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ABSTRACT: Virtually, one usually experiences a significant coolness
around and under trees in comparison to open sunshine, with
qualitative variations. This study was conducted to investigate the
effect of irrigation with saline water (8000 and 16000 ppm) on some
trees and their effect on transpiration rates, and the impact of these
trees on reducing the atmospheric temperature and therefore their
impact on climate change. The trees under study were used in the
study: Bauhinia variegata, Cassia fistula, Cassia nodosa, Eucalyptus
camaldulensis, Ficus retusa and Khaya senegalensis. In general,
results indicated that, the atmosphere was cooler around Cassia fistula
by reduction of atmospheric temperature by 6.5 °C (also, it produces
odorous flowers) followed by Eucalyptus camaldulensis (5.3 °C).
Reduction of temperature was correlated with high transpiration rate
after irrigation with saline water after 2, 4 and 8 days of irrigation. It
can be concluded that, using of saline water in irrigation of ornamental
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trees is efficient to induce the cooling effect in our gardens. Also,
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results showed the superiority of some trees in their efficiency in
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absorbing CO2 and were in the following order: Ficus religiosa
(87.65); Bauhinia variegata (83.76); Cassia nodosa (81.53);
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Eucalyptus camaldulensis (80.15); Khaya senegalensis (79.04);
Accepted:
Chorisia speciosa (73.29); Cassia fistula (72.54); Bombax
16/2/2020
malabaricum (72.34); Erythrina variegata (71.82); Ficus retusa
(71.33); Ficus benghalensis (67.20) and Tipuana speciosa (65.99).
Key words: saline water, carbon dioxide, transpiration, cooling
effects, Bauhinia variegata, Cassia fistula, Cassia
nodosa, Eucalyptus camaldulensis, Ficus retusa and
Khaya senegalensis.

INTRODUCTION
The cooling effect of a tree is a result of
physiological tasks of the tree. It depends on
tree characters including shape, leaves type
and number, besides, tree physiological
functioning such as rate of transpiration. The
cooling produced by trees varies with species
due to variation in several anatomical,
structural and physiological attributes of the
species (Caemmerer and Baker, 2007).
Therefore, cultivation of trees is usually
practiced for controlling the urban

environment including cooling and air
pollution abatement (Nowak, 2002).
Working with some tree species, Gupta
et al. (2018) disclosed temperature reduction
under shades of trees from 0.64 °C to 2.52
°C whereas Abdel-Aziz (2014) reported
cooling under tree shades from 1˚C to 5 °C.
They added that transpiration is one of the
most significant physiological functions
achieved by plants, which affects cooling
effect of tree.
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Tipuana speciose and Khaya senegalensis
were used. This experiment was conducted
during 2018 summer season. Transpiration
was calculated after Royal Society of
Biology (2008).

When solar energy impinges on the leaf,
water emerges from its surface through
transpiration taking the latent heat to convert
it into water vapor. This leads to a rise in
humidity of the atmosphere and reduction in
temperature of the leaf. To evaporate 1 gram
of water requires 600 calories (Jones, 2007).
To encourage research on identification of
ecologically more valuable species is of
utmost importance to face the present
challenges of global warming.

Salinity treatments:
Sodium
chloride
solution
at
concentrations of 0, 8000 and 16000 ppm
were used. Transpiration rate per 1000 cm2
green leaves after 2, 4 and 8 days was
measured (Pawar, 2017).

Urban trees do not have the suitable
share of conventional water for irrigation,
needing the use of high saline water from
wells or blended with fresh water. Under salt
stress results of Hasanuzzaman et al. (2017)
displayed that transpiration was higher in old
leaves than in the young one leaves. Ben-Gal
et al. (2008) said that increased application
of saline irrigation water led to increasing
transpiration. Salt tolerant plants transpired
more water than the sensitive variety under
normal growth conditions. In contrary,
Schröder et al. (2014) concluded that salinity
causes osmotic imbalance, reduced water
uptake and transpiration.

Calculation the cooling effects:
 An estimate of the average tree size and
average leaf area was carried out according
to NParks Flora & Fauna Web (2019).
 Average number of leaves according to
Czernia (2019).
 Transpiration rate according to Pawar
(2017)
 Number of calories needed for evaporation
of 1 g of water (about 600 calories)
according to Behan (1992).
 Conversion of caloric value to C degrees
according to Conversion of Measurement
Units (2019).

Thus, the present study was conducted to
determine the transpiration rates and cooling
effects of some urban trees at Ismailia when
using fresh or saline water.

Carbon
dioxide
calculations:

MATERIALS AND METHODS

absorption

and

A suitable part was taken from each
plant and placed in a glass container inside a
handmade growth room with sufficient
lighting. Carbon dioxide was injected from a
liquid gas cylinder and measured. After 5, 10
and 15 minutes from the injection, the
carbon dioxide concentration was measured.
Leaves area of the plant part was calculated,
and the amount of carbon dioxide absorbed
was calculated per 1000 cm2 of the leafy area
for each plant. Carbon dioxide was measured
by Indoor Air Quality Carbon Dioxide Meter
Model 77535, Gainexpress Company.

This experiment was carried out at Suez
Canal Region, through June, 2018 (average
temperature between 34.8 and 19.5 °C and
relative humidity 44% (Climate in Ismailia,
Egypt, 2018), to evaluate the effect of
exposure duration for some trees to saline
irrigation-water on transpiration rate. Also,
the effects of transpiration rate on cooling
effect (°C) in the surrounding area for each
tree.
Plant materials
Five Fresh branches (in 5 replicates) of
the following trees: Bauhinia variegata,
Cassia fistula, Cassia nodosa, Eucalyptus
camaldulensis, Ficus retusa, Ficus religiosa,
Chorisia speciosa, Erythrina variegata,

Statistical Analysis:
All data were statistically analyzed as
randomized complete blocks design (Bailey,
2008); using the MSTAT-C statistical
package (Hasanuzzaman, 2008) and means
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were compared by Duncan’s multiple range
test P ≤ 0.05 (Duncan, 1955).

transpiration from each other.
The effect of trees on reducing the
atmospheric temperature:

RESULTS AND DISCUSSIONS

The results presented in Table (2) refer
that Cassia fistula trees were the highest
reducer of atmospheric temperature (6.517
°C) followed by Eucalyptus trees (5.343 °C).
These findings among different trees may be
related with the different size of the area
occupied by the tree, number of leaves per
tree and their transpiration rates.

Effect of salinity levels on transpiration
rate:
Table (1) shows that the use of saline
water increased the transpiration rate in all
trees under study. These results are
consistent with the findings of Ben-Gal et al.
(2008). It is evident in the same Figure that
both Eucalyptus and Cassia fistula were the
most transpiration plants at all treatments. In
this respect, Taiz and Zeiger (2012) found
that the plants differ in the parameters of

Table (3) shows that trees differ in their
efficiency of absorption or sequestration of
carbon dioxide per 1,000 cm2 plant leaves.

Table 1. Effect of saline irrigation-water levels on transpiration (cm3) after 2, 4 and 8
days of irrigation of some ornamental trees.
Plants

Salinity
level
(ppm)

Transpiration after 2
days for 1000 cm2

Transpiration after 4
days for 1000 cm2

Transpiration after 8
days for 1000 cm2

Bauhinia variegata

0
11.0 d
25.5 c
22.3 h
8000
9.1 de
25.5 c
23.8 h
16000
5.6 ef
16.0 cd
23.4 h
Cassia fistula
0
29.2 b
55.6 b
29.0 gh
8000
23.6 c
45.8 b
34.3 e-h
16000
42.1 a
92.2 a
30.4 f-h
Cassia nodosa
0
7.4 d-f
15.7 cd
39.1 d-g
8000
7.9 d-f
15.6 cd
41.6 d-g
16000
7.9 d-f
16.6 cd
40.2 d-g
Eucalyptus
0
25.2 c
48.3 b
44.6 d-f
ld l i
8000
31.4 b
54.4 b
52.1 d
16000
26.6 bc
47.7 b
47.9 de
Ficus retusa
0
5.9 ef
15.3 d
52.9 cd
8000
4.6 f
10.7 d
85.7 b
16000
8.6 de
16.2 cd
66.7 c
Khaya senegalensis
0
9.1 de
19.5 cd
106.6 a
8000
7.3 d-f
14.3 d
144.9 a
16000
9.0 de
16.7 cd
127.8 a
Means within a column having the same letter are not significantly different according to Duncan’s

Table 2. Effect of trees on reduction of the atmospheric temperature.
Plants
Bauhinia variegata
Cassia fistula
Cassia nodosa
Eucalyptus camaldulensis
Ficus retusa
Khaya senegalensis

Cooling effect °C (based on transpiration of control treatments)
1.533
6.517
4.527
5.343
4.123
3.896

73

E.M. Koriesh

Table 3. CO2 absorption efficiency per 1000 cm2 of tree leaves, arranged descendingly.
Efficiency of reducing CO2Efficiency of reducing CO2Efficiency of reducing CO2
% after 5 min
% after 10 min
% after 15 min
Ficus religiosa
87.6
92.1
92.6
Bauhinia variegata
83.7
89.0
94.3
Cassia nodosa
81.5
85.2
88.7
Eucalyptus camaldulensis
80.2
85.7
91.1
khaya senegalensis
79.0
89.3
92.2
Chorisia speciosa
73.3
90.3
95.9
Cassia fistula
72.5
81.8
91.1
Bombax malabaricum
72.3
82.7
93.2
Erythrina variegaa
71.8
88.1
89.8
Ficus retusa
71.3
78.9
86.5
Ficus benghalensis
67.2
85.7
87.5
Tipuana speciose
65.9
84.7
86.3
Plants

97805218/65067/frontmatter/978052186
5067_frontmatter.pdf

Also, Ficus religiosa trees were the most
efficient for the unit of area of leaves,
followed by Bauhinia variegata. On the
other hand, Ficus retusa trees, which are
grown in large quantities in the Egyptian
environment, are not the most efficient, and
this requires a review of their cultivation in
the Egyptian environment in general or in
Ismailia in particular. The difference in trees'
absorption of carbon dioxide corresponds to
the results of Nowak (2002), Nowak et al.
(2013) and Nowak et al. (2014).
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Conclusion:
Saline water can be used for irrigation of
the ornamental trees in gardens to reduce the
ambient temperature and heat islands. Saline
water may increase the transpiration rate of
trees.
Cassia fistula and Eucalyptus
camaldulensis are suitable trees in cooling
effect of Ismailia Governorate gardens.
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 ﺛﺎﻧﻲ أﻛﺴﯿﺪ اﻟﻜﺮﺑﻮن ودرﺟﺔ اﻟﺤﺮارة ﻓﻲ اﻟﻐﻼف اﻟﺠﻮي:ﻧﺒﺎﺗﺎت اﻟﺰﯾﻨﺔ وﺗﻐﯿﺮ اﻟﻤﻨﺎخ
ﻋﯿﺪ ﻣﺤﻤﺪ ﻗﺮﯾﺶ
 ﻣﺼﺮ، اﻻﺳﻤﺎﻋﯿﻠﯿﺔ، ﺟﺎﻣﻌﺔ ﻗﻨﺎة اﻟﺴﻮﯾﺲ، ﻛﻠﯿﺔ اﻟﺰراﻋﺔ،ﻗﺴﻢ اﻟﺒﺴﺎﺗﯿﻦ
 وﻋﺎدة ﻣﺎ،ﯾﻌﺘﺒﺮ اﻟﻨﺘﺢ ﻓﻲ اﻷﺷﺠﺎر أﺣﺪ اﻟﻮﺳﺎﺋﻞ اﻟﺘﻲ ﺗﺴﺘﺨﺪﻣﮭﺎ اﻟﻨﺒﺎﺗﺎت ﻟﺘﻨﻈﯿﻢ درﺟﺔ اﻟﺤﺮارة ﻓﻲ اﻷوراق
. ﻣﻊ وﺟﻮد اﺧﺘﻼﻓﺎت ﻧﻮﻋﯿﺔ ﺑﯿﻦ اﻷﺷﺠﺎر،ﯾﺸﻌﺮ اﻹﻧﺴﺎن ﺑﺮودة ﺣﻮل أو ﺗﺤﺖ اﻷﺷﺠﺎر ﻣﻘﺎرﻧﺔً ﺑﺄﺷﻌﺔ اﻟﺸﻤﺲ اﻟﻤﻔﺘﻮﺣﺔ
 و۸۰۰۰) أﺟﺮﯾﺖ ھﺬه اﻟﺪراﺳﺔ ﻓﻲ ﻣﺪﯾﻨﺔ اﻹﺳﻤﺎﻋﯿﻠﯿﺔ ﺑﻤﺼﺮ ﺑﮭﺪف اﻟﺘﻌﺮف ﻋﻠﻰ آﺛﺎر اﺳﺘﺨﺪام اﻟﻤﯿﺎه ﻋﺎﻟﯿﺔ اﻟﻤﻠﻮﺣﺔ
 وﺗﺄﺛﯿﺮ ھﺬه اﻷﺷﺠﺎر ﻋﻠﻰ ﺗﻘﻠﯿﻞ درﺟﺔ، ﺟﺰء ﻓﻲ اﻟﻤﻠﯿﻮن( ﻟﺒﻌﺾ اﻷﺷﺠﺎر وﺗﺄﺛﯿﺮھﺎ ﻋﻠﻰ ﻣﻌﺪﻻت اﻟﻨﺘﺢ۱٦۰۰۰
 ﻛﺎﺳﯿﺎ، اﻟﺨﯿﺎر ﺷﻤﺒﺮ، ﺧﻒ اﻟﺠﻤﻞ: ﺗﻢ اﺳﺘﺨﺪام اﻷﺷﺠﺎر اﻟﺘﺎﻟﯿﺔ ﻓﻲ اﻟﺪراﺳﺔ.اﻟﺤﺮارة ﻟﻠﺘﻐﻠﺐ ﻋﻠﻰ ﻣﺸﻠﻜﺔ ﺗﻐﯿﺮ اﻟﻤﻨﺎخ
 أوﺿﺤﺖ اﻟﻨﺘﺎﺋﺞ ان ﯾﻜﻮن اﻟﻄﻘﺲ أﻛﺜﺮ. اﻟﻔﯿﻜﺲ رﯾﺘﻮزا واﻟﻤﺎھﻮﺟﻨﻲ اﻷﻓﺮﯾﻘﻲ، اﻟﻜﺎﻓﻮر اﻟﻌﺎدي ﻛﺎﻣﺎﻟﺪوﻟﯿﻨﺴﯿﺲ،ﻧﻮدوزا
 درﺟﺔ٥٫۳  درﺟﺔ ﯾﻠﯿﮭﺎ اﻟﻜﺎﻓﻮر ﺑﻤﻘﺪار٦٫٥ ﺑﺮودة ﺑﺸﻜﻞ ﻋﺎم ﺣﻮل اﻟﺨﯿﺎر ﺷﻤﺒﺮ ﺣﯿﺚ اﻧﺨﻔﻀﺖ درﺟﺔ اﻟﺤﺮارة ﺑﻤﻘﺪار
.  اﯾﺎم ﻣﻦ اﻟﺮى۸  و٤ و۲  ھﺬا اﻻﻧﺨﻔﺎض ﻓﻲ درﺟﺔ اﻟﺤﺮارة ارﺗﺒﻂ ﺑﻤﻌﺪﻻت ﻧﺘﺢ ﻋﺎﻟﯿﺔ ﻋﻨﺪ اﺳﺘﺨﺪام اﻟﻤﺎء اﻟﻤﺎﻟﺢ ﺑﻌﺪ.
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وﯾﻤﻜﻦ اﻟﺘﻮﺻﯿﺔ ﺑﺎن اﺳﺘﺨﺪام اﻟﻤﺎء اﻟﻤﺎﻟﺢ ﻓﻲ رى ﻧﺒﺎﺗﺎت اﻟﺰﯾﻨﺔ ﻓﻲ اﻟﺤﺪاﺋﻖ اﻟﻌﺎﻣﺔ وﺳﯿﻠﺔ ﻓﻌﺎﻟﺔ ﻓﻲ ﺧﻔﺾ درﺟﺎت
اﻟﺤﺮارة .أظﮭﺮت اﻟﻨﺘﺎﺋﺞ ﺗﻔﻮق ﺑﻌﺾ اﻷﺷﺠﺎر ﻓﻲ ﻛﻔﺎءﺗﮭﺎ ﻓﻲ اﻟﺘﺨﻠﺺ ﻣﻦ ﺛﺎﻧﻲ أﻛﺴﯿﺪ اﻟﻜﺮﺑﻮن ﺑﺎﻟﺘﺮﺗﯿﺐ اﻟﺘﺎﻟﻲ :اﻷﻋﻠﻰ
اﻟﻔﯿﻜﺲ ﻟﺴﺎن اﻟﻌﺼﻔﻮر ) (٪۸۷٫٦٥ﺛﻢ ﺧﻒ اﻟﺠﻤﻞ ) (%۷۳٫۷٦ﺛﻢ ﻛﺎﺳﯿﺎ ﻧﻮدوزا ) (%۸۱٫٥۳ﺛﻢ اﻟﻜﺎﻓﻮر ﻛﻤﺎﻟﺪﯾﻮﻟﻨﺴﺲ
) (%۸۰٫۱٥ﺛﻢ اﻟﻜﺎﯾﺎ ) (%۷۹٫۰٤ﺛﻢ اﻟﻜﻮرﯾﺰﯾﺎ ) (%۷۳٫۲۹ﺛﻢ اﻟﻜﺎﺳﯿﺎ ﻓﺴﺘﯿﻮﻻ ) (%۷۲٫٥٤ﺛﻢ اﻟﺒﻮﻣﺒﺎﻛﺲ )(%۷۲٫۳٤
ﺛﻢ اﻹرﺛﺮﯾﻨﺎ ) (%۷۱٫۸۱ﺛﻢ اﻟﻔﯿﻜﺲ ﻧﺘﺪا ) (%۷۱٫۳۳ﺛﻢ اﻟﺘﯿﻦ اﻟﺒﻨﻐﺎﻟﻲ ) (%٦۷٫۲۰وﻓﻲ اﻟﻨﮭﺎﯾﺔ اﻷﻗﻞ ﻛﻔﺎءة أﺷﺠﺎر أﺑﻮ
اﻟﻤﻜﺎرم ).(%٦٥٫۹۹
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