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ABSTRACT: The experiment for evaluate the effect of drought and salinity stresses on the morphological
behaviours of Afghan redbud seedlings was done in Torogh nursery in Iran country. This study was conducted in a
completely randomized design; without stress (tap common water in the nursery- EC 0.8 dS m™), drought stress (four
days a time irrigation) and salt treatment (EC 12.03 dS m™). During the summer, morphological traits were measured
and calculated. Result showed that height seedling after 60th until 70th day significant at the (p<0.05) level and
significantly at (p<0.01) levels at the end of growth period under the drought and salinity conditions. Leaf area at the
end of growth, leaf area growth and leaf area reduced significantly at (p<0.01) in comparison with control treatment.
The result indicated that effect of time x drought interaction for height, diameter, number of leaves and leaf area was not
significant. The result indicated that effect of time x salinity interaction for height, diameter and number of leaves was
not significant but for leaf area had significant difference at (p<0.05) level. We used four days a time by irrigation and
saline water in nursery less than EC 12.03 dS m' for economy well water in arid and semi-arid region.
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Drought and salinity, the major abiotic stresses, are the
main  factors determining global vegetation
distribution in the forestry and agricultural sector.
Plants are often exposed to environmental stresses
through a life cycle. Water stress caused by high
salinity and drought is one of the serious factors to
limit plant productivity (Ueda et al., 2007).

Effects of salinity are more conspicuous in arid and
semi-arid regions, which are characterized by limited
rainfall,  high  evapotranspiration, and  high
temperature. Crucial changes in ion and water
homeostasis caused by high concentrations of salts
lead to damage at the molecular level, arrested growth,
and even death. Salinity reductions can have
particularly strong effects on distribution, behavior
and survival in such environments (Tijen and Ismail,
2006).

The impact of drought on the hydraulic traits of plants
has drawn increasing attention. According to the
cohesion—tension theory (Steudle, 2001), water moves
through the xylem under tension (negative pressure)

during transpiration. Therefore, rapid transpiration
during the drought season increases the risk of xylem
cavitations.

Normally in several studies is proven to reduce the
growth morphology of plants to drought and salinity
stresses.

Griffin (2002) studied the effect of heat and drought
on photosynthesis and water relations of Cercis
canadensis var. canadensis and C. canadensis var.
mexicana. Both ecotypes proved to be extremely
drought resistant. The rate of net photosynthesis
decreased at a similar rate in both ecotypes but
Mexican redbud maintained generally greater net
photosynthetic rates than eastern redbud. Mexican
redbud also maintained greater water use efficiency
under increasing drought than C. canadensis var.
canadensis. It had a high rate of net photosynthesis
and did not immediately reduce stomatal conductance
during drought stress. It was also observed that the
Mexican redbud tended to shed leaves under severe
drought conditions. The frequently reported solute
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accumulation in drought stressed plants did not occur.
Osmotic potential at full turgor was unaffected by
drought in both redbud ecotypes. Tabatabaei et al.,
(2014a) study of drought stress response in Celtis
caucasica Willd showed average height, number of
leaves, leaf area, shoot length and leaf area ratio in the
drought treatment was significant by stress condition.
Tabatabaei et al., (2014b) in Celtis caucasica
seedlings indicated that under salt stress (EC 12.03 dS
m™) height growth, number of leaves, leaf area at the
end of growth period and leaf area growth were
significantly different in comparison with control
treatment. Results of repeated measures analysis
showed that effect of time salinity interaction for
diameter was not significant but for height and leaf
area had significant difference.

The genus Cercis belongs to the subfamily
Caesalpinioideae of the large plant family Fabaceae
(Leguminosae-legume family). The genus Cercis
currently includes ten recognized species scattered
widely across the warm, north-temperate zones of
North America and Eurasia (Fritsch et al., 2009).
Cercis L. (Redbud or Judas tree) are trees or shrubs of
small to medium size with alternate, undivided, heart-
to kidney-shaped, toothless leaves with five to nine
conspicuous veins radiating from their base. Cercis
griffithii, the Afghan redbud, is native to Afghanistan
(Raulston, 1968) and described to be very similar to
and considered by some an ecotype of C. siliquastrum
(Raulston, 1990).

Islamic Republic of Iran is located at the arid and
semi-arid region of Asia. Also, some global predicted
map for 2025 showed that Iran will be in the driest
classes’ countries. Thereupon, study and various tests
associated with forest trees are essential to the water-
economy, conservation and development of natural
resources.The present work is the first study reporting
salinity (water source of KavirPark-Civil Gonabad
with EC 12.03 dS m™") and drought stresses on the
morphological traits of Cercis griffithii seedlings in
the study region and world, which is essential for
guiding future management strategies for economy
well water and used salt water for irrigation resistance
species.

MATERIALS AND METHODS

Experimental design: In this study the effect of
drought and salinity stress on morphological
characteristics Cercis griffithii Boiss. 1872 species that
seed from accessions were used in Khorasan Razavi in
Iran to produce the mother plants (Fig. 1). The
experiment was carried out in Torogh nursery,
Mashhad city (the length of 59°38'00" geographical
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Eastern and 36°16'00" north latitude, altitude 990
meters and area is approximately 64 ha). Seedlings
after transfer to pots containing sandy loam, up to
three months in terms of the usual nursery of irrigation
were in the well water treatment (every two days).
Then physical experiments for determining relative
particles (percentage of clay, silt and sand) were
performed using the hydrometer Baykas on particles
smaller than two mm,; tested soil characteristics are
given (Table 1). From early summer treatments was
conducted on C. griffithii seedlings to the drought
conditions (four days a time by irrigation), salinity
stress (water source of KavirPark-Civil Gonabad with
EC 12.03 dS m” in table 1) and without stress (a
common method of irrigation nursery two days, each
time 150 ml day™.). This study was conducted in a
completely randomized design with eight replicates
during the summer (dry part of growth season).
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Fig. 1: Map of Khorasan Razavi in Iran Khorasan Razavi in Iran

Measurement of growth parameters: Stem growth
characteristics were every ten days monitored by
measuring length (from substrate surface to the apical
meristem), diameter (at the base) and by counting the
number of leaves and leaf area per month, so that the
base of each treatment, five selection seedling and
each seedling five leaf selection of basic randomized
to using AutoCAD 2013 software, in meters squared
size was measured. Three plants were harvested at the
end of the experiment in early fall and divided into
leaves, stem and roots fresh weight was calculated.
Biomass samples were dried (70°C, 48 h) to constant
and weighed.

Root to shoot ratio between the shoot and root dry
weight. Leaves to shoot ratio to obtain the dry weight
of the leaves and shoot, the ratio was calculated. Leaf
area ratio an index of the amount of spilled leaves the
plant. For each plant the ratio between total leaf area
and dry weight. The quotient is the ratio of leaf area,
but the term has become more common. Specific leaf
area is a measure of leaves. For each plant the ratio
between total leaf areas and total dry weight of leaves.
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Leaf weight ratio is a measure between the total dry
weight of leaves and total dry weight (Karimi and
Azizi, 1994) and Slenderness index between height
average to diameter average (Taheri Abkenar and
Pilehvar, 2009).

Statistical methods: The experiment was arranged in
the base of completely randomized design. The
normality tested by (Kolmogorov-Smirnov) using
SPSS version 19. Data collected were subjected to
Analysis of Variance (ANOVA); mean comparison
was carried out using Duncan multiple comparison
tests with significant results were assumed for p<0.05,
replication analysis measurements of height, diameter,
leaf number in ten and leaf area in three time times
calculated with four different multivariate tests (Wilks'
Lambda, Pillai's Trace, Hotelling-Lawley Trace and
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Roy's Greatest Root) and ANOVA of nonlinear
regression using the statistical software SAS version
of the 9.1. Diagrams were drawn using the Excel
software for growth average between height, diameter,
leaf number and leaf area was conducted by stress
condition initiation until end of the experiment.

RESULTS AND DISCUSSION

Analysis of variance indicated those terms of height
seedling in 60" and 70" day significant at the 0.05 and
80" and 90" at the 0.01 level and 0.05 level in leaf
area growth, leaf area ratio and leaf area under the
drought and salinity conditions. Results the
comparison mean indicated that in all traits has
significant decreased in the drought and salinity stress
as compared with control (Table 2).

Table 1- Characteristics of soils in (0-30 cm) experiment start and source water KavirPark-Civil Gonabad

Soil properties

H EC bulk density Soil Sand Silt Clay Organic matter Moisture P K*
P (dS/m) (g/m3) texture (%) (%) (%) (%) (%) (mg/kg) mg/kg)
74 6.61 1.42 Sandy 67 23 10 1.04 9.8 54.8 353 -
loam
Water properties
E.C, Soluble cations soluble anions
pH (dS/m) (me/l) (me/l)
Ca*’+Mg" Ca*? Mg* Na* K* HCO; +CO;~ CO;2 HCO; 50,2 50,2
7 12.0 20 10.7 9.3 101. 0 3.7 Non 3.7 50 67
Table 2- ANOVA results and mean comparisons morphological traits; Mean+SE.
Morphological Mean F- L
traits Day Square value Control drought Salinity
60" 34.12 4.67% 18.75+0.83% 16.50+0.73*F 14.62+1.22°
. 70" 38.54 5.13% 19.00+0.88" 16.50+0.73*8 14.62+1.22°
Height (cm)
80" 46.17 6.66%% 19.00+0.84* 16.50+0.73" 14.75+1.22°
90" 48.79 6.77%% 19.62+0.90* 16.50+0.73" 14.75+1.22°
Leaf area growth - 181.29 2.99% 2.25+4.24 -3.87+1.5248 -7.1241.56°
Leaf area ratio - 0.000019 12.43%  0.007+0.0012*  0.002+0.00036®  0.002+0.00079%
Leaf area (m?) 3rd month 0.00015 4.42%  0.017+0.0037*  0.009+0.0013"®  0.006+0.0023"

# p<0.05 and ** p<0.01.
Table 3- Analysis of multivariate tests in effect treatmentxtime morphological traits treatment

Treatment Morphological Wilks' Pillai's Hotelling-Lawley Roy's Greatest
traits Lambda Trace Trace Root
. 0.60 0.39 0.66 0.66
Helght (cm) 133" 133" 133" 133"
Diameter (mm) 0.73'“ 0.26m 036'“ 036'“
Control-Drought 0.72' 0.72' 0.72 0.72
No. of leaves 0.03 0.96 28.45 28.45
711" 711" 7.11™ 7.11™
Leaf area (m?) 0.53 0.46 0.87 0.87
3.06™ 3.06™ 3.06™ 3.06™
. 0.39 0.60 1.51 1.51
Helght (cm) 173" 173" 173 173
Diameter (mm) 0.78 ) 0.21 ) 0.28 ] 0.28 ]
Control-Salinity 0.56" 0.56" 0.56" 0.56"
No. of leaves 0.23 0.76 3.20 3.20
0.80"™ 0.80™ 0.80™ 0.80™
Leaf area (m?) 0.38 0.61 1.57 1.57
5.50% 5.50% 5.50% 5.50%

ns: Not significant and * p<0.05. The number of second rows for each term showed statistics equivalent F.
Table 4- Nonlinear regression model growth for morphological traits

Morphological traits Treatment R? R Std. error VIF
Control 93.50% 0.96 0.55 1.0
Height (cm) Drought 87.41% 0.93 0.21 1.0
Salinity 81.86% 0.90 0.08 1.0
Control 97.64% 0.98 0.02 1.0
Diameter (mm) Drought 91.67% 0.96 0.01 1.0
Salinity 97.20% 0.98 0.01 1.0
Control 57.93% 0.76 0.53 1.0
No. of leaves Drought 62.55% 0.79 0.15 1.0
Salinity 93.69% 0.97 0.64 1.0

x= Measurement time and y= Height, diameter and

No. of leaves traits; Variance Inflation Factor (VIF)
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Repeated measures analysis of such statistics, Wilks'
Lambda, Pillai's Trace, Hotelling-Lawley Trace and
Roy's Greatest Root of the timextreatment
morphology traits of the measures indicated that the
height, diameter, leaf number and leaf area of the
control-drought treatment there is no significant
difference; and indicated that the height, diameter and
leaf number of the control-salinity treatment there is
no significant difference but in leaf area showed
significant differences at the 0.05 level (Table 3).

End of the growth period showed average height and
diameter growth, leaf number and leaf area in drought
and salinity stresses value of decrease. Height growth
in drought and salinity in 60" day decrease
significantly (p=0.0210) as compared with control
treatment and the end of the experiment period showed
significant (p<0.0001, p=0.0004 and p=0.0106)
control, drought and salinity treatments, respectively.
In controls showed a diameter growth from beginning
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to end of the experiment increase gradually significant
(p<0.0001) in three treatments. Effect of leaf fall from
beginning to end of the experiment period was
significant indicated (p=0.0108, p=0.0312 and
p<0.0001) in control, drought and salinity treatments,
respectively and decrease leaf area in drought and
salinity stresses as compared with non-stress treatment
showed significant in third month (p=0.0365) between
control, drought and salinity treatments, respectively.

As it has been shown is in (Table 4) the final nonlinear
regression model, the coefficient of determination,
correlation coefficient, standard deviation error and
variance inflation factor without stress and drought
and salinity stresses treatments for morphological
traits characters of height, diameter and leaf number.
Polynomial growth curve with a slope showed,
reducing the impact of drought and salinity on growth
traits height, diameter, leaf number and leaf area (Fig.
2).

Stem diameter (mum)

0 1020 3040 50 60 70 80 90

| @Control
| Drouzht

50 80
Time (days)

Fig. 2: Average growth rates over time for stem length, stem diameter, leaf number and leaf area of C. griffithii subjected to varying effect of
drought stress. Day 0 represents the first day the experimental treatments were applied

Effects of drought stress on morphological traits: In
this study it was observed that the heights, leaf area,
and specific leaf area in drought and salinity stresses
compared to the control decreased significantly.

Stem length was decreased in seedlings under drought
stress. Similar results were observed in Populus x
euramericana seedlings (Marron et al., 2002) and
Celtis caucasica seedlings (Tabatabaei et al., 2014a).

Leaf area was decreased in pine seedlings (Sword
Sayer et al., 2005).

Reduction in shoot length, leaf area and plant dry
weight and leaf fall signs of growth decrease is a
drought stress response. The lack of moisture in the
soil water osmotic potential becomes more negative
Shoots and leaves when water is supplied to the roots,

Tabatabaei, SAH; Esmaeili, SM; Agheri, M; Jalilvand, H; Ahani, H



Morphological Adaptation of Cercis Griffithii Seedlings

as they continue to grow. Also materials provide the
root from the shoot, as they continue to grow. In case
of water shortage, the balance was change and reduced
leaf number but photosynthetic activity, to be
comforted are less affected (Jalili Marandi, 2010). In
dry conditions the less growth fluffs on the leaf
epidermis. The number of stomatal per unit leaf area
increases. Reduction in leaf area as soil water becomes
limiting is achieved through reduction in leaf size, leaf
rolling or leaf shedding, thus reducing the transpiring
leaf surface, but with significant negative impact on
carbon gain and overall plant productivity (Jones,
1992).

Leaf fall can be caused by water shortages and reduce
the level of transpiration way to resist is dry. This
increase in plant adaptation to drought; ethylene
produced by stress, such as a secondary messenger for
reactions to plant operation. Ethylene synthesis could
be a dominant process and increasing density
polyethylene reduced auxin transport in the petiole of
the leaf area is subject to separate. Leaf fall reduced
leaf area and the operation of the plant efficiently
susceptible to water balance (Jalili Marandi, 2010).

Effects of salinity stress on morphological traits:
Salinity had effects on morphological parameters such
plant height, number of leaves, root length and shoot
to root ratio etc.

The roots and shoots length are important parameters
in plant. Because of roots have direct contact with soil
and absorb water from the soil and shoot conduct it to
the parts of the plant. Therefore, length of shoots and
roots is a good scale for responses of plant to salinity.

Thus salinity reduces growth, cell size and the result
due to exit of water from the plant cell and reduced the
size of plant organs (Baghbani et al., 2013).

The conduction of field trial in a salinity area is one of
the most important practices to evaluate the salt-
tolerant ability of many plant species such as poplar
(Sixto et al., 2005), Eucalyptus (Morris et al., 2006)
and Celtis caucasica seedlings (Tabatabaei er al.,
2014b).

When a plant is exposed to high salinity, its major
processes such as photosynthesis, protein synthesis,
and energy and lipid metabolism are affected. Crucial
changes in ion and water homeostasis caused by high
concentrations of salts lead to damage at the molecular
level, arrested growth, and even death (Tijen and
Ismail, 2006). The plant hormone abscisic acid (ABA)
plays a critical role in responses to drought and high
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salinity stress signals. It is thought that osmotic stress
imposed by high salt or drought is transmitted through
at least two pathways; one is ABA-dependent and the
other ABA independent (Mahajan and Tuteja, 2005).

Conclusion: In summary, it is concluded that water
management influence on the quality of Judas tree
(Cercis griffithii Boiss. 1872) seedlings, as it altered
morphological characteristics. All of the above result
indicated that drought and salinity stresses
significantly affected relative heights, leaf area and
leaf area ratio in drought and salinity stresses
compared to the control decreased. Long term studies
on performance of dormant and growing seedlings
under drought and salinity treatment on actual forest
regeneration sites are needed before recommendations
can be made. Thus, we used four days a time by
irrigation of 150 mL day" and saline water less than
EC 12.03 dS m™ in nursery for economy well water in
arid and semi-arid region. However need to do other
tests such as physiology parameter (i.e. Water Use
Efficiency, Relative Water Content, Water Potential,
Water Saturation Deficit, Chlorophyll content and
Photosynthetic of leaves); because the morphological
indicators studied here were not able to clearly explain
the differences in drought and salt tolerance.
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