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ABSTRACT

It was aimed to investigate effect of water salinity on salt tolerance of M.M.106 and Pyrus communis rootstocks to response of the leaf physiological properties i.e., (leaf relative turgidity (L.R.T), leaf succulence grade (L.S.G.), leaf osmotic pressure (L.O.P.) in bar and leaf water potential (L.W.P.)) and proline contents in response to investigated treatments were estimated. Data obtained regarding the interaction effect of (soil kind X salt concentration X SAR X chloride levels) pointed out that the highest values of leaf water potential (L.W.P.) and leaf relative turgidity (L.R.T.) were statistically in concomitant to M.M.106 and Pyrus communis rootstocks transplants grown in clay soil irrigated with 2000 ppm saline solution of SAR 3 and lower Cl : SO4 ratio. However, the least value was coupled with irrigated transplants with 6000 ppm saline solution of SAR 6 and higher Cl: SO4 ratio during the study. Other combinations were in between regarding the response of the aforesaid two leaf physiological properties. On the other hand, the interaction effect between the four investigated factors i.e., soil kind; salinity concentration; SAR and Cl: SO4 ratio in the irrigation water caused noticeable variances. Herein, the highest decrease in both leaf osmotic pressure and leaf succulence grade (L.S.G.) detected by M.M.106 and Pyrus communis rootstocks transplants grown in clay soil X 2000 ppm X SAR 3 X lower Cl: SO4 ratio, however the highest values were coupled with M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil X 6000 ppm X SAR 6 X higher Cl: SO4 ratio. In addition, other combinations were in between regarding such leaf physiological properties. Concerning leaf prolin contnt, data obtained revealed that the highest value of proline contents were found by M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil X highest salinity concentration (6000 ppm) X SAR 6 X higher Cl: so4 ratio, while the reverse was detected by the tap water irrigated combinations followed in an increasing order by those seedlings of M.M.106 and Pyrus communis rootstocks transplants grown in clay soil X lowest salinity concentration (2000 ppm ) X SAR 3 X lower Cl: so4 ratio.  Leaf anatomical structure of two rootstocks transplants (M. M.106 and Pyrus communis)) as influenced by salt stress (irrigated with 2000; 4000 and 6000 ppm) saline solution were investigated. The obtained results revealed that salinity increased thickness of both cuticle and epidermis layers of two leaf surfaces as well as palisade tissue thickness. However, spongy tissue thickness and xylem rows in vascular bundle were decreased in salt stressed of two rootstocks as compared to the analogous ones of tap water irrigated transplants (control).

Introduction


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 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). Osman (2005)  revealed that the lowest values of leaf water potential; transpiration rate and leaf relative turgidity were significantly exhibited by increasing salt concentration in irrigation water from 2000 to 4000 ppm, but proline content of apple seedlings increased with increasing salinity concentrations and SAR.. Sourial et al., (1978) found that the leaves of salt affected mango seedlings showed thicker transverse section, thicker palisade and spongy tissue, thicker cuticular layer and higher stomatal frequency than the control. Ahmed, (1982) found that the foliar anatomical characters of El-Sultani fig transplants namely: the upper cuticular layer, the upper epidermis, palisade cells, spongy tissue, lower epidermis and lower cuticle in addition to the number of stomata per unit leaf area, followed a positive relation with the studied salinity levels.

The main objective of the present investigation was planned to study the response of physiological aspects and leaf anatomical structure 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 , calcareous or sandy soils (brought from Qaloub, Wady El-Mulak and Belbies , respectively). Soil was taken from ground surface layer at 0-30 cm depth then chemically and mechanically 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
                         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 anhydrous 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 four physiological properties of rootstocks leaves were studied in response to the differential treatments which representing the various combinations between four investigated factors involved in the experiment. 

1- Leaf water potential (L.W.P.): 

            
             Fresh Wt – dry Wt 


(L.W.P.) =  ------------------------------  x 100

                                            Fresh Wt 


The method followed and the equation for  the calculations have been suggested by Peynado & Young, (1968).

2- Determination of leaf osmotic pressure (in bar):

Adequate leaf samples were immediately frozen. The cell sap was then extracted in the laboratory with a piston pressure . When the frozen tissue has been thawed. The sap total soluble solids was determined by refractometer and the equivalent values of the osmotic pressure (in bars) were estimated according to (Gusov, 1960). 

3- Leaf relative turgidity (L.R.T.).

Leaf relative turgidity was estimated according to the following equation after  Nomir, (1994).

                                 Fresh weight  -  Dry weight


(LRT) =  ----------------------------------------  x 100

                                      Turgid Wt. – Dry Wt.

4- Leaf succulence grade (L.S.G.). it was estimated as grams H2O/ cm2 of leaf according to the following equation after Nomir, (1994).
   
                        Leaf water content (in gm.)


(L.S.G.) =  ---------------------------------------   (g) H2O/cm2 of leaf

                                        Leaf area (cm)2

Whereas, 

                                             Fresh weight – Dry weight of the leaves at end of experiment

leaf water content (gm.) =  ----------------------------------------------------------------------------

                                            Number of leaves at the end of experiment

- Estimation of proline content: the proline was determined in fresh leaves according to the method described by (Batels et al., 1973) and confirmed by Draz, (1986)

-Anatomical structures:


To study the effect of salinity stress on anatomical features of leaf, samples were collected in November (end of the second season) at 9 am, from saline stressed transplants irrigated with 2000, 4000, 6000 ppm saline solutions each at SAR 6 and higher (Cl:SO4 ratio) in comparison to these of tap water irrigated transplants grown in three soils types for each rootstock during two seasons.


Leaf samples for anatomical examination were taken from those present at the 3rd node from plant top, (3 leaves / replicate) and immediately killed and fixed in FAA solution, then dehydrated by dipping in graded series of ethanol up to absolute concentration followed by series chloroform. Serial transverse sections of 20 micron in thickness were obtained using a rotary microtome. Safranin and fast green stain technique were followed, then the cross sections washed in absolute ethanol, cleared in xylene and mounted in canda balsam as described by Johanson, (1940) prepared slides were oven dried at 40oC then examined and microscopically photographed. Cuticle &epidermal thickness of both upper & lower leaf blade surfaces; palisade & spongy tissues thickness and number of xylem rows in vascular bundle were measured after Ibrahim, (2001).

-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 physiological properties:

Leaf water potential (L.W.P); leaf osmotic pressure (L.O.P); leaf relative turgidity (L.R.T) and leaf succulence grade (L.S.G.) in response to soil kind; salt concentration; SAR and chloride levels (Cl: SO4 ratio), as well as their combinations were the investigated leaf physiological properties and tabulated in Tables (3-6). 
A. Specific effect: 
Regarding the specific effect of soil kind, data obtained revealed that the highest values of leaf water potential and leaf relative turgidity were always in concomitant to M.M.106 and Pyrus communis rootstocks transplants grown in clay soil while the reverse was true with M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil. M.M.106 and Pyrus communis rootstocks transplants grown in clay soil had leaves with the lowest values of osmotic pressure and leaf succulence grade. Differences were significant with the former aforesaid four physiological leaf characteristics. In addition, M.M.106 and Pyrus communis rootstocks transplants grown in calcareous soil was intermediate as compared to two other soil kinds under study regarding the response of all investigated leaf physiological properties. 
Concerning the specific effect of salt concentration, obtained results revealed that the lowest values of (L.W.P.) and (L.R.T.); were significantly exhibited by 6000 ppm salt concentration in irrigation water. On the contrary, increasing salt concentration in irrigation water, increased significantly values of both leaf osmotic pressure and leaf succulence grade during two seasons of study. 
Results also declared a significant decrease in leaf water potential (L.W.P.) and leaf relative turgidity (L.R.T.) with increasing both sodium adsorption ratio and chloride level in irrigation water, while the trend took the other way around with both leaf osmotic pressure (L.O.P.) and leaf succulence grade as the specific effect of both SAR and Cl:SO4 ratio were concerned took the other way around during two seasons of study. These results are in coincidence with the findings of Divate and Pandey, (1979) on grapevine; Beshir, (1982) on fig transplants; Hatem, (1984) on grapevine; El-Hefnawy, (1986) on guava plants, Nomir, (1994) on kaki plants and Osman, (2005) on apple rootstocks. In this concern, Stevens and Harvey, (1990) proved that increasing salinity caused a decline in leaf water potential. Moreover, Kaul, (1981) on guava plants found that salt stress reduced plant water status (especially with SO4) and increased leaf diffusive resistance. Analogous results were obtained by Abd El-Karim, (1997) on three grapevine cultivars. In this concern, Slatyer, (1961) and Bernstein, (1975) indicated that when plants are exposed to osmotic substances, a sufficient amount of the substrate is absorbed to increase the internal osmotic pressure by an amount equal to the increase in substrate osmotic pressure.

Abd El-Rahman et al., (1971) working on eight orange cultivars reported that the increase in concentration of the external solution was accompanied by an increase in salt accumulation and total osmotic pressure of cell sap. These results are in accordance with those obtained by El- Hefnawy, (1986) on guava seedlings,  Nomir, (1994) on kaki plants and Osman, (2005) on apple rootstocks.
B. Interaction effect:  
Data obtained regarding the interaction effect of (soil kind X salt concentration X SAR X chloride levels) pointed out that the highest values of leaf water potential (L.W.P.) and leaf relative turgidity (L.R.T.) were statistically in concomitant to M.M.106 and Pyrus communis rootstocks transplants grown in clay soil irrigated with either tap water or 2000 ppm saline solution of SAR 3 and lower Cl: SO4 ratio. However the least value was coupled with irrigated transplants with 6000 ppm saline solution of SAR 6 and higher Cl: SO4 ratio during the study. Other combinations were in between regarding the response of the aforesaid two leaf physiological properties. 
On the other hand, the interaction effect between the four investigated factors i.e., soil kind; salinity concentration; SAR and Cl: SO4 ratio in the irrigation water caused a noticeable variances. Herein, the highest values of both leaf osmotic pressure and leaf succulence grade detected by M.M.106 and Pyrus communis rootstocks transplants irrigated with 6000 ppm saline solution of SAR6 and higher Cl: SO4 ratio regardless of soil kind, especially with osmotic pressure. However the least values of both osmotic pressure and leaf succulence grade were completed with irrigated transplants of two rootstocks with either fresh water or saline solution of 2000 ppm concentration and lower ratio of SAR and Cl: SO4 ratio, regardless of soil kind. In addition, other combinations were in between regarding the response of such investigated leaf physiological properties. These results are in harmony with those obtained by El-Hefnawy, (1986) on guava seedlings and Osman, (2005) on apple rootstocks.

- Leaf proline content: 
A. Specific effect: 
 Data obtained from Table (7) displayed that proline contents respond specifically to each of the four investigated factors (soil kind; salt concentration; SAR and Cl: SO4 ratio), were transplants of both rootstocks followed the same trend. M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil had statistically the richest leaves followed in a descending order by M.M.106 and Pyrus communis rootstocks transplants grown in calcareous and clay soils, where the later was the inferior in this concern. The obtained results revealed that, proline contents being progressively increased with salinity concentrations. Results also declared a significantly increase in proline contents with increasing either SAR or chloride levels (Cl: SO4 ratio) during two seasons of study.  
B. Interaction effect:

The interaction effect of combinations between the four investigated factors i.e., soil kind; salinity concentration; SAR and Cl: SO4 ratio, data obtained revealed that the highest value of proline contents were found by M.M.106 and Pyrus communis rootstocks transplants grown in sandy soil X highest salinity concentration (6000 ppm) X SAR 6 X higher Cl: SO4 ratio while the reverse was detected by the tap water irrigated combinations followed in an increasing order by those representative of M.M.106 and Pyrus communis rootstocks transplants grown in clay soil X lowest salinity concentration (2000 ppm ) X SAR 3 X lower Cl: SO4 ratio. Proline might act as an osmoregulator compound against salinity stress and its accumulation considered as an adaptive response to stress conditions Handa et al., (1985). These results are confirmed by those of Osman, (2005) on apple rootstocks.
-Leaf anatomical structure:
In this regard some anatomical features of leaf blade of Malling Morton (M.M.106) and Pyrus communis were microscopically examined to study the influence of soil kind and saline stress, where transplants were irrigated with 2000, 4000 and 6000 ppm saline solutions of SAR6 and high Cl:SO4 in comparison with the fresh / tap water irrigated transplants as control.

The investigated leaf anatomical characteristics in this concern were the thickness of cuticle and epidermis layers of both lower and upper leaf surfaces; mesophyll (palisade & spongy tissues) and number of xylem rows in vascular bundle / cylinder. Data obtained regarding the response to saline stress was tabulated in Table (8) and illustrated by Photos (1&2) .

Regarding the effect of irrigation with the (2000, 4000 and 6000 ppm) saline solutions of SAR6 and high Cl:SO4 it was quite evident that a noticeable increase in cuticle thickness of both lower and upper leaf surfaces was obviously increased in leaves of such saline stressed transplants as compared to the analogous ones of fresh/ tap water irrigated transplants. 


Nevertheless, with leaf epidermis thickness, the same trend previously discussed with cuticle layers was also detected. Herein, salinity stress resulted clearly in increasing epidermis thickness of both lower and upper leaf surfaces, but differences in rate of variances due to concentration of saline irrigation water were more pronounced as compared to those previously mentioned with cuticle layers. It was so worthy to be observed that both cuticle and epidermis layers of the upper leaf surface were thicker than the analogous ones of the lower leaf surface for both rootstocks, regardless of soil kind and salts concentration. As for the response of mesophyll (palisade & spongy tissues) to saline stress, it was so clear to be noticed palisade tissue thickness increased with increasing saline solution. However, spongy tissue thickness decreased with increasing saline solution. Such trend of response for palisade and spongy tissues were true for tow rootstocks. Referring the number of xylem rows in vascular bundle in leaf blade of rootstock transplants as influenced by salinity stress, it could be noticed that a gradual acute reduction was observed with raising salinity concentration. These results also, were in line with those of Gaser, (1992) on Thompson seedless grape transplants; Sourial et al., (1978) on mango and guava seedlings, Salem et al., (1989) on apple and Abd El-Karim, (1997) on grapevine seedlings. Also mesophyll thickness increased with salinity treatments due to the increase in length of palisade and spongy cell layers in apple rootstocks Osman, (2005). 
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الملخص العربي

دراسات علي مقاومة الملوحة فى بعض اصول التفاحيات
3- الخصائص الفسيولوجية والتركيب التشريحي 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. 1016 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 . وعن أهم النتائج المتحصل عليها من هذه الدراسة يمكن إيجازها في الآتي:
- الخصائص الفسيولوجية للورقة : 
 أوضحت النتائج الاستجابة الواضحة لتأثير التفاعل بين العوامل المختبرة حيث أن أعلى القيم للجهد المائي للورقة وضغط الامتلاء النسبي  كان في تلازم معنوي مع شتلات أصلى التفاح م.م.106 و الكميونس الناميان في الأرض الطينية دائمة الري بماء الصنبور أو التي تروى بمحلول ملحي بتركيز 2000 جزء في المليون ونسبة صوديوم مدمص 3 ومستوي من نسبة من الكلوريد إلي الكبريتات والعكس كان صحيحاً بالنسبة لأصلى التفاح م.م.106 و الكميونس الناميان في الأرض الرملية × 6000 جزء في المليون × صوديوم مدمص 6 × أعلى نسبة كلوريد حيث أظهرت أدنى القيم في هذا الصدد بينما كانت باقي التراكيب وسطاً بالنسبة لتأثيرها على هذه الصفات الأربعة. 
وعلى الجانب الآخر فإن الضغط الاسموزى للورقة وعضاضة الورقة قد تلازمت أعلى قيم لها معنوياً مع أصلى التفاح م.م.106 و الكميونس الناميان في الأرض الرملية مع الري بمحلول 6000 جزء في المليون والنسبة العالية من كل من الصوديوم المدمص (6)  ونسبة الكلوريد بينما أدنى قيم لها معنويا ظهرت مع أصلى التفاح م.م.106 و الكميونس عند ريهما سواء بماء الصنبور أو المحلول الملحي  2000 جزء في المليون ذات التركيز المنخفض من نسبة كل من  الصوديوم المدمص 6 و النسبة بين الكلوريد إلي الكبريتات بينما كانت باقي التراكيب وسطاً بالنسبة لتأثيرها على هاتين الصفتين .  
- محتوى الأوراق من حمض البرولين: أدت جميع تركيزات ملوحة ماء الري المستخدمة أدت إلى زيادة حمض البرولين بالأوراق وكانت الزيادة متناسبة طردياً مع زيادة تركيز  الأملاح في ماء الري خلال موسمي الدراسة.
- الدراسة التشريحية: أوضحت الدراسة التشريحية زيادة سمك طبقتي الكيوتيكل والبشرة لسطحي الورقة العلوي والسفلى في الشتلات التي تروى بمحلول ملحي بينما سلك سمك النسيج العمادى والنسيج الاسفنجى اتجاهين متضادين فقد ازداد سمك الأول نتيجة الري بالماء الملحي في حين تناقص الثاني في الشتلات تحت الإجهاد الملحي كما لوحظ تناقص فى عدد صفوف أنابيب الخشب بالحزمة الوعائية نتيجة الري بماء مالح.
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  water  potential of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf  water  potential % of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	72.43 c
	73.05 f
	74.33 a
	73.27 A
	72.99 c
	73.69 a
	73.05 b
	73.24 A

	2000ppm
	3
	Low

High
	72.04 c

71.65 d
	71.04 e

70.53 f
	70.18 f

69.54 h
	70.31 B
	72.62 c

72.24 c
	71.85 d

71.37 e
	71.32 e

70.73 f
	71.20 B

	
	6
	Low

High
	71.24 d

70.82 e
	70.00 g

69.45 h
	68.98 i

68.29 j
	
	71.85 d

71.45 d
	70.87 f

70.35 f
	70.21 g

69.57 h
	

	4000ppm
	3
	Low

High
	70.39 f

69.94 j
	68.88 i

68.29 j
	67.67 k

66.92 m
	68.08 C
	71.03 e

70.61 f
	69.81 g

69.26 h
	69.00 i

68.32 j
	69.11 C

	
	6
	Low

High
	69.48 h

69.01 i
	67.67 k

67.03 m
	66.25 n

65.44 o
	
	70.17 g

69.72 h
	68.68 i

68.08 j
	67.70 k

66.96 l
	

	6000ppm
	3
	Low

High
	68.52 j

68.02 k
	66.37 n

65.68 o
	64.70 p

63.81 q
	65.48 D
	69.25 h

68.77 i
	67.45 k

66.81 l
	66.29 m

65.47 n
	66.69 D

	
	6
	Low

High
	67.50 l

66.96 m
	64.95 p

64.20 q
	63.01 o

62.02 s
	
	68.27 j

67.76 k
	66.13 m

65.43 n
	64.74 o

63.85 p
	

	Specific effect of:
	69.84 A
	68.24 B
	67.01 C
	
	70.52 A
	69.21 B
	68.25 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 68.57 A
	SAR 6 = 67.35 B
	SAR 3 = 69.57 A
	SAR 6 = 68.43 B

	c-Cl:SO4
	Low = 68.27 A
	High = 67.64 B
	Low = 69.29 A
	High = 68.71 B

	Treatments
	Leaf  water  potential % of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	70.32 a
	68.90 c
	67.98 d
	69.07 A
	71.32 a
	70.62 b
	69.93 c
	70.62 A

	2000ppm
	3
	Low

High
	69.87 a

69.42 b
	68.31 d

67.70 e
	67.35 e

66.59 f
	67.59 B
	70.91 a

70.48 b
	70.09 b

69.54 c
	69.39 c

68.71 d
	69.30 B

	
	6
	Low

High
	68.94 b

68.45 c
	67.05 f

66.40 g
	65.91 g

65.07 i
	
	70.04 b

69.58 c
	68.97 d

68.39 e
	68.12 e

67.38 f
	

	4000ppm
	3
	Low

High
	67.94 d

67.42 e
	65.70 h

64.98 i
	64.32 j

63.41 k
	64.90 C
	69.12 d

68.62 d
	67.78 e

67.14 f
	66.73 g

65.95 h
	66.91 C

	
	6
	Low

High
	66.88 f

66.32 g
	64.24 g

63.45 k
	62.58 l

61.58 m
	
	68.12 e

67.61 f
	66.48 g

65.80 h
	65.23 i

64.37 j
	

	6000ppm
	3
	Low

High
	65.75 h

65.14 i
	62.62 l

61.78 m
	60.69 n

59.58 o
	61.72 D
	67.08 f

66.54 g
	65.07 i

64.34 j
	63.58 k

62.64 l
	64.11 D

	
	6
	Low

High
	64.53 j

63.90 k
	60.87 n

59.91 o
	58.57 p

57.30 q
	
	65.94 h

65.36 h
	63.56 k

62.74 l
	61.78 m

60.74 n
	

	Specific effect of:
	67.30 A
	64.76 B
	63.15 C
	
	68.52 A
	66.96 B
	65.73 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 65.48 A
	SAR 6 = 64.00 B
	SAR 3 = 67.43 A
	SAR 6 = 66.12 B

	c-Cl:SO4
	Low = 65.12 A
	High = 64.36 B
	Low = 67.11 A
	High = 66.44 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(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  osmotic pressure of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons

	Treatments
	Leaf  osmotic pressure of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	10.28 I
	10.51 h
	10.61 h
	10.47 D
	10.34 m
	10.75 l
	10.85 l
	10.65 D

	2000ppm
	3
	Low

High
	10.51 h

11.22 g
	10.61 h

11.32 g
	10.71 h

11.42 g
	11.37 C
	10.75 l

11.47 k
	10.85 l

11.57 j
	10.95 l

11.67 j
	11.62 C

	
	6
	Low

High
	11.32 g

12.02 f
	11.42 g

12.12 f
	11.52 g

12.23 f
	
	11.57 j

12.29 i
	11.67 j

12.39 h
	11.77 j

12.49 h
	

	4000ppm
	3
	Low

High
	12.12 f

12.83 e
	12.23 f

12.93 e
	12.33 f

13.03 e
	12.98 B
	12.39 h

13.11 g
	12.49 h

13.21 f
	12.60 h

13.32 f
	13.26 B

	
	6
	Low

High
	12.93 e

13.64 d
	13.03 e

13.74 d
	13.13 e

13.84 d
	
	13.21 f

13.93 e
	13.32 f

14.03 d
	13.42 f

14.14 d
	

	6000ppm
	3
	Low

High
	13.74 d

14.44 c
	13.84 d

14.54 b
	13.94 d

14.64 b
	14.59 A
	14.03 d

14.75 c
	14.14 d

14.86 b
	14.24 d

14.96 b
	14.91 A

	
	6
	Low

High
	14.54 b

15.25 a
	14.64 b

15.35 a
	14.74 b

15.45 a
	
	14.86 b

15.58 a
	14.96 b

15.68 a
	15.06 b

15.78 a
	

	Specific effect of:
	12.68 C
	12.79 B
	12.89 A
	
	12.94 C
	13.07 B
	13.17 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 12.58 B
	SAR 6 = 13.38 A
	SAR 3 = 12.85 B
	SAR 6 = 13.67 A

	c-Cl:SO4
	Low = 12.63 B
	High = 13.33 A
	Low = 12.90 B
	High = 13.62 A

	Treatments
	Leaf  osmotic pressure of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	10.46 m
	10.71 l
	10.81 l
	10.66 D
	10.53 h
	10.95 g
	11.06 g
	10.85 D

	2000ppm
	3
	Low

High
	10.71 l

11.42 k
	10.82 l

11.53 j
	10.93 l

11.64 j
	11.59 C
	10.95 g

11.67 f
	11.07 g

11.79 f
	11.17 g

11.89 f
	11.84 C

	
	6
	Low

High
	11.53 j

12.24 i
	11.65 h

12.36 h
	11.75 j

12.46 h
	
	11.79 f

12.51 e
	11.90 f

12.63 e
	12.01 f

12.73 e
	

	4000ppm
	3
	Low

High
	12.35 h

13.06 g
	12.47 h

13.18 f
	12.57 h

13.28 f
	13.23 B
	12.62 e

13.35 d
	12.74 e

13.46 d
	12.85 e

13.57 d
	13.52 B

	
	6
	Low

High
	13.17 f

13.88 e
	13.29 f

14.00 d
	13.39 f

14.10 d
	
	13.46 d

14.18 c
	13.58 d

14.30 c
	13.68 d

14.41 c
	

	6000ppm
	3
	Low

High
	14.00 d

14.70 c
	14.11 d

14.82 b
	14.22 d

14.92 b
	14.87 A
	14.30 c

15.02 b
	14.42 c

15.14 b
	14.52 c

15.24 b
	15.19 A

	
	6
	Low

High
	14.82 b

15.52 a
	14.94 a

15.64 a
	15.04 b

15.74 a
	
	15.14 b

15.86 a
	15.26 b

15.98 a
	15.36 b

16.08 a
	

	Specific effect of:
	12.91 C
	13.04 B
	13.14 A
	
	13.18 C
	13.32 B
	13.43 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 12.82 B
	SAR 6 = 13.64 A
	SAR 3 = 13.10 B
	SAR 6 = 13.94 A

	c-Cl:SO4
	Low = 12.88 B
	High = 13.58 A
	Low = 13.16 B
	High = 13.88 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(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 relative turgidity of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf  relative turgidity  of  M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	54.16 a
	51.92 b
	49.67 d
	51.92 A
	50.93 a
	50.32 b
	47.98 b
	49.74 A

	2000ppm
	3
	Low

High
	52.54 b

50.91 c
	50.36 c

48.80 e
	48.18 e

46.69 f
	47.50 B
	48.38 b

46.85 c
	47.80 b

46.29 c
	45.58 d

44.14 e
	44.52 B

	
	6
	Low

High
	48.20 e

46.58 f
	46.21 f

44.65 g
	44.21 g

42.72 h
	
	44.31 e

42.78 f
	43.78 e

42.27 f
	41.74 g

40.30 h
	

	4000ppm
	3
	Low

High
	41.70 i

40.08 j
	39.98 j

38.42 k
	38.25 k

36.76 l
	37.12 C
	38.19 i

36.67 j
	37.74 j

36.23 j
	35.99 j

34.55 l
	34.57 C

	
	6
	Low

High
	37.37 l

35.75 m
	35.82 m

34.27 n
	34.27 n

32.78 o
	
	34.12 l

32.59 n
	33.71 m

32.20 n
	32.15 n

30.71 o
	

	6000ppm
	3
	Low

High
	29.25 p

27.62 q
	28.04 q

26.48 r
	26.82 r

25.33 s
	25.18 D
	26.48 p

24.95 q
	26.17 p

24.66 q
	24.95 q

23.51 r
	23.13 D

	
	6
	Low

High
	24.91 s

23.29 t
	23.88 t

22.32 u
	22.85 u

21.36 v
	
	22.41 s

20.88 t
	22.14 s

20.63 t
	21.11 t

19.67 u
	

	Specific effect of:
	39.41 A
	37.78 B
	36.14 C
	
	36.12 A
	35.69 B
	34.03 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 38.68 A
	SAR 6 = 34.52 B
	SAR 3 = 36.06 A
	SAR 6 = 32.08 B

	c-Cl:SO4
	Low = 37.38 A
	High = 35.82 B
	Low = 34.82 A
	High = 33.33 B

	Treatments
	Leaf  relative turgidity of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	54.09 a
	53.99 a
	53.89 b
	53.99 A
	59.78 a
	59.68 a
	59.58 b
	59.68 A

	2000ppm
	3
	Low

High
	53.99 a

53.29 c
	53.89 b

53.19 f
	53.79 b

53.09 d
	53.14 B
	59.68 a

58.98 c
	59.58 b

58.88 c
	59.48 b

58.78 d
	58.83 B

	
	6
	Low

High
	53.19 c

52.49 e
	53.09 d

52.39 e
	52.99 d

52.29 f
	
	58.88 c

58.18 e
	58.78 d

58.08 e
	58.68 d

57.98 f
	

	4000ppm
	3
	Low

High
	52.39 e

51.69 g
	52.29 f

51.59 g
	52.19 f

51.49 h
	51.54 C
	58.08 e

57.38 g
	57.98 f

57.28 g
	57.88 f

57.18 h
	57.23 C

	
	6
	Low

High
	51.59 g

50.89 i
	51.49 h

50.79 i
	51.39 h

50.69 j
	
	57.28 g

56.58 i
	57.18 h

56.48 i
	57.08 h

56.38 j
	

	6000ppm
	3
	Low

High
	50.79 i

50.09 k
	50.69 j

49.99 k
	50.59 j

49.89 l
	49.94 D
	56.48 i

55.78 k
	56.38 j

55.68 k
	56.28 j

55.58 l
	55.63 D

	
	6
	Low

High
	49.99 k

49.29 m
	49.89 l

49.19 m
	49.79 l

49.09 n
	
	55.68 k

54.98 m
	55.58 l

54.88 m
	55.48 l

54.78 n
	

	Specific effect of:
	51.83 A
	51.73 B
	51.63 C
	
	57.52 A
	57.42 B
	57.32 C
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 51.94 A
	SAR 6 = 51.14 B
	SAR 3 = 57.63 A
	SAR 6 = 56.83 B

	c-Cl:SO4
	Low = 51.89 A
	High = 51.19 B
	Low = 57.58 A
	High = 56.88 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 succulence grade of MM106 and Pyrus communis rootstocks during 2001& 2002 seasons.      

	Treatments
	Leaf succulence grade of M.M.106 rootstock

	
	2001
	2002

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

	
	
	
	Clay
	Calcareous
	Sandy
	
	Clay
	Calcareous
	Sandy
	

	0
	
	
	0.116 j
	0.114 j
	0.125 g
	0.118 D
	0.098 i
	0.103 h
	0.108 f
	0.103 C

	2000ppm
	3
	Low

High
	0.118 i

0.119 i
	0.118 i

0.120 i
	0.123 h

0.124 h
	0.122 C
	0.096 j

0.097 j
	0.103 h

0.104 g
	0.105 g

0.107 g
	0.103 C

	
	6
	Low

High
	0.121 i

0.123 h
	0.122 h

0.124 h
	0.126 g

0.127 g
	
	0.098 i

0.099 i
	0.106 g

0.107 g
	0.108 f

0.109 f
	

	4000ppm
	3
	Low

High
	0.125 g

0.127 g
	0.126 g

0.128 f
	0.129 f

0.131 e
	0.130 B
	0.101 i

0.102 h
	0.109 f

0.110 e
	0.111 e

0.112 e
	0.109 B

	
	6
	Low

High
	0.129 f

0.131 e
	0.131 e

0.133 e
	0.133 e

0.135 d
	
	0.103 h

0.105 g
	0.112 e

0.114 d
	0.113 d

0.114 d
	

	6000ppm
	3
	Low

High
	0.134 e

0.136 d
	0.136 d

0.139 c
	0.137 c

0.139 c
	0.139 A
	0.105 g

0.107 g
	0.115 c

0.117 c
	0.115 c

0.116 c
	0.114 A

	
	6
	Low

High
	0.138 c

0.142 b
	0.142 b

0.145 a
	0.142 b

0.143 a
	
	0.108 f

0.109 f
	0.118 b

0.120 a
	0.118 b

0.119 b
	

	Specific effect of:
	0.127 C
	0.129 B
	0.132 A
	
	0.102 C
	0.111 B
	0.112 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 0.128 B
	SAR 6 = 0.132 A
	SAR 3 = 0.107 B
	SAR 6 = 0.110 A

	c-Cl:SO4
	Low = 0.129 B
	High = 0.131 A
	Low = 0.108 B
	High = 0.109 A

	Treatments
	Leaf succulence grade of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.049 l
	0.052 k
	0.055 j
	0.052 D
	0.043 l
	0.043 l
	0.045 k
	0.044 D

	2000ppm
	3
	Low

High
	0.052 k

0.053 k
	0.055 j

0.057 i
	0.059 i

0.054 j
	0.056 C
	0.043 l

0.043 l
	0.045 k

0.047 k
	0.050 j

0.053 i
	0.050 C

	
	6
	Low

High
	0.056 j

0.052 k
	0.058 i

0.058 i
	0.057 i

0.063 h
	
	0.046 k

0.044 l
	0.051 j

0.050 j
	0.062 f

0.060 g
	

	4000ppm
	3
	Low

High
	0.054 j

0.055 j
	0.062 h

0.065 g
	0.066 g

0.078 e
	0.068 B
	0.046 k

0.050 j
	0.052 i

0.057 h
	0.062 f

0.065 e
	0.059 B

	
	6
	Low

High
	0.057 i

0.060 h
	0.067 g

0.076 f
	0.081 e

0.095 d
	
	0.054 i

0.056 h
	0.061 f

0.060 g
	0.070 c

0.069 d
	

	6000ppm
	3
	Low

High
	0.055 j

0.057 i
	0.073 f
0.075 f
	0.093 d

0.113 a
	0.078 A
	0.060 g

0.055 h
	0.067 d

0.065 e
	0.078 a

0.072 c
	0.067 A

	
	6
	Low

High
	0.053 k

0.058 i
	0.079 e

0.074 f
	0.102 b

0.098 c
	
	0.055 h

0.059 g
	0.070 c

0.071 c
	0.076 a

0.075 b
	

	Specific effect of:
	0.055 C
	0.065 B
	0.078 A
	
	0.050 C
	0.057 B
	0.065 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	b-SAR
	SAR 3 = 0.065 B
	SAR 6 = 0.069 A
	SAR 3 = 0.056 B
	SAR 6 = 0.060 A

	c-Cl:SO4
	Low = 0.065 B
	High = 0.069 A
	Low = 0.058 B
	High = 0.059 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  proline content  (mg/100g fresh weight) of M.M.106 and Pyrus communis rootstocks during 2001& 2002 seasons.

	Treatments
	Leaf proline 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
	
	
	0.129 r
	0.164 q
	0.178 p
	0.157 D
	0.150 p
	0.174 p
	0.199 o
	0.174 D

	2000ppm
	3
	Low

High
	0.160 q

0.202 p
	0.188 p

0.237 o
	0.236 o

0.268 n
	0.262 C
	0.173 p

0.199 o
	0.208 o

0.247 n
	0.247 n

0.271 m
	0.260 C

	
	6
	Low

High
	0.235 o
0.288 m
	0.267 n
0.343 l
	0.336 l
0.388 k
	
	0.238 n
0.288 m
	0.270 m
0.357 l
	0.343 l
0.402 k
	

	4000ppm
	3
	Low

High
	0.306 m

0.336 l
	0.369 k

0.418 j
	0.428 j

0.488 h
	0.430 B
	0.337 l

0.363 l
	0.393 k

0.439 j
	0.490 i

0.546 h
	0.460 B

	
	6
	Low

High
	0.343 l
0.387 k
	0.458 i
0.473 h
	0.548 f
0.608 e
	
	0.377 k
0.408 k
	0.523 h
0.542 h
	0.617 f
0.670 e
	

	6000ppm
	3
	Low

High
	0.427 k

0.453 j
	0.487 i

0.550 g
	0.647 d

0.717 b
	0.600 A
	0.440 l

0.483 k
	0.583 h

0.620 g
	0.740 d

0.787 c
	0.650 A

	
	6
	Low

High
	0.563 g
0.523 h
	0.620 e
0.687 c
	0.753 a
0.717 b
	
	0.517 i
0.537 i
	0.670 f
0.713 e
	0.820 b
0.893 a
	

	Specific effect of:
	0.331C
	0.399 B
	0.478 A
	
	0.342 C
	0.435 B
	0.532 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.379 B
	SAR 6 = 0.467 A
	SAR 3 = 0.415 B
	SAR 6 = 0.503 A

	c-Cl:SO4
	Low = 0.404 B
	High = 0.442 A
	Low = 0.438 B
	High = 0.479 A

	Treatments
	Leaf proline content of Pyrus communis rootstock

	
	2001
	2002

	Conc.
	SAR
	Cl: SO4
	Soil types
	Mean*


	Soil types
	Mean*

	
	
	
	Clay
	Calcareous
	Clay
	
	Clay
	Calcareous
	Clay
	

	0
	
	
	0.129 r
	0.164 q
	0.178 p
	0.157 D
	0.150 p
	0.174 p
	0.199 o
	0.174 D

	2000ppm
	3
	Low

High
	0.160 q

0.202 p
	0.188 p

0.237 o
	0.236 o

0.268 n
	0.262 C
	0.173 p

0.199 o
	0.208 o

0.247 n
	0.247 n

0.271 m
	0.270

	
	6
	Low

High
	0.235 o
0.288 m
	0.267 n
0.343 l
	0.336 l
0.388 k
	
	0.238 n
0.288 m
	0.270 m
0.357 l
	0.343 l
0.402 k
	

	4000ppm
	3
	Low

High
	0.306 m

0.336 l
	0.369 k

0.418 j
	0.428 j

0.488 h
	0.430 B
	0.337 l

0.363 l
	0.393 k

0.439 j
	0.490 i

0.546 h
	0.475 B

	
	6
	Low

High
	0.343 l
0.387 k
	0.458 i
0.473 h
	0.548 f
0.608 e
	
	0.377 k
0.408 k
	0.523 h
0.542 h
	0.617 f
0.670 e
	

	6000ppm
	3
	Low

High
	0.435 j

0.466 i
	0.499 h

0.566 f
	0.665 d

0.738 b
	0.611 A
	0.449 j

0.497 i
	0.598 g

0.638 f
	0.761 d

0.810 c
	0.668 A

	
	6
	Low

High
	0.575 f
0.538 g
	0.636 d
0.707 c
	0.774 a
0.738 b
	
	0.527 h
0.552 h
	0.687 e
0.734 d
	0.843 b
0.920 a
	

	Specific effect of:
	0.338C
	0.410 B
	0.492 A
	
	0.351 C
	0.447 B
	0.547 A
	

	a-Soil type
	
	
	
	
	
	
	
	

	                 b-SAR
	SAR 3 = 0.389 B
	SAR 6 = 0.480 A
	SAR 3 = 0.426 B
	SAR 6 = 0.516 A

	c-Cl:SO4
	Low = 0.414 B
	High = 0.455 A
	Low = 0.449 B
	High = 0.493 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): Leaf anatomical structure of two rootstocks transplants (M.M.106 and Pyrus communis) grown in clay; calcareous and sandy soils as influenced by irrigation  with 2000,4000 and 6000 ppm saline solutions of SAR 6  and high Cl:SO4.

	Irrigation treatments
	Cuticle thickness
	Epidermis thickness
	palisade tissue thickness
	spongy tissue thickness
	No. of xylem rows in vascular bundle 

	
	Upper
	lower
	Upper
	lower
	
	
	

	
	clay
	Calc.
	sandy
	clay
	Calc.
	sandy
	clay
	Calc.
	sandy
	clay
	Calc.
	sandy
	clay
	Calc.
	sandy
	clay
	Calc.
	sandy
	clay
	Calc.
	sandy

	M.M.106 rootstock

	Tap water
	9.00
	10.80
	10.80
	8.10
	8.10
	7.20
	20.70
	22.50
	20.70
	15.30
	14.40
	12.60
	30.15
	27.90
	27.00
	123.30
	119.70
	122.60
	32.00
	32.00
	31.00

	2000 ppm
	10.20
	11.60
	11.70
	8.10
	8.20
	8.10
	24.20
	23.20
	21.60
	16.20
	16.30
	15.30
	35.20
	35.70
	27.45
	101.70
	116.70
	111.40
	30.00
	27.00
	23.00

	4000 ppm
	10.80
	11.70
	12.60
	9.00
	8.20
	9.00
	25.20
	24.30
	24.30
	18.00
	17.10
	16.20
	40.95
	36.45
	34.00
	100.20
	112.50
	97.20
	29.00
	20.00
	20.00

	6000 ppm
	10.80
	12.60
	13.50
	9.00
	9.00
	10.80
	30.60
	27.90
	28.80
	20.70
	18.00
	17.10
	49.50
	37.80
	39.15
	98.10
	92.70
	83.70
	20.00
	17.00
	14.00

	Pyrus communis rootstock

	Tap water
	12.60
	13.50
	12.30
	9.00
	8.10
	8.10
	23.40
	27.90
	21.60
	12.60
	14.40
	17.10
	36.00
	33.00
	44.00
	120.60
	124.20
	116.10
	23.00
	22.00
	30.00

	2000 ppm
	14.40
	15.30
	12.60
	10.80
	10.80
	9.90
	28.80
	28.80
	26.10
	18.90
	17.00
	18.00
	43.50
	33.00
	49.95
	113.40
	102.60
	98.10
	22.00
	16.00
	15.00

	4000 ppm
	16.20
	16.20
	14.40
	11.70
	11.90
	9.90
	29.70
	28.80
	26.10
	20.70
	17.10
	18.10
	43.65
	36.80
	50.40
	98.10
	96.80
	97.20
	21.00
	16.00
	15.00

	6000 ppm
	16.40
	16.60
	14.40
	12.00
	11.90
	9.90
	32.40
	30.60
	30.60
	22.10
	18.10
	19.00
	45.90
	44.10
	54.70
	73.80
	91.30
	61.20
	10.00
	9.00
	10.00
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Photo(1):Leaf anatomical structure of M.M.106 transplants rootstock as  influenced by salinity stress (X = 63).


A: Control.


B: 2000 ppm X S.A.R 6 X high Cl X clay soil.


C: 4000 ppm X S.A.R 6 X high Cl X clay soil.


D: 6000 ppm X S.A.R 6 X high Cl X clay soil.











Photo(2):Leaf anatomical structure of Pyrus communis transplants rootstock as influenced by salinity stress (X = 63).


A: Control.


B: 2000 ppm X S.A.R 6 X high Cl X clay soil.


C: 4000 ppm X S.A.R 6 X high Cl X clay soil.


D: 6000 ppm X S.A.R 6 X high Cl X clay soil.
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