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ABSTRACT: This investigation was initiated during 2006 and 2007 seasons 
for examining the impact of three pear rootstocks (Pyrus communis, Pyrus 
betulaefolia and Pyrus calleryana) and application of Sitofex (twice at 5 ppm) 
on counteracting the adverse effects of water salinity (50 mM NaCl) on 
growth, plant pigments and water consumption of the widespread pear cv. in 
Egypt namely Le-Conte. 
The investigated growth traits, plant pigments and water consumption were 
higher, however both Na and Cl in the leaves of transplants were lower in Le-
Conte grafted onto Pyrus communis, P. calleryana and P. betulaefolia, in 
ascending order. Salinity stress caused a great reduction on shoot lenght, 
leaf area, plant pigments, water consumption, while was responsible for 
increasing chlorophyll a/b and leaf content of both Na and Cl. The more 
sensitive pear rootstock to salinity was Pyrus communis, while the most 
tolerance pear rootstocks to salt stress were P. betulaefolia and P. 
calleryana. These differences to salinity tolerance among the studied pear 
rootstocks may be mainly due to the ability of each rootstock to exclude both 
Na and Cl ions in the roots. Application of Sitofex treatment was beneficial in 
alleviating the various adverse effects of water salinity.  
 Selecting pear 'Le-Conte' transplants grafted onto P. betulaefolia. and  P. 
calleryana in addition to spraying of Sitofex twice at 5 ppm was beneficial for 
counteracting the adverse effects of water salinity on growth and nutritional 
status of the transplants growing in the newly reclaimed land of Egypt, where 
the use of groundwater (containing high levels of salts) is dominant.  
Key word: Rootstocks. Pear, Le-comte and Salimity. 
 
INTRODUCTION 

Pear is one of the most important fruit crops widely grown in temperate 
and sub-tropical regions of the world (Poudyal et al., 2008). It is considered 
the third of deciduous fruits and the fourth among all fruits in its global 
distribution (FAO, 2002). 'Le Conte' is the main pear cultivar grown in Egypt, 
produced as a hybrid between Pyrus communis X Pyrus serotina. 

Many factors influence the growth and production of fruit trees. Some of 
these factors can be controlled by growers, while others cannot. After 
planting, care is one of the most important factors for a successful orchard 
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preparation. Establishing a new pear orchard, the proper choice of rootstock 
is as important as the choice of cultivar and site. Rootstock choice therefore, 
is part of the interrelated management consideration prior to planting the 
orchard. The most widely common rootstock for pear cultivars in Egypt is 
Pyrus communis seedlings. 

Water supply availability varies between the different horticultural regions 
from being plentiful to limited or scarce. However, regardless of whether 
water supply is abundant or low, it makes sense to use only the amounts of 
water needed for actual grow of a particular crop. Extra water will drain below 
the root zone and can be lost and potentially contaminate the groundwater. 

Nowadays, the use of groundwater (containing high levels of salts) for 
irrigation in the newly reclaimed lands of Egypt has become a necessity due 
to the scarcity of water sources of good quality in such areas. This is a big 
problem especially with the continuous expansion in the cultivation of most 
commercial crops, such as pear, in the newly reclaimed lands where 
irrigation is a limiting factor for producing the maximum yield. However, the 
use of saline water for irrigation requires an adequate understanding of how 
salts affect soil characteristics and plant performance. 

Salinization of land has been received more attention because of 
increasing progressively throughout the world. It is estimated that 
approximately a third of the world’s irrigated lands and half the lands in 
semiarid and costal regions are affected by salinization and 10 Mha irrigated 
lands are abandoned annually because of excessive salinity (Kozlowski, 
1997).  

Soil salinity is a major problem for all agriculture crops. In low to 
moderate concentrations, it mainly reduces growth due to its osmotic effect 
(Munns and Termaat, 1986). At higher concentrations, salt may accumulate in 
the leaves to a toxic level, resulting in ‘scorching’ or ‘firing’ of leaves (Storey 
and Walker, 1999). Salinity might cause a crop to be lost due to yield loss 
(reduction in size, quality, etc.) or death of the plants (Raveh and Levy, 2005). 
Accumulation of salts in root zone affects plant performance through the 
development of a water deficit and the disruption of ion homeostasis (Munns, 
2002). These stresses change hormonal status and impair basic metabolic 
processes (Loreto et al., 2003) resulting in inhibition of growth and reduction 
in yield (Paranychianakis and Chartzoulaki, 2005). High salinity in irrigation 
water not only reduces water uptake and tree growth, but also can cause 
nutritional imbalances and toxicity effects of specific ions (Syvertsen and 
Yelenosky 1988). The major saline ions, Na and Cl, can affect nutrient uptake 
through competitive interactions or by affecting the ion selectivity of 
membranes (Garcia-Sanchez et al., 2002). Hence, it should be found an 
effective way to use saline lands. 

One way of improving the salt-tolerance is to graft scions onto salt 
tolerant rootstocks (Garcia-Sanchez et al., 2002). Rootstocks differ in their 
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salinity tolerance as judged by the ability to inhibit the accumulation of Cl 
and/or Na in leaves of the scion (Storey and Walker, 1999). 

Pear rootstocks affect the nutritional status of the scion (Woodbridge, 
1973) and proper choice of rootstocks can ameliorate the detrimental effects 
of salinity (Francois and Maas, 1994). Such salt-tolerant rootstocks may be 
useful for cultivation, but detailed information is currently limited (Okubo and 
Sakuratani, 2000). 

An alternative strategy to ameliorate the adverse effects of salinity on 
plants is plant growth regulator, such as the cytokinin diphenylurea CPPU 
(El-Keltawi and Croteau, 1987). 

Therefore, the present work was conducted to compare two Asian pear 
rootstocks i.e. Pyrus betulaefolia and Pyrus calleryana with the common 
European used rootstock in Egypt, Pyrus communis in combination with 
cytokinin treatment on salinity tolerance, growth and water consumption rate 
of 'Le Conte' pear plants grown under high level of NaCl. 
 

MATERIALS AND METHODS 
The experiment was conducted on one-year-old 'Le Conte' pear 

transplants grafted onto three Pyrus rootstocks (the first factor) i.e. (a1) P. 
communis, (a2) P. betulaefolia and (a3) P. calleryana. They were obtained 
from a commercial nursery located in Shebin El-Kom, Menofia Governorate, 
Egypt at the last week of January of 2006 and 2007 years. The plants were 
transferred to the nursery of Fac. of Agric., Minia Univ. Average monthly 
minimum and maximum temperatures were recorded in the experimental 
region for each season (Table 1). Plants were watered each day with one-
fourth-strength Hoagland nutrient solution (Hoagland and Arnon, 1950) for 
two months before the salinity treatments were initiated. Thereafter, nine 
uniform and vigour plants were selected for each rootstock and cultivated at 
the last week of March of both seasons in 10 litres plastic containers filled 
with quartz sand. The containers were mainly designed to determine the 
amount of water consumed by plants. Plants were headed back 60 cm above 
the ground level at planting. Containers were covered with pebbles and 
plastic sheet containing hole in the center surrounding the stem of the plant 
to prevent sand from crusting and to minimize evaporation. All pots were 
provided with 25 cm plastic hose. These hoses were fixed at the lower base 
of their walls for facilitating drainage. The fixed end of the hose was covered 
(inside the container) with muslin piece for preventing loss of sand with the 
drained water. All containers contained the same amount of sand (16.0 kg) 
and plants were cultivated at uniform depth. 

For conducting the second factor (B) transplants of each rootstock were 
daily fertigated with two liters of one-fourth-strength Hoagland nutrient 
solution either alone as a control (b1), containing 50 mM NaCl as salt stress 
treatment (b2) or containing 50mM NaCl plus foliar application of Sitofex (N-
(2-chloro-4-pyridyl)-N-phenylurea, Forchlorfenuron, KT-30, CPPU) as 
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cytokinin treatment to stressed plants (b3). All treatments were started at the 
first week of April and continued for seven months (till the last week of 
October), in both seasons. Therefore, the experiment included nine 
treatments. Each treatment was replicated three times, three transplants per 
each. 

  
Table (1): Average monthly minimum and maximum temperatures of the 

experimental region. 
2007 2006  

Months Max. Min. Max. Min. 
30 13 29 13 April 
33 17 33 18 May 
36 21 35 22 June 
36 22 36 21 July 
36 23 35 21 August 
35 21 34 19 September 
29 16 31 17 October 

 
Sitofex was sprayed twice at 5.0 ppm, once in the first week of April and 

again at the first week of May. Plants of the other treatments were sprayed 
with water in the same time of Sitofex treatment. 

Daily water consumption of the plants was determined by measuring the 
differences of nutrient solution before and after watering. Therefore, a known 
volume (two liters) of the nutrient solution of each treatment was added to 
the plant and the hose hole was closed to prevent drainage by raising it 
vertically and fixing it under the container hand or by the help of clothespins 
for 5-7 minutes. Thereafter, the drainage water was allowed by lowering 
hoses again into the receiving bottles. Also, one container filled with the 
same amount of soil and left without plant was involved in this experiment 
for knowing the amount of water used by any other factors than plants. Water 
consumption was measured every day throughout the experiment period; 
therefore, it was easy to determine both monthly and yearly water 
consumption rates as well as the average daily water consumption per 
month. 

At the last week of October in both seasons, the following parameters 
were also determined: 
New shoot length (cm): The longest five shoots of each plant were 
measured and the average shoot length was calculated. 
Leaf area (cm2): Five leaves from each measured shoot in the previous 
determination, i.e. 25 leaves, were taken from the middle of these shoots and 
their width and length were measured in cm for the determination of the 
average leaf area according to the following equation given by Ahmed and 
Morsy (1999): Leaf area (cm2)= 0.73 (L x W) + 0.16, where L is the maximum 

 
 

٤ 



 
 
 
 
 

Alleviating the adverse effects of water salinity on growth and ……… 

leaf length and W is the maximum leaf width. 
Leaf Chlorophyll content: The fresh leaves of the previous 
measurement were taken for the determination of chlorophyll a and b 
according to the methods outlined by Armitage and Carlson (1981) and 
expressed in mg /100g fresh weight. Total chlorophyll and chlorophyll a/b 
ratio were also calculated. 
Plant biomass: All plants were carefully taken out from the containers, 
then properly washed and separated into shoots (all parts above the ground 
level, stems and leaves) and roots. All components were cut into small 
pieces and oven dried at 75°C up to a constant weight. The total dry weight 
(g) of each plant was calculated from the sum of the total shoots and root dry 
weights. Root /shoot ratio was also calculated. 
Na and Cl concentrations: Leaf content of both ions was determined as 
percent on dry weight basis according to methods outlined by Chapman and 
Pratt (1961) and Wilde et al., (1985). 

The experiment was set up in completely randomized design in a split-plot 
arrangement with three replicates, where the three rootstocks occupied the 
main-plots and the sub-plots were assigned to the other three tested 
treatments. All the obtained data were tabulated and statistically analyzed 
using  new L.S.D at 5 % probability to make all comparisons among the 
different treatment means (According to Gomez and Gomez , 1984).  

 

RESULTS AND DISCUSSION 
1-Shoot length and leaf area 

Regardless of the treatment used, it seemed that 'Le-Conte' pear 
transplants grown on P. betulaefolia and P. calleryana are more vigorous 
than those grown on P. communis rootstock, due to their promoting effect on 
shoot length and leaf area, in both seasons. The highest shoot length was 
Table (2) recorded on plants grown into P. betulaefolia rootstock. This means 
that  P. betulaefolia and P. calleryana rootstocks were benefit when soils are 
poor or in replant situations where low tree vigor becomes a problem as has 
been reported by Stibbens (1988). 

Both shoot length and leaf area of 'Le-Conte' pear plants were reduced 
due to salinization treatment. The severe reduction was greatly related to the 
tested rootstocks. The highest reduction was found on plants grown into P. 
communis followed by P. calleryana while the lowest reduction was obtained 
with P. betulaefolia rootstock. The reduction in leaf area was more severe 
than that happened in shoot length, in both seasons. 

The differences in response between pear rootstocks to salinity tolerance 
were also recorded by Okubo and Sakuratani (2000) and Okubo et al., (2000). 
They reported that all scions grafted onto P. betulaefolia rootstock grew well 
even under 50 mM NaCl irrigation, while those grafted onto P. pyrifolia 
suffered heavily from NaCl stress. Also, Eissa et al., (2007) reported that salt 
tolerance of P. betulaefolia rootstock was higher than that of P. communis as 
‘Le-Conte’ pear plants on P. betulaefolia rootstock grew better. 
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The decline in leaf growth is the earliest response of glycophytes exposed 
to salt stress (Munns and Termaat, 1986). This is also caused by ion 
accumulation in the leaves, particularly the old ones (Greenway and Munns, 
1980). 

Treatment of CPPU improved both shoot length and leaf area of all plants 
grown under salinity stresses. The best improvement was recorded in plants 
grown into P. betulaefolia rootstock, in both seasons. Stressed plants treated 
with CPPU produced almost similar results to those of control plants, only 
when they grown onto P. betulaefolia rootstock. Applying CPPU to salinized 
plants of other rootstocks gave better results than those grown under 
salinity stress alone. Also, cytokinin treatment resulted in better 
improvement with P. calleryana than with P. communis rootstock, in both 
seasons. 

The stimulative effect on plant growth due to foliar application of the 
cytokinin diphenylurea (CPPU) under salinity conditions was also reported 
by El-Keltawi and Croteau, (1987). CPPU was also very suitable to induce 
shoot formation (Guo et al., 2005). CPPU may influence shoot length by 
stimulating the biosynthesis of native cytokinins or other plant growth 
promoter hormones as reported by Ku and Woolley, (2006). 

 

2-Dry matter accumulation 
The reduction of general growth aspects due to high salinity level was 

associated with decreasing whole plant biomass of all tested rootstocks. 
Under stress treatment, dry matter was greatly varied among rootstocks 
Table (3). Plant biomass reduction was highest with P. communis rootstock, 
while the lowest reduction was noticed with P. betulaefolia rootstock. The 
above ground part of the plant (shoot plus leaves) was more affected under 
salinity stress than that of root, resulting in high root/shoot ratio. Therefore, 
high NaCl salinity in pear may alter the pattern of dry matter distribution 
favoring the root, as was also found in olive (Chartzoulakis et al., 2002). 

The reduction in growth aspects under salinity stress, in particular in leaf 
area growth, resulted in low dry matter production due to low photosynthetic 
rates as has been reported by Chartzoulakis et al., (2002). This is also 
reflected from the negative effects of salinity on leaf chlorophyll content. The 
decrease in plant biomass in salinity treatments may also be caused by an 
increase of respiration (Ruiz et al., 1997) or due to low water potential, 
specific ion toxicity and ion imbalance (Greenway and Munns, 1980). 

Sitofex treatment improved plant biomass production of plants grown 
under stress conditions. The best improvement was recorded from plants 
grafted onto P. betulaefolia rootstock, in both seasons. CPPU caused an 
increase in the allocation of assimilates and induced higher dry matter 
accumulation (Famiani et al., 1998). 
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3- Leaf chlorophyll content 
At the end of the experiment, in both seasons (Table (4 and 5), leaves of 

unsalinized plants showed higher contents of chlorophyll than those of 
salinized plants. Leaf chlorophyll contents differed considerably among 
rootstocks. The decrement of chlorophyll a and b due to salinity stress was 
greatly suppressed with P. communis rootstock.  

Cholorophyll a, was less affected with salinity than chlorophyll b, 
resulting in an promotion on Chl a/b ratio. Similar results have been shown 
by Kaya et al., (2002) for strawberry and Morsy (2003) for mango plants. 

The effect of salinity in reducing chlorophyll of leaves could be attributed 
to its effect on activating chlorophyllase enzyme (Sivtsev et al., 1973). This 
also may caused by its depressive effect on the absorption of some ions 
which are involved in the chloroplast formation, such as Mg and Fe (Hanafy 
et al., 2002).   

Foliar application of CPPU to salinized plants greatly improved leaf 
content of both types of chlorophylls. The best results were obtained with P. 
betulaefolia followed by P. calleryana and finally with P. communis rootstock. 
CPPU treatment was found to be effective in improving leaf content of total 
chlorophyll (Caboni et al., 2007). 

 

4- Leaf content of Na and Cl 
In the presence of NaCl in the root zone, both Na and Cl concentrations 

were increased in leaves of salt stressed seedlings compared with the 
control. Accumulation of Na and Cl in the leaves of salt stressed plants was 
extremely differed among rootstocks Table (6). Plants on P. betulaefolia 
accumulated less Na and Cl on their leaves than those of other rootstocks, in 
both seasons. Therefore, P. betulaefolia rootstock may have the ability to 
partially exclude Na and/or Cl from the cytoplasm at the root level as has 
been reported by Okubo and Sakuratani, (2000). However, Na and Cl 
accumulation in the leaves of salt stressed seedlings on P. communis was 
remarkably high. This indicates it's highly sensitive to salinity stress. 

In citrus rootstocks, Cleopatra (in contrast to Carrizo), accumulated more 
Na and Cl in roots than in shoots and was, therefore, able to avoid toxic 
levels of these ions in leaves of the scion (Garcia-Sanchez et al., 2002). 

The loss of chlorophyll content could be associated with accumulation of 
Na and Cl in the leaves (Garcia-Sanchez et al., 2002). They reported that 
accumulations of Na and Cl in salt stressed leaves were related to reductions 
in leaf chlorophyll, net CO2 assimilation rate and stomatal conductance in 
leaves. 

Application of Sitofex (CPPU) lowered the concentration of both ions in 
leaf, but they remained significantly higher than in the control. The decrease 
of Na and Cl in leaf may partially be explained by a 'dilution effect' i.e. 
increased in dry matter accumulation as has been reported by Kaya et al., 
2002 when a supplementary Ca used for ameliorating the adverse effects of  
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NaCl stress. Munns and Termaat (1986) suggested that a larger plant mass 
provides more space for ion compartmentalisation and assists a plant in 
avoiding salt toxicity. 

 

5- Water consumption 
Regardless of the treatment used, both daily and monthly water 

consumption rates were at their minimum during April due to small 
transpiring surface areaTable (7 and 8). Thereafter, they were gradually 
increased reaching their maximum at July and August, in both seasons 
respectively. This may be due to increasing leaf area and mean day 
temperature. July and August afterwards, the water consumption rates were 
decreased slowly towards the end of growing season. 

Natali et al., (1985) reported that average water consumption was directly 
related to the total leaf area of the trees. Consequently, the highest amount of 
water in the whole season was consumed by P. betulaefolia, followed by P. 
calleryana and finally P. communis rootstocks. Similar results were obtained 
by (Olien and Lakso, 1986). They explained the role of the rootstocks on 
water usage by their effects on the vegetative growth rate of the scion, which 
in turn, may caused a variation in the transpiration and stomatal 
conductance rates.  

Results also showed that daily, monthly and yearly water consumption 
rates were significantly decreased in all salinized plants compared with those 
of unsalinized plants. The differences in water consumption rates between 
salinized and unsalinized plants became greater over the stress period. This 
indicates an apparent link between the adverse effects of salinity and time.  

Lioyd et al., (1990) suggested that the toxic effect of the accumulated ions 
could be involved in the reduction of photosynthesis and stomatal 
conductance and this reflected in low transpiration rate and water usage. 

By the latter stage of the experiment, the salinized plants have a much 
lower biomass and leaf area, which probably accounts for much lower water 
use as has been explained by (Kaya et al., 2002). 

Similar results were also obtained by (Syvertsen and Yelenosky, 1988). 
They noted that high salinity in irrigation water resulted in much decrement 
of water uptake by plants. 

The CPPU treatment resulted in better improvement on water 
consumption rates by all stressed plants, in particular, plants of P. 
betulaefolia rootstock. This indicated that CPPU treatment is required for 
counteracting the adverse effects of salinity on water use by stressed plants 
and consequently, better growth will be achieved under these conditions. 
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Table (7 
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Table (8 
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CONCLUSION 
1- Both P. betulaefolia and P. calleryana rootstocks are more vigorous for 

'Leconte' pear plants than P. communis rootstock, and this may be 
required under poor conditions of sandy soils. 

2- Differences between rootstocks in salinity tolerance may be attributed to 
the ability of each rootstock to exclude both Na and Cl ions. 

3- To obtain good water consumption rates and consequently, better growth 
characters for stressed plants, it is recommended to apply two sprays of 
Sitofex (CPPU) at 5 ppm during the first week of both April and May, in 
particular, with P. betulaefolia rootstock. This treatment resulted in values 
very close to those of unstressed plants. 
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Alleviating the adverse effects of water salinity on growth and ……… 

تخفیف حدة التأثیرات الضارة لملوحة الماء على النمو ومعدل استهلاك 
الماء لشتلات الكمثرى صنف لیكونت باستخدام السیتوفكس وبعض 

 أصول الكمثرى
 احمد محمد كمال عبد العال

 مصر –جامعة المنیا  –كلیة الزراعة  –قسم البساتین 
 

 الملخص العربي
مـــن  أصـــوللاختبـــار تـــأثیر ثلاثـــة  ٢٠٠٧،  ٢٠٠٦هـــذه التجربـــة خـــلال موســـمى  إجـــراءتـــم 
وإضــافة  Pyrus communis ،  Pyrus calleryana ، Pyrus betulaefolia  الكمثــرى

 ٥٠لملوحـةِ المـاءِ ( المعاكسـةِ التأثیراتِ  على تقلیل جزء فى الملیون) ٥بتركیز مرّتین ( السیتوفكس
لصـنف الكمثـرى مـاءِ ال معـدل اسـتهلاكو  یـةنباتِ ال ، الصـبغاتعلى النمـو  مللیمول كلورید صودیوم)

 ا فى مصر.ر انتشا اللیكونت الأكثر
الصـبغات النباتِیـة ومعـدل اسـتهلاك المـاءِ و أوضحت النتائج أن صفات النمـو التـى تـم قیاسـها 

بینمــا كانــت نســبة الصــودیوم والكلوریــد قلیلــة فــى أوراق شــتلات الصــنف لیكونــت ، كانــت عالیــة
مرتبــــة ترتیبــــا  .Pyrus communis ،calleryana  P.، betulaefolia P المطعومــــه علــــى

 .  تصاعدیا
أحــدثت الملوحــة انخفــاض كبیــر فــى طــول النمــوات، مســاحة ســطح الورقــة، الصــبغات النباتیــة 

ــا  ــاءِ ، بینم ــدل اســتهلاك الم ــىإأدت ومع ــل ل ــوى الأوراق مــن  زیــادة نســبة كلوروفی ــى ب ومحت أ ال
بینمـا   P. communisالصودیوم والكلورید. كان أكثر أصول الكمثرى حساسیة للملوحة هو أصل 

شلإكان   الأكثر تحملا للملوحة. .betulaefolia  P.  ،calleryana  Pآ
بشـكل رئیسـي  ربمـا راجـع تحت الدراسةالكمثرى أصول الملوحةِ بین  فى تحمل الاختلافاتهذه 

إضــافة فــي الجــذورِ.  كــل أصــل مــن هــذه الأصــول الــى إبعــاد ایونــات الصــودیوم والكلوریــدقــدرةِ  الــى
 معاملة السیتوفكس كانت مفیدة فى تقلیل مختلف التأثیرات الضارة لملوحة الماء.

  .betulaefolia  P.  ،calleryana  Pإن اختیــار شــتلات اللیكونــت المطعومــه علــى أصــلا 
لحــد مــن التــأثیرات ل اجــزء فــى الملیــون كــان مفیــد ٥یتوفكس مــرتین بتركیــز بالإضــافة الــى رش الســ

الضارة لملوحة الماء على النمو والحالة الغذائیة للشتلات النامیة فـى الاراضـى المستصـلحة حـدیثا 
 فى مصر الغالب فیها استخدام المیاه الجوفیة (المحتویة على مستویات عالیة من الملوحة).
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Table (2): Effect of some pear rootstocks, salinity and Sitofex (CPPU) treatments on shoot length (cm) and 

leaf area (cm2) of Le-Conte pear transplants during 2006 and 2007 seasons. 
 
 

Pear rootstocks 
(A) 

Salinity and Sitofex (CPPU) treatments (B) 

Shoot length ( cm ) 

2006 2007 

b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) 

a1 P. communis 77.10 47.10 65.70 63.30 82.60 54.20 70.97 69.26 
a2 P. betulaefolia 117.10 85.70 113.60 105.47 146.70 65.90 108.10 106.90 
a3 P. calleryana 132.20 62.73 101.40 98.78 109.77 88.20 105.00 100.99 

Mean (B) 108.8 65.18 93.57  113.02 69.43 94.69  

New L.S.D. at 5%     A                    B                   AB 
   2.56               1.82                 3.15 

     A                    B               AB 
    2.85                2.50           4.33 

                             Leaf area (cm2) 

a1 P. communis 27.70 16.40 22.60 22.23 28.50 17.20 25.20 23.63 
a2 P. betulaefolia 31.20 22.10 28.50 27.27 30.80 23.50 30.20 28.17 
a3 P. calleryana 32.80 14.60 20.30 22.57 33.40 12.70 22.60 22.90 

Mean (B) 30.57 17.70 23.80  30.90 17.80 26.00  

New L.S.D. at  5%    A                    B                AB 
  1.79                1.37             2.37 

     A                   B                AB 
     1.47             0.85              1.47 
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Table (3): Effect of some pear rootstocks, salinity and Sitofex (CPPU) treatments on Biomass production of 

Le-Conte pear transplants during 2006 and 2007 seasons. 
  
 

Pear rootstocks 
(A) 

Salinity and Sitofex (CPPU) treatments (B) 
Shoot dry weight 

2006 2007 
b1 

Control 
b2 

Salinity 
b3 

Salinity+ 
CPPU 

Mean (A) b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) 

a1 P. communis 80.50 43.50 62.00 62.00 87.40 48.70 70.20 68.77 
a2 P. betulaefolia 105.70 82.60 102.10 96.80 135.80 58.20 86.80 93.60 
a3 P. calleryana 122.80 54.30 80.10 85.73 96.70 85.00 94.60 92.10 
Mean (B) 103.00 60.13 81.40  106.63 63.97 83.87  
New L.S.D. at 5%      A                   B                AB 

    1.94              1.80              3.12 
        A                  B                   AB 
        0.49             1.11                1.92 

                             Root dry weight 
a1 P. communis 24.70 15.10 20.30 20.03 20.30 17.50 23.80 20.53 
a2 P. betulaefolia  28.90 23.50 27.10 26.50 27.30 25.80 27.70 26.93 
a3 P. calleryana 30.10 18.30 24.40 24.27 32.23 17.40 22.50 24.04 
Mean (B) 27.90 18.97 23.93  26.61 20.23 24.67  
New L.S.D. at 5%        A                   B               AB 

      2.08               0.68            1.18 
      A                      B                 AB 
    0.53                    0.80             1.38 

                               Total dry weight 
a1 P. communis 105.20 58.60 82.33 82.04 113.90 66.20 94.00 91.37 
a2 P. betulaefolia 134.60 106.10 129.20 123.3 124.00 110.80 122.30 119.03 
a3 P. calleryana 152.90 72.60 104.50 110.0 168.00 75.60 109.30 117.63 
Mean (B) 130.9 79.10 105.34  135.3 84.2 108.53  
New L.S.D at. 5%     A                     B                  AB 

   1.00                1.32             2.28 
      A                     B                  AB 
     1.51                 1.26               2.18 
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Table (4): Effect of some pear rootstocks, salinity and Sitofex (CPPU) treatments on leaf chlorophyll a and 

b content of Le-Conte pear transplants during 2006 and 2007 seasons. 
 
 

Pear rootstocks 
(A) 

Salinity and Sitofex (CPPU) treatments (B) 

Chlorophyll a (mg /100g fresh weight) 

2006 2007 

b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) 

a1 P. communis 132.50 92.30 122.80 115.87 140.40 98.70 128.30 122.47 
a2 P. betulaefolia 165.40 140.90 168.70 158.33 162.27 138.60 158.70 153.19 
a3 P. calleryana 154.30 96.80 115.30 122.13 158.70 93.80 123.10 125.20 

Mean (B) 150.73 110.00 135.60  153.79 110.37 136.70  

New L.S.D. at 5%       A                    B                AB 
     0.4۸               0.77             1.32 

      A                  B                 AB 
     2.92               2.16            3.74 

                         Chlorophyll b (mg /100g fresh weight) 

a1 P. communis 35.50 15.10 24.30 24.97 37.20 15.10 21.60 24.63 
a2 P. betulaefolia 38.40 27.80 34.60 33.60 36.40 28.40 33.70 32.83 
a3 P. calleryana 33.40 16.80 26.40 25.53 32.80 18.30 28.70 26.60 

Mean (B) 35.77 19.90 28.43  35.47 20.60 28.00  

New L.S.D. at 5%      A                     B               AB 
     0.57               0.76             1.32 

        A                  B                 AB 
      0.41               0.31              0.54 
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Table (5): Effect of some pear rootstocks, salinity and Sitofex (CPPU) treatments on total chlorophyll and 

chlorophyll a/b ratio of Le-Conte pear transplants onto some pear rootstocks during 2006 and 
2007 seasons. 
 
 

Pear rootstocks 
(A) 

Salinity and Sitofex (CPPU) treatments (B) 

Total chlorophyll (mg /100g fresh weight) 

2006 2007 

b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) 

a1 P. communis 168.00 107.40 147.10 140.83 177.60 113.80 149.90 147.10 
a2 P. betulaefolia 203.80 168.70 203.30 191.93 198.67 167.00 192.40 186.02 
a3 P. calleryana 187.70 113.60 141.70 147.66 191.50 112.10 151.80 151.80 

Mean (B) 186.50 129.90 164.00  189.26 130.97 164.70  

New L.S.D. at 5%        A                 B              AB 
    0.46               0.70          1.22 

      A                  B                AB 
     3.18              2.21             3.82 

                         Chlorophyll a/b ratio 

a1 P. communis 3.732 6.113 5.053 4.966 3.774 6.536 5.940 5.417 
a2 P. betulaefolia 4.307 5.068 4.876 4.750 4.458 4.880 4.709 4.682 
a3 P. calleryana 4.620 5.762 4.367 4.916 4.838 5.126 4.289 4.751 

Mean (B) 4.219 5.654 4.765  4.357 5.514 4.979  

New L.S.D. at 5%       A                   B              AB 
     0.083              0.117      0.203 

        A                 B                 AB 
     0.137             0.145           0.252 

 
 
 

A
lleviating the adverse effects of w

ater salinity on grow
th and …

…
…

  



 
 
Table (6): Effect of some pear rootstocks, salinity and Sitofex (CPPU) treatments on leaf accumulation of 

Na and Cl of Le-Conte pear transplants onto some pear rootstocks during 2006 and 2007 
seasons. 
 
 

Pear rootstocks 
(A) 

Salinity and Sitofex (CPPU) treatments (B) 

Na %   

2006 2007 

b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean 
(A) 

a1 P. communis 0.14 0.52 0.34 0.33 0.14 0.58 0.30 0.34 
a2 P. betulaefolia 0.08 0.19 0.11 0.13 0.10 0.17 0.13 0.13 
a3 P. calleryana 0.11 0.41 0.26 0.26 0.09 0.34 0.20 0.21 

Mean (B) 0.11 0.37 0.24  0.11 0.36 0.21  

New L.S.D.  at 5%        A                  B               AB 
      0.09              0.03           0.06 

       A                 B               AB 
      0.02              0.03           0.06 

                         Cl % 

a1 P. communis 0.26 0.73 0.57 0.52 0.24 0.84 0.51 0.53 
a2 P. betulaefolia 0.21 0.43 0.25 0.30 0.22 0.39 0.30 0.30 
a3 P. calleryana 0.22 0.64 0.41 0.42 0.21 0.55 0.38 0.38 

Mean (B) 0.23 0.6 0.41  0.22 0.59 0.40  

New L.S.D. at 5%        A                  B               AB 
      0.04             0.06             0.10 

      A                   B               AB 
     0.02               0.03            0.06   
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Table (7): Effect of some pear rootstocks, salinity and Sitofex (CPPU) treatments on average daily water 
consumption (April, May, June and July) of Le-Conte pear transplants onto some pear 
rootstocks during 2006 and 2007 seasons. 

 
 

Pear rootstocks 
(A) 

Salinity and Sitofex (CPPU) treatments (B) 
April 

2006 2007 
b1 

Control 
b2 

Salinity 
b3 

Salinity+ 
CPPU 

Mean (A) b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) 

a1 P. communis 76.50 74.30 81.40 77.40 85.70 88.10 90.90 88.23 
a2 P. betulaefolia 117.70 115.40 113.50 115.53 132.00 124.90 127.20 128.03 
a3 P .calleryana 96.83 98.40 95.20 96.81 94.00 92.00 90.00 92.00 

Mean (B) 97.01 96.03 96.7  103.9 101.67 102.7  
New L.S.D. 5%       A                          B                    AB 

    0.87                       NS                  1.67 
        A                       B                     AB 
       2.24                  1.73                  2.99 

                                                                  May                                      
a1 P. communis 305.00 282.00 318.00 301.67 387.40 316.00 400.20 367.87 
a2 P. betulaefolia 532.70 412.00 548.00 497.57 674.00 580.10 630.00 628.03 
a3 P. calleryana 467.70 490.50 503.50 487.23 438.10 407.00 452.30 432.47 
Mean (B) 435.13 394.83 456.50  499.83 434.37 494.17  
New L.S.D. 5%        A                         B                    AB 

      2.02                     1.38                 2.38 
       A                         B                 AB 
     1.31                      0.96             1.66 

                             June 
a1 P. communis 648.50 502.10 570.80 573.80 730.90 535.90 684.30 650.37 
a2 P. betulaefolia 832.30 661.90 876.10 790.10 1098.30 720.10 905.00 907.80 
a3 P. calleryana 906.10 631.40 766.50 768.00 791.90 680.20 780.00 750.70 
Mean (B) 795.63 598.47 737.80  873.70 645.4 789.77  

New L.S.D. 5%          A                       B                    AB 
       1.96                    1.62                 2.81 

         A                      B                       AB 
        3.70                  2.92                   5.06 

                                          July            
a1 P. communis 987.00 607.33 920.00 838.11 1012.20 741.13 883.10 878.81 
a2 P. betulaefolia 1193.50 953.50 1067.90 1071.63 1312.00 880.00 990.20 1060.70 
a3 P. calleryana 1283.20 716.70 850.30 950.07 1044.20 932.00 955.40 977.20 
Mean (B) 1154.57 759.18 946.07  1122.8 851.04 942.9  
New L.S.D. 5%        A                       B                      AB 

      1.60                   1.11                  1.92 
          A                      B                      AB 
          4.72                 2.37                   4.11 
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Table (8): Effect of some pear rootstocks, salinity and Sitofex (CPPU) treatments on average daily water 
consumption (August, September and October) of Le-Conte pear transplants onto some pear 
rootstocks during 2006 and 2007 seasons. 

 
 

Pear rootstocks 
(A) 

Salinity and Sitofex (CPPU) treatments (B) 
August 

2006 2007 
b1 

Control 
b2 

Salinity 
b3 

Salinity+ 
CPPU 

Mean (A) b1 
Control 

b2 
Salinity 

b3 
Salinity+ 

CPPU 

Mean (A) 

a1 P. communis 990.00 522.00 872.00 794.67 1056.00 568.20 927.90 850.70 
a2 P. betulaefolia 1109.70 780.60 982.33 957.55 1384.47 706.70 972.00 1021.10 
a3 P .calleryana 1138.00 645.40 765.20 849.53 1086.90 822.30 988.00 965.73 

Mean (B) 1079.23 649.33 873.18  1175.79 699.07 962.63  
New L.S.D. 5%          A                         B                       AB 

        6.21                   4.15                    7.19 
        A                        B                     AB 
        30.99                19.64                34.01 

                                                                   September                                    
a1 P. communis 642.00 272.00 590.00 501.33 684.60 316.30 567.70 522.87 
a2 P. betulaefolia 874.00 632.00 760.00 755.33 846.00 688.20 751.80 762.00 
a3 P. calleryana 907.00 406.60 614.20 642.60 902.40 444.20 698.00 681.53 
Mean (B) 807.67 436.80 654.73  811.0 482.9 672.5  
New L.S.D. 5%        A                         B                         AB 

      4.90                     5.10                     8.84 
        A                       B                        AB 
       2.45                  4.0                       6.93 

                             October 
a1 P. communis 489.00 120.00 387.00 332.00 524.30 177.90 401.50 367.90 
a2 P. betulaefolia 759.40 500.10 632.60 630.70 725.20 524.90 622.00 624.03 
a3 P. calleryana 803.00 148.70 438.70 463.47 804.00 156.00 420.00 460.00 
Mean (B) 683.80 256.27 486.10  684.50 286.27 481.17  
New L.S.D. 5%         A                         B                        AB 

       3.10                   1.89                      3.27 
       A                      B                       AB 
      6.86                 8.26                   14.31 
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