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ABSTRACT

A lath house study was performed in order that understand the adjustment responses to three different
water conditions of Platanus orientalis L. seedlings trying to make them able to adjust to new under
dry conditions. Eight months seedlings were exposed to three water regimes (90, 60 and 30% water
holding capacity [WHC]) were used r with a completely randomize design. The following parameters
were measured; seedling height, leaf area, total chlorophyll content in the leaves, root length, root to
shoot ratio, total dry mass, and leaf area ratio. It is found that water stress significantly reduced height
and base diameter of seedlings, total chlorophyll per leaf, biomass allocation. The highest mean of leaf
area, chlorophyll content, total dry mass, and moisture content were found under the treatment of 90%
and 60% (WHC). However, the highest mean in root length was obtained under 30 % of (WHC). The
data show that 30 % of (WHC) reduce seedling growth of P. orientalis L., on the other hand, seedlings
showed positive responses to 90% and 60 of (WHC) in this research. Variations in root length can be
used as an indicator for planting this species and tree development under drought stress condition.
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INTRODUCTION

Oriental plane (Platanus orientalis 1..) belongs to Platanaceae
family. It is native to southeast Europe and southwest Asia.
It is a deciduous tree with a spreading crown and growing
up to height with 30 m. Young branches are yellow-brown
and hairy, however with getting older branches are become
hairless. Leaves are intensely divided into 3, 5 or 7 lobes
with coarsely toothed margins. Flowers are inconspicuous;
however are bear in dense, spherical clusters hanging down
on along peduncle which is called stalk (Tree Guide, 2020).

An increase in atmospheric greenhouse gases that cause
tise in the Earth’s surface temperature to 0.74°C due to
climate change (IPCC, 2007). In dry areas of the world
because of a combination of declining water supply and
soil nitrogen (N) concentrations are commonly notable for
their low primary productivity (Peek and Forseth, 2003). An
extreme episode of climate change may possibly take on the
adaptive ability of plants with decreased ability of plant’s to
cope with changes in its environment (Leimu et al., 2010).
Water limitation is projected to have a negative effect on
growth of native plants (Theurillat and Guisan, 2001).
In addition, drought stress mainly causes decreasing in
photosynthesis, which is the key mechanism of primary
metabolisms and productivity (Chaves et al., 2009). Water
content in a soil is a fundamental factor determining
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morphological characteristics such as the diameter of trees
(DBH) (Orwig and Abrams, 1997) and as well as tree height
(Koch et al., 2004).

It is well known that plants can have a short term
physiological responses to water limitation. Water stress
condition also alters in leaf chlorophyll content is a
short-term reaction to drought stress, and it could be a
source of making modification of stress condition (Ahmadi
and Ceiocemardeh, 2004). According to Baker (2008) that
water limitation stress can reduce chlorophyll concentration
and cause a reduction in photosynthesis process and
subsequently reduced plant growth. Rainfall may affect
the photochemical action of chloroplasts as documented
by Guo-Shun (2003), with water being the source used
for transporting nutrients in plants, such as mineral salts
to be absorbed by plants need to be dissolved in water (Li
et al., 2018). Chlorophyll synthesis and water content are
closely interrelated. During the period of water deficiency
in leaves affects the synthesis of chlorophyll and increase
the decomposition of chlorophyll, and expediting leaf
yellowing (Li et al., 2018).

In Erbil city, P. orientalis L. is widely used for planting a
long side roads and parks for providing ecological benefits
such as shading, shelter for wildlife birds and other health
benefits. It has been used as an ornamental tree in gardens
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and parks. Due to amount of rainfall in Erbil city is under
variation every year. To plant this species and increasing
plantation for providing ecological and recreation services.
The objective for the present study was to determine the
influences of different watering treatments during the
hardening phase on morphology and physiology traits
of the Plane tree seedlings under prediction of reducing
amount of winter rainfall.

MATERIALS AND METHODS

Description of the Experiment

The study was conducted in the lath house in Grdarasha
field of the college of Agricultural Engineering Sciences,
Salahaddin University, Erbil Kurdistan region, Iraq.

Plant materials

The seedlings of plane tree (P. orientalis 1..) were used at
8 months old approximately their height ranged 30—40 cm.
Seedlings were transplanted from plastic bags into plastic
pods before conducting an experiment. Loamy soil was
used for seedling growth. They were subjected to water
limitation with different treatments for 60 days.

Determination of field capacity (FC)

A pot trial was also determined the FC of disturbed soil
as follows. A pot was taken that used in the experiment.
A surface of potwas cover by thin plastic film with proving
several holes at bottom of pot to drain free water, but soil
particles must not remove with drain water. Take a 7 kg
of soil in pot. The pot soil was saturated for several hours
with excess water consequently, all micro pores will filled
up by water and cover the top of pot to avoid evaporation.
When the gravitational water will seize (overnight), weigh
net weight of moist soil was evaluated then the amount
of water held by soil was calculated for example, 100%
FC. Subsequent calculate Water held at 80 and 90% of FC.

Experiment design and statistical analysis

The study was conducted as a simple experiment in a
complete randomized design with one factor and three
levels of drought was conducted. Bearing three drought
stress levels; DO; 90% or full water holding capacity (WHC),
D1; 60% of WHC and D2; 30% of WHC distributed
into five replications of experimental units over all 15
experimental units were used. The mean of 3 data were
compared using Duncan’s multiple range test DMRT IBM
SPSS Statistics version 25 was used to analyze the data.

Studied Parameters

After 8 weeks between (10 September, 2020 and
10 November, 2020) of the growing period the following
parameters were estimated:
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The percentage of seedling mortality and survival:
According to Engelbrecht et al. (2005) mortality and
survival were calculated from below equations

Mortality =%x 100

Survival =N—8 x100
NO

N

0
N,= number of survival seedlings after 8 weeks

= number of seedlings at the beginning research

Seedling height (cm)
The seedling heights (cm) were measured from the base
of seedling to terminal buds.

Shoot fresh and dry biomass

To calculate the fresh (FW) and dry (DW) weights of the
biomasses, a digital balance was used. For DW determination,
samples were oven-dried at 72°C in the oven until a constant
weight of leaves and shoots (g) were obtained.

Total chlorophyll content in the leaves was
measured by the use of at leaf chlorophyll meter
STD handle

It is a powerful, handheld, easy to use device for non-
invasively measuring the relative chlorophyll content of green
leaf plants. Measuring system is an optical density difference
at 2 wavelengths (640 nm and 940 nm) and a device calculate
numerical SPAD value which is proportional to the amount
of chlorophyll present in the leaf. The chlorophyll content
is simply measured by placing the leaf into the aperture of
the device (Mendoza-Tafolla et al., 2019).

Leaf area (cm?) was estimated from below equation
LA = 20.912199+0.408927*(L*W) (Sabr, 2020) where,
L = leaf length, W = leaf width.

Root to shoot ratio
This was calculated by dividing root dry weight by shoot
dry weight.

Root length (cm)
Root length was measured using of ruler from the base of
vegetative growth to the end of root tip.

Leaf area ratio (LAR) was calculated from the
following equation
LAR = leaf area/total plant biomass

Moisture content (M%)

The moisture content of shoots and roots were calculated
depending on fresh weight (F'W) and dry weight (DW) of
seedlings (Zhou and Qiu, 2005).
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FWw -DW

M %= *100

RESULTS AND DISCUSSION

Even though, all seedlings still alive under water stress
condition from the present finding data which is related
to watering treatments. For the period of reducing water
content in the soil a significant reduction was found for
seedling height under 30% of (WHC) treatment. The
highest values were obtained (45.2 cm), while the lowest
mean were recorded in the D2 treatment (43.40 cm)
[Table 1] [See Appendix 1]. In addition, it is found
that seedling leaf area and total chlorophyll per leaf
were significantly increased under well water condition
demonstrating the development of leaf morphology and
physiology parameters. However, these measurements
were significantly decreased with the treatment of 30% of
(WHC) with the highest data were recorded for DO (83.7
and 35.2 per leaf), whereas the lowest means were obtained
in the treatment of (D2) [Table 2] [See Appendix 2].
Table 3 demonstrates measured physiological parameters
of P. orientalis 1. seedlings. The results from the end of
the experiments indicates that a significant differences
were found for total dry mass, LAR and moisture content
(MC%) with the treatment of 90 and 60% of (WHC), while
under drought condition with 30% of (WHC) a significant
increase was found for both root length and root to shoot
ratio compare to other treatments [Table 3]. Furthermore
for the last mentioned parameter (R/S) seedling grown
under 60% (WHC) showed the lowest mean value (1.406)
in comparison to (D2) [See Appendix 3].

A number of tree functions are an able to act in natural
way, when soil water is progressively decreased. Mainly,
the drought condition treatment resulted in wilting leaves
but not mortality thus most of the seedlings were survived
personal observation. Levitt (1980) stated that there
are two processes plants can resist drought condition.
Whole-plant responses to water stress range from stomata
closure to increased root/shoot ratio, leaf area reduction.
Such that mechanisms either increase water availability or
reduce water loss, in that way increasing plant water-use
efficiency but decreasing biomass productivity (Levitt,
1980). First and foremost trees avoid water limitation
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through adjustment of morphological and anatomical
parameters even though with decreasing efforts in the
environment to which trees are not covered to preserve
favorable internal water potential (Barnes et al., 1997).
As documented by Tyree et al. (2003) that adjustment
through physiological processes such as mechanism of
desiccation tolerance is one of the essential features for
seedling survival under dry condition. Apart from a study
was that the effect of water stress on morphological
features was very important in P. orientalis L. seedlings.
Seedlings from D0 and D1 showed higher mean seedling
height as compare to water stress condition. The results
are in accordance with other studies such as Royo and
Pardos (2001) on Pinus halepensis Mill. Tree. Similar results
have been documented in other tree species, for example
Quercus suber L. seedlings (Puértolas et al., 2008), Picea
asperata (Yang et al., 2008), Populus cathayana (Lu et al.,
2009), Abies fabri (Yang et al., 2013), and Brachychiton
populnens (Karim et al., 2020).

Leaf area and total chlorophyll content decreased
significantly because of drought treatments when the
highest levels were obtained in the control (D0). Acclimation
to slowly decreasing soil water availability occurs before
the commencement of tissue dehydration and results in
physiological and morphological adjustments that improve
plant water balance (Pereira and Chaves, 1993). A plant’s
ability to prolong moderate stress or postpone severe
stress and thereby maintain a more favorable leaf water

Table 1: Effects of drought treatments on mortality,
survival, seedling height measurements

DO 0 100 45.20°
D1 0 100 45.40%®
D2 0 100 43.40°

D0=90% or full water holding capacity (WHC); D1=60% of WHC and;
D2=30% of WHC. The values with the same letters were not significantly
different among means according to the Duncan’s multiple range

Table 2: Effect of drought treatments on morphology and
physiology of leaf measurements

DO 12.882 12.022 83.72 35.22
D1 10.80° 9.00° 65.4° 32.0°
D2 10.12° 7.98° 55158 25.80°

The values with the same letters were not significantly different among
means according to the Duncan’s multiple range

Table 3: Effects of drought treatments on root length, total dry mass (g), moisture content (%), root to shoot ratio and

leaf area ration measurements

DO 31.0° 14.282
D1 36.1° 12.93°
D2 39.42 8.85°

54.20° 1.482 6.612
56.80% 1.46° 4.50°
50.60° 1.842 6.792

The values with the same letters were not significantly different among means according to the Duncan’s multiple range
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status during the first phase of a drought may enable the
plant to avoid damage by severe water stress later on (Silva
et al, 2004). Ranjbarfordoei et al. (2000) stated that as a
result of water limitation condition energetic status of the
chloroplast enhances which has a direct relationship to that
of increased amount of total chlorophyll and chlorophyll a
and chlorophyll b between the stressed stimulated verities.
The same results for determination of total chlorophyll were
found under mild to severe water stress by Ahmadikhah and
Marufinia (2016). Wright et al., (2004) stated that it may be
due to that leaves are the most important photosynthetic
and biological structure of plants An increase in density
of foliar tissue with lower specific leaf area and decrease in
net CO, assimilation rate were also found in leaves of Ol
europaea cv. tree (Guerfel et al., 2009). In addition, as water
availability decreased the size of leaves tends to reduce as well
(Cramer etal., 2009). In general plants grown under hot and
dry environment and at high intensities of sun light leaves
with smaller sizes are taking beneficial with higher efficiency
energy gas exchange ability (Tozer etal., 2015). As mentioned
above that leaves are the most important photosynthetic
structure leaf sizes such as leaf width and length and leaf
area greatly influence a different of biological mechanisms,
for example, plant growth and survival (Tozer et al., 2015).

The present study showed that higher biomass production,
moisture content and LAR were significantly increased
in 90% of WHC condition. Patterson et al. (1997) stated
that characterized by adaptation restraints in morphology
parameter could be the main mechanism by which this
species can survive with in drought condition stress. The
results were in agreement with other previously studies
for example, for arid ecosystems (James et al., 2005)
and for Kurrajong tree seedlings by Karim et al. (2020).
Furthermore, under water stress condition plants frequently
diminish biomass allocation into root biomass in order
that reduce utilization and absorption more water from
the soil, so that are able to preserve a higher root to shoot
ratio (Villagra and Cavagnaro, 2006). A higher mean root
length was found under water limitation treatments. Root
systems can be defined that as a complex and characterized
by constant change structures, thus water absorption
may be restricted by the amount of roots distribution
in a special soil layer and further improvement of root
growth can enhance drought-tolerance (Klepper and
Rickman, 1990). An increase in root length were greater
in water-stressed seedlings as compare to well-watered
seedlings, demonstrating that decreasing water availability
had less effect on root growth than on leaf growth (Hsiao
and Xu, 2000). It is also documented in an investigation
by Kozlowski and Pallardy (2002) that under drought
condition the length and quantity activity of root system
as well as increased. Improved dry mass allocation to
roots may be resulted from a drought-induced reduction
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in the sink strength of the aboveground plant tissues,
making more assimilates available for root growth (Silva
et al., 2004). Correspondingly, comparing two clones of
Populus tree that tolerate clones showed higher carbon
allocation to roots biomass throughout the duration of
the early seedling stage of drought stress (Tschaplinski
etal, 1998). Water deficit mostly reduced leaf growth and
increased at least relatively dry matter allocation into the
root fraction, leading to a significant raise of root mass into
foliage area ratio or root/shoot ratio under drought stress
(Yin et al., 2005). The data found were also in agreement
with this theory of that decreased seedling leaf area was
to achieve aim water stress avoidance for the seedlings
by reducing transpiration (Villagra and Cavagnaro, 2000).

CONCLUSION

The data from present study showed that an increase
drought stress was significantly influenced morphological
and physiological parameter of P. orientalis 1. Water stress
condition is a conventional method to develop performance
of this species seedling in water stress areas. Higher biomass
was found in less than 90% of SWHC. However, decreasing
soil water holding with less than 60% significantly effect
on growth performance of seedlings, but the root length
feature is accepted to be more water deficit tolerance.
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APPENDIX

Appendix 1: ANOVAs table for the studied parameters of
Platanus orientalis L. seedlings




