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ABSTRACT

It was aimed to investigate effect of water salinity tolerance on M.M. 106 and Pyrus communis rootstocks to the response of the growth measurements, photosynthetic pigments and carbohydrates content. In this regard eight growth parameters namely: (plant height; stem diameter; number of leaves per plant; leaf area; fresh & dry weights of total plant; root length  and top/root ratio), photosynthetic pigments (chlorophyll a & b and carotenoids) and carbohydrates content in response to  specific effect of four studied factors i.e., soil kind; salt concentrations, sodium adsorption ratio and chloride levels (Cl: SO4 ratio) as well as interaction effects of their possible combinations were investigated. Data obtained revealed that specific effect of each investigated factor was directly reflected on its own combinations. Herein, the M.M.106 and Pyrus communis rootstocks transplants grown in clay soil irrigated with 2000 ppm X SAR 3 X lower chloride level (Cl: SO4 ratio) exhibited statistically the greatest values of various vegetative growth parameters, photosynthetic pigments and  total carbohydrates content during the two seasons of study. On the contrary, the least values of the investigated measurements were always in concomitant to those M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil X highest salt concentration (6000 ppm) X SAR 6 X higher Cl: SO4 ratio whereas, the reveres decrease was detected during the two seasons of study. However, other combinations were in between the aforesaid two extremes. 

From obtained results of the present dissertation it could be recommended for nursery men that under shortage of available fresh water that saline solution of relatively lower level of salt concentration (2000 ppm); SAR 3 and Cl: SO4 could be safely used for irrigation purposes with any soil kind (clay, calcareous and sandy) .

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 programs 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 alimenting 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.

The effects of soluble sodium on plant growth vary with the plant species as well as the nature of sodium (Richard and Gary, 1984). Some fruit species (olive, guava and grape) were found to tolerate salinity levels between 2000 to 9000 ppm according to treated species and cultivars (Khamis et al., 1984). On the other hand some investigators have reported that some fruit species had no tolerance to the high salinity levels such as Hindi mango cultivar (El-Hefnawy, 1986). Fathi (1989) on apple rootstocks mentioned that the dry weight of treated seedlings decreased markedly at high salt concentrations and NaCl seemed to decrease plant dry weight more than any salt. Osman (2005) reported that a significant decrease in vegetative growth of apple rootstocks when irrigated with saline water specially 4000 ppm. They also, revealed that leaf photosynthetic pigments progressively decreased in apple seedlings by rising salinity concentrations, but proline content of apple seedlings increased with increasing salinity concentrations and SAR.
The main objective of the present investigation was planned to study the response of vegetative growth, photosynthetic pigments and  total carbohydrates content 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, Kalyoubia 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 vegetative growth measurements were recorded at the end of October in both seasons for the experiment:   
1. Transplant height (cm).   2. Stem diameter (cm.). 3. Average number of leaves per plant.   4. Average leaf area in (cm2) using a planimeter.          5. Root length (cm)   6. Fresh & dry weights of total plant.                           7- Top/root ratio.

In each season the aforesaid growth measurements (except leaf area) were determined for every individual transplant, then an average of two plants represented the same replicate was estimated. However, leaf area was determined in collected adequate samples from each plant. The method was described by Mohsen et al., (1987).
- Photosynthetic pigments (foliar pigments):


Leaf photosynthetic pigments (chlorophyll a, b and carotenoids) were determined which were extracted by pure acetone. The optical densities of pigments were measured calorimetrically at 662, 644 and 440 Um for chlorophyll a, b and carotenoids, respectively. This method was adopted according to Saric et al., (1967). The results were expressed as mg/g fresh weight. Chlorophyll a, b and carotenoids were calculated by using the following equations:

Chl. A = (9.784 x E 662) – (0.99 x E 644) = mg/L.

Chl. B = (21.426 x E 644) – (4.650 x E 662) = mg/L.

Carotenoids = (4.685 x E 440) – (0.268 x chl.a + chl. b) = mg/L.                

- Total carbohydrates: total carbohydrates were determined in dry samples (0.1gm) photometrically at 490 Um accccording to the phenol method and using sulphuric acid for 2 hour at 100oC as described by Dubois et al., (1956).  
-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
- Growth measurements:

In this regard the investigated eight growth parameters namely: plant height; stem diameter; number of leaves per plant; average leaf area; fresh & dry weights of total plant and top/root ratio in response to  specific effect of four studied factors i.e., soil kind; salt concentrations, sodium adsorption ratio and chloride levels (Cl: SO4 ratio) as well as interaction effects of their possible combinations were investigated during both 2001 and 2002 experimental seasons.
A. Specific effect: 
 Regarding the specific effect of soil kind, data obtained from Tables (3,4,5,6,7,8,9 and 10) during both seasons revealed that, M.M.106 and Pyrus communis rootstocks transplants grown in clay soil was the superior descending followed by calcareous soil and sandy soil. Such trend was true in most cases pertaining the eight investigated growth measurements during two seasons. As for the specific effect of salt concentrations, results also declared a significant decrease in plant height; root lengths; stem diameter; fresh & dry weights of total plant, number of leaves and leaf area  being progressively depressed by all the used salinity concentrations, but the depressive effect was more pronounced with the highest salts concentration except top/root ratio where the reverse was true during two seasons of study. Results also declared a significant decrease in all the previously mentioned vegetative growth parameters with increasing sodium adsorption ratio (SAR) from 3 to 6 except top/root ratio which followed the opposite trend during the 2001 and 2002 experimental seasons. With respect to the specific effect of chloride level (Cl: SO4 ratio), data obtained displayed that increasing chloride levels (Cl: SO4 ratio) in irrigation water resulted in an obvious reduction of all investigated growth measurements during the two seasons of study. 
B. Interaction effect:
Data obtained revealed that specific effect of each investigated factor was directly reflected on its own combinations. Herein, the M.M.106 and Pyrus communis rootstocks transplants grown in clay soil irrigated with 2000 ppm X SAR 3 X lower chloride level (Cl: SO4 ratio) exhibited statistically the least reduction in values of various vegetative growth parameters follow the tap water irrigated ones as compared to the analogous rates of other saline combinations during two seasons of study. On the contrary, the least values of the investigated vegetative growth measurements were always in concomitant to those M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil X highest salt concentration (6000 ppm) X SAR 6 X higher Cl: SO4 ratio whereas, the severest decrease was detected during the two seasons of study. However, other combinations were in between the aforesaid 2 extremes. These results are in harmony with the findings of Kabeel, (1985) on some deciduous fruit seedlings; Hassan and Abou El-Azayem (1990); Fathi (1994) and Osman, (2005) on apple rootstocks, all reported that the plant height was decreased with increasing salinity concentrations and increasing sodium adsorption ratio (SAR). 
From the obtained results one may conclude that transplants growth of MM106 and Pyrus communis rootstock transplants, as being indicated from the values of fresh and dry weights of plant; root length; number of leaves; plant height and leaf area have been adversely affected by the application of saline solution which may lead to earliness of plant senescence, as a result of the accumulation of toxic levels of some ions (Na+ and/or Cl-) this may an adaptive mechanism in two apple rootstocks to retranslocate excess amount of Na+ and or Cl- out of younger leaves to the older leaves to put them away from the physiologically active tissue Winter, (1982). On the other hand, the control plants (non-stressed plants) did not show such decline in fresh and dry weights of their plant, probably because of the balanced ion composition in their tissues. They were able to remain physiologically active to relatively longer period than the saline sensitive ones. Moreover, the reduction of growth with increasing osmotic pressure (O.P.) of the external nutrient solution has been reported by Bernstein and Hayward, (1958) who have been indicated that the degree of reduction in growth caused by water stress is the same whether, the total soil moisture stress is composed mainly of tension or osmotic components. They suggested that salinity like drought, may reduce the water potential of plant cells to the point that one or both of its components osmotic potential and pressure (turgor pressure) became limiting to growth. Slatyer, (1961) showed that when plants are exposed to osmotic substrates, a sufficient amount of the substrate is absorbed to increase the osmotic pressure. by an amount equal to the increase in solute osmotic pressure. Also, in this regard, Strogonov, (1962) attributed the depressive effect of salinity on growth to the disturbance in metabolic pathway of plants as a result of the adverse effect of salts on enzymatic activities. While, Delane et al., (1982) indicated that reduction in plant height, fresh and dry weights of plants is located in the photo-synthetic or the growing tissues, and that in either cases, the inhibition could be arised from the adverse effect of Na+ and Cl- ions on metabolism or from disturbed water relations. 
- Photosynthetic pigments (foliar pigments); 
Data obtained from Tables (11-13) regarding leaf photosynthetic pigments contents (Chlorophyll a & b and carotenoids) of M.M.106 and Pyrus communis as influenced by the specific and interaction effects of soil kind; salt concentration; SAR and chloride levels (Cl: SO4 ratio), as well as their possible combinations, data obtained revealed the following:
A. Specific effect:
 M.M.106 and Pyrus communis rootstocks transplants grown in clay soil were statistically the richest followed in a descending order by M.M.106 and Pyrus communis rootstocks transplants grown in calcareous and sandy soils, where Pyrus communis M.M.106 rootstocks transplants grown in sandy soil was the poorest. The obtained results revealed that leaf photosynthetic pigments i.e., chlorophyll A & B and carotenoids, all progressively decreased by raising salinity concentrations during two seasons of study. Increasing level of either sodium adsorption ratio (SAR) or Cl: SO4 ratio in irrigation water significantly decreased leaf chlorophyll A, B and carotenoids compounds during the study. 
B. Interaction effect: 
  The interaction effect of various combinations between soil kind; salinity levels; sodium adsorption ratio and chloride level (Cl: SO4 ratio) was obviously detected. Herein, irrigated M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil with 6000 ppm saline solution of SAR 6 and higher Cl: SO4 exhibited statistically the greatest rate of reduction in their leaf chlorophyll A, B and carotenoids. However the least decrease was in leaves of M.M.106 and Pyrus communis rootstocks transplants grown in clay soil and irrigated with 2000 ppm saline solution of SAR6 and lower Cl: SO4 ratio. In addition, other combinations were in between the aforesaid two extremes. These results are confirmed by those of Kabeel, (1985) on some deciduous fruit species and Osman, (2005) on apple rootstocks. The decline in photosynthetic pigments content of salt-stressed plants might be due to the decrease in the a absorption of minerals needed for chlorophyll biosynthesis, i.e., iron and magnesium Poljakoff and Gale, (1975) or due to inhibition of chlorophyll syntheses.

-Stem total carbohydrates contents:

A. Specific effect:


Data obtained from Table (14) during both seasons revealed that stem total carbohydrates content of M.M.106 and Pyrus communis rootstocks respond specifically to the four investigated factors. Hence, M.M.106 and Pyrus communis rootstocks transplants grown in clay soil was statistically the richest followed in descending order by M.M.106 and Pyrus communis rootstocks transplants grown in calcareous and sandy soils during two seasons of study.  Stem total carbohydrates respond to either salt concentration; sodium adsorption ratio (SAR) or chloride levels (Cl: SO4 ratio). Hence, rising any of salinity concentration and ratio of either SAR or Cl: SO4 resulted in decreasing stem total carbohydrates content.
B. Interaction effect: 

Obtained results revealed that total carbohydrates respond obviously to interaction effect of four investigated factors. Herein, the lowest total carbohydrates from one hand was always in concomitant to the M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil and irrigated with 6000 ppm salinized water of SAR 6 and higher Cl: SO4 ratio. The reverse (highest total carbohydrate levels) was markedly coupled with M.M.106 and Pyrus communis rootstocks transplants grown in clay soil and irrigated with tap water followed by those irrigated with 2000 ppm saline solution of SAR 3 and lower Cl: SO4 ratio during two seasons of study in addition other combination were in between the aforesaid to extremes with variable tendency of variance as members (combinations) of such intermediate category were compared each other during both seasons of study. These results are in harmony with those obtained by Nasr et al., (1977) on plum and peach they proved that the actual amounts of carbohydrates in different plant organs were adversely affected with rising salinity level. 
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الملخص العربي

دراسات علي مقاومة الملوحة فى بعض اصول التفاحيات
1- النمو الخضري وصبغات التمثيل الضوئى والكربوهيدرات الكلية
محمد محمد شرف* وخالد على بكرى* و درويش رجب درويش**

* قسم البساتين- كلية الزراعة - جامعة بنها.

** معهد بحوث البساتين- الجيزة- مصر

 الهدف من هذه الدراسة اختبار  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 قياسات النمو الخضري مثل( ارتفاع النبات وقطر الساق وطول الجذر ومتوسط عدد الأوراق / نبات ومساحة الورقة والوزن الطازج والجاف للنبات والنسبة بين المجموع الخضري والجذري) وصبغات التمثيل الضوئي بالورقة ( كلوروفيل أ،ب ، كاروتين) والكربوهيدرات الكلية في الساق.

وقد أظهرت النتائج المتحصل عليها خلال موسمي الدراسة التأثير النوعي الواضح لنوع التربة على جميع قياسات النمو الخضري فكان  أصلى التفاح م.م.106 و الكميونس الناميان في الأرض الطينية هما الأكثر تفوقاً بينما الناميان في الأرض الرملية هما الأدنى في هذا الصدد في حين كان الناميان في الأرض الجيرية وسطاً بين الاثنين وكان هذا الاتجاه ثابت وحقيقي لجميع القياسات الخضرية طوال موسمي الدراسة. كما أوضحت النتائج المتحصل عليها أن جميع تركيزات الملوحة المستخدمة أدت إلى نقص كل من متوسط ( ارتفاع النبات وطول الجذر) ونقص فى قطر الساق و متوسط عدد الأوراق ومتوسط مساحة الورقة الواحدة والوزن الطازج والجاف للنبات وكان النقص متناسباً طردياً مع زيادة تركيز الأملاح في ماء الري بينما العكس كان صحيحا مع النسبة بين القمة (المجموع الهوائي) إلي المجموع الجذري. كما أدت الزيادة في نسبة الصوديوم المدمص من 3 إلى 6 في ماء الري للمعاملات المختلفة إلى نقص في جميع القياسات الخضرية ما عدا النسبة بين القمة إلي المجموع الجذري حيث سلكت اتجاهاً مضاداً . كما أوضحت النتائج أن زيادة نسبة الكلوريد في ماء الري كان لها تأثير فعال في قياسات النمو الخضري (نقص في طول الجذر وارتفاع النبات ونقص فى قطر الساق وعدد الأوراق ومساحة الورقة والوزن الطازج والجاف للنبات خلال موسمي الدراسة.  أما بالنسبة لتأثير التفاعل فقد أوضحت النتائج المتحصل عليها خلال موسمي الدراسة أن التأثير النوعي لأي من العوامل الأربعة المختبرة قد انعكس على تأثير التفاعل لتراكيبه المختلفة – وعلية فإن أدني معدل لتناقص قياسات النمو الخضري المختلفة عن الكنترول (تراكيب المياه العذب) قد أرتبط بشتلات كل من أصلى التفاح م.م.106 والكمثري الكميونس النامية في الأرض الطينية والتي تروي بماء مالح تركيزه 2000 جزء في المليون وصوديوم مدمص 3 المحتوى ومستوى الكلوريد المنخفض وبفروق معنوية مقارنة بباقي تراكيب الملوحة المختلفة حيث أظهرت قيماً أقرب من تلك الشتلات المقارنة (التي تروى بالماء العذب باستمرار) خلال موسمي الدراسة. وعلى العكس من ذلك فإن اقل القيم لقياسات النمو الخضري المختلفة كانت متلازمة دائما وبفروق معنوية بشتلات أصلى التفاح م.م.106 والكمثري الكميونس النامية في الأرض الرملية التي تروى بماء مالح  تركيزه  6000 جزء فى المليون ذات المستوى العالي من الصوديوم المدمص  والكلوريد خلال موسمي الدراسة. هذا وقد جاءت باقي التراكيب وسطاً بين الحدين الأعلى والأدنى السابق ذكرهما. 
كما 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 كلوروفيل أ ، ب والكاروتينات بأوراق الاصلين و نقص فى محتوى الساق من الكربوهيدرات الكلية وأن معدل هذا النقص يزداد معنوياً بزيادة تركيز الأملاح في ماء الري خلال موسمي الدراسة. وبناء على نتائج هذا البحث فإنه يمكن التوصية لأصحاب مشائل وحدائق التفاح تحت نفس ظروف الدراسة استخدام الماء المالح بتركيز حتى 2000 جزء في المليون ونسبة الصوديوم المدمص 3 ونسبة الكلوريد: الكبريتات المنخفضة لري مثل هذه النباتات بنجاح وذلك عند الضرورة في حالة نقص مياه الري.
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 transplant  height (cm.) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons. 
	Treatments
	Transplant height (cm) of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	121.92 a 
	117.97 b
	113.54 d
	117.81 A
	127.31 a
	124.00 b
	117.95 d
	123.09 A

	2000ppm
	3
	Low

High
	115.82 c

112.16 d
	112.07 d

108.53 e
	107.87 e

104.46 f
	105.44 B
	123.49 b

119.67 c
	120.28 b

116.56 d
	114.41 e

110.87 f
	112.62 B

	
	6
	Low

High
	106.07 f

102.41 g
	102.63 g

99.09 h
	98.78 h

95.38 i
	
	113.31 e

109.49 f
	110.36 f

106.64 g
	104.98 g

101.44 h
	

	4000ppm
	3
	Low

High
	91.44 j

87.78 k 
	88.48 k 

84.94 l
	85.16 l

81.75 m
	81.88 C
	98.03 h

94.21 i
	95.48 i

91.76 j
	90.82 j 

87.28 k
	88.01 C

	
	6
	Low

High
	81.68 m 

78.03 n
	79.04 n

75.50 o
	76.07 o

72.67 p
	
	87.84 k

84.02 l
	85.56 l

81.84 m
	81.39 m

77.85 n
	

	6000ppm
	3
	Low

High
	63.40 q

59.74 r
	61.34 r

57.81 s
	59.04 s

55.64 t
	54.78 D
	68.75 o 

64.93 p 
	66.96 o

63.24 p
	63.69 p

60.15 q
	59.70 D

	
	6
	Low

High
	53.64 u

49.99 v
	51.91 u

48.37 v
	49.96 v

46.55 w
	
	58.56 q

54.74 s
	57.04 r

53.32 s 
	54.26 s

50.72 t
	

	Specific effect of:
	86.47 A
	83.67 B
	80.53 C
	 
	92.64 A
	90.23 B
	85.83 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 85.41 A
	SAR 6 = 75.99 B
	SAR 3 = 91.70 A
	SAR 6 = 81.85 B

	c-Cl:SO4
	Low = 82.47 A
	High = 78.93 B 
	Low = 88.62 A
	High = 84.93 B

	Treatments
	Transplant height (cm) of  Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	125.57 a
	120.92 b
	115.81 c
	120.77 A
	131.51 a
	127.35 b
	120.54 d
	126.47 A

	2000ppm
	3
	Low

High
	119.30 b

115.53 c
	114.87 c

111.25 d
	110.02 d

106.55 e
	108.09 B
	127.57 b

123.62 c
	123.53 c

119.71 d
	116.93 e

113.31 f
	115.72 B

	
	6
	Low

High
	109.25 d

105.48 e
	105.20 e

101.57 f
	100.76 f

97.28 g
	
	117.04 e

113.10 f
	113.34 f

109.52 g
	107.28 h

103.67 i
	

	4000ppm
	3
	Low

High
	94.18 h

90.41 i
	90.69 i

87.06 j
	86.86 j

83.39 k
	83.93 C
	101.26 j

97.32 k
	98.06 k

94.24 l
	92.82 l

89.20 m
	90.42 C

	
	6
	Low

High
	84.13 k

80.37 l
	81.02 l

77.39 m
	77.60 m

74.12 n
	
	90.74 m

86.80 n
	87.87 n

84.05 o
	83.18 o

79.56 p
	

	6000ppm
	3
	Low

High
	65.30 o

61.53 p
	62.88 o

59.25 p
	60.22 p

56.75q
	56.16 D
	71.02 q

67.07 r
	68.77 r

64.95 s
	65.09 s

61.48 t
	61.34 D

	
	6
	Low

High
	55.25 q

51.49 r
	53.20 r

49.58 s
	50.96 r

47.48 s
	
	60.50 t

56.55 v
	58.58 u

54.76 v
	55.45 v

51.83 w
	

	Specific effect of:
	89.06 A
	85.76 B
	82.14 C
	
	95.70 A
	92.67 B
	87.72 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 87.56 A
	SAR 6 = 77.90 B
	SAR 3 = 94.22 A
	SAR 6 = 84.10 B

	c-Cl:SO4
	Low = 84.54 A
	High = 80.92 B
	Low = 91.06 A
	High = 87.26 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 stem diameter (cm.) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.

	Treatments
	Stem diameter (cm.) of MM106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	1.069 a
	1.021 b
	0.962 d
	1.017 A
	1.276 a
	1.169 c
	1.101 e
	1.182 A

	2000ppm
	3
	Low

High
	1.067 a
1.056 a
	0.988 c

0.982 c
	0.936 e

0.923 e
	0.967 B
	1.247 a
1.238 b
	1.140 d

1.121 d
	1.072 e

1.043 f
	1.119 B

	
	6
	Low

High
	1.047 a

1.008 b
	0.942 d

0.929 e
	0.870 f

0.851 g
	
	1.218 b

1.179 c
	1.091 e

1.062 f
	1.023 g

0.994 g
	

	4000ppm
	3
	Low

High
	0.988 c

0.982 c
	0.877 f

0.870 f
	0.805 h

0.785 i
	0.848 C
	1.150 c

1.101 e
	1.023 g

0.994 g
	0.955 h

0.916 i
	0.982 C

	
	6
	Low

High
	0.942 d

0.851 g
	0.812 h

0.792 h
	0.746 j

0.720 k
	
	1.043 f

0.994 g
	0.964 h

0.906 i
	0.877 j

0.857 j
	

	6000ppm
	3
	Low

High
	0.812 h

0.805 h
	0.746 j

0.733 j
	0.681 l

0.668 l
	 0.732 D
	0.955 h

0.906 i
	0.857 j

0.828 k
	0.818 k

0.779 l
	0.818 D

	
	6
	Low

High
	0.792 h

0.785 j
	0.726 j

0.720 j
	0.661 l

0.654 m
	
	0.877 j

0.857 j
	0.799 k

0.769 l
	0.701 m

0.672 m
	

	Specific effect of:
	0.939 A
	0.857 B
	0.789 C
	 
	1.080 A
	0.979 B
	0.908 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.872 A
	SAR 6 = 0.825 B
	SAR 3 = 1.008 A
	SAR 6 = 0.938 B

	c-Cl:SO4
	Low = 0.858 A
	High = 0.840 B
	Low = 0.989 A
	High = 0.956 B

	Treatments
	Stem diameter (cm.) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.952 a
	0.896 b
	0.818 d
	0.889 A
	0.982 a
	0.837 d
	0.778 e
	0.866 A

	2000ppm
	3
	Low

High
	0.945 a

0.937 a
	0.854 c

0.815 d
	0.787 e

0.757 e
	0.825 B
	0.974 a

0.966 a
	0.797 d

0.760 e
	0.748 e

0.719 f
	0.804 B

	
	6
	Low

High
	0.930 a

0.923 a
	0.778 e

0.743 f
	0.729 f

0.703 g
	
	0.958 a

0.950 a
	0.724 f

0.691 f
	0.691 f

0.665 g
	

	4000ppm
	3
	Low

High
	0.916 b

0.908 b
	0.711 f

0.680 g
	0.678 g

0.654 h
	0.738 C
	0.942 a

0.934 b
	0.660 g

0.630 g
	0.640 g

0.617 g
	0.718 C

	
	6
	Low

High
	0.901 b

 0.894 b
	0.651 h

       0.624 h
	0.631 h

0.610 i
	
	0.927 b

0.919 b
	0.603 h

0.577 h
	0.595 h

0.573 h
	

	6000ppm
	3
	Low

High
	0.887 b

0.880 c
	0.599 i

0.575 j
	0.589 i

0.570 j
	0.667 D
	0.912 b

0.904 b
	0.552 i

0.529 i
	0.553 i

0.534 i
	0.649 D

	
	6
	Low

High
	0.874 c

0.867 c
	0.552 j

0.531 k
	0.551 j

0.534 k
	
	0.897 b

0.890 c
	0.508 j

0.488 j
	0.516 i

0.499 j
	

	Specific effect of:
	0.909 A
	0.693 B
	0.662 C
	 
	0.935 A
	0.643 B
	0.625 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.763 A
	SAR 6 = 0.724 B
	SAR 3 = 0.743 A
	SAR 6 = 0.704 B

	c-Cl:SO4
	Low = 0.754 A
	High = 0.734 B
	Low = 0.733 A
	High = 0.714 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 number of leaves/ plant of M.M.106 and Pyrus communis rootstocks  during 2001& 2002 seasons.

	Treatments
	Number of leaves/ plant of MM106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	77.90 a
	76.23 b
	74.57 c
	76.23 A
	81.93 a
	78.93 b
	75.93 c
	78.93 A

	2000ppm
	3
	Low

High
	74.00 c

71.67 d
	72.42 d

70.13 e
	70.84 e

68.60 f
	68.23 B
	79.47 b

77.01 c
	76.56 c

74.19 d
	73.65 d

71.37 e
	72.22 B

	
	6
	Low

High
	67.77 f

65.44 g
	66.32 g

64.04 h
	64.87 h

62.64 i
	
	72.91 d

70.46 e
	70.24 e

67.88 f
	67.57 f

65.30 g
	

	4000ppm
	3
	Low

High
	58.42 g

56.09 l
	57.17 k

54.89 m
	55.92 l

53.69 n
	52.98 C
	63.08 h

60.63 i
	60.77 i

58.41 j
	58.46 j

56.19 k
	56.43 C

	
	6
	Low

High
	52.19 o

49.86 q
	51.08 p

48.79 r
	49.96 q

47.72 s
	
	56.53 k

54.07 l
	54.46 l

52.09 m
	52.39 m

50.11 n
	

	6000ppm
	3
	Low

High
	40.51 t

38.17 u
	39.64 t

37.35 v
	38.77 u

36.54 v
	35.45 D
	44.24 o

41.78 p
	42.62 p

40.25 q
	41.00 q

38.72 r
	38.28 D

	
	6
	Low

High
	34.28 w

31.94 x
	33.54 w

31.26 y
	32.81 x

30.57 y
	
	37.69 r

35.23 s
	36.31 s

33.94 t
	34.93 s

32.65 t
	

	Specific effect of:
	55.25A
	54.07 B
	52.88 C
	
	59.62 A
	57.43 B
	55.25 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 55.27 A
	SAR 6 = 49.17 B
	SAR 3 = 58.80 A
	SAR 6 = 52.49 B

	c-Cl:SO4
	Low = 53.36 A
	High = 51.08 B
	Low = 56.83 A
	High = 54.46 B

	Treatments
	Number of leaves/ plant of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	153.41 a
	138.39 b
	128.48 c
	140.09 A
	170.95 a
	158.16 b
	146.34 c
	158.48 A

	2000ppm
	3
	Low

High
	138.71 b

125.74 c
	121.66 d

109.03 e
	111.85 e

95.99 g
	106.40 B
	160.75 b

150.84 c
	145.61 d

135.46 e
	130.53 e

118.45 h
	129.19 B

	
	6
	Low

High
	118.74 d

103.09 f
	103.54 f

87.13 h
	89.31 h

72.06 j
	
	141.23 d

130.04 f
	123.85 g

114.49 h
	105.81 i

93.21 j
	

	4000ppm
	3
	Low

High
	96.74 g

85.58 h
	82.30 i

68.85 j
	67.70 k

52.33 m
	67.25 C
	119.25 g

103.50 i
	103.78 i

91.91 j
	83.43 k

72.11 m
	85.24 C

	
	6
	Low

High
	81.40 i

71.03 j
	64.62 k

53.82 l
	47.43 n

35.19 p
	
	95.39 j

87.58 k
	80.63 l

69.96 m
	63.39 n

51.94 p
	

	6000ppm
	3
	Low

High
	67.25 k

57.69 l
	50.13 m

40.48 o
	31.15 p

21.73 q
	39.93 D
	73.53 m

66.52 n
	59.89 o

53.22 p
	38.95 r

33.57 s
	48.96 D

	
	6
	Low

High
	54.31 l

46.92 n
	37.33 o

33.51 p
	20.18 q

18.46 q
	
	61.35 o

53.41 p
	47.38 q

41.86 r
	29.94 s

27.85 t
	

	Specific effect of:
	92.36 A
	76.21 B
	60.91 C
	
	108.80 A
	94.32 B
	76.58 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 79.16 A
	SAR 6 = 63.23 B
	SAR 3 = 96.74 A
	SAR 6 = 78.85 B

	c-Cl:SO4
	Low = 76.91 A
	High = 65.48 B
	Low = 92.48 A
	High = 83.11 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 average leaf area ( cm2 ) of  M.M.106  and  Pyrus communis rootstocks during 2001& 2002 seasons. 
	Treatments
	Average leaf area ( cm2 ) of MM106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	37.92 a
	37.02 b
	34.05 f
	36.33 A
	41.16 a
	39.19 c
	35.25 i
	38.53 A

	2000ppm
	3
	Low

High
	37.16 b

36.40 c
	36.28 c

35.54 d
	33.37 g

32.69 h
	34.51 B
	40.33 b

39.51 c
	38.41 d

37.62 e
	34.55 j

33.84 k
	36.61 B

	
	6
	Low

High
	35.64 d

34.88 e
	34.80 e

34.06 f
	32.01 i

31.33 j
	
	38.69 c

37.86 e
	36.84 f

36.05 g
	33.14 l

32.43 m
	

	4000ppm
	3
	Low

High
	34.13 f

33.37 g
	33.32 g

32.57 h
	30.65 j

29.96 l
	31.61 C
	37.04 f

36.22 g
	35.27 h

34.49 j
	31.73 n

31.02 o
	33.52 C

	
	6
	Low

High
	32.61 h

31.85 i
	31.83 i

31.09 j
	29.28 m

28.60 o
	
	35.39 h

34.57 i
	33.70 k

32.92 m
	30.32 p

29.61 q
	

	6000ppm
	3
	Low

High
	31.09 j

30.33 l
	30.35 k

29.61 m
	27.92 p

27.24 q
	28.70 D
	33.75 k

32.93 m
	32.14 n

31.35 o
	28.91 r

28.20 s
	30.44 D

	
	6
	Low

High
	29.58 m

28.82 n
	28.87 n

28.13 o
	26.56 r

25.88 s
	
	32.10 n

31.28 o
	30.57 p

29.78 q
	27.50 t

26.79 u
	

	Specific effect of:
	33.37 A
	32.57 B
	29.96 C
	 
	36.22 A
	34.49 B
	31.02 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 32.33 A
	SAR 6 = 30.88 B
	SAR 3 = 34.29 A
	SAR 6 = 32.75 B

	c-Cl:SO4
	Low = 31.97 A
	High = 31.24 B
	Low = 33.91 A
	High = 33.14 B

	Treatments
	Average leaf area ( cm2 ) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	25.32 a
	24.29 b
	23.27 d
	24.29 A
	26.43 a
	24.99 b
	23.25 d
	24.89 A

	2000ppm
	3
	Low

High
	24.85 a

24.39 b
	24.05 b

23.81 c
	22.50 e

21.73 f
	23.06 B
	25.97 a

25.50 b
	24.39 c

23.79 d
	22.58 e

21.91 f
	23.45 B

	
	6
	Low

High
	23.92 b

23.45 c
	23.57 c

23.33 c
	20.97 g

20.20 h
	
	25.03 b

24.57 c
	23.19 d

22.59 e
	21.25 g

20.58 h
	

	4000ppm
	3
	Low

High
	22.99 d

22.52 e
	23.09 d

22.85 d
	19.43 i

18.97 j
	21.18 C
	24.10 c

23.63 d
	21.99 f

21.39 f
	19.91 i

19.45 i
	21.18 C

	
	6
	Low

High
	22.28 e
22.04 f
	22.08 e

21.32 g
	18.50 k

18.03 k
	
	23.03 e

22.43 e
	20.72 g

20.05 h
	18.98 j

18.51 j
	

	6000ppm
	3
	Low

High
	21.80 f

21.56 f
	20.55 h

19.78 i
	17.57 l

17.10 l
	19.28  D
	21.83 f

21.23 g
	19.39 i

18.72 j
	18.05 k

17.58 k
	18.89 D

	
	6
	Low

High
	21.32 g

21.08 g
	19.02 j

18.55 j
	16.63 m

16.39 m
	
	20.63 h

20.03 h
	18.05 k

17.59 k
	17.11 l

16.51 l
	

	Specific effect of:
	22.89 A
	22.02 B
	19.33 C
	 
	23.42 A
	21.29 B
	19.67 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 21.64 A
	SAR 6 = 20.70 B
	SAR 3 = 21.74 A
	SAR 6 = 20.60 B

	c-Cl:SO4
	Low = 21.40 A
	High = 20.95 B
	Low = 21.46 A
	High = 20.89 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(7): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4  ratio in saline irrigation water ; soil types and their combinations on root length (cm) of  M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.

	Treatments
	Root length (cm) of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	41.67a
	39.33 b
	35.67 c
	38.89 A
	43.33 a
	41.00 b
	37.00 d
	40.44 A

	2000ppm
	3
	Low

High
	40.42a

39.17b
	38.15 b

36.97 c
	34.60 d

33.53 e
	35.58 B
	41.17 b

39.87 b
	38.95 c

37.72 d
	35.15 e

34.04 f
	36.20 B

	
	6
	Low

High
	37.08c

35.83 c
	35.01 d

33.83 e
	31.74 f

30.67 f
	
	37.70 d

36.40 e
	35.67 e

34.44 f
	32.19 g

31.08 h
	

	4000ppm
	3
	Low

High
	32.08 f

30.83 f
	30.29 g

29.11 g
	27.46 h

26.39 i
	27.81 C
	32.50 g

31.20 g
	30.75 h

29.52 i
	27.75 j

26.64 j
	28.11 C

	
	6
	Low

High
	28.75 h

27.50 h
	27.14 h

25.96 i
	24.61 j

23.54 j
	
	29.03 i

27.73 j
	27.47 j

26.24 k
	24.79 l

23.68 l
	

	6000ppm
	3
	Low

High
	22.50 k

21.25 k
	21.24 k

20.06 l
	19.26 l

18.19 m
	18.86 D
	22.53 m

21.23 m
	21.32 m

20.09 n
	19.24 n

18.13 o
	18.81 D

	
	6
	Low

High
	19.17 l

17.92 m
	18.09 m

16.91 n
	16.41 n

15.34 o
	
	19.07 n

17.77 o
	18.04 o

16.81 p
	16.28 p

15.17 q
	

	Specific effect of:
	30.32 A
	28.62 B
	25.95 C
	
	30.73 A
	29.08 B
	26.24 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 28.97 A
	SAR 6 = 25.86 B
	SAR 3 = 29.32 A
	SAR  6 = 26.09 B

	c-Cl:SO4
	Low = 28.00 A
	High = 26.83 B
	Low = 28.31 A
	High = 27.10 B

	Treatments
	Root length (cm) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	43.75 a
	40.91 b
	36.74 d
	40.47 A
	45.93 a
	43.05 b
	38.48 d
	42.49 A

	2000ppm
	3
	Low

High
	42.44 a

41.13 a
	39.67 b

38.45 c
	35.64 d

34.53 e
	37.03 B
	43.64 b

42.26 b
	40.90 c

39.61 c
	36.56 e

35.40 e
	38.03 B

	
	6
	Low

High
	38.94 c

37.63 c
	36.41 d

35.18 e
	32.70 f

31.59 f
	
	39.96 c

38.58 d
	37.45 d

36.16 e
	33.48 f

32.32 g
	

	4000ppm
	3
	Low

High
	33.69 e

32.38 f
	31.50 f

30.27 g
	28.29 g

27.19 h
	28.94 C
	34.45 f

33.07 f
	32.29 g

31.00 g
	28.86 h

27.71 h
	29.53 C

	
	6
	Low

High
	30.19 g

28.88 h
	28.23 h

27.00 h
	25.35 i

24.25 i
	
	30.78 g

29.40 h
	28.84 h

27.55 i
	25.78 i

24.63 j
	

	6000ppm
	3
	Low

High
	23.63 j

22.31 j
	22.09 j

20.86 k
	19.84 k

18.74 l
	19.62 D
	23.89 j

22.51 k
	22.39 k

21.10 k
	20.01 l

18.86 l
	19.76 D

	
	6
	Low

High
	20.13 k

18.81 l
	18.82 l

17.59 l
	16.90 m

15.80 m
	
	20.21 l

18.83 l
	18.94 l

17.65 m
	16.93 m

15.78 n
	

	Specific effect of:
	31.84 A
	29.76 B
	26.74 C
	
	32.58 A
	30.53 B
	27.29 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 30.14 A
	SAR  6 = 26.91 B
	SAR 3 = 30.80 A
	SAR  6 = 27.40 B

	c-Cl:SO4
	Low = 29.13 A
	High = 27.92 B
	Low = 29.74 A
	High = 28.47 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(8): Specific and interaction effects of salt concentrations; sodium adsorption ratio;Cl:SO4 ratio in saline irrigation water; soil types and their combinations on total plant fresh weight (g) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.
	Treatments
	Total plant F. Wt. (g) of MM106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	185.91 a
	166.20 c
	146.61 e
	166.24 A
	183.04 a
	157.99 c
	138.92 e
	159.98 A

	2000ppm
	3
	Low

High
	178.59 b

173.01 b
	159.79 d

154.8 d
	141.03 f

136.63 f
	150.66 B
	175.50 b

170.01 b
	151.39 d

146.65 d
	133.00 e

128.83 f
	144.50 B

	
	6
	Low

High
	163.71 c

158.14 d
	146.49 e

141.51 e
	129.3 g

124.9 g
	
	160.86 c

155.37 c
	138.75 e

134.01 e
	121.89 f

117.72 g
	

	4000ppm
	3
	Low

High
	141.4 e

135.83 f
	126.55 g

121.56 h
	111.71 i

107.31 i
	117.41 C
	138.89 e

133.4 e
	119.79 g

115.05 g
	105.22 h

101.05 h
	112.50 C

	
	6
	Low

High
	126.53 g

120.95 h
	113.25 i

108.27 i
	99.98 j

95.58 j
	
	124.25 f

118.76 g
	107.15 h

102.41 h
	94.11 i

89.94 i
	

	6000ppm
	3
	Low

High
	98.65 j

93.07 k
	88.32 k

83.34 l
	77.99 l

73.59 m
	79.18 D
	96.79 i

91.3 i
	83.46 j

78.72 j
	73.27 k

69.10 k
	75.71 D

	
	6
	Low

High
	83.77 l

78.20 l
	75.03 m

70.04 m
	66.26 n

61.86 n
	
	82.15 j

76.66 j
	70.82 k

66.08 l
	62.15 l

57.99 m
	

	Specific effect of:
	133.67A
	119.63 B
	105.59 C
	 
	131.31A
	113.25 B
	99.48 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 =122.40 A
	SAR 6 =109.10 B
	SAR 3 =117.30 A
	SAR 6 =104.50 B

	c-Cl:SO4
	Low =118.24 A
	High =113.25 B
	Low =113.30 A
	High =108.50 B

	Treatments
	Total plant F. Wt. (g) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	156.79 a
	146.50 b
	131.00 c
	144.76 A
	161.82 a
	146.67 c
	131.36 e
	146.62 A

	2000ppm
	3
	Low

High
	116.48 d

113.24 d
	111.06 e

107.61 e
	102.03 f

98.86 g
	103.69 B
	154.28 b

149.42 b
	139.82 d

135.42 d
	125.22 f

121.28 f
	131.71 B

	
	6
	Low

High
	107.19 e
103.56 f
	101.86 f

98.41 g
	93.58 h

90.41 h
	
	141.33 c

136.48 d
	128.09 e

123.69 f
	114.72 g

110.78 h
	

	4000ppm
	3
	Low

High
	92.67 h

89.04 i
	88.06 i

84.62 j
	80.90 j

77.73 k
	80.95 C
	121.91 f

117.06 g
	110.49 h

106.09 h
	98.95 i

95.01 j
	102.39 C

	
	6
	Low

High
	82.99 j

79.37 k
	78.87 k

75.42 l
	72.45 l

69.28 m
	
	108.97 h

104.11 i
	98.75 i

94.35 j
	88.44 k

84.5 k
	

	6000ppm
	3
	Low

High
	64.85 n

61.22 n
	61.62 n

58.17 o
	56.6 o

53.43 p
	54.76 D
	84.69 k

79.84 l
	76.75 l

72.35 m
	68.74 m

64.8 n
	68.67 D 

	
	6
	Low

High
	55.17 o

51.54 p
	52.42 p

48.97 q
	48.15 q

44.98 q
	
	71.75 m

66.89 m
	65.02 n

60.62 n
	58.23 o

54.29 o
	

	Specific effect of:
	90.32 A
	85.66 B
	78.41 C
	
	115.27A
	104.47 B
	93.56 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	               b-SAR
	SAR 3 = 84.34 A
	SAR 6 =75.26 B
	SAR 3 =106.79 A
	SAR 6 = 95.06 B

	c-Cl:SO4
	Low = 81.50 A
	High = 78.10 B
	Low =103.12 A
	High =98.72 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 total plant dry weight (g) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons. 
	Treatments
	Total plant D. Wt. (g) of MM106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	69.48 a
	64.15 c
	57.75 e
	63.79 A
	66.46 a
	59.11 d
	53.17 f
	59.58 A

	2000ppm
	3
	Low

High
	66.67 b

64.59 c
	61.51 d

59.58 e
	55.35 f

53.62 g
	57.67 B
	63.87 b

61.88 c
	56.83 e

55.06 e
	51.17 g

49.57 g
	54.01 B

	
	6
	Low

High
	61.11 d

59.03 e
	56.38 f

54.45 g
	50.73 h

49.00 h
	
	58.56 d

56.56 e
	52.11 f

50.33 g
	46.91 h

45.32 i
	

	4000ppm
	3
	Low

High
	52.78 g

50.69 h
	48.68 i

46.75 j
	43.80 k

42.07 k
	44.91 C
	50.58 g

48.59 h
	45.01 i

43.24 j
	40.53 k

38.94 k
	42.10 C

	
	6
	Low

High
	47.22 i

45.13 j
	43.55 k

41.62 l
	39.18 m

37.45 m
	
	45.26 i

43.27 j
	40.28 k

38.51 l
	36.28 m

34.68 m
	

	6000ppm
	3
	Low

High
	36.80 n

34.71 o
	33.92 o

32.00 p
	30.52 p

28.79 q
	30.24 D
	35.29 m

33.30 n
	31.42 o

29.65 o
	28.30 p

26.71 p
	28.40 D

	
	6
	Low

High
	31.24 p

29.15 q
	28.79 q

26.87 r
	25.90 r

24.17 s
	
	29.98 o

27.98 p
	26.69 p

24.92 q
	24.05 q

22.46 r
	

	Specific effect of:
	49.89A
	46.02 B
	41.41 C
	 
	47.81 A
	42.55 B
	38.31 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 46.82 A
	SAR 6 = 41.72 B
	SAR 3 = 43.89 A
	SAR 6 = 39.12 B

	c-Cl:SO4
	Low = 45.23 A
	High = 43.32 B
	Low = 42.40 A
	High = 40.61 B

	Treatments
	Total plant D. Wt. (g) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	64.26b
	65.30 a
	61.67 d
	63.74 A
	63.41 a
	62.36 b
	58.30 e
	61.36 A

	2000ppm
	3
	Low

High
	61.95 d

60.97 e
	62.99 c

60.52 e
	59.58 f

59.10 f
	59.19 B
	60.41 c

59.38 d
	59.41 d

56.81 f
	55.60 g

54.99 h
	56.05 B

	
	6
	Low

High
	59.46 f

56.47 h
	59.51 f

56.48 h
	58.33 g

54.88 i
	
	57.85 e

54.78 h
	55.81 g

52.66 i
	54.23 h

50.61 k
	

	4000ppm
	3
	Low

High
	54.54 i

53.68 j
	53.14 j

52.60 k
	51.52 l

52.67 k
	51.18 C
	52.94 i

52.06 j
	49.51 l

48.91 m
	47.46 n

48.54 m
	47.97 C 

	
	6
	Low

High
	51.42 l

49.49 m
	51.11 l

47.76 n
	48.80 m

47.38 n
	
	49.79 l

47.81 n
	47.45 n

43.99 o
	44.66 o

42.46 p
	

	6000ppm
	3
	Low

High
	44.29 o

39.80 q
	43.02 p

40.27 q
	43.16 p

39.66 q
	39.35 D
	42.04 p

37.61 r
	39.05 q

36.31 s
	38.73 q

35.21 t
	35.86 D

	
	6
	Low

High
	37.85 r

34.59 t
	38.21 r

36.84 s
	38.45 r

36.10 s
	
	35.7 s

32.49 v
	34.35 u

32.97 v
	34.09 u

31.71 w
	

	Specific effect of:
	51.44A
	51.37 B
	50.10 C
	 
	49.71 A
	47.66 B
	45.89 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 51.86 A
	SAR 6 = 47.95 B
	SAR 3 = 48.61 A
	SAR 6 = 44.63 B

	c-Cl:SO4
	Low = 50.96 A
	High = 48.85 B
	Low = 47.73 A
	High = 45.52 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 top/ root ratio  of  M.M.106  and  Pyrus communis rootstocks during 2001& 2002 seasons.

	Treatments
	Top/ root  ratio of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	1.96 e
	1.70 j
	1.58 k
	1.75 D
	1.80 a
	1.53 d
	1.39 j
	1.57 D

	2000ppm
	3
	Low

High
	2.01 d

2.02 d
	1.77 h

1.78 h
	1.70 j

1.71 i
	1.85 C
	1.77 b

1.78 b
	1.53 d

1.54 d
	1.39 j

1.40 j
	1.58 C

	
	6
	Low

High
	2.03 c

2.04 c
	1.79 h

1.81 h
	1.72 i

1.74 i
	
	1.78 b

1.79 a
	1.54 d

1.55 d
	1.41 j

1.42 I
	

	4000ppm
	3
	Low

High
	2.06 c

2.07 c
	1.82 g

1.84 g
	1.76 i

1.77 h
	1.90 B
	1.79 a

1.80 a
	1.56 d

1.57 c
	1.42 i

1.44 h
	1.61 B

	
	6
	Low

High
	2.08 b

2.09 b
	1.85 g

1.87 f
	1.79 h

1.81 h
	
	1.80 a

1.81 a
	1.57 c

1.58 c
	1.44 h

1.45 g
	

	6000ppm
	3
	Low

High
	2.12 b

2.13 a
	1.89 f

1.91 f
	1.83 g

1.86 g
	1.98 A
	1.81 a

1.81 a
	1.58 c

1.59 c
	1.46 g

1.47 f
	1.63 A

	
	6
	Low

High
	2.15 a

2.17 a
	1.93 e

1.95 e
	1.88 f

1.91 f
	
	1.81 a

1.82 a
	1.59 c

1.60 c
	1.47 f

1.48 e
	

	Specific effect of:
	2.07 A
	1.84 B
	1.77 C
	 
	1.80 A
	1.56 B
	1.43 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 1.89 B
	SAR 6 = 1.92 A
	SAR 3 = 1.59 B
	SAR 6 = 1.61 A

	c-Cl:SO4
	Low = 1.90 B
	High = 1.92 A
	Low = 1.59 B
	High = 1.60 A

	Treatments
	Top/ root  ratio of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	1.423m
	1.356 r
	1.362 r
	1.38 D
	1.209 u
	1.342 o
	1.190 v
	1.25 D

	2000ppm
	3
	Low

High
	1.478 j

1.446 l
	1.406 o

1.474 j
	1.445 l

1.338 s
	1.45 C
	1.279 r

1.395 k
	1.410 j

1.426 i
	1.258 s

1.282 r
	1.38 C

	
	6
	Low

High
	1.469 k

1.500 h
	1.486 i

1.577 e
	1.313 u

1.431 m
	
	1.353 n

1.523 d
	1.393 k

1.536 c
	1.237 p

1.441 h
	

	4000ppm
	3
	Low

High
	1.423 m

1.381 q
	1.647 c

1.506 h
	1.465 k

1.323 t
	1.46 B
	1.433 h

1.428 i
	1.334 o

1.326 p
	1.370 m

1.278 r
	1.40 B

	
	6
	Low

High
	1.446 l

1.417 n
	1.494 i

1.502 h
	1.491 i

1.430 m
	
	1.383 l

1.601 a
	1.309 q

1.363 m
	1.408 j

1.556 b
	

	6000ppm
	3
	Low

High
	1.418 n

1.627 d
	1.523 g

1.550 f
	1.395 o

1.425 m
	1.55 A
	1.387 k

1.547 b
	1.202 u

1.432 h
	1.274 r

1.522 d
	1.42 A

	
	6
	Low

High
	1.700 b

1.941 a
	1.656 c

1.504 h
	1.413 n

1.483 j
	
	1.472 g

1.484 f
	1.330 p

1.496 e
	1.378 l

1.533 c
	

	Specific effect of:
	1.51 A
	1.51 A
	1.41 B
	 
	1.42 A
	1.38 B
	1.36 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 1.46 B
	SAR 6 = 1.51 A
	SAR 3 = 1.37 B
	SAR 6 = 1.43 A

	c-Cl:SO4
	Low = 1.48 B
	High = 1.49 A
	Low = 1.35 B
	High = 1.45 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(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 chlorophyll A content ( mg/g F.W.) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf chlorophyll A content ( mg / g F.W.)  of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	0.947a
	0.693 h
	0.666 i
	0.769 A
	1.132 a
	0.894 f
	0.771 i
	0.932 A

	2000ppm
	3
	Low

High
	0.928 a

0.909 b
	0.680 h

0.667 i
	0.653 i

0.640 j
	0.730 B
	1.109 a

1.086 b
	0.876 f

0.858 g
	0.756 j

0.740 j
	0.890 B

	
	6
	Low

High
	0.890 b

0.870 c
	0.652 i

0.638 j
	0.627 j

0.613 k
	
	1.064 b

1.041 c
	0.840 g

0.822 h
	0.725 j

0.710 k
	

	4000ppm
	3
	Low

High
	0.852 c

0.833 d
	0.624 j

0.610 k
	0.600 k

0.587 l
	0.670 C
	1.019 c

0.996 d
	0.804 h

0.786 i
	0.694 k

0.679 l
	0.810 C

	
	6
	Low

High
	0.814 d

0.795 e
	0.596 k

0.582 l
	0.573 l

0.560 m
	
	0.973 d

0.951 e
	0.769 i

0.751 j
	0.663 l

0.648 l
	

	6000ppm
	3
	Low

High
	0.776 e

0.757 f
	0.569 l

0.555 m
	0.547 m

0.533 n
	0.610 D
	0.928 e

0.905 e
	0.733 j

0.715 k
	0.632 m

0.617 m
	0.740 D

	
	6
	Low

High
	0.738 f

0.719g
	0.541 m

0.520 n
	0.520 n

0.507 o
	
	0.883 f

0.860 g
	0.697 k

0.679 l
	0.602 m

0.586 n
	

	Specific effect of:
	0.833A
	0.610 B
	0.587 C
	 
	0.996 A
	0.786 B
	0.679 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.684 A
	SAR 6 = 0.654 B
	SAR 3 = 0.830 A
	SAR 6 = 0.792 B

	c-Cl:SO4
	Low = 0.677 A
	High = 0.661 B
	Low = 0.820 A
	High = 0.802 B

	Treatments
	Leaf chlorophyll A content ( mg / g F.W.) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.942 a
	0.690 h
	0.663 i
	0.770 A
	1.126 a
	0.889 f
	0.767 i
	0.928 A

	2000ppm
	3
	Low

High
	0.918 b

0.900 b
	0.667 i

0.653 i
	0.640 j

0.627 j
	0.719 B
	1.098 a

1.076 b
	0.859 g

0.842 g
	0.741 j

0.726 j
	0.872 B

	
	6
	Low

High
	0.881 c

0.862 c
	0.639 j

0.626 j
	0.614 k

0.601 k
	
	1.053 b

1.031 c
	0.824 h

0.807 h
	0.711 k

0.695 k
	

	4000ppm
	3
	Low

High
	0.843 d

0.825 d
	0.612 k

0.599 k
	0.588 l

0.575 l
	0.659 C
	1.008 c

0.986 d
	0.789 i

0.771 i
	0.680 l

0.665 l
	0.798 C

	
	6
	Low

High
	0.806 e

0.787 e
	0.585 l

0.571 l
	0.562 m

0.549 m
	
	0.964 d

0.941 e
	0.754 j

0.736 j
	0.650 m

0.635 m
	

	6000ppm
	3
	Low

High
	0.769 f

0.750 f
	0.558 m

0.544 m
	0.536 n

0.523 n
	0.598 D
	0.919 e

0.896 f
	0.719 k

0.701 k
	0.620 n

0.605 n
	0.725 D

	
	6
	Low

High
	0.731 g

0.712 g
	0.531 n

0.517 n
	0.510 o

0.497 o
	
	0.874 f

0.851 g
	0.684 l

0.666 l
	0.590 o

0.574 o
	

	Specific effect of:
	0.825 A
	0.599 B
	0.576 C
	 
	0.986 A
	0.772 B
	0.666 C
	 

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.674 A
	SAR 6 = 0.643 B
	SAR 3 = 0.817 A
	SAR 6 = 0.780 B

	c-Cl:SO4
	Low = 0.666 A
	High = 0.651 B
	Low = 0.808 A
	High = 0.789 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(12): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on leaf chlorophyll B content ( mg / g F.W.) of MM106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf chlorophyll B content ( mg/g F.W.) of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	1.187 a
	1.084 c
	0.924 g
	1.065 A
	1.222 a
	1.116 c
	0.857 i
	1.065 A

	2000ppm
	3
	Low

High
	1.163 a

1.139 b
	1.063 c

1.041 d
	0.905 g

0.887 h
	1.012 B
	1.198 a

1.173 b
	1.094 c

1.072 d
	0.840 i

0.823 j
	0.996 B

	
	6
	Low

High
	1.115 b

1.092 c
	1.019 d

0.998 e
	0.868 h

0.850 i
	
	1.149 b

1.125 c
	1.049 d

1.027 e
	0.806 j

0.789 k
	

	4000ppm
	3
	Low

High
	1.068 c

1.044 d
	0.976 e

0.954 f
	0.831 i

0.813 j
	0.926 C
	1.100 c

1.076 d
	1.005 e

0.982 f
	0.772 k

0.754 l
	0.913 C

	
	6
	Low

High
	1.021 d

0.997e
	0.933 f

0.911 g
	0.794 j

0.776 k
	
	1.051 d

1.027 e
	0.960 f

0.938 g
	0.737 l

0.720 m
	

	6000ppm
	3
	Low

High
	0.973 e

0.949 f
	0.889 h

0.867 h
	0.757 k

0.739 l
	0.841 D
	1.002 e

0.978 f
	0.915 g

0.893 h
	0.703 m

0.686 n
	0.829 D

	
	6
	Low

High
	0.926 f

0.902g
	0.846 i

0.824 i
	0.720 l

0.702 m
	
	0.953 f

0.929 g
	0.871 h

0.848 i
	0.669 n

0.652 o
	

	Specific effect of:
	1.044 A
	0.954 B
	0.813 C
	
	1.076 A
	0.982 B
	0.754 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.948 A
	SAR 6 = 0.905 B
	SAR 3 = 0.948 A
	SAR 6 = 0.906 B

	c-Cl:SO4
	Low = 0.937 A
	High = 0.916 B
	Low = 0.937 A
	High = 0.916 B

	Treatments
	Leaf chlorophyll B content ( mg / g F.W.) of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	1.163 a
	1.073 c
	0.906 h
	1.048 A
	1.198 a
	1.105 c
	0.841 i
	1.048 A

	2000ppm
	3
	Low

High
	1.140 a

1.116 b
	1.052 d

1.031 d
	0.888 h

0.870 i
	0.995 B
	1.174 a

1.150 b
	1.083 c

1.061 d
	0.824 j

0.807 j
	0.996 B

	
	6
	Low

High
	1.093 b

1.070 c
	1.009 e

0.988 e
	0.852 i

0.834 i
	
	1.126 b

1.102 c
	1.039 d

1.017 e
	0.791 k

0.774 k
	

	4000ppm
	3
	Low

High
	1.047 d

1.023 d
	0.966 f

0.945 g
	0.816 j

0.797 j
	0.913 C
	1.078 c

1.054 d
	0.995 f

0.973 f
	0.757 l

0.740 l
	0.913 C

	
	6
	Low

High
	1.000 e

0.977 f
	0.923 g

0.906 h
	0.779 k

0.772 k
	
	1.030 e

1.006 e
	0.950 g

0.933 g
	0.723 m

0.717 m
	

	6000ppm
	3
	Low

High
	0.968 f

0.930 g
	0.880 h

0.859 i
	0.743 l

0.725 l
	0.829 D
	0.997 f

0.958 g
	0.906 h

0.884 h
	0.690 n

0.673 n
	0.829 D

	
	6
	Low

High
	0.907 h

0.884 h
	0.837 i

0.816 j
	0.707 m

0.689 m
	
	0.934 g

0.910 h
	0.862 i

0.840 i
	0.656 o

0.639 o
	

	Specific effect of:
	1.025A
	0.945 B
	0.798 C
	
	1.055 A
	0.973 B
	0.741 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.933 A
	SAR 6 = 0.891 B
	SAR 3 = 0.934 A
	SAR 6 = 0.892 B

	c-Cl:SO4
	Low = 0.923 A
	High = 0.902 B
	Low = 0.923 A
	High = 0.902 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(13): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water ; soil types and their combinations on leaf carotene content ( mg/g F.W.) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.  
	Treatments
	Leaf carotene   content ( mg / g F.W.) of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	0.940 a
	0.860 c
	0.840 d
	0.879 A
	0.880 a
	0.800 c
	0.780 d
	0.820A

	2000ppm
	3
	Low

High
	0.920 a

0.900 b
	0.840 c

0.830 d
	0.820 d

0.810 e
	0.84 0B
	0.870 a

0.850 b
	0.780 d

0.770 d
	0.760 e

0.750 e
	0.780 B

	
	6
	Low

High
	0.880 b

0.860 c
	0.810 e

0.790 e
	0.710 e

0.770 f
	
	0.830 b

0.810 c
	0.750 e

0.740 f
	0.730 f

0.710 g
	

	4000ppm
	3
	Low

High
	0.840 c

0.830 d
	0.770 f

0.760 g
	0.700 g

0.740 g
	0.76 0C
	0.800 c

0.780 d
	0.720 f

0.700 g
	0.700 g

0.680 h
	0.71 0C

	
	6
	Low

High
	0.810 e

0.790 f
	0.740 g

0.720 h
	0.720 h

0.710 i
	
	0.760 e

0.740 e
	0.690 h

0.670 h
	0.670 i

0.650 i
	

	6000ppm
	3
	Low

High
	0.770 f

0.750 g
	0.710 i

0.690 i
	0.690 i

0.670 j
	0.690 D
	0.720 f

0.710 g
	0.660 i

0.640 j
	0.640 j

0.620 j
	0.650 D

	
	6
	Low

High
	0.730 h

0.710 h
	0.670 j

0.650 j
	0.660 j

0.640 k
	
	0.690 h

0.670 h
	0.620 j

0.610 k
	0.610 k

0.590 l
	

	Specific effect of:
	0.824A
	0.757 B
	0.739 C
	
	0.778 A
	0.704 B
	0.683 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.782 A
	SAR 6 = 0.747 B
	SAR 3 = 0.730 A
	SAR 6 = 0.697 B

	c-Cl:SO4
	Low = 0.773 A
	High = 0.756 B
	Low = 0.721 A
	High = 0.705 B

	Treatments
	Leaf carotene   content ( mg / g F.W.)  of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.918 a
	0.851 c
	0.824 d
	0.864 A
	0.866 a
	0.792 c
	0.762 d
	0.807 A

	2000ppm
	3
	Low

High
	0.900 a

0.881 b
	0.834 d

0.817 d
	0.808 e

0.791 e
	0.824 B
	0.849 a

0.832 b
	0.776 d

0.760 d
	0.747 e

0.731 e
	0.769 B

	
	6
	Low

High
	0.863 b

0.857 c
	0.804 e

0.783 f
	0.786 f

0.758 g
	
	0.814 b

0.809 c
	0.748 e

0.729 f
	0.726 f

0.701 g
	

	4000ppm
	3
	Low

High
	0.826 d

0.808 e
	0.766 f

0.749 g
	0.742 g

0.725 h
	0.752 C
	0.780 d

0.762 d
	0.713 f

0.697 g
	0.686 g

0.670 h
	0.702 C

	
	6
	Low

High
	0.789 e

0.771 f
	0.732 h

0.715 h
	0.709 i

0.692 i
	
	0.745 e

0.728 f
	0.681 h

0.665 h
	0.655 i

0.640 i
	

	6000ppm
	3
	Low

High
	0.753 g

0.734 h
	0.698 i

0.681 j
	0.676 j

0.659 k
	0.683 D
	0.710 f

0.693 g
	0.649 i

0.634 j
	0.625 j

0.610 k
	0.637 D

	
	6
	Low

High
	0.716 h

0.698 i
	0.664 j

0.647 k
	0.643 k

0.626 l
	
	0.676 h

0.658 i
	0.618 j

0.602 k
	0.594 k

0.579 l
	

	Specific effect of:
	0.809A
	0.750 B
	0.726 C
	
	0.763 A
	0.697 B
	0.671 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.769 A
	SAR 6 = 0.736 B
	SAR 3 = 0.718 A
	SAR 6 = 0.687 B

	c-Cl:SO4
	Low = 0.762 A
	High = 0.744 B
	Low = 0.711 A
	High = 0.694 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(14): Specific and interaction effects of salt concentrations; sodium adsorption ratio; Cl:SO4 ratio in saline irrigation water; soil types and their combinations on shoot total carbohydrates percentage of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.

	Treatments
	Total carbohydrates % in MM106 rootstock

	
	2001
	2002

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

	
	
	
	Clay 
	Calcareous 
	Sandy 
	
	Clay 
	Calcareous 
	Sandy 
	

	0
	
	
	37.01 a
	34.37 d
	32.29 g
	34.56 A
	37.87 a
	36.03 c
	32.36 h
	35.42 A

	2000ppm
	3
	Low

High
	36.27 b

35.53 c
	33.69 e

33.00 f
	31.64 h

31.00 i
	32.83 B
	37.11 b

36.35 c
	35.31 d

34.59 e
	31.71 i

31.07 j
	33.65 B

	
	6
	Low

High
	34.79 d

34.05 e
	32.31 g

31.62 h
	30.35 j

29.70 k
	
	35.59 e

34.84 e
	33.87 h

33.14 g
	30.42 k

29.77 l
	

	4000ppm
	3
	Low

High
	33.31 f

32.57 g
	30.94 j

30.25 j
	29.06 l

28.41 m
	30.06 C
	34.08 f

33.32 g
	32.42 h

31.70 i
	29.12 m

28.48 n
	30.81 C

	
	6
	Low

High
	31.83 h

31.09 i
	29.56 k

28.87 l
	27.77 n

27.12  o
	
	32.57 h

31.81 i
	30.98 j

30.26 k
	27.83 o

27.18 p
	

	6000ppm
	3
	Low

High
	30.35 j

29.61 k
	28.19 m

27.50 n
	26.48 p

25.83 q
	27.30 D
	31.05 j

30.29 k
	29.54 l

28.82 m
	26.54 q

25.89 r
	27.98 D

	
	6
	Low

High
	28.87 l

28.13 m
	26.81 p

26.12 q
	25.18 r

24.54 s
	
	29.54 l

28.78 m
	28.10 n

27.38 o
	25.24 s

24.59 t
	

	Specific effect of:
	32.57 A
	30.25 B
	28.41 C
	
	33.32 A
	31.70 B
	28.48 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 30.75 A
	SAR 6 = 29.37 B
	SAR 3 = 31.52 A
	SAR 6 = 30.11 B

	c-Cl:SO4
	Low = 30.41 A
	High = 29.72 B
	Low = 31.17 A
	High = 30.46 B

	Treatments
	Total carbohydrates % in  Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	35.73 a
	32.90 c
	30.76 e
	33.13 A
	35.94 a
	33.66 b
	30.43 e
	33.34 A

	2000ppm
	3
	Low

High
	34.66 b

33.59 c
	31.92 d

30.93 e
	29.83 f

28.91 g
	30.31 B
	34.14 b

33.06 c
	31.98 d

30.97 e
	28.90 f

27.99 g
	29.84 B

	
	6
	Low

High
	31.80 d

30.73 e
	29.28 f

28.30 g
	27.37 h

26.45 i
	
	31.26 d

30.19 e
	29.29 f

28.28 g
	26.47 h

25.56 i
	

	4000ppm
	3
	Low

High
	27.52 h

26.44 i
	25.33 j

24.35 k
	23.68 k

22.76 l
	23.69 C
	26.95 h

25.87 i
	25.25 i

24.24 j
	22.82 k

21.91 l
	23.17 C

	
	6
	Low

High
	24.66 j
23.58 k
	22.70 l

21.72 m
	21.22 m

20.30 n
	
	24.08 j

23.00 k
	22.56 k

21.55 l
	20.38 m

19.47 m
	

	6000ppm
	3
	Low

High
	19.30o

18.22p
	17.77 p

16.78q
	16.61 q

15.69 r
	16.07 D
	18.69 n

17.61 o
	17.51 o

16.50 p
	15.82 p

14.91 q
	15.50 D

	
	6
	Low

High
	16.44 q

15.37 r
	15.14 r

14.15 s
	14.15 s

13.23 t
	
	15.81 p

14.73 q
	14.81 q

13.80 r
	13.39 r

12.47 s
	

	Specific effect of:
	26.00 A
	23.94 B
	22.38 C
	
	25.49 A
	23.88 B
	21.58 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 24.68 A
	SAR 6 = 22.03 B
	SAR 3 = 24.17 A
	SAR 6 = 21.51 B

	c-Cl:SO4
	Low = 23.85 A
	High = 22.86 B
	Low = 23.34 A
	High = 22.34 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.
� EMBED Equation.3  ���
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