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ABSTRACT

It was aimed to investigate effect of water salinity on M.M. 106 and Pyrus communis rootstocks to the response of the nutritional status. In this regard nutritional status (leaf, N, P, K, Ca, Mg, Fe, Mn, Zn and Na contents) in response to the included treatments of experiments were investigated. Data obtained  revealed that the interaction between soil kind; salinity levels; sodium adsorption ratio and chloride level (Cl: so4 ratio) was obviously detected. Regarding to leaf mineral composition, the irrigated M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil with the highest  concentration saline solution (6000 ppm) of higher SAR (6) and Cl: SO4 ratio had the richest leaves in their Ca and Na contents associated with the least levels of N, P, K, Mg, Fe, Mn and Zn. The trend took the other way around with control (continuously irrigated transplants with tap water) followed by those supplied with 2000 ppm saline solution of lower SAR (3) and lower Cl: SO4 ratio where the least values of leaf Ca and Na contents with the higher N, P, K, Mg, Fe, Mn and Zn contents were recorded especially M.M.106 and Pyrus communis rootstocks transplants grown in clay soil.

Introduction

Apple and Pear are of the most important deciduous fruits in the world. In recent years, there has been a steady increase in the area planted with apple and pear in order to meet the continuous rise in demand for apple and pear fruits for local consumption.


Nowadays, land reclamation projects in Egypt occupy a very important sector in the agricultural development programmes for increasing the cultivated area. Beside, agricultural expansion needs a great amount of suitable irrigation water which already is not sufficient to meet all the expected demand in this respect. As long as there is an obvious shortage in Nile water supply, especially to provide the new reclaimable areas. So, the projects of reclamation depends on another sources such as: Wells, sanitary drainage, diluted sea water…. etc.


Generally; at such areas, the problems of soil salinity and saline water used for irrigation is considered as a limiting factor for the success of such projects. In addition; through this year, the cultivated area is continuously rising in order to meet the steady increase in apple and pear demand. Moreover, plans are developed to establish new apple and pear orchards on new reclaimed soils such as calcareous and sandy soils. Therefore, many problems are expected to arise. These problems would be related to the excessive accumulation of soluble salts in the soil as an actual limiting factors for growth and productivity of apple and pear orchards. Moreover, agricultural expansion needs a great amount of suitable irrigation water which already is not sufficient to meet all the expected demands. For that the possibility of using saline water for irrigation, especially underground water is of great value, but till now it is still very limited, because this water contain a considerable amount of harmful salts. The applicability of saline water for irrigation is first of all dependent upon the concentration, composition of salts dissolved therein, and upon the degree to which plants are salt tolerance.

some investigators have reported that some fruit species had no tolerance to the high salinity levels such as Hindi mango cultivar (El-Hefnawy,1986). Osman (2005) indicated that, the apple leaf N, P, K, Mg, Zn and Mn contents decreased with increasing salt concentration in irrigation water, while the reverse was true with leaf Cl, Na, Ca and Fe contents.


The main objective of the present investigation was planned to study the response of chemical composition of two rootstocks  seedlings (M.M.106 and Pyrus communis) grown in three soil kinds (clay, calcareous and sandy) to irrigation with salinized water, prepared at different salts concentrations (2000, 4000 and 6000 ppm) and two levels of sodium adsorption ratio (SAR 3 and 6) with two levels of chloride:sulphate ratio (Low and high) .

Materials and Methods


The present investigation was carried out during two successive seasons of 2001 and 2002 in a greenhouse belonging to the Horticulture Research Station, El Kanater, Qalyubia  Governorate, Egypt.
Two year old, uniform and healthy transplants of two pomes rootstocks namely: (M.M. 106 and Pyrus communis) were the plant material used in this study. On February 1st during both seasons apple rootstock transplants were transplanted individually each in clay pot 35 cm. in diameter that previously had been filled with about 10 kg clay , calcarous or sandy soils (brought from Qaloub, Wady El-Mulak and Belbies, respectivelly). Soil was taken from ground surface layer at 0-30 cm depth then mechanically and chemically analysed just before prior investigated treatments had been started (Table,1).
Table(1): Physical and chemical analysis of the experimental soils.
	soils
	Soil texture
	Granules %
	pH
	E.C. m mhos/cm
	Soluble cations
	Soluble anions

	
	
	clay
	silt
	Fine sand %
	Coarse sand %
	
	
	Ca++
	Mg++
	Na+
	K+
	CO3=
	HCO3-
	Cl-
	SO4=

	Clay
	Clay
	46.8
	38.5
	9.6
	5.1
	7.55
	5.5
	20.14
	3.68
	38
	0.78
	-
	2.84
	28.8
	31.61

	Calcareous
	Sandy clay
	12.1
	2.8
	7.8
	77.3
	7.6
	7.7
	36.92
	3.28
	49
	0.98
	-
	2.00
	33.4
	55.07

	Sand
	Sandy
	4.6
	2.1
	1.4
	91.9
	7.8
	2.2
	9.38
	1.94
	10
	0.68
	-
	1.92
	5.84
	14.24


Irrigation was carried out twice weekly by adding one liter tap water per each pot until, investigated treatments of this study was started in both experimental seasons. All pots were fertilized with complex fertilizer “New star” contain N, P2O5, K2O and S (15, 15, 15 and 12%) as well as  Fe; Mn and Zn microelements in chelated form. This fertilizer was applied weekly at the rate of 248 ml/pot from 2% newly prepared solution of this fertilizer from 1st February till March 28th.  However irrigation with the different saline solutions was started on April 1st during both seasons of study. 
Fourty eight treatments represented the different possible combinations between four investigated factors namely; a) three soil kinds (clay, calcareous and sandy); b) saline concentrations (2000; 4000 and 6000 ppm); c) SAR (3 & 6) and d) Cl: SO4 ratios (low & high), beside irrigation with tap water as control were investigated. Thus; the investigated saline solutions were as follows:

1- Tap water (Control).; 2- 2000 ppm saline solution with SAR 3 and lower Cl : SO4 rate.; 3- 2000 ppm saline solution with SAR 3 and higher Cl : SO4 rate.; 4- 2000 ppm saline solution with SAR 6 and lower Cl : SO4 rate.; 5- 2000 ppm saline solution with SAR 6 and higher Cl : SO4 rate.; 6- 4000 ppm saline solution with SAR 3 and lower Cl : SO4 rate.; 7- 4000 ppm saline solution with SAR 3 and higher Cl : SO4 rate.; 8- 4000 ppm saline solution with SAR 6 and lower Cl : SO4 rate.; 9- 4000 ppm saline solution with SAR 6 and higher Cl : SO4 rate.; 10- 6000 ppm saline solution with SAR 3 and lower Cl : SO4 rate.; 11- 6000 ppm saline solution with SAR 3 and higher Cl : SO4 rate.; 12- 6000 ppm saline solution with SAR 6 and lower Cl : SO4 rate. and 13- 6000 ppm saline solution with SAR 6 and higher Cl : SO4 rate. The above mentioned saline solutions were prepared as shown in Table (2).

Table ( 2): Preparation of different saline solutions used.

	                                                                                                                                          Saline solution
	Salt added per liter

	
	CaCI2
	MgSO4
	KCI
	K2SO4
	Na2SO4
	NaCI
	SAR* 
	Cl meq./L
	SO4 meq./L
	Cl / SO4 ratio

	
	g
	meq.
	g
	meq.
	g
	meq.
	g
	meq.
	g
	meq.
	g
	meq.
	
	
	
	

	2000 ppm SAR3 low Cl
	0.45
	8.108
	0.50
	8.333
	0.08
	1.073
	0.42
	4.827
	0.25
	3.521
	0.30
	5.128
	3
	14.30
	16.681
	0.857

	2000 ppm SAR3 high Cl
	0.80
	14.414
	0.18
	3.000
	0.40
	5.369
	0.10
	1.149
	0.02
	0.281
	0.50
	8.546
	3
	28.33
	4.430
	6.395

	2000 ppm SAR6 low Cl
	0.35
	6.306
	0.25
	4.166
	0.15
	2.013
	0.35
	4.022
	0.55
	7.747
	0.35
	5.982
	6
	14.30
	15.935
	0.897

	2000 ppm SAR6 high Cl
	0.54
	9.703
	1.10
	1.666
	0.42
	5.637
	0.08
	0.919
	0.10
	1.408
	0.76
	12.99
	6
	28.35
	3.993
	7.100

	4000 ppm SAR3 low Cl
	1.10
	19.819
	1.07
	17.833
	0.05
	0.670
	0.95
	10.910
	0.38
	5.352
	0.45
	7.692
	3
	28.18
	34.095
	0.827

	4000 ppm SAR3 high Cl
	1.80
	32.430
	0.40
	6.660
	0.90
	12.080
	0.10
	1.150
	0.10
	1.408
	0.70
	11.965
	3
	56.47
	9.218
	6.126

	4000 ppm SAR6 low Cl
	0.72
	12.972
	0.88
	14.666
	0.04
	0.530
	0.96
	1 1.030
	0.54
	7.605
	0.86
	14.700
	6
	28.20
	33.301
	0.847

	4000 ppm SAR6 high Cl
	1.25
	22.522
	0.40
	6.666
	0.87
	11.677
	0.13
	1.494
	0.05
	0.704
	1.30
	22.222
	6
	56.42
	8.864
	6.365

	6000 ppm SAR3 low Cl
	1.20
	21.620
	2.2
	37.500
	0.02
	0.268
	0.45
	16.666
	0.71
	10.000
	0.37
	6.325
	3
	28.20
	64.166
	0.440

	6000 ppm SAR3 high Cl
	2.20
	39.639
	1.25
	20.833
	0.23
	3.087
	0.32
	15.172
	0.20
	2.820
	0.80
	13.679
	3
	56.40
	38.825
	1.453

	6000 ppm SAR6 low Cl
	1.11
	20.000
	1.20
	20.000
	0.03
	0.403
	1.85
	21.264
	1.35
	19.070
	0.46
	7.790
	6
	28.20
	60.334
	0.467

	6000 ppm SAR6 high Cl


	1.67
	30.000
	0.60
	10.000
	0.44
	5.838
	1.65
	8.960
	0.45
	6.338
	1.20
	20.510
	6
	56.35
	35.292
	1.596



Salts added in grams were estimated as anydrous form      
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Whereas, transplants of each rootstock were subjected to the differential 13 irrigation solutions (3 saline concentrations x 2 SAR ratios x 2 Cl : SO4 ratios) beside tap water as control. Thus, two factorial experiments were conducted to investigated the above mentioned salinity treatments through  the response of each rootstock transplants individually . The different treatments were arranged in a complete randomized block design where each treatment was replicated three times with two pots per every replicate.

As each experiment devoted for every rootstock had been terminated on November (1st and 5th) during both 2001 and 2002 seasons, respectively, the following chemical analysis were recorded:
- Leaf mineral determination: samples of the third pairs of leaves from the base of none fruiting shoots were collected in mid August in both seasons of the study. Samples were cleaned from adherent dust and dried at 70o C for 72 hours, ground to fine powder and digested according to Chapman and Pratt, (1961). The ground dried materials of leaf samples were analyzed for total nitrogen, phosphorus, potassium, calcium, magnesium, iron, manganese and zinc by the method of A.O.A.C, (1985).

-Statistical analysis:


All data of the present investigation were subjected to analysis of variance and significant differences among means were determined according to (Snedecor and Cochran, 1972). In addition; significant differences among means were distinguished according to the Duncan's multiple test range (Duncan, 1955), whereas capital and small letters were used for differentiating the values of specific and interaction effects of the investigated factors, respectively.

RESULTS AND DISSCUSION
- Leaf mineral composition: 

Data obtained from Tables (3-11) during both seasons regarding the leaf N, P, K, Ca, Mg, Fe, Mn , Zn and Na contents of M.M.106 and Pyrus communis rootstocks transplants in response to specific and interaction effects of soil kind; salt concentration; SAR and chloride level  (Cl: SO4 ratio) and their possible combinations could be summarized as follows:
A- Specific effect: 
Referring the specific effect of soil hind, data obtained during both season revealed that M.M.106 and Pyrus communis rootstocks transplants grown in clay soil exceeded statistically the two other soils (calcareous and sandy) regarding their leaves N, P, K, Mg and Zn contents. However, M.M.106 and Pyrus communis rootstocks transplants grown in clay soil had the least Ca, Fe, Mn and Na levels. However, M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil leaves had the highest level of Ca, Fe, Mn and Na that associated with the least values of N, P, K, Mg and Zn contents. Meanwhile, M.M.106 and Pyrus communis rootstocks transplants grown in calcareous soil in most cases was intermediate as compared to two other soil kinds in this concern.
As for the specific effect of salt concentrations, the leaves N, P, K, Mg, Fe, Mn and Zn contents decreased significantly and gradually with increasing salt concentration in irrigation water, while the reverse was found with leaf Ca and Na contents during two seasons of study.
Increasing either sodium adsorption ratio (SAR) from 3 to 6 and /or chloride level (CL: So4 ratio) in irrigation water significantly decreased leaf N, P, K, Mg, Fe, Mn and Zn contents, while the reverse was true with leaf Ca and Na contents, where raising either SAR or Cl: SO4 ratio increased them significantly during two seasons of study.        
B- Interaction effect:

Regarding the interaction effect of various combinations between four investigated factors (soil kind; salt concentration; sodium adsorption ratio and Cl: So4 ratio), data obtained during 2001 & 2002 experimental seasons revealed that specific effect of each investigated factor was directly reflected on its own combinations. Herein, the irrigated M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil irrigated with the highest  concentrated saline solution (6000 ppm) of higher SAR (6) and Cl: SO4 ratio had the richest leaves in their Ca and Na contents associated with the least levels of N, P, K, Mg, Fe, Mn and Zn. The trend took the other way around with control (continuously irrigated transplants with tap water) followed by those supplied with 2000 ppm saline solution of lower SAR (3) and lower Cl: SO4 ratio where the least values of leaf Ca and Na contents with the higher N, P, K, Mg, Fe, Mn and Zn contents were recorded especially M.M.106 and Pyrus communis rootstocks transplants grown in clay soil.
The increase in salt uptake which caused nutritional imbalance in the plant by depressing N, P and K uptake Faruque, (1968). The increase in pH value in root medium, the matter that makes many nutrients becoming unavailable to the plants (Russell, 1982).

Generally, it could be concluded that the reduction in growth of apple rootstock seedlings associated with salinity stress noticed in the present investigation might be attributed to the process of building up the osmotic pressure of the developing cells by adjusting salts accumulation to meet the increasing osmotic pressure of the rooting medium (Bernstein,  1975 and Munns et al., 1982). It might also be due to the result of specific toxic effects of some ions excessively absorbed from saline soil solution.

The imbalance in nutritional cations in tissues of salt- stressed plants may be responsible for the depression of growth Strogonov, (1962) in connection with these views, Greenway, (1963) stated that salinity reduced plant height either by making osmotic cell enlargement dependent on solute accumulation or by the drastic changes in the ion relation. Reduction of growth of apple salt- stressed plants could also be attributed to the reduction in carbon fixation by photosynthesis and to increasing carbon release in respiration (Gale, 1975). 

The changes in many metabolic process including enzyme activity, protein synthesis and the activity of mitochondria and chloroplasts might also play role in growth reduction of salt- stressed plants (Poljackoff and Gale, 1975).
Balba, (1984) stated that the harmful effect of salts on plant growth is related to nutrient changing of their forms in the soil or to competition between the salt cations and anions with the nutrients. Other causes are more related to the plant itself, which affect its ability to absorb water or directly affect the plant biochemical processes due to toxicity. 
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الملخص العربي

دراسات علي مقاومة الملوحة فى بعض اصول التفاحيات
2-الحالة الغذائية ( المحتوى المعدنى للأوراق)

محمد محمد شرف* وخالد على بكرى* و درويش رجب درويش**

* قسم البساتين- كلية الزراعة بمشتهر- جامعة بنها.

** معهد بحوث البساتين- الجيزة- مصر
 الهدف من هذه الدراسة اختبار  تأثير نوع التربة على مقاومة وتحمل أصلين من أصول التفاحيات هما م.م.106 والكميونس لتركيزات الملوحة و نسبة كل من الصوديوم المدمص والكلوريد إلي الكبريتات وعليه فقد تم اختبار 48 معاملة في كل تجربة تمثل التراكيب المختلفة والممكنة بين أربعة عوامل هي (3 أنواع تربة ( طينية- جيرية – رملية ) × 3 تركيزات ملوحة ( 2000، 4000، 6000 جزء في المليون )  × 2 مستوى صوديوم مدمص (3 ،6) × 2 مستوى كلوريد (منخفض ، عالي)) بالإضافة إلى الري بماء الصنبور فقط لكل تربة على حدة . وقد تم تقييم التأثير النوعي لكل من العوامل المختبرة وكذلك تأثير التفاعل بين العوامل من خلال استجابة التقديرات الكيميائية مثل المحتوى المعدني للأوراق من النيتروجين والفسفور والبوتاسيوم والكالسيوم والمغنسيوم والحديد والمنجنيز والزنك والصوديوم واستجابة كل منها لمعاملات التجربة سواء تأثير نوعى أو تفاعلي. 
أوضحت النتائج المتحصل عليها بالنسبة للتأثير النوعي والتفاعل بين العوامل المختبرة (نوع التربة وتركيز ملوحة ماء الري والصوديوم المدمص ونسبة الكلوريد) أن جميع تركيزات ملوحة ماء الري المستخدمة أدت إلى نقص تدريجي في محتوى أوراق الأصلين من عناصر النتروجين والفوسفور والبوتاسيوم والمغنسيوم والمنجنيز والزنك وكان التناقص معنوياً مع تدرج التركيز في حين كان العكس صحيحاً بالنسبة لمحتوى الأوراق من عناصر الصوديوم والكالسيوم والحديد خلال موسمي الدراسة.

Table(3): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on leaf nitrogen content (%) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf nitrogen  content (%) of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	2.348 a
	2.214 d
	1.921 p
	2.161 A
	2.182 a
	1.641 g
	1.628 g
	1.275 A

	2000ppm
	3
	Low

High
	2.278 b

2.266 b
	2.147 f

2.136 g
	1.863 q

1.854 q
	2.080 B
	2.117 b

2.106 b
	1.592 h

1.584 h
	1.579 h

1.571 h
	1.227 B

	
	6
	Low

High
	2.254 c

2.242 c
	2.125 h

2.114 h
	1.844 q

1.834 r
	
	2.095 b

2.084 c
	1.576 h

1.567 h
	1.563 h

1.554 i
	

	4000ppm
	3
	Low

High
	2.231 d

2.207 d
	2.103 i

2.081 j
	1.825 r

1.806 s
	2.021 C
	2.073 c

2.051 c
	1.559 i

1.543 i
	1.546 i

1.530 i
	1.192 C

	
	6
	Low

High
	2.184 e

2.160 f
	2.059 j

2.037 k
	1.786 s

1.767 t
	
	2.030 d

2.008 d
	1.526 j

1.510 j
	1.514 j

1.497 j
	

	6000ppm
	3
	Low

High
	2.137 g

2.113 h
	2.014 l

1.992 m
	1.748 t

1.729 u
	1.934 D
	1.986 e

1.964 e
	1.494 k

1.477 k
	1.481 k

1.465 k
	1.141 D

	
	6
	Low

High
	2.090 i

2.066 j
	1.970 n

1.948 o
	1.709 u

1.690 v
	
	1.942 f

1.920 f
	1.461 k

1.444 l
	1.449 l

1.432 l
	

	Specific effect of:
	2.198 A
	2.072 B
	1.798 C
	
	2.043 A
	1.536 B
	1.524 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 2.029 A
	SAR 6 = 1.993 B
	SAR 3 = 1.197 A
	SAR 6 = 1.176 B

	c-Cl:SO4
	Low = 2.020 A
	High = 2.002 B
	Low = 1.192 A
	High = 1.181 B

	Treatments
	Leaf nitrogen  content (%) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	2.147 a
	1.711 h
	1.711 h
	1.856 A
	2.666 a
	1.58 h
	1.428 l
	1.891 A

	2000ppm
	3
	Low

High
	2.082 b

2.072 b
	1.660 i

1.651 i
	1.594 k

1.586 k
	1.765 B
	2.586 b

2.573 b
	1.533 i

1.525 i
	1.385 j

1.378 n
	1.820 B

	
	6
	Low

High
	2.061 b

2.050 c
	1.642 i

1.634 i
	1.577 k

1.569 k
	
	2.559 b

2.546 c
	1.517 i

1.509 i
	1.370 n

1.363 n
	

	4000ppm
	3
	Low

High
	2.039 c

2.018 d
	1.625 j

1.608 j
	1.561 l

1.544 l
	1.714 C
	2.533 c

2.506 d
	1.501 j

1.485 j
	1.356 n

1.342 o
	1.768 C

	
	6
	Low

High
	1.996 d

1.975 e
	1.591 k

1.574 k
	1.528 m

1.512 m
	
	2.479 d

2.453 e
	1.469 k

1.454 k
	1.328 o

1.313 o
	

	6000ppm
	3
	Low

High
	1.954 e

1.932 f
	1.557 l

1.540 l
	1.495 n

1.479 n
	1.641 D
	2.426 e

2.399 f
	1.438 l

1.422 l
	1.299 p

1.285 p
	1.693 D

	
	6
	Low

High
	1.911 h

1.889 g
	1.523 m

1.506 m
	1.462 o

1.446 o
	
	2.373 f

2.346 g
	1.406 m

1.390 m
	1.271 p

1.256 q
	

	Specific effect of:
	2.010 A
	1.602 B
	1.543 C
	
	2.496 A
	1.479 B
	1.336 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 1.722 A
	SAR 6 = 1.691 B
	SAR 3 = 1.776 A
	SAR 6 = 1.745 B

	c-Cl:SO4
	Low = 1.714 A
	High = 1.699 B
	Low = 1.768 A
	High = 1.753  B  


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(4): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and  their combinations on leaf phosphorus (%) of M.M.106 and Pyrus communis  rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf phosphorus (%) of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	0.289 a
	0.265 c
	0.228 f
	0.261 A
	0.284 a
	0.268 b
	0.232 e
	0.261 A

	2000ppm
	3
	Low

High
	0.282 b

0.269 c
	0.245 e

0.228 f
	0.208 h

0.191 j
	0.220 B
	0.264 b

0.243 d
	0.261 c

0.199 h
	0.209 h

0.181 j
	0.210 B 

	
	6
	Low

High
	0.262 d

0.249 e
	0.205 h

0.198 i
	0.181 k

0.164 m
	
	0.233 e

0.215 f
	0.189 i

0.181 j
	0.156 m

0.140 o
	

	4000ppm
	3
	Low

High
	0.232 f

0.218 g
	0.185 k

0.181 k
	0.148 o

0.131 q
	0.170 C
	0.196 h

0.189 i
	0.109 r

0.154 m
	0.127 p

0.113 r
	0.140 C

	
	6
	Low

High
	0.185 k

0.185 k
	0.168 m

0.161 n
	0.121 r

0.108 s
	
	0.175 k

0.162 l
	0.131 p

0.120 q
	0.103 s

0.092 t
	

	6000ppm
	3
	Low

High
	0.161 n

0.138 p
	0.148 o

0.121 r
	0.101 t

0.084 u
	0.110 D
	0.147 n

0.131 p
	0.103 s

0.092 t
	0.079 u

0.072 v
	0.090 D

	
	6
	Low

High
	0.121 r

0.111 s
	0.101 t

0.081 u
	0.071 v

0.057 w
	
	0.116 q

0.114 q
	0.082 u

0.072 v
	0.064 w

0.054 x
	

	Specific effect of:
	0.208 A
	0.176 B
	0.138 C
	 
	0.190 A
	0.151 B
	0.125 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.182A
	SAR 6 = 0.152 B
	SAR 3 = 0.159 A
	SAR 6 = 0.133 B

	c-Cl:SO4
	Low = 0.173A
	High = 0.160 B
	Low = 0.152 A
	High = 0.140 B

	Treatments
	Leaf phosphorus (%) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.270 a
	0.229 b
	0.192 d
	0.230 A
	0.259 a
	0.199 d
	0.179 e
	0.212 A

	2000ppm
	3
	Low

High
	0.261 a

0.253 a
	0.222 b

0.215 c
	0.187 d

0.181 d
	0.211 B
	0.246 a

0.238 b
	0.189 d

0.183 e
	0.170 e

0.164 f
	0.190 B

	
	6
	Low

High
	0.240 b

0.232 b
	0.204 c

0.197 c
	0.171 e

0.165 e
	
	0.225 b

0.217 c
	0.173 e

0.167 f
	0.155 f

0.150 g
	

	4000ppm
	3
	Low

High
	0.208 c

0.199 c
	0.176 d

0.169 e
	0.148 f

0.142 f
	0.165 C
	0.194 d

0.186 d
	0.149 g

0.143 g
	0.134 h

0.129 h
	0.147 C

	
	6
	Low

High
	0.186 d

0.178 d
	0.158 e

0.151 e
	0.133 f

0.127 g
	
	0.173 e

0.166 f
	0.133 h

0.127 h
	0.120 i

0.114 i
	

	6000ppm
	3
	Low

High
	0.146 f

0.137 f
	0.124 g

0.117 g
	0.104 h

0.098 h
	0.112 D
	0.134 h

0.127 h
	0.103 j

0.098 j
	0.093 j

0.087 k
	0.099 D

	
	6
	Low

High
	0.124 g

0.116 g
	0.105 h

0.098 h
	0.088 h

0.083 i
	
	0.114 i

0.106 i
	0.088 k

0.082 k
	0.079 k

0.073 k
	

	Specific effect of:
	0.196 A
	0.167 B
	0.14 C
	
	0.183 A
	0.141 B
	0.127 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.172 A
	SAR 6 = 0.153 B
	SAR 3 = 0.154 A
	SAR 6 = 0.137 B

	c-Cl:SO4
	Low = 0.166 A
	High = 0.159 B
	Low = 0.148 A
	High = 0.142 B


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(5): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in  saline irrigation  water; soil types  and their combinations on leaf potassium content (%)  of  M.M.106  and  Pyrus communis rootstocks during 2001&  2002 seasons.

	Treatments
	Leaf  K % of MM106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	1.915 a
	1.854 b
	1.764 e
	1.844 A
	1.993 a
	1.922 c
	1.445 o
	1.787 A

	2000ppm
	3
	Low

High
	1.857 b

1.848 b
	1.799 d

1.789 d
	1.711 g

1.702 g
	1.780 B
	1.934 b

1.924 b
	1.864 e

1.855 f
	1.402 p

1.395 p
	1.720 B

	
	6
	Low

High
	1.838 b

1.829 c
	1.780 d

1.771 e
	1.693 g

1.684 h
	
	1.914 c

1.904 d
	1.845 f

1.836 g
	1.387 q

1.380 q
	

	4000ppm
	3
	Low

High
	1.820 c

1.800 d
	1.762 e

1.743 f
	1.675 h

1.658 i
	1.720 C
	1.894 d

1.874 e
	1.826 g

1.807 h
	1.373 r

1.359 s
	1.670 C

	
	6
	Low

High
	1.781 d

1.762 e
	1.724 f

1.706 g
	1.640 i

1.622 j
	
	1.854 f

1.834 g
	1.788 i

1.768 j
	1.344 t

1.330  u
	

	6000ppm
	3
	Low

High
	1.742 f

1.723 f
	1.687 h

1.669 h
	1.605 k

1.587 k
	1.650 D
	1.814 h

1.794 h
	1.749 k

1.730 l
	1.315 v

1.301 w
	1.600 D

	
	6
	Low

High
	1.704 g
1.685 h
	1.650 i

1.632 j
	1.570 l

1.552 l
	
	1.774 j

1.754 k
	1.711 m

1.691 n
	1.286 x

1.272 y
	

	Specific effect of:
	1.792 A
	1.736 B
	1.651 C
	
	1.866 A
	1.799 B
	1.353 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 1.732 A
	SAR 6 = 1.701 B
	SAR 3 = 1.678 A
	SAR 6 = 1.648 B

	c-Cl:SO4
	Low = 1.724 A
	High = 1.709 B
	Low = 1.671 A
	High = 1.656 B

	Treatments
	Leaf  K % of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	1.622 a
	1.562 c
	1.520 e
	1.568 A
	1.668 a
	1.527 e
	1.220 l
	1.472 A

	2000ppm
	3
	Low

High
	1.574 b

1.566 b
	1.515 e

1.507 f
	1.475 h

1.467 h
	1.510 B
	1.618 b

1.610 b
	1.482 f

1.474 g
	1.184 m

1.177 m
	1.417 B

	
	6
	Low

High
	1.558 c

1.549 d
	1.499 f

1.492 g
	1.460 i

1.452 i
	
	1.602 b

1.593 c
	1.466 g

1.459 g
	1.171 m

1.165 m
	

	4000ppm
	3
	Low

High
	1.541 d

1.525 e
	1.484 g

1.468 h
	1.444 j

1.429 k
	1.466 C
	1.585 c

1.568 d
	1.451 h

1.436 h
	1.159 n

1.147 n
	1.376 C

	
	6
	Low

High
	1.509 f

1.493 g
	1.453 i

1.437 j
	1.414 l

1.399 m
	
	1.552 d

1.535 e
	1.421 i

1.405i
	1.135 n

1.123 o
	

	6000ppm
	3
	Low

High
	1.476 h

1.460 i
	1.421 l

1.406 m
	1.384 n

1.368 o
	1.404 D
	1.518 e

1.502 f
	1.390 j

1.375 j
	1.110 o

1.098 p
	1.317 D

	
	6
	Low

High
	1.444 j

1.428 k
	1.390 n

1.374 o
	1.353 p

1.338 q
	
	1.485 f

1.468 g
	1.359 k

1.344 k
	1.086 p

1.074 q
	

	Specific effect of:
	1.519A
	1.462 B
	1.423 C
	
	1.562 A
	1.430 B
	1.142 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 1.473 A
	SAR 6 = 1.447 B
	SAR 3 = 1.382 A
	SAR 6 = 1.358 B

	c-Cl:SO4
	Low = 1.466 A
	High = 1.453 B
	Low = 1.376 A
	High = 1.364 B


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(6): Specific and interaction effects  of  salt concentrations;  sodium adsorption ratio; Cl:SO4 ratio  in saline irrigation water; soil types and their combinations on leaf calcium content (%) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf Ca % of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	0.630 s
	0.780 p
	0.840 o
	0.750 D
	0.860 w
	0.980 v
	0.990 v
	0.940 D

	2000ppm
	3
	Low

High
	0.690 r

0.750 q
	0.860 o

0.940 n
	0.930 n

1.010 l
	0.940 C
	0.950 v

1.030 u
	1.070 t

1.170 r
	1.100 s

1.190 q
	1.180 C

	
	6
	Low

High
	0.820 p

0.880 o
	1.020 m

1.100 l
	1.100 l

1.180 k
	
	1.120 s

1.200 q
	1.270 p

1.370 o
	1.290 p

1.390 o
	

	4000ppm
	3
	Low

High
	0.940 n

1.000 m
	1.170 k

1.250 j
	1.270 j

1.350 i
	1.260 B
	1.290 p

1.370 o
	1.460 n

1.560 l
	1.490 n

1.590 k
	1.590 B

	
	6
	Low

High
	1.110 l

1.170 k
	1.380 i

1.460 h
	1.490 g

1.570 f
	
	1.520 m

1.600 k
	1.730 h

1.810 g
	1.750 h

1.840 g
	

	6000ppm
	3
	Low

High
	1.210 k

1.250 j
	1.510 g

1.560 f
	1.630 e

1.680 d
	1.620 A
	1.660 j

1.710 i
	1.880 f

1.940 e
	1.910 e

1.970 d
	2.030 A

	
	6
	Low

High
	1.380 i

1.570 f
	1.720 d

1.960 b
	1.860 c

2.110 a
	
	1.890 f

2.150 c
	2.150 c

2.440 b
	2.180 b

2.480 a
	

	Specific effect of:
	1.030 C
	1.280 B
	1.390 A
	
	1.410 C
	1.600 B
	1.630 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 1.170 B
	SAR 6 = 1.380 A
	SAR 3 = 1.460 B
	SAR 6 = 1.730 A

	c-Cl:SO4
	Low = 1.230 B
	High = 1.320 A
	Low = 1.540 B
	High = 1.660 A

	Treatments
	Leaf Ca % of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.651 s
	0.716 r
	0.781 q
	0.755 D
	0.849 o
	0.925 n
	0.934 n
	0.905 D

	2000ppm
	3
	Low

High
	0.783 q

0.861 p
	0.832 p

0.911 o
	0.846 p

0.915 o
	0.944 C
	0.941 n

1.035 m
	1.017 m

1.104 l
	1.019 m

1.110 l
	1.131 C

	
	6
	Low

High
	0.939 n

1.017 m
	0.976 n

1.041 m
	0.998 m

1.081 l
	
	1.129 l

1.223 k
	1.189 k

1.274 j
	1.202 k

1.295 j
	

	4000ppm
	3
	Low

High
	1.096 l

1.174 k
	1.152 k

1.211 j
	1.164 k

1.248 j
	1.270 B
	1.317 j

1.411 i
	1.359 i

1.479 h
	1.387 i

1.503 h
	1.523 B

	
	6
	Low

High
	1.252 j

1.331 i
	1.256 j

1.385 h
	1.295 i

1.432 g
	
	1.505 h

1.639 g
	1.580 g

1.665 f
	1.637 g

1.690 f
	

	6000ppm
	3
	Low

High
	1.455 g

1.547 f
	1.472 g

1.557 f
	1.510 f

1.605 e
	1.627 A
	1.720 f

1.815 d
	1.750 e

1.840 d
	1.785 e

1.869 d
	1.950 A

	
	6
	Low

High
	1.627 e

1.830 c
	1.655 e

1.956 b
	1.722 d

2.079 a
	
	1.872 d

2.123 b
	2.034 c

2.312 a
	2.069 b

2.352 a
	

	Specific effect of:
	1.069 C
	1.285 B
	1.366 A
	
	1.395 C
	1.519 B
	1.545 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 1.173 B
	SAR 6 = 1.388 A
	SAR 3 = 1.406 B
	SAR 6 = 1.663 A

	c-Cl:SO4
	Low = 1.233 B
	High = 1.328 A
	Low = 1.478 B
	High = 1.591 A


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(7): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on leaf magnesium content (%) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf Mg % of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	0.744 k
	0.784 c
	0.744 k
	0.757 A
	0.729 j
	0.729 j
	0.763 c
	0.740B

	2000ppm
	3
	Low

High
	0.792 a

0.788 b
	0.756 g

0.751 i
	0.738 l

0.734 m
	0.760 A
	0.771 a

0.767 b
	0.766 b

0.762 c
	0.740 g

0.737 g
	0.750 A

	
	6
	Low

High
	0.784 c

0.780 c
	0.748 i

0.744 k
	0.730 m

0.726 o
	
	0.763 c

0.759 d
	0.758 d

0.754 e
	0.733 i

0.729 j
	

	4000ppm
	3
	Low

High
	0.775 d

0.767 f
	0.740 k

0.732 m
	0.722 o

0.715 q
	0.730 B
	0.755 e

0.747 f
	0.750 f

0.742 h
	0.725 k

0.718 l
	0.730 C

	
	6
	Low

High
	0.759 g

0.751 i
	0.724 o

0.717 q
	0.707 r

0.700 s
	
	0.739 h

0.731 j
	0.734 i

0.726 k
	0.710 n

0.702 o
	

	6000ppm
	3
	Low

High
	0.743 k

0.735 l
	0.709 q

0.701 s
	0.692 t

0.684 u
	0.700 C
	0.723 k

0.715 l
	0.719 l

0.711 m
	0.700 q

0.687 r
	0.700 D

	
	6
	Low

High
	0.727 m

0.718 o
	0.693 t

0.685 u
	0.677 v

0.669 w
	
	0.707 n

0.700 p
	0.703 o

0.700 p
	0.679 s

0.672 t
	

	Specific effect of:
	0.759 A
	0.730 B
	0.711 C
	
	0.739 A
	0.735 B
	0.715 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 0.737 A
	SAR 6 = 0.724 B
	SAR 3 = 0.735 A
	SAR 6 = 0.722 B

	c-Cl:SO4
	Low = 0.734 A
	High = 0.728 B
	Low = 0.732 A
	High = 0.725 A

	Treatments
	Leaf Mg % of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.760 a
	0.746 b
	0.739 c
	0.748 A
	0.763 a
	0.760 a
	0.720 g
	0.748 A

	2000ppm
	3
	Low

High
	0.738 c

0.734 d
	0.724 f

0.720 g
	0.716 h

0.713 i
	0.720 B
	0.740 b

0.737 c
	0.738 b

0.734 c
	0.698 k

0.694 k
	0.720 B

	
	6
	Low

High
	0.730 e

0.726 f
	0.716 h

0.713 i
	0.709 j

0.705 k
	
	0.733 d

0.729 e
	0.730 d

0.726 e
	0.691 l

0.687 m
	

	4000ppm
	3
	Low

High
	0.722 g

0.715 h
	0.709 j

0.702 l
	0.702 l

0.694 m
	0.700 C
	0.725 f

0.718 g
	0.722 f

0.715 h
	0.684 m

0.676 o
	0.699 C

	
	6
	Low

High
	0.707 j

0.700 l
	0.694 m

0.687 n
	0.687 n

0.679 o
	
	0.710 i

0.702 j
	0.707 i

0.700 j
	0.669 p

0.662 q
	

	6000ppm
	3
	Low

High
	0.692 m

0.684 n
	0.679 o

0.672 p
	0.672 p

0.665 q
	0.670 D
	0.695 k

0.687 m
	0.692 l

0.684 n
	0.655 r

0.648 s
	0.669 D

	
	6
	Low

High
	0.677 o

0.669 p
	0.664 q

0.657 r
	0.657 r

0.650 s
	
	0.679 o

0.672 p
	0.677 o

0.669 p
	0.640 t

0.633 u
	

	Specific effect of:
	0.712 A
	0.699 B
	0.691 B
	
	0.715 A
	0.712 B
	0.674 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 0.703 A
	SAR 6 = 0.690 B
	SAR 3 = 0.702 A
	SAR 6 = 0.690 B

	c-Cl:SO4
	Low = 0.700 A
	High = 0.694 A
	Low = 0.699 A
	High = 0.693 A


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(8): Specific and interaction effects  of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on leaf iron content (ppm) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.
	Treatments
	Leaf Fe content (ppm) of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	115.36 a
	111.39 e
	111.39 e
	112.71 A
	113.34 a
	109.99 f
	109.99 f
	111.11 A

	2000ppm
	3
	Low

High
	113.39 b

112.80 c
	109.97 g

109.41 h
	107.63 k

107.08 l
	109.48 B
	112.94 a

112.36 b
	112.48 b

111.90 c
	109.93 f

109.37 g
	110.93 B

	
	6
	Low

High
	112.22 d

111.63 e
	108.84 i

108.27 j
	106.52 m

105.97 n
	
	111.78 c

111.12 d
	111.32 d

110.74 e
	108.80 h

108.23 i
	

	4000ppm
	3
	Low

High
	111.05 f

109.88 g
	107.71 k

106.57 m
	105.41 o

104.30 p
	106.35 C
	110.61 e

109.45 g
	110.16 f

109.00 g
	107.67 j

106.53 l
	107.75 C

	
	6
	Low

High
	108.71 i

107.54 k
	105.44 o

104.31 p
	103.20 q

102.09 r
	
	108.29 i

107.12 k
	107.84 i

106.68 l
	105.40 n

104.27 p
	

	6000ppm
	3
	Low

High
	106.37 m

105.20 o
	103.17 q

102.04 r
	100.98 s

99.87 t
	101.80 D
	105.96 m

104.79 o
	105.52 n

104.36 p
	103.13 r

102.00 t
	103.14 D

	
	6
	Low

High
	104.03 p

102.87 q
	100.90 s

99.77 t
	98.76 u

97.65 v
	
	103.63 q

102.46 s
	103.20 r

102.04 t
	100.87 u

99.73 v
	

	Specific effect of:
	109.31 A
	105.98 B
	103.91 C
	
	108.51 A
	108.10 A
	106.10 B
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 106.82 A
	SAR 6 = 104.93 B
	SAR 3 = 108.23 A
	SAR 6 = 106.31 B

	c-Cl:SO4
	Low = 106.35 A
	High = 105.40 B
	Low = 107.75 A
	High = 106.79 B

	Treatments
	Leaf Fe content (ppm) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	114.63 a
	99.04 n
	112.86 b
	108.84 A
	116.04 a
	94.96 l
	115.33 a
	108.78 A

	2000ppm
	3
	Low

High
	111.19 c

110.62 c
	96.07 o

95.58 o
	109.47 d

108.91 e
	104.76 B
	112.55 b

111.97 b
	92.11 k

91.63 m
	111.87 b

111.30 c
	104.69 B

	
	6
	Low

High
	110.04 d

109.47 d
	95.08 o

94.58 p
	108.34 f

107.78 f
	
	111.39 c

110.81 c
	91.16 m

90.68 n
	110.72 c

110.14 d
	

	4000ppm
	3
	Low

High
	108.90 e

107.75 f
	94.09 p

93.10 q
	107.21 g

106.08 h
	101.77 C
	110.23 d

109.07 e
	90.21

89.26 o
	109.57 d

108.41 e
	101.70 C

	
	6
	Low

High
	106.60 g

105.46 h
	92.11 q

91.12 r
	104.96 i

103.83 j
	
	107.91 f

106.75 g
	88.31 o

87.36 p
	107.26 f

106.11 g
	

	6000ppm
	3
	Low

High
	104.31 i

103.17 j
	90.13 r

89.14 s
	102.70 k

101.57 l
	97.41 D
	105.59 h

104.43 i
	86.41 p

85.46 q
	104.95 h

103.80 i
	97.35 D

	
	6
	Low

High
	102.02 k

100.87 l
	88.15 s

87.16 t
	100.44 m

99.31 n
	
	103.27 j

102.11 k
	84.51 q

83.56 r
	102.65 j

101.49 k
	

	Specific effect of:
	107.31 A
	105.65B
	92.72 C
	
	108.63A
	107.97 B
	88.89C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 102.22 A
	SAR 6 = 100.41 B
	SAR 3 = 102.16 A
	SAR 6 = 100.35 B

	c-Cl:SO4
	Low = 101.77 A
	High = 100.86 B
	Low = 101.70 A
	High = 100.80 B


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(9): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on leaf manganese content (ppm) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.   

	Treatments
	Leaf Mn content (ppm) of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	72.39 k
	72.39 k
	76.36 c
	73.71 A
	74.34 c
	70.99 k
	70.99 k
	72.11 B

	2000ppm
	3
	Low

High
	71.82 l

71.45 m
	77.24 a

76.84 b
	73.62 h

73.24 i
	73.65 B
	72.10 h

71.73 i
	75.11 a

74.73 b
	74.65 b

74.27 c
	73.39 A

	
	6
	Low

High
	71.08 n

70.71 o
	76.44 c

76.05 d
	72.86 j

72.48 k
	
	71.36 j

70.99 k
	74.34 c

73.95 d
	73.88 d

73.50 e
	

	4000ppm
	3
	Low

High
	70.34 p

69.60 r
	75.65 e

74.85 f
	72.10 l

71.34 n
	71.55 C
	70.62 l

69.87 n
	73.56 e

72.79 g
	73.11 f

72.34 h
	71.29 C

	
	6
	Low

High
	68.86 s

68.12 t
	74.06 g

73.26 i
	70.58 b

69.82 q
	
	69.13 p

68.39 r
	72.02 i

71.24 k
	71.57 j

70.80 l
	

	6000ppm
	3
	Low

High
	67.38 u

66.64 v
	72.46 k

71.67 m
	69.06 s

68.30 t
	68.49 D
	67.64 t

66.90 u
	70.47 m

69.69 o
	70.03 n

69.26 p
	68.24 D

	
	6
	Low

High
	65.90 w

65.16 x
	70.87 o

70.07 q
	67.54 u

66.79 v
	
	66.16 v

65.41 w
	68.92 q

68.14 s
	68.49 r

67.72 t
	

	Specific effect of:
	69.19 C
	73.99 A
	71.08 B
	
	69.59 C
	72.00 A
	71.59 B
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 71.87 A
	SAR 6 = 70.59 B
	SAR 3 = 71.60 A
	SAR 6 = 70.33 B

	c-Cl:SO4
	Low = 71.55 A
	High = 70.91 B
	Low = 71.29A
	High = 70.65 B

	Treatments
	Leaf Mn content (ppm)  of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	71.86 c
	72.63 b
	74.04 a
	72.84 A
	69.96 e
	74.04 a
	74.33 a
	72.78 A

	2000ppm
	3
	Low

High
	69.70 f

69.34 f
	70.45 e

70.09 e
	71.82 c

71.45 c
	70.11 B
	67.86 i

67.51 i
	71.81 b

71.44 c
	72.10 b

71.73 b
	70.05 B

	
	6
	Low

High
	68.98 g

68.62 g
	69.72 f

69.36 f
	71.08 d

70.71 d
	
	67.16 j

66.81 k
	71.07 c

70.70 d
	71.36 c

70.99 d
	

	4000ppm
	3
	Low

High
	68.26 h

67.54 i
	69.00 g

68.27 h
	70.34 e

69.60 f
	68.11 C
	66.46 l

65.76 m
	70.33 e

69.59 f
	70.62 d

69.87 f
	68.04 C

	
	6
	Low

High
	66.83 j

66.11 k
	67.54 i

66.82 j
	68.86 g

68.12 h
	
	65.06 n

64.36 o
	68.85 g

68.11 h
	69.13 g

68.39 h
	

	6000ppm
	3
	Low

High
	65.39 l

64.67 m
	66.09 k
65.37 l
	67.38 i

66.64 j
	65.19 D
	63.66 p

62.96 q
	67.37 j

66.63 k
	67.64 i

66.90 k
	65.13 D

	
	6
	Low

High
	63.95 n

63.23 o
	64.64 m

63.91 n
	65.90 k

65.16 l
	
	62.26 r

61.56 s
	65.89 m

65.15 n
	66.16 l

65.41 n
	

	Specific effect of:
	67.27 C
	67.99 B
	69.31 A
	
	65.49 C
	69.31 B
	69.59 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 68.41 A
	SAR 6 = 67.20 B
	SAR 3 = 68.35 A
	SAR 6 = 67.14 B

	c-Cl:SO4
	Low = 68.11 A
	High = 67.50 B
	Low = 68.04 A
	High = 67.44 B


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(10):Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on leaf zinc content (ppm) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf Zn content (ppm) of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	22.348 a
	22.214 a
	21.587 b
	22.050 A
	22.294 a
	22.182 a
	21.641 b
	22.040 A

	2000ppm
	3
	Low

High
	21.678 b

21.566 b
	21.547 b

21.436 c
	20.940 e

20.832 e
	21.220 B
	21.625 b

21.514 b
	21.517 b

21.410 c
	20.992 d

20.884 e
	21.210 B

	
	6
	Low

High
	21.454 c

21.342 c
	21.325 c

21.214 d
	20.724 f

20.616 f
	
	21.403 c

21.291 c
	21.295 c

21.184 d
	20.776 f

20.667 f
	

	4000ppm
	3
	Low

High
	21.231 d

21.007 e
	21.103 d

20.881 e
	20.510 g

20.292 h
	20.620 C
	21.180 d

20.957 e
	21.073 d

20.851 e
	20.559 g

20.343 h
	20.610 C

	
	6
	Low

High
	20.784 f

20.560 g
	20.659 f

20.437 g
	20.076 i

19.860 j
	
	20.734 f

20.511 g
	20.630 f

20.408 g
	20.126 i

19.910 j
	

	6000ppm
	3
	Low

High
	20.337 h

20.113 i
	20.214 h

19.992 i
	19.645 k

19.429 l
	19.730 D
	20.288 h

20.065 i
	20.186 h

19.964 i
	19.694 k

19.477 l
	19.730 D

	
	6
	Low

High
	19.890 j

19.666 k
	19.770 j

19.548 k
	19.213 m

18.997 m
	
	19.842 j

19.619 k
	19.742 k

19.520 l
	19.261 m

19.044 n
	

	Specific effect of:
	20.92 A
	20.800 B
	20.210 C
	
	20.870 A
	20.770 B
	20.260 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 20.710 A
	SAR 6 = 20.340 B
	SAR 3 = 20.700 A
	SAR 6 = 20.330 B

	c-Cl:SO4
	Low = 20.620 A
	High = 20.430 B
	20.610 A
	High = 20.420 B

	Treatments
	Leaf Zn content (ppm) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	24.700 a
	24.470 b
	23.520 e
	24.230 A
	23.680 a
	22.700 g
	22.190 e
	22.860 A

	2000ppm
	3
	Low

High
	23.960 c

23.840 c
	23.730 d

23.610 d
	22.820 g

22.700 h
	23.320 B
	22.970 b

22.850 b
	22.010 f

21.900 f
	21.530 h

21.420 h
	22.000 B

	
	6
	Low

High
	23.720 d

23.590 d
	23.490 e

23.370 e
	22.580 h

22.460 i
	
	22.740 c

22.620 c
	21.790 g

21.670 g
	21.310 i

21.190 i
	

	4000ppm
	3
	Low

High
	23.470 e

23.220 f
	23.240 f

23.000 g
	22.340 i

22.110 j
	22.650 C
	22.500 d

22.260 e
	21.560 h

21.330 i
	21.080 j

20.860 k
	21.370 C

	
	6
	Low

High
	22.970 g

22.730 h
	22.750 h

22.510 i
	21.870 k

21.640 l
	
	22.030 f

21.790 g
	21.110 j

20.880 k
	20.640 l

20.420 m
	

	6000ppm
	3
	Low

High
	22.480 i

22.230 j
	22.260 j

22.020 k
	21.400 m

21.170 n
	21.690 D
	21.550 h

21.310 i
	20.650 l

20.430 m
	20.200 n

19.970 o
	20.460 D

	
	6
	Low

High
	21.990 k

21.740 l
	21.770 l

21.530 m
	20.930 o

20.700 p
	
	21.080 j

20.840 k
	20.200 n

19.970 o
	19.750 p

19.530 q
	

	Specific effect of:
	23.130 A
	22.900 B
	22.020 C
	
	22.170 A
	21.250 B
	20.780 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 22.756 A
	SAR 6 = 22.350 B
	SAR 3 = 21.470 A
	SAR 6 = 21.090 B

	c-Cl:SO4
	Low = 22.655 A
	High = 22.450 B
	Low = 21.370 A
	High = 21.180 B


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
Table(11): Specific and interaction effects of salt concentrations;  sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on leaf sodium content (%) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf Na content (%) of M.M.106 rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*
	Soil types
	Mean*

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	0.260 o
	0.313 n
	0.333 n
	0.302 D
	0.344 q
	0.366 p
	0.385 o
	0.365 D

	2000ppm
	3
	Low

High
	0.286 o

0.315 n
	0.344 m

0.382 l
	0.366 m

0.404 l
	0.380 C
	0.379 p

0.413 o
	0.402 o

0.439 n
	0.424 n

0.460 n
	0.460 C

	
	6
	Low

High
	0.338 m

0.364 m
	0.407 l

0.438 k
	0.432 k

0.466 j
	
	0.448 n

0.482 m
	0.475 m

0.512 l
	0.501 l

0.539 k
	

	4000ppm
	3
	Low

High
	0.391 l

0.41 7 k
	0.470 j

0.501 i
	0.499 i

0.532 h
	0.510 B
	0.517 l

0.551 k
	0.549 k

0.585 j
	0.578 j

0.616 i
	0.610 B

	
	6
	Low

High
	0.461 j

0.484 j
	0.554 h

0.582 g
	0.589 g

0.619 f
	
	0.609 i

0.640 h
	0.647 h

0.680 g
	0.681 g

0.716 f
	

	6000ppm
	3
	Low

High
	0.502 i

0.518 i
	0.604 f

0.623 f
	0.642 e

0.662 d
	0.650 A
	0.665 g

0.685 g
	0.706 f

0.728 f
	0.743 e

0.766 e
	0.790 A

	
	6
	Low

High
	0.573 g

0.651 e
	0.689 d

0.783 b
	0.732 c

0.832 a
	
	0.758 e

0.861 c
	0.804 d

0.914 b
	0.847 c

0.963 a
	

	Specific effect of:
	0.428 C
	0.515 B
	0.547 A
	
	0.566 C
	0.601 B
	0.632 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.470 B
	SAR 6 = 0.555 A
	SAR 3 = 0.567 C
	SAR 6 = 0.671 A

	c-Cl:SO4
	Low = 0.493 B
	High = 0.532 A
	Low = 0.596 B
	High = 0.642 A

	Treatments
	Leaf Na content (%)  of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.362 o
	0.399 n
	0.420 n
	0.409 D
	0.426 r
	0.462 q
	0.469 q
	0.455 D

	2000ppm
	3
	Low

High
	0.435 m

0.471 l
	0.445 m

0.490 l
	0.462 m

0.504 l
	0.512 C
	0.478 q

0.526 o
	0.508 p

0.554 o
	0.511 p

0.554 o
	0.569 C

	
	6
	Low

High
	0.507 k

0.546 k
	0.534 k

0.579 j
	0.544 k

0.580 j
	
	0.574 n

0.621 m
	0.596 n

0.639 m
	0.601 n

0.647 m
	

	4000ppm
	3
	Low

High
	0.588 j

0.641 i
	0.623 i

0.668 h
	0.630 i

0.671 h
	0.688 B
	0.669 l

0.717 k
	0.682 l

0.739 j
	0.693 k

0.754 j
	0.766 B

	
	6
	Low

High
	0.674 h

0.721 g
	0.699 h

0.743 g
	0.712 g

0.781 f
	
	0.765 i

0.822 h
	0.792 i

0.846 h
	0.818 h

0.848 h
	

	6000ppm
	3
	Low

High
	0.788 f

0.828 e
	0.797 f

0.835 e
	0.810 f

0.859 e
	0.881 A
	0.86 g

0.923 e
	0.889 g

0.920 f
	0.892 f

0.937 e
	0.981 A

	
	6
	Low

High
	0.886 d

0.979 c
	0.906 d

1.049 b
	0.923 d

1.113 a
	
	0.951 e

1.065 c
	1.016 d

1.155 b
	1.052 c

1.195 a
	

	Specific effect of:
	0.648 C
	0.674 B
	0.693 A
	
	0.700 C
	0.759 B
	0.785 A
	

	     a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 0.635 B
	SAR 6 = 0.752 A
	SAR 3 = 0.707 B
	SAR 6 = 0.837 A

	  c-Cl:SO4
	Low = 0.668 B
	High = 0.719 A
	Low = 0.744 B
	High = 0.801 A


* refers to specific effect of saline concentration.
    Means within the same column or row followed by the same letter/s were not significantly different at 5% level.
� EMBED Equation.3  ���
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