Volkamer lemon seedlings grown in calcareous soil which had significantly the highest value.
 These results are in agreement with those obtained by Rokba (1985) who reported that calcareous soil significantly reduced plant growth of some citrus rootstocks as well as Valencia orange grafted on Sour orange rootstock. Also, Treeby and Thornton (1983) noticed that, Troyer citrange interstocks had no effect on tree size but enhanced yield. Similar results were found by Martinez et al., (1994) and Salem et al., (1994) who reported that Volkamer lemon was generally the best rootstock with regard to growth. Abou Rawash et al., (1995) pointed out that Volkamer lemon seedlings surpassed all the other rootstocks in stem height and stem diameter. Monteverde et al., (1990) reported that Volkamer lemon rootstock produced the highest vegetative growth.
Also, Srivastava et al., (1989) pointed out that the rootstock had a greater effect on mango growth parameters (plant height, girths of scion, and canopy spread) than interstock. El-Gazzar et al., (1977), Assal et al., (1994) and Zeidan (1996) pointed out that calcareous soil reduce the seedlings rate of growth. 
 These results confirmed with those obtained by Wertheim and Scholtens (1994) who reported that M.27 apple rootstock gave better results as an interstock on M.9 than as a rootstock. Generally, Bastiah et al., (1996) pointed out that, the influence of interstock on scion growth was related to the inherent vigor characteristics of the interstock clones and showed that trees on vigorous interstocks produced more dry matter in the above ground plant parts than those on less vigorous interstocks. Leaf area, whole tree dry weight, mean relative growth rate and mean net assimilation rate followed a similar pattern. 

2- Nutritional status (leaf mineral content): 

In this regard leaf N; P; K; Ca; Fe; Mn and Zn contents of both Washington Navel orange and Balady mandarin scions were investigated .
-Specific effect:

Data presented in Tables (5,6,7 and 8)  show that as for the specific effect of soil type, N; P; K; Fe; and Zn were slightly increased in clay soil. Such increase was significant in rare cases i.e., navel orange leaf N; K; and Fe in second season, as well as Balady mandarin leaf Fe & Zn during both seasons. The trend took the other way around with leaf Ca content which slightly increased in calcareous soil. In addition, Mg and to great extent Mn (except mandarin leaves in 1st season) didn’t show any response in this concern. 

As for the specific effect of rootstock, data obtained during both seasons revealed that, the response was also slight. However, leaves of two citrus scions transplants budded on Sour orange interstock on Volkamer lemon showed higher leaf N and K contents especially as compared to those Volkamer lemon seedlings. The reverse was true with Fe, Mn and Zn contents, whereas Washington navel orange and Balady mandarin transplants budded on Volkamer lemon seedlings had relatively higher Fe; Mn and Zn contents over those on two other rootstocks. In addition, P; Mg and same extent Ca not only have no specific trend but also didn’t show obvious response regarding the specific effect of rootstock. 

-Interaction effect:

Data obtained during both seasons of study and tabulated in Tables (5,6,7and 8)  displayed that the trend of response to interaction effect was not so firm for both citrus scions during two seasons of study. However, it could be generally observed that most nutrient elements especially N; P; K; Fe; Mn and Zn exhibited their maximum contents in leaves of budded transplants on either Sour orange interstock / Volkamer lemon or Sour orange on its own root system both under clay soil. However, the reverse was found with those budded on Volkamer lemon in calcareous soil with few exceptions especially for Balady mandarin scion. 

In addition, both Ca & Mg contents didn’t show specific firm trend and to great extent it could be determined that leaf Ca & Mg % were stable and didn’t respond to investigated factors. 
 
This data are in line with that obtained by Tribulato (1979) who reported that citrus rootstocks (Sour orange and Volkamer lemon) had no effects on leaf nitrogen content of the orange scion cv. Moro which grown on calcareous soil and Saad Allah et al., (1993) who mentioned that, Sour orange rootstock significantly increased Balady mandarin Fe leaf content when compared with other rootstocks under study. On the contrary,  Myhob et al., (1996) pointed out that Sour orange rootstock had no effect on leaf P content. While, ManSour et al., (1993) stated that Navel orange leaf mineral content had a higher content of P with Cleopatra mandarin compared with other rootstocks. Krucznska et al., (1990) concluded that using in apple B.9 interstock was the most efficient absorber of K for cultivars. On the contrary, Labanusks and Bitters (1974) reported that the five trifoliate interstocks had no significant effect on leaf K, Ca and Mg concentration. 

3-Biochemical constituents: 

1-Leaf total indoles content: 

-Specific effect: 

Data obtained from Table (9) during both seasons revealed that leaf total indoles content respond specifically to soil type, whereas the level was slightly increased in leaves of both scions, especially Balady mandarin grown in clay soil. Meanwhile, the rate of response to specific effect of rootstock was more pronounced with navel orange. Herein, navel orange budded on Sour orange interstock on Volkamer lemon seedlings show relatively higher total indoles that on two other rootstocks. While, with Balady mandarin scion the response to specific effect of rootstock was completely absent from the statistical point of view. 

-Interaction effect: 

Higher level of total indoles was always in concomitant to such combination of budded navel orange on Sour orange interstock grown in clay soil, while the reverse was found with those on Volkamer lemon in calcareous soil. Meanwhile, with Balady mandarin scion the richest leaves were those transplants grown in clay soil (regardless of rootstock), but the poorest ones were leaves of budded Balady mandarin on Sour orange grown in calcareous soil. 
These conclusions find support in the results of Eid (2001) who found that IAA levels of Mandarin / Sour orange were higher and ABA was the lowest. Also, Martin and Stahly (1967) found higher amounts of auxin in tissues of vigorous apple rootstocks as compared with dwarf stocks. Besides, Saidha et al., (1983) concluded that orange trees on the vigorous Volkamer lemon rootstock had higher cytokinin (growth promoters) levels than those on less vigor. 

2-Leaf total phenols content: 

-Specific effect: 

With regard to specific effect of soil type, it was quite clear that the response was not only more pronounced than that of total indoles but also followed an opposite trend, whereas growing in calcareous soil increased significantly leaf total free phenols content. On the other hand, the response to specific effect of rootstock was more pronounced with navel orange scion, whereas its budded transplants on the Sour orange interstock had significantly the richest leaves in their free phenols content. However, with the Balady mandarin scion the response to rootstock was completely absent from statistical point of view. 

-Interaction effect: 

Budded transplants of both citrus scions budded on either Volkamer lemon rootstock or Sour orange interstock on Volkamer lemon grown in calcareous soil had the richest leaf in free phenols content. On the contrary, the least total free phenols was coupled with Navel orange budded on either Volkamer lemon or Sour orange rootstocks grown in clay soil, while Balady mandarin its budded transplants on Sour orange interstock grown in clay soil were the inferior. 
 These results are in line with those obtained be Hassan (1985) and Abd- Allah (1993)  who found a higher level of total phenolic compounds in the healthy roots Cleopatra mandarin rootstock than Sour orange roots. On the other hand, Walt and Davies (1995) mentioned that, rootstock may play a role in changing the level of phenols during the growing season. 

4- Anatomical study: 

Data in Table (10) and Figs. ( 1 - 14 ) show that anatomical examinations of union zone of all investigated treatments proved the success of union process between two citrus scions (Washington navel orange & Balady mandarin) from one hand and any of the three rootstocks from the other. However, grade of success was relatively varied as the perfect union depending upon the anatomical measurements base was concerned. Hence, anatomical examinations revealed that budding of both Washington navel orange and Balady mandarin scions on Sour orange rootstocks grown in clay soil had to great extent the perfect union between two graft elements (scion & rootstock). Herein, the widest thickness of the whole section; secondary cortex in either union zone (newly developed tissues between two elements) or tissues of both scion and rootstock themselves, as well as the absence of parenchymatous vacuoles and necrotic tissues all were clearly observed. The reverse was true with budded transplants on other rootstocks (especially Sour orange rootstock) in calcareous soil (particularly Balady mandarin scion), whereas wider parenchymatous vacuoles and thicker necrotic tissues associated with thinner layers of other union zone tissues were detected. 

Microscopic examination of union zone between Sour orange interstock and Volkamer lemon rootstock showed also wider parenchymatous vacuoles and necrotic tissues, besides narrower area of different union zone tissues, particularly secondary cortex were presented which gave a logic explanation for the depressive influence of Sour orange interstock on most growth parameters. However, the union process took place successfully.     

These results are in line with those obtained by Malik (1964); Hartmann and Kester (1978) and Shklarman et al., (1994) who declared that compatible and incompatible combinations of citrus species cannot affect satisfactory union which takes place after a year and it can be detected at an early stage. Moreover, Fortanzza and Rugini (1983) stated that, under compatible conditions the success of graft depends, from histological point of view, on vascular differentiation at the bud union zone. Also, Attia (2003) budding Valencia orange on four rootstocks, indicated that, the best combination was achieved by Valencia orange budded on Volkamer lemon, whereas the least vigorous one was noticed on Cleopatra mandarin. Also, cross section of the grafting zone was free from the necrosis.
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النمو والمحتوى المعدني لشتلات بعض أنواع الموالح وأثر الأصل عليها

2- استجابة الطعم لنوع التربة والأصل والطعم الوسطي
خالد على إبراهيم بكرى* عبد الرحمن محمد عبد الرحمن** محمد محمد شولح**

*قسم البساتين- كلية الزراعة بمشتهر- جامعة بنها.

** معهد بحوث البساتين- الجيزة- مصر
الملخص العربي

تهدف التجربة دراسة سلوك البرتقال بسرة واشنجطن واليوسفي البلدي المطعمة على اصل النارنج والفولكاماريانا أو على النارنج كأصل وسطي مطعوم على اصل الفولكاماريانا مزروعة في نوعين من التربة (الجيرية والطينية) 
 كانت اكبر القيم الخاصة بالنمو الخضري والحالة الغذائية والمكونات الحيوية ذات صلة وثيقة بشتلات البرتقال بسرة واليوسفي البلدي المطعمة على اصل الفولكاماريانا النامية في تربة طينية وذلك خلال موسمي التجربة . وعلى العكس كانت القيم الأقل لمعظم قياسات النمو الخضري مرتبطة بالشتلات المطعمة لكلا النوعين من الطعوم على اصل النارنج كأصل وسطي على الفولكاماريانا النامي في ارض جيرية حيث كان تدنى مثل هذه التراكيب واضحا خلال موسمي الدراسة بغض النظر عن الطعم المستخدم . 

أوضحت الدراسة التشريحية لمنطقة التطعيم نجاح التحام الطعم (برتقال بسرة اواليوسفي البلدي) بالأصل (فولكاماريانا أو النارنج) وكذلك الأخير كأصل وسطي مطعوم على الفولكاماريانا وان تفاوتت درجة نجاح الالتحام الكامل نسبيا إذا ما أخذت نتائج بعض القياسات التشريحية في الاعتبار كأساس لهذا النجاح . 

وفى النهاية توصى الدراسة انه يمكن إجراء التطعيم المزدوج (الأصل الوسطي) في الموالح للاستفادة من النمو الجيد لأصل الفولكاماريانا في الأراضي الجيرية من ناحية والاستفادة من صفات جودة الثمار الناتجة من تطعيم الموالح على النارنج من الناحية الأخرى.       

	Table (1): Specific and interaction effects of soil types; citrus rootstock and their combinations on stem (height and         diameter); number of leaves and average leaf area of Washington Navel orange scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental seasons.   
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C = Cotex, S = Scion, U.Z. = Union zone, Pi = Pith, X. = Xylem   R.S. = Rootstock, P.V. = Parenchematous vacules   

 

Rootstocks

Soil types
	Washington navel orange scion 

	
	Scion length (cm)
	Scion diameter (cm)
	Number of leaves /scion
	Leaf area (cm2)

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st  2000-2001 season

	Clay
	19.97 b
	24.90 a
	14.16 cd
	19.68 A
	0.34 ab
	0.37 a
	0.34 ab
	0.35
 A
	19.96 c
	25.59 a
	19.63 c
	21.73 A
	9.08 b
	11.71 a
	9.80 b
	10.19 A

	Calcareous
	15.51 c
	19.55 b
	12.86 d
	15.97 B
	0.31 b
	0.33 ab
	0.34 ab
	0.33
 A
	14.10 e
	22.17 b
	17.28 d
	17.85 B
	9.36 b
	8.71 b
	9.72 b
	9.26
 A

	Mean**
	17.74 B
	22.23 A
	13.51 C
	 
	0.33 A
	0.35 A
	0.34 A
	 
	17.03 B
	23.88 A
	18.45 B
	 
	9.80 A
	9.85 A
	9.76 A
	 

	2 nd  2001-2002 season

	Clay
	25.24 c
	31.17 a
	18.89 d
	25.10 A
	0.37 abc
	0.39 a
	0.36 abc
	0.37
 A
	27.80 b
	29.82 a
	23.35 d
	26.99 A
	13.62 b
	17.23 a
	10.41 c
	13.75 A

	Calcareous
	20.97 d
	28.05 b
	16.34 e
	21.79 A
	0.34 bc
	0.37 ab
	0.33 c
	0.35
 A
	22.98 d
	25.86 c
	20.07 e
	22.97 B
	11.02 c
	14.79 b
	10.55 c
	12.12 A

	Mean**
	23.10 B
	29.61 A
	17.61 C
	 
	0.36 A
	0.38 A
	0.35 A
	 
	25.39 A
	27.84 A
	21.71 B
	 
	12.32 B
	16.01 A
	10.48 B
	 

	S.O. = Sour orange

	V.L. = Volkamer lemon 

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon. 

	* and ** refer to specific effect of soil type and rootstock species, respectively.


	Table (2):  Specific and interaction effects of soil types; citrus rootstock and their combinations on stem (height, diameter); number  of leaves and 
                 average leaf area of Balady mandarin scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental  seasons. 

	     Balady mandarin scion 
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Rootstocks

Soil type
	Scion length (cm)
	Scion diameter (cm)
	Number of leaves /scion
	Leaf area (cm2)

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st  2000-2001 season

	Clay
	27.85 b
	36.20 a
	15.93 d
	26.66 A
	0.31 bc
	0.36 a
	0.31 bc
	0.33 A
	29.84 c
	41.70 a
	35.16 b
	35.57 A
	6.16 b
	7.85 a
	6.17 b
	6.73 A

	Calcareous
	22.63 c
	27.39 b
	14.54 d
	21.52 B
	0.29 c
	0.33 ab
	0.27 c
	0.30 A
	24.06 d
	36.68 b
	21.56 d
	27.43 B
	5.56 b
	6.22 b
	6.05 b
	5.94 A

	Mean**
	25.24 B
	31.80A
	15.23 C
	 
	0.30 A
	0.35 A
	0.292 A
	 
	26.95 B
	39.19 A
	28.36 B
	 
	5.86 B
	7.03 A
	6.11 B
	 

	2 nd  2001-2002 season

	Clay
	31.80 b
	37.37 a
	18.16 e
	29.11 A
	0.36 b
	0.41 a
	0.38 ab
	0.38 A
	36.25 b
	45.62 a
	39.14 b
	40.34 A
	6.92 b
	9.70 a
	6.90 b
	7.839 A

	Calcareous
	26.22 d
	29.68 c
	16.18 e
	24.03 B
	0.32 cd
	0.35 bc
	0.31 d
	0.33 A
	23.66 d
	37.55 b
	26.98 c
	29.40 B
	6.48 bc
	8.93 a
	5.45 c
	6.957 A

	Mean**
	29.01 B
	33.52 A
	17.17 C
	 
	0.34 A
	0.38 A
	0.35 A
	 
	29.96 B
	41.58 A
	33.06 B
	 
	6.70 B
	9.31 A
	6.18 B
	 

	S.O. = Sour orange

	V.L. = Volkamer lemon 

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon.

	* and ** refer to specific effect of soil type and rootstock species, respectively.


	Table (3): Specific and interaction effects of soil types; citrus rootstock and their combinations on leaf and stem dry weight and dry  
               matter % of Washington Navel orange scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental seasons.

	 
	Washington navel orange scion
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Rootstocks

Soil type
	Scion leaves dry weight (gm)
	Scion stem dry weight (gm)
	Leaf dry matter %
	 Scion Stem dry matter %

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st   2000-2001 season

	Clay
	10.53 b
	11.84 a
	7.86 d
	10.08 A
	10.23 a
	7.82 b
	3.30 d
	7.12 A
	45.72 c
	43.91 c
	53.75 a
	47.79 A
	51.30 d
	49.13 e
	60.37 b
	53.60 B

	Calcareous
	8.18 d
	9.13 c
	6.59 e
	7.97 B
	6.56 c
	7.73 b
	2.96 d
	5.75 B
	47.41 bc
	52.14 ab
	52.68 a
	50.74 A
	61.14 b
	55.87 c
	69.54 a
	62.18 A

	Mean**
	9.36 B
	10.49 A
	7.23 C
	 
	8.39 A
	7.78 A
	3.13 B
	 
	46.56 A
	48.03 A
	53.22 A
	 
	45.22 B
	52.50C
	64.96 A
	 

	2 nd   2001-2002 season

	Clay
	8.99 b
	9.93 a
	7.30 c
	8.74 A
	9.34 a
	8.73 a
	4.25 d
	7.44 A
	49.21 b
	42.91 c
	54.80 a
	48.97 A
	49.49 d
	48.29 e
	58.59 b
	52.12 B

	Calcareous
	7.63 c
	8.79 b
	6.07 d
	7.50 B
	5.97 c
	7.79 b
	3.43 e
	5.73 B
	49.15 b
	49.50 b
	49.03 b
	49.23 A
	58.92 b
	54.85 c
	67.54 a
	60.44 A

	Mean**
	8.31 B
	9.36 A
	6.68 C
	 
	7.66 A
	8.26 A
	3.84 B
	 
	49.18 AB
	46.20 B
	51.92 A
	 
	54.21 B
	51.57 C
	63.07 A
	 

	S.O. = Sour orange
	
	
	
	
	
	
	
	

	V.L. = Volkamer lemon 
	
	
	
	
	
	
	
	

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon.
	
	
	
	
	
	
	
	

	* and ** refer to specific effect of soil type and rootstock species, respectively.
	
	
	
	
	
	
	
	


	Table (4):  Specific and interaction effects of soil types; citrus rootstock and their combinations on leaf and stem dry weight and dry  matter 

                 % of Balady mandarin scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental seasons.  

	 
	Balady mandarin scion
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Rootstock

Soil type
	scion leaves dry weight (gm)
	Scion stem dry weight (gm)
	Leaf dry matter %
	Scion stem dry matter %

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st  2000-2001 season

	Clay
	11.00a
	9.78 b
	6.69 d
	9.16 A
	3.96 c
	11.30 a
	3.46 cd
	6.24 A
	44.81b
	36.68 c
	61.00 a
	47.50 A
	52.96 d
	51.15 e
	51.07 e
	51.73 B

	Calcareous
	8.85 c
	8.88 c
	5.53 e
	7.75 B
	3.66 c
	5.39 b
	3.04 d
	4.03 B
	46.50b
	46.13b
	61.16 a
	51.26 A
	57.80 c
	58.98 b
	68.88 a
	61.89 A

	Mean**
	9.93 A
	9.33 A
	6.11 B
	
	3.81 B
	8.35 A
	3.25 B
	
	45.66B
	41.40B
	61.08A
	
	55.38 B
	55.07 B
	59.98 A
	

	2 nd   2001-2002 season

	Clay
	10.05 a
	10.07 a
	7.22 d
	9.11 A
	4.94 b
	9.90 a
	4.20 c
	6.34 A
	43.23 e
	38.99 f
	61.88 a
	48.03 A
	49.79 e
	50.20 e
	54.21 d
	51.40 B

	Calcareous
	8.81 b
	8.07 c
	6.12 e
	7.67 B
	4.39 bc
	4.88 b
	2.93 d
	4.06 B
	48.14 d
	51.89 c
	55.68 b
	51.90 A
	58.61 b
	56.93 c
	71.30 a
	62.28 A

	Mean**
	9.43 A
	9.07 A
	6.67 B
	
	4.66 B
	7.39A 
	3.56C
	
	45.69B
	45.44B
	58.78A
	
	54.20 B
	53.57 B
	62.76 A
	

	S.O. = Sour orange
	
	
	
	
	
	
	
	

	V.L. = Volkamer lemon 
	
	
	
	
	
	
	
	

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon.
	
	
	
	
	
	
	
	

	* and ** refer to specific effect of soil type and rootstock species, respectively.
	
	
	
	
	
	
	
	

	Table (5):  Specific and interaction effects of soil types; citrus rootstock and their combinations on leaf macro nutrient element content of 

                Washington Navel orange scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental seasons.  
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Rootstocks

Soil type
	Washington navel orange scion

	
	N (%)
	P (%)
	K (%)
	Ca (%)
	Mg (%)

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st  2000-2001 season

	Clay
	2.42 
a
	2.28
 ab
	2.34 
ab
	2.35
A
	0.334
 b
	0.293 b
	0.458 a
	0.361 A
	2.61 b
	2.43 b
	3.16 a
	2.73 A
	3.12 a
	3.38
 a
	2.63 b
	3.04 A
	0.37 ab
	0.41 a
	0.38 
ab
	0.38
 A

	Calcareous
	2.40
 a
	2.17
 b
	2.30
 ab
	2.29
 A
	0.309 
b
	0.273 b
	0.258 b
	0.280 A
	2.37 b
	2.31 b
	3.13 a
	2.61 A
	3.24 a
	3.40 
a
	3.15 a
	3.26 A
	0.33 c
	0.36 bc
	0.34 
bc
	0.34 
A

	Mean**
	2.41 
A
	2.22
 A
	2.32
 A
	 
	0.322 A
	0.283 A
	0.358 A
	 
	2.49 B
	2.37 B
	3.14 A
	 
	3.18 A
	3.39
 A
	2.89 A
	 
	0.35 A
	0.38 A
	0.36 
A
	 

	2 nd  2001-2002 season

	Clay
	2.48
 a
	2.31
 bc
	2.53
 a
	2.44
 A
	0.344 ab
	0.304 bc
	0.370 a
	0.339 A
	2.74 a
	2.72 a
	2.73 a
	2.73 A
	3.22 b
	2.87
 c
	2.87 c
	2.988 A
	0.37 a
	0.37 a
	0.37 
a
	0.37
 A

	Calcareous
	2.21 
c
	2.07
 d
	2.37
 b
	2.22
 B
	0.312 bc
	0.274 c
	0.276 c
	0.287 A
	2.52 b
	1.97 c
	2.58 ab
	2.35 B
	3.64 a
	3.01 
bc
	3.17 b
	3.271 A
	0.39 a
	0.37 a
	0.38 
a
	0.38
 A

	Mean**
	2.34 
A
	2.19 
B
	2.45
 A
	 
	0.328 A
	0.289 A
	0.323 A
	 
	2.63 A
	2.34 B
	2.65 A
	 
	3.43 A
	2.94
 B
	3.02 B
	 
	0.38 A
	0.37 A
	0.37 
A
	 

	S.O. = Sour orange

	V.L. = Volkamer lemon 

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon.

	* and ** refer to specific effect of soil type and rootstock species, respectively.


	Table (6): Specific and interaction effects of soil types; citrus rootstock and their combinations on leaf macro nutrient element content of Balady 

                  mandarin scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental seasons.  

	
Rootstocks

Soil type
	Balady mandarin scion

	
	N (%)
	P (%)
	K (%) 
	Ca (%)
	Mg (%)

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st  2000-2001 season

	Clay
	2.49
 a
	2.29 
a
	2.28 
a
	2.36 
A
	0.289 ab
	0.333 a
	0.221 cd
	0.281 A
	2.20
 c
	3.17 a
	3.37 
a
	2.92
 A
	3.55 a
	3.35 ab
	2.90 bc
	3.27 
A
	0.38 ab
	0.41 
a
	0.39 
a
	0.40
 A

	Calcareous
	1.80
 b
	1.97
 b
	2.28
 a
	2.01
 A
	0.202 d
	0.266 bc
	0.209 d
	0.226 A
	2.17 
c
	2.58 b
	3.21 
a
	2.65
 A
	2.75 c
	3.56 a
	2.70
 c
	3.01
 A
	0.34
 c
	0.35 bc
	0.36
 bc
	0.35
 A

	Mean**
	2.15
 A
	2.13 
A
	2.28 
A
	 
	0.245 AB
	0.299 A
	0.215 B
	 
	2.18 
B
	2.88 A
	3.29 
A
	 
	3.15 A
	3.46 A
	2.80 
A
	 
	0.36 
A
	0.38 A
	0.38
 A
	 

	2 nd  2001-2002 season

	Clay
	2.17
 c
	2.38
 b
	2.67
 a
	2.411 A
	0.263 ab
	0.296 a
	0.241 b
	0.267 A
	2.524 a
	2.77 a
	2.83
 a
	2.71 
A
	3.54 a
	2.86 c
	3.03 bc
	3.15 
A
	0.38 ab
	0.39 ab
	0.41
 a
	0.39
 A

	Calcareous
	1.96
 d
	1.89 
d
	2.57 
ab
	2.143 A
	0.194 c
	0.229 bc
	0.231 bc
	0.218 A
	2.47
 a
	2.45 a
	2.82 
a
	2.59 
A
	3.54 a
	2.82 c
	3.45 ab
	3.27 
A
	0.35 b
	0.39 ab
	0.37 
ab
	0.37 
A

	Mean**
	2.07
 B
	2.14
 B
	2.62
 A
	 
	0.229 A
	0.263 A
	0.236 A
	 
	2.50 
A
	2.61 A
	2.83 
A
	 
	3.54 A
	2.84 B
	3.24 AB
	 
	0.36 A
	0.39 A
	0.39
 A
	 

	S.O. = Sour orange

	V.L. = Volkamer lemon 

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon. 

	* and ** refer to specific effect of soil type and rootstock species, respectively.

	Table (7): Specific and interaction effects of soil types; citrus rootstock and their combinations on leaf micro nutrient element 

              content of Washington Navel orange scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental seasons 

	
	Washington navel orange scion

	Rootstocks

Soil type
	Fe (ppm)
	Mn (ppm)
	Zn (ppm)

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st   2000-2001 season

	Clay
	63.86 bc
	64.62 b
	76.67 a
	68.38 A
	24.11 b
	27.19 a
	22.13 bc
	24.48 A
	27.95 a
	28.04 a
	28.84 a
	28.28 A

	Calcareous
	52.34 cd
	59.42 bc
	46.53 d
	52.77 A
	21.46 c
	24.28 b
	21.00 c
	22.25 A
	23.39 b
	27.66 a
	27.13 a
	26.09 A

	Mean**
	58.10 A
	62.02 A
	61.60 A
	 
	22.78 AB
	25.74 A
	21.57 B
	 
	25.67 A
	27.84 A
	27.99 A
	 

	2 nd  2001-2002 season

	Clay
	68.77 b
	76.31 a
	77.88 a
	74.32 A
	29.91 b
	32.82 a
	25.30 d
	29.34 A
	22.39 a
	21.27 a
	14.22 c
	19.29 A

	Calcareous
	63.46 c
	64.91 c
	50.44 d
	59.60 B
	28.28 bc
	26.78 c
	23.70 d
	26.25 A
	19.39 b
	19.11 b
	13.02 c
	17.17 A

	Mean**
	66.12 AB
	70.61 A
	64.16 B
	 
	29.10 A
	29.80 A
	24.50 B
	 
	20.89 A
	20.19 A
	13.62 B
	 

	S.O. = Sour orange

	V.L. = Volkamer lemon 

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon. 

	* and ** refer to specific effect of soil type and rootstock species, respectively.

	Table (8): Specific and interaction effects of soil types; citrus rootstock and their combinations on leaf micro nutrient elements 
                  content of Balady mandarin scion during both consecutive 2000 - 2001 & 2001 - 2002 experimental seasons. 

	
Rootstocks

Soil type
	Balady mandarin scion

	
	Fe (ppm)
	Mn (ppm)
	Zn (ppm)

	
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st  2000-2001 season

	Clay
	65.25 a
	55.75 b
	57.15 b
	59.38 A
	33.17 a
	32.63 a
	24.19 b
	30.00 A
	24.09 d
	34.37 b
	37.87 a
	32.11 A

	Calcareous
	38.20 d
	55.41 b
	44.86 c
	46.16 B
	20.42 c
	24.30 b
	22.66 b
	22.46 B
	23.04 d
	29.21 c
	32.10 bc
	28.12 A

	Mean**
	51.72 A
	55.58 A
	51.00 A
	 
	26.80 A
	28.47 A
	23.42 B
	 
	23.56 B
	31.79 A
	34.98 A
	 

	2 nd  2001-2002 season

	Clay
	67.25 a
	62.12 b
	59.93 bc
	63.10 A
	31.23 a
	31.16 a
	26.04 b
	29.47 A
	33.47 a
	29.16 b
	30.25 b
	30.96 A

	Calcareous
	52.43 d
	57.03 c
	50.79 d
	53.42 B
	28.07 b
	28.17 b
	25.97 b
	27.40 A
	20.35 d
	28.61 b
	25.60 c
	24.85 B

	Mean**
	59.84 A
	59.58 A
	55.36 A
	 
	29.65 A
	29.66 A
	26.00 A
	 
	26.91 A
	28.89 A
	27.92 A
	 

	S.O. = Sour orange

	V.L. = Volkamer lemon 

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon. 

	* and ** refer to specific effect of soil type and rootstock species, respectively.


	Table (9):  Specific and interaction effects of soil types; citrus rootstock and their combinations on total indoles and free phenols of both 
                Washington Navel orange and Balady mandarin scions during two consecutive 2000 - 2001 & 2001 - 2002 experimental seasons.   

	Chemical constituents
	Total indoles in leaves (mg/g. d.w)
	Total free phenols in leaves (mg/g. d.w)

	Scion
	Washington navel orange 
	Balady mandarin 
	Washington navel orange 
	Balady mandarin 

	Soil type
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*
	S.O.
	V.L.
	S.O./ V.L.
	Mean*

	1 st   2000-2001 season

	Clay
	0.29 b
	0.34 a
	0.36 a
	0.33 A
	0.37 a
	0.38 a
	0.36 ab
	0.37 A
	1.11 d
	1.16 d
	1.49 c
	1.25 B
	1.25 c
	1.32 c
	1.25 c
	1.23 B

	Calcareous
	0.27 b
	0.26 b
	0.33 a
	0.29 A
	0.27 d
	0.31 c
	0.33 bc
	0.30 B
	1.69 b
	1.91 a
	1.89 a
	1.83 A
	1.86 a
	1.86 a
	1.72 b
	1.81 A

	Mean**
	0.28 B
	0.30 AB
	0.35 A
	 
	0.32 A
	0.34 A
	0.34 A
	 
	1.396 C
	1.53 B
	1.69 A
	 
	1.56 A
	1.59 A
	1.49 A
	 

	2 nd   2001-2002 season

	Clay
	0.31 bc
	0.34 ab
	0.36 a
	0.34 A
	0.38 a
	0.37 a
	0.37 a
	0.37 A
	1.24 d
	1.24 d
	1.58 c
	1.35 B
	1.39 c
	1.318 d
	1.20 e
	1.30 B

	Calcareous
	0.29 c
	0.24 d
	0.33 ab
	0.29 A
	0.27 b
	0.34 a
	0.34 a
	0.32 A
	1.81 b
	1.87 a
	1.91 a
	1.86 A
	1.79 b
	1.886 a
	1.86 a
	1.85 A

	Mean**
	0.30 A
	0.29 A
	0.35 A
	 
	0.33 A
	0.36 A
	0.36 A
	 
	1.52 B
	1.56 B
	1.75 A
	 
	1.59 A
	1.60 A
	1.53 A
	 

	S.O. = Sour orange

	V.L. = Volkamer lemon 

	S.O./ V.L. = Sour orange interstock budded on Volkamer lemon. ?

	* and ** refer to specific effect of soil type and rootstock species, respectively.


	Table (10):  Some anatomical measurements of different union zone tissues between two citrus scions (W.N.O. & B.M.) and 3 rootstocks   

                    (V.L.; S.O. and S.O. interstock /V.L.) and Sour orange interstock on Volkamer lemon grown in clay  and calcareous soils.

	Examined union zone of budding between
	Thickness of whole section (μ)
	Rootstock thickness (μ)
	Scion thickness (μ)
	Union zone thickness (μ)
	No. of paranchymatous vacuoles
	Parachymatous vacuoles
	Thickness of necrotic layer (μ)
	Thickness secondary crotex (μ)
	Cortex thickness in rootstock (μ)
	Scion cortex thickness (μ)

	Clay
	W.O. /S.O.
	17228.6
	10845.1
	8648.6
	1647.4
	_
	_
	_
	1155.0
	688.2
	420.3

	
	W.O./ V.L.
	15169.4
	9403.7
	5216.6
	3843.3
	_
	_
	54.0
	1155.0
	525.0
	420.3

	
	W.O. / S.O. (interstock)
	15718.6
	9746.9
	7824.9
	4255.7
	1
	1575.0
	_
	945.0
	945.0
	682.2

	Calcareous 
	W.O. /S.O.
	13659.4
	8511.4
	6452.2
	2745.6
	1
	198.0
	_
	1260.0
	734.4
	630.0

	
	W.O./ V.L.
	14345.8
	9060.5
	6520.8
	1235.5
	1
	549.1
	_
	1050.0
	787.5
	420.3

	
	W.O. / S.O. (interstock)
	14620.3
	9884.2
	6864.0
	2882.9
	1
	1365.0
	_
	630.0
	630.0
	315.0

	Clay
	B.M. S.O.
	16130.4
	9609.6
	5042.4
	4118.4
	_
	_
	63.4
	840.0
	1050.3
	577.5

	
	B.M. / V.L.
	14826.2
	8923.2
	4255.7
	4118.4
	1
	630.0
	67.5
	1674.0
	577.5
	210.6

	
	B.M./ S.O. (interstock)
	15444.0
	7824.9
	5491.2
	2745.6
	1
	720.0
	_
	1470.0
	840.0
	420.3

	Calcareous 
	B.M. S.O.
	15924.5
	9400.0
	6177.6
	3432.0
	_
	_
	82.3
	945.0
	525.0
	420.3

	
	B.M. / V.L.
	13590.4
	8923.2
	5079.4
	3432.0
	1
	455.4
	90.0
	840.0
	734.4
	630.6

	
	B.M./ S.O. (interstock)
	15100.8
	10982.4
	2745.6
	3432.0
	3
	549.1
	77.8
	1365.0
	1050.3
	630.0

	Clay
	S.O. interstock / V.L.
	17091.3
	9400.0
	7138.6
	4118.4
	1
	525.0
	69.0
	1050.0
	840.0
	525.0

	Calcareous
	S.O. interstock / V.L.
	14139.8
	6864.0
	4255.7
	3843.8
	1
	270.0
	112.5
	1050.0
	1050.3
	400.0
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Figs. (3-4): Cross section in union zone for Washington Navel orange scion on Volkamer   


                  lemon rootstock grown in clay and calcareous soils, respectively.
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        (1-2): Cross section in union zone for Washington Navel orange scion on Sour orange 


                     rootstock grown in clay and calcareous soils, respectively. 


                      grown in clay and calcareous soils, respectively.


         








Figs. (7-8): Cross section in union zone for Balady mandarin scion on Sour   orange rootstock 


                    grown in clay and calcareous soils, respectively.





  Figs. (5-6): Cross section in union zone for Washington Navel  orange scion on interstock (Sour     


                 orange on Volkamer lemon)  rootstock grown in clay and calcareous soils, respectively.











Figs. (11-12): Cross section in union zone for Balady mandarin scion on interstock (Sour 


      orange on Volkamer lemon) rootstock grown  in clay and calcareous soils,  respectively.








Figs. (9-10): Cross section in union zone for Balady mandarin scion on  Volkamer lemon 


         rootstock grown in clay and calcareous soils, respectively.
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Figs. (13-14): Cross section in union zone for Sour orange scion on  Volkamer lemon  


                 rootstock grown in clay and calcareous soils,  respectively.


          N.L. =Necrosis layer          P.V.= Parenchymatous vacules
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* (According to the yearly Bull. Agric. Economic and Statistics, Ministry of Agriculture and land  Reclamation of Egypt, 2005).
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