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ABSTRACT

To study effect of irrigation water pH and soil type on growth of some pear rootstocks and some soil
properties, two rootstocks (Pyrus communis and Pyrus betulaefolia) were grown on two soils (sand
and calcareous) during successive seasons of 2010 and 2011. pH values of irrigation water were
6.0, 6.5, 7.0, 7.5 and pH 8.0. The experiment was performed in Horticultural Research Institute
farm, Giza, Egypt. The tested soil properties were chemical analysis of soil water past extract, pH,
soil texture and available nutrients (P, K, Fe, Zn and Mn). The following growth parameters were
recorded plant height leaves number/plant, new current shoots number, vegetative growth dry
weight, roots number, roots length, roots diameter. Obtained data showed significant effects for pH
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water than Pyrus communis.

irrigation water and soil type on some of studied plant growth parameters and some of tested soil
measurements. Data showed the importance nature of pH source in irrigation water i.e. chemical
analysis of irrigation water. Pyrus betulaefolia was more tolerant to pH value variations in irrigation

Keywords: Irrigation water pH; soil type; pear rootstocks; soil properties and growth parameters.

1. INTRODUCTION

Pear (Pyrus communis) is one of the most
important deciduous fruits that shows a great
success and is widespread in the new reclaimed
soils. The pear gown in Egypt decreased from
10722 (2009) to 10514 Feddans (2010) recorded
from ministry of agriculture statistics. P.
communis rootstock is widely used in Egypt than
P. betulaefolia although the first is more
susceptible to fire blight then the second. [1]
Reported that P. betulaefolia is less susceptible
rootstock to fire blight, pear decline and root
aphid.

The pH scale ranges from 0 to 14 where: (1)
Water with a pH lower than 7 is considered to be
acidic (higher H+ concentration) (2) Water with a
pH higher than 7 is considered to be basic (lower
H+ concentration) (3) Water with a pH of 7.0 is
considered to be neutral [2]. Dry matter
accumulation in stem and roots of pear
rootstocks (OH x F 51, OH x F 333, B 21, C 106
and D 50) decreased with the increasing lime
percentage [3]. They added that leaf chlorotic
symptoms of plants grown under increasing lime
were most severe in OH x F 333, D 50 and
Adams. They indicated that root Ca
concentration increased linearly and root iron
and manganese decreased linearly at increasing
soil lime rates.

The soil pH has a direct effect on the ability of
plant root cells to absorb both nutrients and
water from the soil. [4] Had studied the effects of
soil pH (3.9 to 7.0) on soil and plant nutrient
imbalance and mortality of standard (Mazzard
and Maheleb) and new (GI148-1 and GI148-8)
cherry rootstocks. They found that Seedling
mortality and soil Ca in all rootstocks and soil K
and leaf Ca, K, Al, and Mn contents in all
rootstocks but GI1148-8 were higher at below
optimum than at optimum soil pH. The nutrient
imbalance suggests that the adaptation of these
rootstocks to biotic and abiotic factors needs to
be considered.

Pear trees tolerate a wide
conditions.

range of soil
Soil fertility is not an important

criterion for growing pears because it is easily
modified. Soil pH should be about 6.2 to 6.8, and
can be adjusted with surface applications of
limestone [5]. He added that, trees growing in
fertile soils will be a little larger, and those
planted on shallow or sandy soils will be a little
smaller.

In addition to, in calcareous soils that have a high
pH, short-term flooding can actually be beneficial
to subtropical and tropical fruit crops by
increasing the solubility of particle-bound nutrient
elements such as Fe, Mn and Mg due to
flooding-induced decreases in soil pH [6]. He
reported that, flooding reduces the redox
potential in the soil, resulting in Fe being reduced
from Fe3+ to Fe2+, which is the cation
metabolized by plants. Moreover, some authors
mentioned that Water pH is important for plant
management because it affects the solubility of
fertilizers and the efficacy of insecticides and
fungicides [7]. Availability of micronutrients such
as iron, manganese, zinc, copper, and boron and
future plant growth can be reduced severely by
high substrate and irrigation water pH. High pH
water can cause salts to precipitate out of
fertilizer stock tanks. High water pH can also
reduce the efficacy of pesticides. Also, some
authors reported that the quality of irrigation
water available to farmers and other irrigators
has a considerable impact on what plants can be
successfully grown, the productivity of these
plants, and water infiltration and other soil
physical conditions [8].

The aim of the present study is to evaluate the
effect of water irrigation pH on vegetative growth
and root system of one year - old pear rootstocks
(Pyrus communis and Pyrus betulaefolia) grown
in two different soils (Sand and calcareous).

2. MATERIALS AND METHODS

The present study was carried out during the
successive seasons of 2011 and 2012. The
experiment was performed in Horticultural
Research Institute farm, Giza, Egypt. The effect
of five irrigation water pH levels added to sand
and calcareous soils on two studied pear
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rootstocks (Pyrus communis and pyrus
betulaefolia). Vegetative growth, chlorophyll
content, root system and mineral composition of
plant leaves and its content of nutrients (N, P, K,
Fe, Zn, Mn) in addition some of soils analysis
were conducted (EC, chemical analysis of soil
water past extract, pH and available P,K, Fe, Zn,
Mn) .

The selected seedling rootstocks were similar in
vigor as possible and planted at mid-February in
90 polyethylene bags, 45 bags were filled with 10
Kg of sand for each rootstock and the other 45
bags were filled with 10 kg of calcareous soil for
the other rootstock. The bags were equipped
with holes in the bottom to allow water drainage.
The plants were irrigated with tap water and add
Hoagland nutrient with the recommended
concentration during the first three months.
Plants were arranged in 5 ftreatments in a
complete randomized design with 3 replicates
and 3 plants for each replicate. In mid May plants
grown in the two soils (sand and calcareous)
were irrigated weekly intervals till the end of the
experiment (May till October) with the following
irrigation water pH levels:

1-.PH 6.0 (12.5 ml HNOS conc. / liter water).
2-.PH 6.5 (5 ml HNO3 conc. / liter water).
3-.PH 7.0 (Tap water).

4-.PH 7.5 (1.39.KOH as powder /liter water).
5-.PH 8.0 (3 g. KOH as powder / liter water).

Soil Analysis
Soil chemical and physical characteristic of both

sandy and calcareous soils were determined as
shown in Tables 1 and 2.

2. THE FOLLOWING
WERE DETERMINED

PARAMETERS

2.1 Soil Analysis

At the end of the season, soil samples were
taken to determine available nutrients (P, K, Fe,
Zn, Mn) in soil extract of DTPA - ammonium
bicarbonate  solution  according to [9].
Phosphorus was determined colorimetric using
Spectrophotometer 20, Flame photometer was
using for determine potassium. Perkin-Elmer
atomic absorption used for determination of
extracted micronutrients.

At the end of this study soil samples were taken
from all experiment units to measure pH and EC.
according to the methods described by [10,11].

Leaf

2.2 Determination of Minerals

Composition

Leaf minerals contents of nutrients were
determined in mid-July of both seasons. Samples
of 20 leaves/plant were taken at random from the
previously tagged shoots of each plant. Leaf
samples were oven dried at 70 °C to a constant
weight and then ground. The ground samples
were digested with sulphoric acid and hydrogen
peroxide according to [12]. Total nitrogen and
phosphorus were determined calorimetrically
according to [13,14], respectively. Potassium
was determined by a flame Photometer model
E.E/L. [15]. Fe, Zn and Mn were measured by
Perkin—Elmer atomic absorption
spectrophotometer model 2380 Al, according to
[16,17].

2.3 Plant Growth Parameters

The following measurements were recorded at
the end of growing seasons (on October):

2.3.1 Plant height (%)

Plant height (%) was measured from the soil
surface to the end of plant stem. The increment
(%) in stem length was calculated as follows:

Increment in stem height (%) = (Final height —
Initial height) / Initial height x 100

2.3.2 Stem diameter (cm)

Stem diameter (cm) was measured at 2 cm
above the soil surface by using Venier caliper.
The average stem diameter increment (cm) was
calculated as follows:

Stem diameter increment (cm) = final diameter —
initial diameter.

2.3.3 Number of leaves

Number of leaves per plant.
2.3.4 Number of new current shoots

By count the new shoots grown on the stem from
May till October.
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Table 1. Analysis of particle size distribution % of the experiment soil samples

Soil depth Sand % Silt% Clay% 0.M.% CaCO3 % Textural class
(cm) Coarse % Fine %

Sand soil

0-20 cm 73.61 15.23 0.34 10.82 0.35 0.28 Sand
Calcareous soil

0-20 cm 11.10 22.80 2420 419 0.74 27.03 Clay loam

Table 2. Chemical analysis of soil water paste extract and pH of the experiment soil samples

Soil pH EC Soluble cation (mqg/L) Soluble anion (mqg/L)
depth (1:25) (dS/m) Ca++ Mg++ Na++ K+ CO3-- HCO3- CI- S04--
Sand soil
0-20cm  8.04 0.39 0.24 0.32 2.62 024 - 0.21 0.32 2.89
Calcareous soil
0-20cm  6.97 8.17 27.8 11.9 4160 1.08 - 19.3 29.6 3348

2.3.5 Chlorophyll content

Leaf chlorophyll content expressed as SPAD
reading using a Chlorophyll meter (model SPAD
502, Minolta Corporation, N.J., USA).

2.3.6 Dry weight of vegetative growth (g.)

Vegetative organs were taken carefully from
bags then washed with tap water followed by
distilled water. All samples were dried at 70°C
until a constant weight then average weight was
calculated (g.) for each replicate.

2.3.7 Roots number

At the experiment end, all number of roots grown
on the root was recorded.

2.3.8 Roots length (cm)

Roots length (cm) was measured for all roots.
The average length of roots was calculated for
every replicate.

2.3.9 Roots diameter (cm)

Roots diameter (cm) was observed by using a
veneer caliper. Roots were divided to three
groups: Less than 0.1 cm, more than 0.1 to 0.2
cm and more than 0.2 cm.

Data were statistically analyzed according to
[18]. Analysis of variance (ANOVA) and least
significant difference (L.S.D) values were
calculated to clear the significant difference
between tested factors. The used software was
MINITAB statistical software release 12.

3. RESULTS AND DISCUSSION

3.1 Effect of Irrigation Water pH on Some
Soil Properties

3.1.1 Soil pH and EC

Soil pH and EC values as affected with irrigation
water pH values under sand and calcareous soil,
and analysis of variance and LSD values for
different treatments were shown in Fig. 1. pH
values varied between 7.36 and 8.08 under pH
6.0 irrigation and pH 8.0 irrigation water
respectively. Soil EC, dS/m values varied
between 0.35 and 1.8 under irrigation water pH
6.0 and pH8.0 respectively. It was clear also that
increases of irrigation water pH cause increase
of soil pH and EC values on both sand and
calcareous soil. Comparison with initial pH and
EC values the increase of pH values was higher
in calcareous soil than in sand soil. On the other
hand, the increase of soil EC, dS/m in sand soil
was higher than in calcareous soil. In all cases,
leaching of soluble salts was happen during
growth season relatively to initial soil EC, dS /m
values. Although the significant differences of the
pH values, all obtained pH values were in normal
range. With other wards no alkalinity problems
were occurred. About soil salinity, all EC values
of the soil water past extract had negligible
salinity effects, [19].

3.1.2 Available phosphorous (P) and

potassium (K)

Available soil phosphorous and potassium mg
/kg (Fig. 2) as affected with irrigation water pH
values in sand and calcareous soils and analysis
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of variance and LSD values for different

treatments were shown in Fig. 2.

All tested factors cleared significant effects on
available phosphorous and potassium mg/kg. It
is cleared also that a negative relation between
pH irrigation water and both of available
phosphorus and potassium. Soil type effect on
available phosphorus showed that calcareous
soil had low values of available P than sand soil
this behavior related to the high content of
calcium carbonate in calcareous soil. It was clear
also that the decreases of available potassium
mg/kg in sand soil were high than calcareous
soil. All soil samples were occurred in very high
class of available P and more than 90% of soil
sample had law class of available potassium
according to [9]. Leaf petiole K was noted to be
high for some rootstocks while other rootstocks

had relatively low values when measured [20 and
21 on Grape vine].

3.1.3 Available zinc (Zn) and iron (Fe)

Available zinc and iron mg/kg as affected with
irrigation water pH values under sand &
calcareous soil and analysis of variance and LSD
values for different treatments were occurred in
Fig. 3. All tested factors cleared significant
effects on available Zn and Fe mg/kg. It clear
also that a negative relation between pH
irrigation water and available Zn and Fe. Soil
type effect on available zinc and iron mg/kg
showed that sand soil has low values of available
iron mg/kg than calcareous soil, this behavior
related to the high content of mineral compounds
in calcareous soil than sand.
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pH =0.070, S x P = 0.070, , and S x P x pH = 0.100

pH =0.0103, Sx P=0.0103,, and S x P x pH = 0.146.

LSD 0.05(pH)
S =0.046, P = 0.046, pH = 0.073, P x pH = 0.065, S x

Fig. 1. Effect of irrigation water pH on soil pH and EC dS/m of sand and calcareous soils in the
end of the season
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Available Zn and Fe in all soil samples were
occurred in very high class according to [9]. [22]
Studied the adsorption of zinc on a calcareous
soil and found that the reaction was not
reversible due to some of the zinc being
irreversibly fixed by soil. [23] Pointed that iron
oxides readily precipitate out and form coatings
on the carbonate mineral under pH 8 or above.

3.1.4 Available manganese (Mn)

As shown in Fig. 4 Irrigation water pH and its
effect on available Mn in sand and calcareous
soil, and the highest and lowest values were 8.58
and 245 under pH6.0, calcareous saill,
Pyrus betulaefolia rootstock and pH 8.0,
Pyrus  betulaefolia  rootstock, sand soail
respectively. Individual effects for different tested
factors revealed that available Mn in calcareous
soil is high than in sand soil. About effect of

irrigation water pH, increasing of pH values
caused negative effects on available Mn.
Statistical analysis showed that there are highly
negative significant effects for pH of irrigation
water on available Mn mg/Kg soil. Available Mn
in all soil samples were occurred in very high
class according to [9].

3.2 Leaf Mineral Composition

Mineral composition of plant leaves for macro
nutrients N, P and K (%) occurred in Figs. 5, 6, 7.
Whereas, Fig. 8 illustrated micro nutrients Fe, Zn
and Mn (mg/kg) in plant leaves. Following simple
description for mentioned nutrients classes or
levels used in the discussion, [24]: Efficient, this
is the range of concentrations in the specified
plant part which associated with severely
reduced growth and production.

gggg ] [BpH6.0 OpH6.5 OpH7 OpH7.5 WMpHS8.0 ]
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pyrus communis
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S=0.254, P = 0.254, pH = 0.40, P x pH = 0.359, S x
pH = 0.567, S x P =0.567,and S x P x pH= 0.800

Fig. 2. Effect of irrigation water pH on available K and P mg/kg of sand and calcareous soils
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Fig. 3. Effect of two soil types and different pH levels on Iron and Zinc content on soil of Pyrus
communis and Pyrus betulaefolia pear rootstocks as average of 2011 and 2012 seasons
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Fig. 4. Effect of two soil types and different pH Levels on Manganese content on soil of Pyrus
communis and Pyrus betulaefolia pear rootstocks as average of 2011 / 2012 seasons

Marginal, this is the range of concentrations in
the specified plant part which associated with a
reduction in growth or production, plant do not
show visible symptoms of deficiency. Critical
value, Plant nutrient status should normally be
kept above the critical value. Adequate, This
classification known as "intermediate","
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3.2.1 Nitrogen (N) %

Nitrogen (N) % in plant leaves varied between
the lowest value, 0.95 at pH 8.0 Pyrus
betulaefolia rootstock, sand soil and the
highest value, 2.54 at pH 6.0, Pyrus betulaefolia
rootstock, calcareous soil. Soil effect showed that
N% for calcareous soil was more than sand soil,
and N% for Pyrus communis rootstock was
higher than  Pyrus betulaefolia rootstock. It
was clear also pH effect on leaves nitrogen, N%
that increase the values with decreasing of pH
values. The mean values of pear leaves N%
cleared that about pH treatments, only N% at
pH6.0 was the marginal level but N% at all the
other pH points were deficient class <1.8. As soill
pH is strongly correlated to the availability of
these elements for plant uptake [25].

About soil type and rootstocks, all its values of
pear leaves N% were deficient, [24]. Statistical
analysis cleared that there were significant
effects on leaves nitrogen, N % for all treatments
(Fig. 5).

3.2.2 Phosphorus (P) %

Phosphorus (P) in plant leaves varied between
the lowest value, 040 at pH8.0, Pyrus
betulaefolia rootstock, calcareous soil and the
highest value, 1.69 at pH 6.0, Pyrus betulaefolia
rootstock, calcareous soil. Soil effect showed that
P % for calcareous soil was higher than sand
soil, and P % for Pyrus communis rootstock was
highest than Pyrus betulaefolia rootstock. It was
clear negative pH effect on leaves phosphorous,
P % that increased the values with decreasing of
pH values (Fig. 6).

The mean values of pear leaves P% cleared that
all values were at excessive level >0.30, [24].
Statistical analysis cleared that there were
significant effects on leaves phosphorous, P% for
pH, (pH and Soil), (pH and rootstock) and (pH,
Soil and rootstock).

3.2.3 Potassium (K) %

Potassium, K, % in plant leaves varied between
the lowest value, 0.65 at pH 8.0, Pyrus
betulaefolia rootstock, sand soil and the highest
value, 3.14 at pH 6.0, Pyrus communis rootstock,
sand soil. Soil effect showed that potassium, K %
for sand soil was more than calcareous soil, and
P % for Pyrus communis rootstock was highest
than Pyrus betulaefolia rootstock. It was clear
slightly negative pH effect on leaves potassium,

K % that increased the values with decreasing of
pH values (Fig. 7).

About pear leaves K% showed that its mean
values were in adequate level for pH points 6.0
and 6.5, the other pH points occurred in marginal
class.

Mean pear leaves K% of sand soil was adequate
class and calcareous was marginal. About The
rootstocks, mean K% of leaves for
Pyrus communis was adequate level and
marginal for Pyrus Betulaefolia, [24]. Statistical
analysis cleared that there were significant
effects on leaves potassium (K) % for all
treatments. K was significantly higher in some
rootstocks than in others, but varied from, site to
site as well [26].

3.2.4 Iron (Fe), Zinc (Zn) and Manganese (Mn)
mg/kgq

Iron (Fe) mg/kg in plant leaves varied between
the lowest value, 109.67 at pH 8.0
Pyrus betulaefolia rootstock, calcareous soil and
the highest value, 982.85 at pH 6.0 Pyrus
betulaefolia rootstock, sand soil. Zinc (Zn) mg/kg
in plant leaves varied between the lowest value,
24.0 at pH 8.0, Pyrus betulaefolia rootstock, sand
soil and the highest value, 155.0 at pH 6.0, Pyrus
betulaefolia rootstock, calcareous.

Manganese (Mn) mg/kg in plant leaves varied
between the lowest value, 36.06 at pH8.0,
Pyrus betulaefolia rootstocks, calcareous sail
and the highest value, 252.46 at pH 6.0, Pyrus
betulaefolia rootstocks, sand soil. Statistical
analysis cleared that there were significant
effects on leaves Zn and Mn mg/kg for all factors
but Fe mg/kg was significant for all treatments
except soil factor.

Soil type's effect showed that zinc, Zn mg/kg for
calcareous soil was markedly higher than sand
soil but Mn mg/kg in plant leaves was higher in
the plants grown on sand than on calcareous
soil. Fe mg/kg and Mn for Pyrus betulaefolia
rootstock were highest than Pyrus communis
rootstock but Mn mg/kg for Pyrus communis
rootstock was less than Pyrus betulaefolia
rootstock. It was clear high negative pH effect on
leaves Fe, Zn and Mn mg/kg that increased the
values with decreasing of pH irrigation water
values (Fig. 8) The mean values of pear leaves
Fe mg/kg cleared that all values were occurred at
marginal level <60 mg/kg, [24].
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About pear leaves Zn mg/kg showed that its <10 mg/kg, [24]. In this respect, [27] mentioned
mean values were in marginal level for pH 6.0, all  that availability of zinc decreases with increasing
the other pH points occurred in deficient class, soil pH due to increased adsorptive capacity.
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S =0.035 P =0.035 pH=0.055, P x pH =0.049, S x pH = 0.077, Sx P = 0.077, and S x P x pH = 0.109

Fig. 5. Effect of two soil types and different pH levels on Nitrogen content on leaves of Pyrus
communis and Pyrus betulaefolia pear rootstocks as average of 2011 and 2012 seasons
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Fig. 6. Effect of two soil types and different pH levels on leaf P content of Pyrus communis and
Pyrus betulaefolia pear rootstocks as average of 2011 and 2012 seasons
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Fig. 7. Effect of two soil types and different pH levels on leaf K content of Pyrus communis and
Pyrus betulaefolia pear rootstocks as average of 2011 and 2012 seasons
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0.00
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LSD 0.05
S =0.001,P =0.001,T= 0.001,PxT = 0.001,S x

T=0.001,SxP =0.001, and S x P x T= 0.002

Fig. 8. Effect of two soil types and different pH levels on Iron, Zinc and manganese mg/kg
content on leaves of Pyrus communis and Pyrus betulaefolia pear rootstocks as average of
2011 and 2012 seasons

The mean values of pear leaves Mn mg/kg
cleared that all pH points were occurred at
marginal level 20-59 mg/kg. About the
rootstocks, the mean of Mn mg/kg in leaves for
both pear rootstocks were occurred at marginal
class. Calcareous soil had adequate level of Mn

in analyzed pear leaves but in sand soil was in
deficient class, [24].

Analysis of available micro nutrients in the types
of soil and the two pear rootstocks leaves
composition of micro nutrients showed that
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although most of available micro nutrients in the
soil were high, the composition of pear leaves
from micro nutrient were low. This mean that the
importance of spray micro nutrients fertilization.

3.3 Effect of Irrigation Water pH on
Vegetative Growth

3.3.1 Stem length increment %

The increment of stem length is shown in Fig. 9
pH irrigation water effect was significant in both
seasons (2010 & 2011) for the two rootstocks
(Pyrus communis and pyrus betulaefolia) and
two soils (sand &calcareous) under study.
Pyrus betulaefolia rootstock, the best value was
obtained from pH 7.5 (34.82 %) in sand soil in
the two seasons under study but in calc. soil, it
was in pH 7.0 (35.08%) in both seasons under
study. while the lowest values were recorded
with pH 7.0 (9.59%) in sand soil compared with
lime (Calc.) soil was (21.93 %) in pH 6.0 as
mean to the two seasons.

Also, Pyrus communis rootstock, it noticed that
the best value obtained in pH 6.5 ranging
50.00% in sand soil and pH 7.0 (50.00%) in calc.
soil. However, the lowest value obtained in sand
soil was pH 7.5 (36.06%) but in calc. soil was
(39.87%) in pH 8.0 in both seasons 2010 & 2011.
Statistical analysis cleared that there were
significant effects on stem length increment % for
all treatments except pH, soil and the interaction
between Soil and rootstocks. Concern to [28]
plant height were not decreased as the soil pH
was increased (pH8.2) compared with those
grown at pH5.5.

3.3.2 Stem diameter increment

Data presented in Fig. 9 showed significant
differences in diameter of stem in response to pH
water and type of soil. Pyrus betulaefolia
rootstock, pH 8.0 gave the highest value in
diameter of stem in sand soil (0.55 cm) as mean
value but in calc. soil the best result was
obtained in pH 7.0 (0.65cm) in both seasons.
Whereas, it was found that lowest stem diameter
increment in Pyrus betulaefolia rootstock stem
were recorded in pH 6.0 & 6.5 as means in two
seasons in sand soil (0.35cm). For calcareous
soil, it found that pH 6.0 in two seasons as mean
gave the least stem diameter (0.42 cm),
respectively.

Pyrus communis rootstock, accordingly, data in
Fig. 9 obviously that the highest value was

recorded in pH 6.5 (0.70 cm) in sand soil and pH
6.0 (0.43 cm) in calcareous soil in the two
seasons under study. Also, the lowest data was
obtained in pH 7.5(0.38cm) in two seasons in
sand soil but in calcareous soil in pH 7.0 gave
the lowest stem diameter (0.30cm), respectively.

Statistical analysis cleared that there were
significant effects for irrigation water pH, the
interaction between rootstocks & pH and the
interaction between soils& pH on stem diameter
cm. Regard to [28] reported that shoot diameter
was affected by pH soil as well as the shoot
height and dry weight.

3.3.3 Current shoots number

Fig. 10 shows the effect of pH water irrigation on
the No. of current shoots. The results showed
significant and differences in pH degrees in both
experimental seasons. Pyrus betulaefolia
rootstock, the highest number of current shoots
was obtained in the pH 6.5(11.59 shoot) in
seasons 2010 & 2011 in sand soil and pH 6.0
(19.83 shoot) in Calc. soil in both seasons under
study. The least result was in pH 6.0(5.67
shoots) in sand soil and pH 8.0(6.83 shoots) for
calcareous soil.

Whereas, Pyrus communis rootstock, in sand soil
pH 6.5 gave the highest number of current
shoots (6.83 shoots) in both seasons under study
and pH 6.0 (8.33 shoots) in calcareous sail.
However, the least number of current shoots
were recorded in sand soil with pH 7.5
(3.33shoots) in both season but in calcareous
soil was in pH 7.0 & 6.5 (5.33 & 5.33 shoots) in
season 2010 and 2011. Statistical analysis
cleared that there were significant effects on
current shoots number/plant for all tested factors
except rootstocks with pH.

3.3.4 Leaves number per plant

From Fig. 10 Pyrus betulaefolia rootstock, pH 6.5
gave the highest average number of leaves
under either sand (206.50 leaves) and
calcareous soil (208.15 leaf) in the both seasons
under study. But pH 8.0 decreased the average
number of leaves in both soils and seasons
under study (108.30) in sand soil and (134.15
leaf) leaf in Calc. soil.

On the other hand, Pyrus communis rootstock, it
is noticed that pH 7.5 (109.65 leaf) increased the
average of leaves under sand soil condition in
both seasons 2010 & 2011 while pH 6.0 gave
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(89.33 leaf) under calcareous soil. Whereas, the
lowest average of leaves recorded by pH 6.0
(80.50 leaf) in sand soil and pH 6.5 (80.81 leaf)
in calcareous soil. Generally the average number
of leaves increased as pH decreased in both
rootstocks under study.

Statistical analysis cleared that there were
significant effects on leaves number/plant and
current shoots number/plant for all tested factors
except soils. [28] mentioned that soil pH affects
nutrient availability to plants; it is enough to see
changes in vegetative vigor with varying soil pH.

3.3.5 Chlorophyll content

Fig. 11 clarifies that total chlorophyll content
reading affected by pH degree either increasing
or decreasing for the two rootstocks fewer than
two types of soil in seasons 2010 & 2011.

Concerning to Pyrus betulaefolia rootstock, pH
7.0 increases the chlorophyll content reading in

sand soil (40.29) while in calcareous soil pH 6.0
gave the highest chlorophyll content reading
(38.92) in two 2010 & 2011 seasons. Herein, the
least chlorophyll content recorded in pH 6.0 in
sand soil (32.59) and pH 7.5 in calcareous soll
(22.43) by fewer 2010 & 2011 seasons.

As regard to pH irrigation, data indicated that
Pyrus communis rootstock affected by pH 6.0
which gave the best chlorophyll content reading
in either sand (50.70) or calcareous soil (35.88).
Also, the lowest value was recorded in pH7.0 for
either sand soil (41.40) or calc. soil (24.03) in
both seasons under study. Statistical analysis
cleared that there were significant effects on
chlorophyll reading for all tested factors and its
double interactions. Significant response to either
treatment was not observed with respect to
chlorophyll content in the current study, though
trends at pH 6 show similarities to the findings of
[26,29] ,despite differences in scion variety.

S 5500 1 [@pH 6.0 OpH6.5 OpH 7.0 OpH7.5 MpH 8.0 |
% 45.00 -
S 35.00 -
g 25.00 -
6 15.00 -
< 500 -
s
@ sand soil Calc. soil sand soil Calc. soil
[]]
g pyrus communis pyrus betulaefolia
7
€ 0.75 -|@6.0pH ©6.5pH O7.0pH O7.5pH W8.0pH]
G 0.70 -
= 0.65 —
S 0.60 -
g 0.55
g 0.50 -
045 -
£ 040 -
o 0.35 -
g 0.30 -
s 0.25
5 0.20 -
g sand soil Calc. soil sand soil Calc. soil
n
LSD 0.05 (stem length) LSD 0.05 (stem diameter)
S= NS, P=3.33, pH=NS, P x pH=7.44, S x | S=NS, P=NS, pH=1.16, P x pH=0.73 S x pH=0.73, ,and
pH=1.26, and S x P =NS S x P=NS

Fig. 9. Effect of irrigation water pH on average stem length increment (%), and stem diameter
(cm) of Pyrus communis and Pyrus betulaefolia pear rootstocks as average of 2011 and 2012
seasons
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3.3.6 Vegetative growth dry weight

Dry Vegetative growth as affected with irrigation
water pH values on two rootstocks
(Pyrus communis & Pyrus betulaefolia
rootstocks) and two types of soil (sand and
calcareous soil).

Fig. 12 show that Pyrus betulaefolia rootstock
affected significantly by pH 6.5 (39.18 g) under
sand soil condition but in calcareous soil the best
value was pH7.5 (38.76 g).Whereas, the least
values were in pH 7.5(23.50 g) in sand soil and
pH 8.0 (29.54 g) in calcareous soil under the
studied seasons 2010 & 2011. On the other
hand, Pyrus communis rootstocks, it found that
the highest dry weight was recorded by pH 8.0
(12.69 g) in sand soil and in calc. soil was pH6.0
(13.68 g). Also, the lowest values recorded were
pH 6.5 (10.36 g) in sand soil and Calc. soil was
pH7.5 (10.53g). Statistical analysis cleared that
there were significant effects on vegetative dry
weight g / plant for all tested factors except

d Sherif; IJPSS, 4(5): 475-493, 2015; Article no.lJPSS.2015.047

interaction between soils and rootstocks. In this
respect, [30] recorded that there was a large
differences between rootstocks with respect to
vegetative growth dry weight, when grown under
"neutral"(6.9) and calcareous (8.2) sall
conditions.

It is noticed that present data show that there
was a significant affect occurred in vegetative
growth to respond to pH water irrigation on two
rootstocks under study. Also, Pyrus betulaefolia
show positive effect when pH irrigation water was
decreased compared by Pyrus communis.

3.4 Roots System

It is clear that the various pH water irrigation
degrees and types of soils caused a significant
influence on rooting behavior of pear rootstocks
(Pyrus  betulaefolia & Pyrus communis
rootstocks).

22.50 1 [@pH 6.0 OpH 6.5 OpH 7.0 OpH 7.5 OpH 8.0

o 20.00 -

5 17.50 -

o 15.00 -

< 12.50 -

-« 10.00 -

S 7.50 -

g 5.00 -

s 2.50 -

° 0.00 -

° sand soil Calc. soil sand soil Calc. soil

3

£ . .

2 pyrus communis pyrus betulaefolia
225.00 1 BpH6.0 DpH6.5 OpH7.0 OpH7.5 WMpH8.0

. 200.00 1

c —

& 175.00 o

[

» 150.00 +

Q

& 125.00 -

o

5 100.00 4

ZO 75.00 o

¢ 50.00 -

£ 25.00 4

2 sand soil Calc. soil sand soil Calc. soil

LSD 0.05(No. of current shoots)
S=NS, P=6.32, pH=10.08, P x pH=14.26, S
X pH=14.26 and S x P=9.02

LSD 0.05 (No. of leaves)
S$=1.05, P=1.05, pH=1.67,P x pH = NS, S x pH
=236 and S xP=1.49

Fig. 10. Effect of irrigation water pH on current shoots number / plant and leaves number/plant
of Pyrus communis and Pyrus betulaefolia grown on sand and calcareous soil
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[@pH6.0 OpH6.5 OpH7.0 OpH7.5 OpH8.0|

sand soil

Chlorophyll reading

pyrus communis

Calc. soil

sand soil Calc. soil

pyrus betulaefolia

Fig. 11. Effect of irrigation water pH on chlorophyll reading of Pyrus communis and Pyrus
betulaefolia grown on sand and calcareous soil
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Calc. soail
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pyrus betulaefolia

LSD 0.05 (chlorophyll reading)
S=1.67, P=1.67, pH=2.64, P x pH=3.74,

S X pH=3.74 and S x P=2.36

Fig. 12. Effect of irrigation water pH on vegetative dry weight g. /plant of Pyrus communis

and Pyrus betulaefolia grown

3.4.1 Root dry weight

Data illustrated by Fig. 13, clearly demonstrate
that pH water irrigation degrees and types of soll
affected on roots dry weight (g). It noticed that
Pyrus betulaefolia rootstocks, gave the highest
dry weight with pH 8.0 (44.61 g) in sand soil.
Whereas, in Calc. soil pH 7.5 gave the highest
result (51.63 g) in the two seasons. Also, the
lowest dry weight recorded in pH 7.5 (29.82 g)
under sand soil condition and pH 8.0(32.56 Q)
under calcareous soil in seasons 2011&2012.

In addition, data show that, Pyrus communis
rootstocks, the highest dry weight (g) resulted
from pH 6.0 in two types of soil (26.59 & 37.79
g)- While, the least values of dry weight were
shown in pH 7.0(20.99 g) in sand soil and In
Calc. soil pH 6.5 (26.03 g) in both seasons under
study. Statistical analysis cleared that there were
significant effects on roots dry weight g. / plant
for soils, rootstocks and interaction between soils
& pH only.

on sand and calcareous soil

3.4.2 Root length (cm)

All root length (cm) observations were occurred
in Figs. 14, 15 and 16. These measures were
length less than 0.1 cm, length ranging 0.1 to 0.2
cm and length greater than 0.2 cm.

3.4.2.1 Length less than 0.1cm

In this respect, Pyrus betulaefolia rootstock
under sand soil condition recorded that the tallest
mean value 16.61 cm followed by 16.12cm in pH
6.5 and pH 7.0 (Fig. 14). Whereas, in Calc. soil
the best value was in pH 6.0 (14.19 cm) followed
by pH 7.5 (13.91 cm). Moreover, the least value
was with pH 8.0 (13.37cm) under sand soil
condition but in calcareous soil, pH 6.5 gave the
lowest length (9.12cm) in 2010 & 2011 seasons.

Pyrus communis rootstocks, data resulted that
the tallest root were with pH 7.0 (11.66cm) under
sand soil and (10.70 cm) in Calc. soil. As, the
least length was recorded in pH 7.5& 8.0(8.65 &
8.35cm) under sand soil and in Calc. soil pH 6.5
recorded (8.97cm) in two seasons under study.
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Statistical analysis cleared that there were
significant effects on roots length less than
0.1cm. for all factors and its interactions except
rootstocks & pH.

3.4.2.2 Length ranging 0.2 cm

It is quite evident from Fig. 15 that pH water
significant affected on root length ranging from
0.1 to 0.2 cm of Pyrus betulaefolia rootstock
under the two types of soil in seasons 2010-
2011. pH 8.0 cased the tallest root (11.78 cm)
ranging 0.2 cm in both seasons under sand soil
while, in calc. soil it noticed that pH 7.5 gave the
best length (15.91cm) followed by pH 7.0 (14.73
cm). In this respect, the lowest length was
recorded in pH 7.0 (10.63 cm) in sand soil and
pH 6.5 in Calc. soil (10.47 cm). Pyrus communis
rootstock, responded positively, as well as, pH
6.5 gave the highest value (20.14 cm) in sand
soil and pH 8.0 (18.44 cm) in calcareous soil.
Whatever, the least value of the root length was

16.51 cm in pH 8.0 under sand soil and 10.03cm
in calcareous soil, respectively in both seasons
under study. ANOVA predicted significant effects
for all studied factors on roots length from 0.1 to
0.2cm.

3.4.2.3 Length greater than 0.2cm

Root length more than 0.2 cm was clearly
affected by pH irrigation water (Fig. 16).
Pyrus betulaefolia rootstock, pH 6.0 recorded the
highest roots length (14.03 cm) and pH 7.5 the
lowest roots length (8.08 cm) in sand soil. As for,
Calc. soil pointed that pH 7.0 increased the roots
length (16.26 cm) whereas, pH gave the least
root (11. 24cm) in both seasons under study.
Results revealed that Pyrus communis
rootstocks, it was affected by using pH irrigation
water, pH 6.5 gave the highest length greater
than 0.2 mm14.60 cm and the lowest value was
10.86 by pH 7.0 under sand soil.

7 @pH6.0 OpH6.5 OpH7.0 OpH7.5 MpHS.0 |

sand soil

Roots dry weight (g.)
N
o
[=}
o

Calc. soil

pyrus communis

sand soil Calc. soil

pyrus betulaefolia

[ LSD 0.05 S=2.45, P=2.45, pH=NS, P x pH= NS , S x pH = 5,48 and S x P=NS |

Fig. 13. Effect of irrigation water pH on roots dry weight g. /plant of Pyrus communis and
Pyrus betulaefolia grown on sand and calcareous soil

. BpH6.0 EpHE.5 DpH7.0 OpH7.5 mpPHS.0 |
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sand soil

Roots length less than
0.1cm
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pyrus betulaefolia

[ LSD,0.05 S=0.056, P=0.056 , pH=0.089 , PX pH=NS, SX pH=1.26, SXP=0.80 ]

Fig. 14. Effect of irrigation water pH on average roots length less 0.1 cm of Pyrus communis
and Pyrus betulaefolia grown on sand and calcareous soils
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Fig. 15. Effect of irrigation water pH on average roots length ranging 0.1 to 0.2 cm of Pyrus
communis and Pyrus betulaefolia grown on sand and calcareous soils
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Fig. 16. Effect of irrigation water pH on average roots length greater than 0.2 cm of Pyrus
communis and Pyrus betulaefolia grown on sand and calcareous soils

However, in Calc. soil pH 7.0 recorded a higher
value (14.21 cm) and the least was 9.77 cm with
pH 8.0. Statistical analysis showed that there
were significant effects on roots length more than
0.2cm.for all mentions experiment factors and its
interactions.

3.4.3 Roots nhumber

3.4.3.1 Length less than 0.1cm

It can be noticed from (Fig. 17) that
Pyrus betulaefolia rootstock affected by pH 6.0 in
sand soil which gave the best number of roots
less than 0.1cm (416.00 root/rootstock)
compared with the other applied of pH degrees.
Also, in Calc. Soil was pH 8.0 gave the highest
number of roots (510.50 root /rootstock) less
than 0.1 cm. Pyrus communis rootstock, Data
revealed that pH 6.0 increased the number of
roots less than 0.1cm (552.30root/rootstock)
compared with the other pH degrees. Statistical
analysis showed that there were significant

effects on roots number less than 0.1 cm for all
mentions experiment factors and its interactions.

3.4.3.2 Lengths from 0.1to 0.2 cm

Regarding to (Fig. 18) roots number less than 0.2
cm, Pyrus betulaefolia, pH 6.0 was recorded the
highest roots number (24.24root/rootstock) in
sand soil and in Calc. soil pH 6.0 ( 29.90 root /
rootstock) .

Pyrus communis rootstock, data clearly indicated
that pH 6.0 affected positively in increasing roots
number less than 0.2 cm (16.50 root/rootstock) in
sand soil and( 25.67 root/rootstock) in Calc. soil.
But, pH 7.5 in sand soil (10.67 root/ rootstock)
and pH 6.5 in Calc. soil (17.67 root /rootstock)
affected negatively in roots number respectively.
Statistical analysis showed that there were
significant effects on roots number from 0.1cm. o
2.cm. for all mentions experiment factors and its
interactions.
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3.4.3.3 Length greater than 0.2cm

Data in Fig. 19 showed that, different pH degrees
affected in roots number more than0.2 cm in both
rootstocks and two types of soils under studying
in seasons (2011&2012).

Pyrus betulaefolia rootstocks, it noticed that pH
6.0 increased the roots number in sand soil
(18.80 rootfootstock) and calcareous (16.21
root/ rootstock).The lowest roots number value
was with pH 7.5 (12.46 root/rootstock) in sand
soil and (13.86 root/rootstock) in Calc. soil. As
for, Pyrus communis rootstock, data recorded
that pH 7.0 gave the best roots number (11.00
root /rootstock) and the lowest number was by
pH 6.5 (4.84 root/rootstock) in sand soil.
Whereas, in calcareous soil pH 6.0 resulted the
best number (10.84 root / rootstock) and the
least was (4.84 root /rootstock) in pH 6.5.

Statistical analysis showed that there were
significant effects on roots number more than
0.2cm.for all mentions experiment factors and its
interactions.

Generally, the best result (roots number) were
obtained with the PH 6.0for the
Pyrus betulaefolia rootstocks grown in sand soil
and pH in Calc. soil. Whereas, Pyrus communis
were pH 7.0 in sand soil and pH 6.0 in Calc. soil.
From all data of vegetative growth predicted that
Pyrus betulaefolia was more tolerant than
Pyrus communis to pH values variations in
irrigation water under both sand and calcareous
soils. Pyrus betulaefolia was higher than Pyrus
communis in all vegetative growth values with
%72 and %91 in sand and calcareous soil
respectively. Also, it noticed that root system
goes in a parallel with vegetative growth due to
the significance of treatments interaction.

600.00 1

BpH6.0 OpH6.5 OpH7.0 OpH7.5 OpHS8.0]
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400.00 -
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pyrus betulaefolia

LSD 0.058=21.15 P=21.15, pH=33.444, P x pH=66.88, S x pH =66.88, S x P=29.91

Fig. 17. Effect of irrigation water pH on average roots number less 0.1 cm of Pyrus communis
and Pyrus betulaefolia grown on sand and calcareous soils
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[ LSD 0.05 S=0.88, P=0.88, pH=1.40, P x pH=1.97 S x pH=1.97, S x P=1.25 |

Fig. 18. Effect of irrigation water pH on average roots number ranging 0.1 to 0.2 cm of Pyrus
communis and Pyrus betulaefolia grown on sand and calcareous soils
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Fig. 19. Effect of irrigation water pH on average roots number greater than 0.2 cm of Pyrus
communis and Pyrus betulaefolia grown on sand and calcareous soils

4. CONCLUSION AND
RECOMMENDATIONS

The results of this study can be summarized that
irrigation water pH and soil type showed
significant effects on the studied vegetative
growth parameters and some of tested soll
measurements. Data cleared the importance
nature of pH source of irrigation water or
chemical analysis of irrigation water; sodium
salts well different in comparison with potassium
salt source. Amount of N and K addition through
irrigation water, to get different pH values, was
negleable amount in comparison with its
quantities of fertilizer addition.

From all data of vegetative growth predicted that
Pyrus betulaefolia was more tolerant than Pyrus
communis to pH values variations in irrigation
water under both sand and calcareous soils.
Analysis of available micro nutrients in the soil
and pear leaf composition of micro nutrients
showed that although most of available micro
nutrients in the soil were high, the composition of
pear leaves from micro nutrient were law. This
mean that the importance of spray micro
nutrients fertilization.

The quality of irrigation water available to farmers
and other irrigators has a considerable impact on
what plants can be successfully grown, the
productivity of these plants, and water infiltration
and other soil physical conditions.
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