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ABSTRACT
The aim of this experiment is to study the effect of soil type (calcareous and clay soils) on growth and nutritional status of Volkamer lemon and Sour orange rootstocks. 

The highest survival % was closely linked with clay soil as specific effect of soil type was concerned. However, Volkamer lemon seedlings exceeded those of Sour orange in this regard. The transplanted Volkamer lemon in pots filled with clay soil exhibited the largest percentage of survival. The most growth parameters i.e., (length of stem & root; dry weight of leaves & total plant) were obviously increased under clay soil over calcareous soil. However, stem (diameter; dry weight & dry matter percentage); leaf number and average leaf area showed less pronounced response. 

Regarding the effect of soil type on nutritional status, the response varied from one nutrient element to another. Since, leaf and root N; K; Fe; Mn and Zn levels were obviously higher in rootstocks seedlings grown in clay soil than the analogous ones in calcareous soil. However, other nutrient elements i.e., P; Ca and Mg didn’t respond to soil type except root Ca content which increased in calcareous soil. 

INTRODUCTION

The 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 propagated by budding rather than grafting on seedling  rootstocks. Choosing a suitable rootstock for commercial use is a very important and difficult decision because rootstocks greatly vary in their adaptability to environmental conditions, i.e. soil type, irrigation Source, climate...etc., their tolerance to various pests and diseases, and markedly  affect scion performance (Castle, 1982).

 Citrus rootstocks, in particular Sour orange, have been universally, as well as in  Egypt, used and they are well known for many attributes. Sour orange is highly susceptible to citrus tristiza virus (CTV) and consequent losses of trees on it in other countries which  circumvent its use, doomed it as rootstock  and required the  rapid change over to new substitute rootstocks (Castle et al.,1993). Rootstock has an effect on scion vigor, yield, fruit size, and juice quality which are generally of great 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.(Salem et al,1994). 
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 was to study the effect of soil types (calcareous and clay soils) on rootstocks growth (Volkamer lemon and Sour orange). The rootstock seedlings which were homogenous and normal in their growth, were individually transplanted in polyethylene bags filled with one of the two tested soil types (5 kg/bag). 

  Each bag was equipped with bottom holes to allow excess water drainage. All plants irrigated with tap water. Each treatment was represented by five replicates with fifteen plants per replicate. Chemical and physical properties of the experimental soil types (collected from surface layer – 30 cm. depth) were analyzed (Table 1).  
The following growth parameters has determined as follows:- 

1- Survival percentage  (45 days later from seedlings transplanting) = 

Total seedlings – died seedlings

           ________________________    x 100

Total seedlings

2- Vegetative growth measurements: 

-Plant height (cm) from the growing medium surface to highest growing point;stem diameter (cm) above the soil surface with 5 cm and number of leaves per plant.

-Leaf area (cm2): was measured by using the plainmeter.

-Leaves dry weight (gm);stem dry weight (gm);roots dry weight (gm);top / root ratio;total seedling dry weight (gm);stem dry matter percentage; leaves dry matter percentage; root length (cm) and root dry matter percentage.

As each experimental season was terminated on March. Transplants were taken off, then each transplant was individually divided into its 3 owns organs (leaves, stem and root), which weight freshly and oven dried at70oC using an electrical oven till constant weight. Thereafter, the dry weight of every organ was calculceted and dry matter percentage per each was estimated. 

3- Chemical constituents: 

Leaf and root mineral contents: 

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 according to (A.O.A.C., 1975). N, P, K, Ca and Mg were expressed as a percentage, whlie Mn, Zn and Fe as ppm. 

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

1. Survival percentage of transplants: 

-Specific effect: 

Data presented in Table (2) show that the highest survival percentage was closely linked with clay soil as specific effect of soil type was concerned. However, Volkamer lemon seedlings exceeded those of Sour orange in this regard. 

-Interaction effect: 

The transplanted Volkamer lemon in pots filled with clay soil exhibited the largest percentage of survival. 

These results are in line with, Martin et al., (1959) and Montaser (1975) they mentioned that, calcareous soil (24 % CaCo3) depressed the growth of Sour orange. Also, the seedlings growth was decreased and the effect being much more severe in the calcareous soil. In the contrary, El-Shazly (1976) indicated that, Sour orange could be recommended as suitable rootstock under high calcareous soils (28 - 31 % CaCo3).

2. Vegetative growth parameters: 

-Specific effect: 

As for specific effect of soil type, data obtained during both seasons and presented in Tables (3,4 and 5) revealed that most growth parameters i.e., (length of stem & root; dry weight of leaves & total plant) were obviously increased under clay soil over calcareous soil. However, stem (diameter; dry weight & dry matter %); leaf number and average leaf area showed less pronounced response. 

Nevertheless, trend of response to specific effect of citrus rootstock species decleared that Volkamer lemon seedlings surpassed significantly those of Sour orange as most growth parameters (stem length; number of leaves; root length; dry weight of stem, leaves and total plant) were concerned, while the response was relatively less pronounced with stem diameter and leaf area. On the contrary, Sour orange exceeded Volkamer lemon in dry matter % of three plant organs (stem, leaves & root). 

-Interaction effect: 

Data obtained during both seasons revealed that the more pronounced response to specific effect of soil type which proved the superiority of clay soil over calcareous for most growth parameters from one had that associated with the relative tendency of Volkamer lemon to exceed Sour orange from the other were reflected on interaction effect of soil type X citrus rootstock species. Herein, the greatest values of the investigated growth parameters were markedly in closed relationship to seedlings of both rootstock species grown in clay soil. However, Volkamer lemon in clay soil ranked 1st in most measurements (stem length; number of leaves; dry weight of leaves, stem, root & total plant), while Sour orange seedlings in clay soil ranked 1st pertaining the top /root ratio and dry matter % of three plant organs (leaves, stem and root). Moreover, seedlings of both citrus rootstock species in clay soil not only had the greatest values of both average leaf area and root length but also were statistically the same in this respect.

The obtained results are in confirm with El Gazzar et al., (1977); Rokba (1985), Assal et al., (1994) and Zeidan (1996) they reported that, calcareous soil decreased plant height of citrus rootstocks in compared with clay soil, as well as Valencia orange grafted on Sour orange. 

Also,  Avilan et al., (1982) mentioned that Top / root ratio for Volkamer lemon rootstock was much higher than other rootstocks under calcareous soil conditions. Also, Faiz et al., (1993) mentioned that Top / root ratio for Volkamer lemon rootstock was much higher than other rootstocks under sandy soil conditions.
3. Nutritional status (leaf & root mineral content): 

-Specific effect: 

Regarding the specific effect of soil type on nutritional status i.e., leaf and root N, P, K, Ca, Mg, Fe, Mn and Zn contents, data in Tables (6,7,8 and 9) revealed that the response varied from one nutrient element to another. Since, leaf and root N; K; Fe; Mn and Zn levels were obviously higher in rootstocks seedlings grown in clay soil than the analogous ones in calcareous soil. However, other nutrient elements i.e., P; Ca and Mg didn’t respond to soil type except root Ca content show an increase in calcareous soil. 

As for the specific effect citrus rootstock, data obtained revealed that most elements, especially N; P; Ca; Mg; Fe and Mn show no significant differences between both citrus rootstock species. However, both K and Zn levels showed obviously significant increase in leaves and roots of Volkamer lemon seedlings over those in Sour orange, besides the root Fe content followed also the same trend. 

-Interaction effect: 

Data obtained both seasons revealed that leaf and root mineral contents responded clearly to interaction effect of different combinations between soil type and rootstock species. Since, Volkamer lemon seedlings in clay soil had the richest leaves and roots in their N, P, K, Fe, Mn and Zn contents, while the reverse was true with seedlings in calcareous soil irrespective of citrus rootstock species. Both Ca and Mg showed no considerable variations in this concern. 

Generally, the obtained data as for Volkamer lemon and Sour orange rootstocks leaves N, P, K, Ca and Mg content showed that, a calcareous soil significantly decreased N, P, K uptake and increased Ca and Mg for both rootstocks in compared with a clay soil. Also, Volkamer lemon seemed to be more tolerant to calcareous soil conditions.    

A similar trend was reported by El–Shazly (1976) who found that leaf N content of Sour orange and Cleopatra mandarin tended to decrease under different calcareous soil conditions. While, N content of Rough lemon seemed to be not affect as CaCo3 increased in soil. On the contrary, El-Gazzar et al., (1979) found that raising the supply of calcium carbonate to the soil did not affect N content of some citrus rootstocks. But,  CaCo3 significantly increased Valencia orange leaf Ca and Mg content. Chandra and Yamdagni (1985) reported that, leaf Ca content was not affected by calcium carbonate levels in soil. Meanwhile, K leaf content has a positive relationship with CaCo3 levels. 

A similar conclusion was reported by Assal et al.,(1994) and Abou Rawash et al.,( 1995) who mentioned that the calcareous soils significantly decreased leaf P, K, Fe, Zn and Mn in compared with clay soil and total uptake of Mg was increased as calcium carbonate content increased in the soil. Zeidan (1996) found that, calcareous soil conditions were associated with lower leaf and root N, P, K, Fe, Zn and Mn content of the citrus rootstocks. Calcium content in leaves increased as calcium carbonate concentration in the soil was increased and Volkamer lemon rootstock recorded the highest averages of calcium content, compared with Sour orange.
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الملخص العربي

النمو والمحتوى المعدني لشتلات بعض أنواع الموالح وأثر الأصل عليها

1- تأثير نوع التربة على النمو والمحتوى المعدني لأصلين من الموالح

خالد على إبراهيم بكرى* عبد الرحمن محمد عبد الرحمن** محمد محمد شولح**

* قسم البساتين- كلية الزراعة بمشتهر- جامعة بنها.

** معهد بحوث البساتين- الجيزة- مصر

إن الهدف الرئيسي لهذه التجربة هو دراسة تأثير نوع التربة (الجيرية والطينية) على النمو والحالة الغذائية لأصلين من أصول الموالح هما ليمون الفولكاماريانا والنارنج.و من هذه الدراسة تبين أن :

أعلى نسبة مئوية للنجاح كانت مرتبطة دائما بالتربة الطينية كتأثير مباشر لنوع التربة كما تفوقت شتلات الفولكاماريانا على شتلات النارنج . كما أوضحت البيانات خلال موسمي الدراسة أن معظم قياسات النمو (طول الساق والجذر والوزن الجاف للأوراق والنبات الكلى) قد تزايدت بشكل واضح تحت ظروف التربة الطينية مقارنة بالتربة الجيرية . ومن ناحية أخرى كانت هذه الاستجابة اقل وضوحا لكل من قياسات الساق (القطر ووزن المادة الجافة والنسبة المئوية للمادة الجافة) وكذلك عدد الأوراق ومتوسط مساحة الورقة. كما أوضحت النتائج تفوق شتلات أصل الفولكاماريانا على النارنج في معظم قياسات النموتحت الدراسة. أما بالنسبة لتأثير نوع التربة على الحالة الغذائية أوضحت النتائج خلال موسمي التجربة أن الاستجابة تختلف من عنصر لآخر  حيث أن مستوى كل من النيتروجين والبوتاسيوم  والحديد والمنجنيز والزنك كان أعلى في أوراق وجذور شتلات الأصول النامية في الأرض الطينية عن تلك النامية في الأرض الجيرية . ومع ذلك لم تستجيب العناصر الغذائية الأخرى وهى (الفوسفور والكالسيوم والمغنسيوم) لنوع التربة ما عدا محتوى الجذور من الكالسيوم حيث زاد في الأرض الجيرية مقارنة بالأرض الطينية .
	Table(1): Physical and chemical analysis of soil types.

	Soil Type
	Physical properties
	*Chemical composition

	
	Mechanical analysis
	Texture
	Soluble anions meq.
	Soluble cations meq.
	Macro elements (ppm)
	Micro elements (ppm)
	Ca Co3%
	E.C mmos / cm
	PH



	
	Clay %
	Silt %
	Sand %
	
	Co3--
	Hco3--
	Cl-
	So4--
	Ca++
	Mg++
	Na+
	N
	P
	K
	Fe
	Zn
	Mn
	
	
	

	Clay
	15.68
	20.0
	64.32
	Sandy loam
	
	1.40
	1.50
	3.29
	0.24
	0.80
	2.36
	97.0
	66.0
	348.0
	1.54
	0.64
	2.40
	1.90
	0.67
	8.00

	Calcareous
	23.70
	21.6
	37.00
	Sandy clay loam
	
	0.51
	2.30
	2.00
	1.40
	0.60
	2.70
	70.0
	7.0
	230.0
	3.60
	1.18
	4.20
	17.70
	1.04
	8.10

	* Soil chemical analysis was determined in saturated soil extract.

	 Table (2): Specific and interaction effects of soil type; rootstock species and their combinations on survival % of citrus 
                rootstock seedlings  (45 days later) from transplanting during both successive 1999 /2000 and 2000 /2001 seasons.

	                         Rootstocks

Soil type
	1 st season 1999-2000
	2 nd season 2000-2001

	
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*

	Clay
	92.00 a
	82.50 c
	87.25 A
	90.17 a
	84.03 b
	87.10 A

	Calcareous
	88.33 b
	66.66 d
	77.5 B
	83.57 b
	68.70 c
	76.14 B

	Mean**
	90.17 A
	74.58 B
	 
	86.87 A
	76.36 B
	 

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


	Table (3): Specific and interaction effects of soil type; rootstock species and their combinations on vegetative growth of citrus rootstocks seedlings 
                  (six months later) from transplanting date during both successive 1999-2000 and 2000-2001 seasons

	Rootstocks

Soil type
	Stem length (cm)
	Stem diameter (cm)
	Number of leaves /seedling
	Leaf area (cm2)
	Root length (cm)

	
	Volkamer lemon
	Sour orange
	Mean*
	Volkamer lemon
	Sour orange
	Mean*
	Volkamer lemon
	Sour orange
	Mean*
	Volkamer lemon
	Sour orange
	Mean*
	Volkamer lemon
	Sour orange
	Mean*

	1 st season  1999-2000

	Clay
	36.88 a
	29.62 c
	33.25 A
	0.33 a
	0.30 ab
	0.31 A
	27.86 a
	27.60 a
	27.73 A
	14.81 ab
	15.47 a
	15.14 A
	29.55 a
	30.43 a
	29.99 A

	Calcareous
	34.65 b
	25.28 d
	29.97 B
	0.29 ab
	0.27 b
	0.28 A
	26.88 a
	21.37 b
	24.13 A
	14.13 ab
	12.85 b
	13.49 A
	29.40 a
	22.66 b
	26.03 B

	Mean**
	35.76 A
	27.45 B
	 
	0.31 A
	0.28 A
	 
	27.37 A
	24.48 A
	 
	14.47 A
	14.16 A
	 
	29.48 A
	26.55 A
	 

	2 nd season  2000-2001

	Clay
	35.76 a
	30.29 b
	33.02 A
	0.31 a
	0.29 ab
	0.299 A
	31.49 a
	25.78 c
	28.64 A
	15.52 a
	14.37 ab
	14.95 A
	30.22 a
	31.44 a
	30.83 A

	Calcareous
	34.49 a
	26.46 c
	30.47 A
	0.28 ab
	0.25 b
	0.264 A
	28.89 b
	25.65 c
	27.27 A
	13.67 ab
	13.26 b
	13.46 A
	27.07 b
	20.16 c
	23.61 B

	Mean**
	35.12 A
	28.37 B
	 
	0.30 A
	0.27 A
	 
	30.19 A
	25.71 B
	 
	14.59 A
	13.81 A
	 
	28.64 A
	25.80 B
	 

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

	Table( 4):  Specific and interaction effects of soil type; rootstock species and their combinations on vegetative growth of citrus rootstocks 
               seedlings (six months later) from transplanting date in  both successive 1999-2000 and 2000-2001 seasons.

	Rootstocks

Soil type
	Leaves dry weight (gm)
	Stem dry weight (gm)
	Roots dry weight (gm)
	Top/ Root ratio
	Total seedling dry weight (gm)

	
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*

	1 st season  1999-2000

	Clay
	5.96 a
	4.92 b
	5.44 A
	4.87 a
	3.89 b
	4.38 A
	5.36 a
	3.88 c
	4.62 A
	2.02 b
	2.27 a
	2.15 A
	16.19 a
	12.69 c
	14.44 A

	Calcareous
	5.03 b
	4.66 c
	4.84 B
	4.98 a
	3.61 b
	4.29 A
	4.39 b
	4.45 b
	4.42 A
	2.28 a
	1.84 c
	2.06 A
	14.40 b
	12.71 c
	13.56 B

	Mean**
	5.49 A
	4.79 B
	 
	4.92 A
	3.75 B
	 
	4.88 A
	4.16 B
	 
	2.15 A
	2.05 A
	 
	15.29 A
	12.70 B
	 

	2 nd season  2000-2001

	Clay
	5.43 a
	4.59 b
	5.01 A
	4.12 b
	3.30 c
	3.71 B
	5.01 a
	3.21 c
	4.11 A
	1.91 c
	2.45 a
	2.18 A
	14.56 a
	11.10 d
	12.83 A

	Calcareous
	4.24 c
	4.33 c
	4.28 B
	4.69 a
	3.22 c
	3.96 A
	4.27 b
	4.22 b
	4.25 A
	2.09 b
	1.79 d
	1.94 B
	13.21 b
	11.77 c
	12.49 B

	Mean**
	4.84 A
	4.46 B
	 
	4.41 A
	3.26 B
	 
	4.64 A
	3.72 B
	 
	2.00 A
	2.12 A
	 
	13.88 A
	11.44 B
	 

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

	Table (5): Specific and interaction effects of soil type; rootstock species and their combinations on dry matter % of 3 plant organs of two    

           citrus   rootstock seedlings (six months later) from transplanting date during in both successive 1999-  2000 and 2000-2001 seasons.  

	Rootstocks

Soil type
	Leaves dry matter %
	Stem dry matter %
	Root dry matter %

	
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*

	1 st season  1999-2000

	Clay
	47.89 b
	51.77 a
	49.83 A
	60.29 b
	64.34 a
	62.32 A
	60.57 a
	62.35 a
	61.46 A

	Calcareous
	40.71 c
	49.01 ab
	44.86 B
	57.50 b
	65.04 a
	61.27 A
	52.92 b
	60.04 a
	56.48 A

	Mean**
	44.30 B
	50.39 A
	 
	58.89 B
	64.69 A
	 
	56.74 A
	61.19 A
	 

	2 nd season  2000-2001

	Clay
	47.28 b
	51.87 a
	49.58 A
	63.97 a
	64.20 a
	64.08 A
	55.22 b
	62.38 a
	58.80 A

	Calcareous
	41.06 c
	47.05 b
	44.06 A
	55.03 b
	65.08 a
	60.06 A
	54.10 b
	60.59 a
	57.35 A

	Mean**
	44.17 A
	49.46 A
	 
	59.50 A
	64.64 A
	 
	54.66 B
	61.48 A
	 

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

	Table (6): Specific and interaction effects of soil type; rootstock species and their combinations on leaf macro nutrient element contents of 
                   citrus rootstock  seedlings (six months later) from transplanting date during both successive 1999-2000 and 2000-2001 seasons.  



	Rootstocks

Soil type
	N %
	P %
	K % 
	Ca % 
	Mg %

	
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*

	1 st season  1999-2000

	Clay
	2.43 a
	2.32 ab
	2.38 A
	0.187 a
	0.187 a
	0.187 A
	1.88 a
	1.79 ab
	1.83 A
	3.18 a
	2.88 a
	3.03 A
	0.37 a
	0.38 a
	0.38 A

	C.lcareous
	2.16 bc
	2.08 c
	2.12 B
	0.157 a
	0.141 a
	0.149 A
	1.67 b
	1.44 c
	1.56 B
	3.13 a
	2.95 a
	3.04 A
	0.37 a
	0.38 a
	0.37 A

	Mean**
	2.30 A
	2.20 A
	 
	0.172 A
	0.164 A
	 
	1.78 A
	1.61 A
	 
	3.16 A
	2.91 A
	 
	0.37 A
	0.38 A
	 

	2 nd season  2000-2001

	Clay
	2.26 a
	2.24 a
	2.25 A
	0.151 a
	0.141 a
	0.146 A
	1.78 a
	1.71 b
	1.74 A
	2.73 c
	3.35 a
	3.04 A
	0.45 a
	0.47 a
	0.46 A

	Calcareous
	2.02 b
	2.00 b
	2.01 B
	0.141 a
	0.134 a
	0.137 A
	1.76 a
	1.58 c
	1.67 B
	2.97 b
	3.33 a
	3.15 A
	0.38 b
	0.40 b
	0.39 B

	Mean**
	2.14 A
	2.12 A
	 
	0.146 A
	0.137 A
	 
	1.77 A
	1.65 B
	 
	2.85 B
	3.34 A
	 
	0.42 A
	0.43 A
	 

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

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

                 citrus rootstock seedlings (six months later) from transplanting date in both successive 1999-2000 and 2000-2001 seasons.

	Rootstocks

Soil type
	Fe ppm
	Mn ppm
	Zn ppm

	
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*

	1 st season  1999-2000

	Clay
	55.0 a
	43.4 b
	49.2 A
	25.2 a
	23.2 b
	24.2 A
	14.3 a
	13.2 ab
	13.8 A

	Calcareous
	38.0 c
	39.0 bc
	38.4 B
	20.7 c
	21.2 c
	21.0 B
	12.5 bc
	11.6 c
	12.0 A

	Mean**
	46.4 A
	41.2 A
	 
	23.0 A
	22.2 A
	 
	13.4 A
	12.4 A
	 

	2 nd season  2000-2001

	Clay
	42.0 a
	40.0 ab
	41.0 A
	31.0 a
	34.0 a
	32.5 A
	15.6 a
	14.4 a
	15.0 A

	Calcareous
	36.6 b
	38.0 ab
	37.3 A
	25.7 b
	30.0 ab
	27.8 A
	14.7 a
	11.2 b
	13.0 A

	Mean**
	39.3 A
	39.0 A
	 
	28.3 A
	32.0 A
	 
	15.2 A
	12.8 B
	 

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

	Table (8):Specific and interaction effects of soil types; rootstock species and their combinations on root macro nutrient  elements contents of citrus rootstocks seedlings (six months later) from transplanting and just before budding  March in both 2000 and 2001 years during 1999 - 2000 and 2000 - 2001 seasons.              

	Rootstocks

Soil type
	N %
	P %
	K % 
	Ca % 
	Mg %

	
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer

lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*

	1st season  1999-2000

	Clay
	1.94 a
	1.97 a
	1.96 A
	0.141 ab
	0.157 a
	0.149 A
	1.70 a
	1.82 a
	1.76 A
	2.67 a
	2.47 a
	2.57 A
	0.27 a
	0.26 a
	0.27 A

	Calcareous
	1.27 b
	1.37 b
	1.32 B
	0.094 bc
	0.088 c
	0.091 A
	1.36 b
	1.40 b
	1.38 B
	2.71 a
	2.43 a
	2.57 A
	0.29 a
	0.28 a
	0.29 A

	Mean**
	1.61 A
	1.67 A
	 
	0.117 A
	0.122 A
	 
	1.53 A
	1.61 A
	 
	2.69 A
	2.45 A
	 
	0.28 A
	0.27 A
	 

	2 nd season  2000-2001

	Clay
	1.71 b
	1.83 a
	1.77 A
	0.126 a
	0.117 a
	0.122 A
	2.32 a
	2.09 b
	2.21 A
	2.55 c
	2.78 b
	2.66 B
	0.28 a
	0.28 a
	0.28 A

	Calcareous
	1.52 c
	1.51 c
	1.52 B
	0.090 a
	0.085 a
	0.087 A
	1.59 c
	1.41 d
	1.50 B
	3.23 a
	3.18 a
	3.21 A
	0.29 a
	0.29 a
	0.29 A

	Mean**
	1.62 A
	1.67 A
	 
	0.108 A
	0.101 A
	 
	1.95 A
	1.75 B
	 
	2.89 A
	2.98 A
	 
	0.29 A
	0.28 A
	 

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

	Table (9):Specific and interaction effects of soil type; rootstock species and their combinations on root micro nutrient  element contents of citrus rootstock seedlings (six months later) from transplanting and just before budding March in both 2000 and 2001 years during 1999 - 2000 and  2000 - 2001 seasons.

	Rootstocks

Soil type
	Fe ppm
	Mn ppm
	Zn ppm

	
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*
	Volkamer lemon
	Sour orange 
	Mean*

	1 st season  1999-2000

	Clay
	73.8 a
	60.2 b
	67.0 A
	23.4 a
	24.0 a
	23.7 A
	10.0 a
	8.8 b
	9.4 A

	Calcareous
	43.8 c
	37.1 d
	40.4 B
	21.9 b
	20.7 c
	21.3 B
	5.6 c
	5.1 c
	5.3 B

	Mean**
	58.8 A
	48.6 B
	 
	22.7 A
	22.3 A
	 
	7.8 A
	6.9 B
	 

	2 nd season  2000-2001

	Clay
	67.4 a
	59.6 b
	63.5 A
	23.2 a
	24.4 a
	23.8 A
	11.0 a
	9.9 b
	10.4 A

	Calcareous
	26.9 c
	27.3 c
	27.1 B
	18.9 b
	17.3 c
	18.1 B
	6.8 c
	5.8 d
	6.3 B

	Mean**
	47.2 A
	43.5 A
	 
	21.1 A
	20.8 A
	 
	8.9 A
	7.8 B
	 

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


*  (According to the yearly Bull. Agric. Economic and Statistics, Ministry of Agriculture and land  Reclamation of Egypt, 2005).





