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FINDING OUT RELATIONSHIPS AMONG SOME MORPHO-BIOCHEMICAL
PARAMETERS OF CHRIST’S THORN (Ziziphus spina-christi) UNDER
DROUGHT AND SALINITY STRESSES'

A Descoberta de Relagoes entre Alguns Parametros Morfobioquimicos do Espinheiro-de-Cristo
(Ziziphus spina-christi) sob os Estresses Hidrico e Salino

NEJAT, N.2, and SADEGH]I, H.?

ABSTRACT - Taking into consideration that modeling and indicating relationship among traits
and variables are among the most useful numerical techniques in the biological and botanical
researches, and also undeniable impact of drought and salinity stresses, this research was
implemented with the aim to consider change in relationship among the traits under separately
drought and salinity stresses related to scarcely distributed medicinal plant called Christ
thorn (Ziziphus spina-christi). A glass house experiment was implemented in controlled
conditions at the College of Agriculture, Shiraz University, Shiraz, Iran. Five different water
stress levels (irrigation at four, six, eight and 10 days intervals, compared to the unstressed
control plants with every even days irrigation) and five salinity stress levels (0, 3.2, 6.4, 9.6
and 12.3 dS m') were separately induced on plants. Results of this study indicated that
salinity and water stresses in addition to their destructive impact on cell and tissue
compartment, can adverse and change the relationship among morphological and biochemical
parameters in different ways. Cluster analysis could clearly separate traits into two groups
under water stress while three groups under salinity stress. Principal component showed
that this technique can accounted for a high variation among data under both water and
salinity stresses so that it is possible to consider relationship among the traits using principal
component in place of classic methods such as correlation coefficients. As result of principal
component, it revealed that change in relationship among traits under different stresses is
plausible.
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RESUMO - Levando-se em consideracdo que a modelagem e indicacdo de relagées entre os tracos e
varidveis estdo entre as técnicas numéricas mais uteis nas pesquisas biolégicas e botanicas, assim
como o impacto inegdvel dos estresses hidrico e salino, esta pesquisa foi realizada com o objetivo de
investigar mudancas na relagcdo entre os tracos em condicées de estresses hidrico e salino,
separadamente, relacionados a planta medicinal de distribuicdo esparsa chamada espinheiro-de-
cristo (Ziziphus spina-christi). Foi conduzido um experimento em estufa, em condigcées controladas,
na Faculdade de Agricultura da Universidade de Shiraz, Shiraz, Iran. Cinco niveis diferentes de
estresse hidrico (irrigacdo nos intervalos de quatro, seis, oito e dez dias, em comparag¢do com as
plantas do grupo controle ndo submetidas a estresse, nos dias pares de irrigacdo) e cinco niveis de
estresse salino (0, 3,2, 6,4, 9,6 e 12,3 dS m’!) foram induzidos separadamente sobre as plantas. Os
resultados deste estudo indicaram que os estresses hidrico e salino, além do impacto destrutivo
sobre as células e os tecidos, podem prejudicar e alterar a relacdo entre os parametros morfolégicos
e bioquimicos de maneiras diferentes. A andlise de agrupamento separa claramente os tracos em
dois grupos, sob estresse hidrico, e em trés grupos, sob estresse salino. A andlise de componentes
principais mostrou que essa técnica reflete a grande variacdo entre os dados em ambos os estresses
— hidrico e salino. Assim, é possivel abordar a relacéo entre os tracos por meio dos componentes
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principais, em substituicdo aos métodos cldssicos,como os coeficientes de correlagdo. Como
consequéncia do uso dos componentes principais, observou-se que é plausivel a mudancga na relagdao

entre os tracos sob diferentes tipos de estresse.

Palavras-chave: salinidade, seca, método de regressdo stepwise, analise de componentes principais, analise de

agrupamento.

INTRODUCTION

Three species of Christ thorn (ZSC) whose
genus is subset of the Ramnaceae family,
namely, Ziziphus spina-christi, Z. nummularia
and Z. jujuba can be found in Iran. Ziziphus
spina-christi, Z. nummularia are adapted to
tropical climate while Z. jujuba grows in cooler
regions (Hoveyzeh et al., 2001). This genus can
be grouped as a subset of medicinal plants, and
it contains a great deal of some important
elements and micronutritions such as iron,
magnesium and phosphorus in line with
tanons and plant sterols e.g. B-cyctrol and
glycoside B-cyctrol (Harighi, 2007).

Many studies have been carried out about
the effect of water and salinity stress on plant
growth and development (Barcel6 et al., 1990;
Acosta-Gallegos et al., 1991; Ali et al., 2014;
Nadeem et al., 2014; Osakabe et al., 2013,
2014). Under water and salinity stresses, leaf
length and width are decreased, which it leads
to a decrease in photosynthesis (Cochard et al.,
2002; Zhou et al., 2013). Knowledge of genetic
association between economical production of
plants and their components under water
deficit and salinity conditions would improve
the efficiency of breeding programs by
identifying appropriate indices for selecting
plant varieties (Ahmed et al., 2014; Khattak
et al., 2014; Taghvaei et al., 2015).

Tracking the relationship between
traits by presenting different aspects of plant
growth and regulation could provide clear
insights about interactions among plants and
help researchers and breeders to use this
information for better management and make
progress in plant production (Saed-Moucheshi
et al., 2013a). Different statistical and
numerical techniques have been developed to
prompt the different aspects of the relationship
of different variables. Principal component
analysis (PC) is a variable reduction procedure
which is useful for data with a large number of
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variables. It can be explained as a method that
reduces data dimensionality by performing a
covariance or correlation analysis between
variables. Performing PC analysis helps
researchers to use simple diagrams such as
factors loadings to explain relationships among
each of the variables (Saed-Moucheshi et al.,
2013a; Gholizadeh et al., 2014). Regression
analysis is usually referred to one dependent
variable and one or more independent
variables. Stepwise regression technique is a
method for selecting the most important
variables affecting dependent variables (Saed-
Moucheshi et al., 2013a). Cluster analysis or
clustering is the task of assigning a set of
objects into groups (called clusters) so that the
objects in the same cluster are more similar
(in some sense) to each other than to those in
other clusters (Duran et al., 2013).

Taking into consideration the fact that
modeling and indicating the relationship
among traits and variables are some of the
most useful numerical techniques in
biological and botanical research, and also the
undeniable impact of drought and salinity
stresses, this research was implemented
with the aim of considering change in the
relationship among the traits, separately
under drought and salinity stresses related to
a scarcely distributed medicinal plant called
Christ’s thorn (ZSC).

MATERIALS AND METHODS

The present study was conducted under
controlled conditions at the College of
Agriculture, Shiraz university, Shiraz, Iran
(52°46' E, 29°50' N, altitude 1810 m asl), 12 km
north of Shiraz, on a Fine mixed, mesic Typic
Calcixerpets soil with air temperature in the
range from 25 to 30 °C and light intensity in
the range from 600-1000 umol m=2 s!. Seeds
were collected from Kazerun nursery in the
2013-2014 growing season. Seed surface was
sterilized by immersion in 2% sodium
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hypochloride solution for 15 minutes (Saied et
al., 2008). Subsequently, seeds were placed on
moist silica sand in inverted cells of plastic
trays at 30/25 °C (day/night) temperature and
50% (x10%) relative air humidity. Moisture
level was periodically readjusted as necessary.
After six weeks seedlings were selected and
transplanted into 2.5 L (liter) sand filled plastic
pots. For applying water and salinity stresses,
plants were grouped into similarly plant
subsets which were subjected to five
different water stress levels (irrigation at four,
six, eight and 10-day intervals, compared
to the unstressed control plants, with
irrigation performed every even day) and five
salinity stress levels (0, 3.2, 6.4, 9.6 and
12.3 DS m™!).To avoid early plant death by
a sudden salt stress shock of the young
transplanted seedlings, salt stress was
imposed gradually by applying half of the salt
concentration over four weeks followed by the
full concentration applied for another eight
weeks. Total duration of the salt stress was
eight weeks.

Parameters measured
Relative water content (RWC)

For measurement of RWC, the last leaf
was separated and immediately weighed as
shoot fresh weight (FW). After being immersed
in distilled water for 24 h, turgid weights (TW)
of leaves were measured. Then, the leaves
were kept in oven for 24 h at 60 °C and their
dry weights (DW) were measured. Relative
water content was calculated with the following
standard formula (Zhou et al., 2010):

RWC = Fw—-DW X100
T™W -DW
Leaf pigment content

Chlorophyll a, b, Total chlorophyll and
carotenoid content of flag leaves were
determined according to Arnon’s (1949) method.
Pigments were extracted in 80% cold acetone
and the absorbance of the extractions was
measured spectrophotometrically at 645, 663,
and 470 nm wavelength and subsequently,
Pigments content were determined.
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Ion (Na' and k*) accumulation

One hundred milligrams of finely ground
shoot, root and flag leaf samples were digested
in 4 mL of concentrated sulfuric acid with
0.5% selenium powder at 360 °C for 75 min
on a block digester and the digest was diluted
to 75 mL. Exchangeable K and Na were
estimated (Sahrawat et al., 2002) using an
atomic absorption spectrophotometer
(Varion model 1200, Australia).

Proline measurement

Free proline was extracted from flag
leaf samples according to the method of Bates
et al. (1973). Leaf samples (0.5 g) were
homogenized in 10 mL of 3% (w/v) aqueous
sulphosalicylic acid and the solution was
filtered using Whatman No. 2 tlter paper. Two
mL of solution was then mixed with 2 mL acid
ninhydrin and 2 mL glacial acetic acid in a
test tube, and incubated in a water bath at
100 °C for 1 h. The reaction was terminated
by placing the mixture in an ice bath. The
proline free solution was finely extracted with
4 mL toluene. Absorbance was recorded at
520 nm and proline concentration was
determined as pumol g fresh weight using a
standard curve.

Measurement of total protein

Frozen leaves were ground to fine powder
with a mortar and pestle in liquid nitrogen and
were extracted with ice-cold 0.1 M Tris-HCI
buffer (pH 7.5) containing 5% (w/v) sucrose
and 0.1% 2-mercaptoethanol (3:1 buffer
volume/fresh weight). The homogenate was
centrifuged at 12,000 x g for 20 min at 4 °C and
the supernatant was used to measure protein
content. Protein content was estimated
according to the method of Bradford (1976),
using bovine serum albumin (BSA) as a
standard and observance of 595 nm.

Statistical analysis

Different statistical techniques, including
cluster analysis based on Ward’s method and
Euclidian distance, regression analysis using
the stepwise method, and principal component
analysis were implemented in order to discover
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the relationship among traits. All statistical
techniques were performed with the software
IBM SPSSv. 22.

RESULTS AND DISCUSSION

Table 1 shows the mean of different
measured traits under drought and salinity
stresses. The Table implies that regarding
some traits such as K* and Na* the variation
among the data are higher in salinity stress
while in some other traits such as RWC and
total protein variation in drought stress are
higher. This result indicates that different
stresses might have different impact on the
relationship among altered traits in Christ’s
thorn. Hence, the relationships among traits
and under different conditions were compared
using different statistical methods.

The overall result of drought stress
showed that the measured traits could be
grouped into two different subsets. The first
cluster consisted of plant height, shoot weight,
number of leaves, RWC, root weight, total
chlorophyll, and chlorophyll a. This cluster
consisted of morphological traits mostly.

Stepwise regression was carried out for
uncovering most important traits contributing
to shoot weight of the Christ’s thorn. This
analysis under drought stress was over in four
stages or steps (Table 2). Plant height, root
weight, proline, and number of leaves were
imported from the model respectively. None of
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the imported variables were removed from the
model. Final model (Table 2 and 3) for shoot
weight aside from proline content having
positively significant coefficient, others
selected variables had positively significant
coefficient. Similarly to drought stress
condition, stepwise regression under salinity
stress was completed in four steps (Table 3).
Root weight, chlorophyll b, plant height, and
number of leaves were respectively selected
as most important factors that shoot weight is
accounted for under salinity stress condition.
The regression coefficients for root weight,
plant height, and number of leaves were
positive while the regression coefficient for
chlorophyll b was negative.

The first two components could account for
overall 89.57 percent of data variation under
drought and 96.80 percent under salinity
stresses. Biplot graphs were depicted for both
drought and salinity stresses Biplot graphs
were depicted for both drought and salinity
stresses (Figure 1 and Figure 2). Under drought
stress chlorophyll a showed a negative
relationship with Na* and K* content while
both of Na* and K* showed high positive
correlation with each other. Total protein
showed no relationship with either K* or Na*
content. Total chlorophyll showed highly
positive association with number of leaves,
plant height, shoot weight, root weight and
RWC. Total protein had no relationship with
any of the morphological traits, RWC and total
chlorophyll content. Total protein content

Table 1 - Levels of salinity and drought stresses with means for all measured traits

Means related to traits measured in drought stress levels
Total Chlorophyll | Chlorophyll . . Total | Plant | Number | Shoot | Root
Treatment | RWC | chlorophyll a b Carotenoid|  Na K Proline protein | height |of leaves | weight | weight
(mg mL™) (mgkg) |(umolgh| (mgg™) | (cm) (g0 | (g
(ig;’;rs‘)’l 85a| 118a 44b 132d | 396b | 45a [79a | 342d [1255d | 40a| 37a | 80a | S54ab
4 83a | 10.46ab 473 a 14.19¢ 4.26 ab 43a 8a | 475a [12.72d 38a 34a 74 a 59a
6 79b | 10.12bc 4.06 ¢ 15.18 ab 4.55a 44a 8a | 544bc [13.11¢c 31b 28b 65b 48 be
8 65 ¢ 9.8 ¢ 49a 14.7b 4.41 ab 42a | 78a 533c¢c [14.73D 25¢ 24 b 55¢ 44 cd
10 58d 10.4 be 4.2 be 15.6a 4.68 a 4.6a 8a | 654b [1545a 20d 16 ¢ 47c¢ | 39.5d
Means relative to traits measured in salinity stress levels
8‘;“;{?; 86a | 12.76a 58b 17.86¢ | 4.08¢ 43d [82a | 347d |[1158c | 4la| 39a | 76a |585a
3.2 81b| 1242a 537¢ 18.79 be 429 ¢ 48cd|79ab| 3.65d [12.17b 36b 35b | 64b 50b
6.4 77¢ 11.08 b 523 ¢ 19.71b 4.51b 53c |73b | 487c [12.22ab | 30D 25¢ 50 ¢ 40 c
9.6 74 ¢ 10.73 be 5.09¢ 17.82 ¢ 4.56b 6.1b |6.1¢c 54b |1285a 22¢ 16d 41d | 31.5d
12.3 69d 10.3 ¢ 6.98 a 21.28 a 559a 74a | 52d | 698a [11.28¢ 17 ¢ 12¢ 35d 31d

Means with similar letters within a column are not significantly different (Duncan 5%).
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Table 2 - Stepwise regression for determining most important traits relative to shoot dry matter under drought stress

Stage Model Ugscfszlf?éiir;if:d Standard error Sctszg_?cr?;fj t Sig.
1 (Constant) 15.315 2.248 6.814 0.006
Plant height 1.587 0.071 0.997 22.397 0
(Constant) 24.626 0.34 7237 0
2 Plant height 1.953 0.013 1.227 150.022 0
Root weight 0.421 0.014 0.243 -29.653 0.001
(Constant) 26.401 0.44 59.966 0.011
3 Plant height 1.961 0.005 1.232 418.972 0.002
Root weight 0.431 0.005 0.248 81.865 0.008
proline 0.346 0.083 -0.004 -4.168 0.015
(Constant) 28.525 0.382 48.57246 0.01199
Plant height 2.025 0.004 1.272 339.3673 0.00218
4 Root weight 0.45 0.004 0.259 66.31065 0.00872
Proline -0.75 0.072 -0.009 -3.37608 0.00635
Leaves number 0.05 0.063 0.031 2.54248 0

Table 3 - Stepwise regression for determining the most important traits relative to shoot dry matter under salinity stress

Stage Model U(r;tz?f;i :ir;if:d Standard error Sct(?:?f?cridéifj t Sig.
| (Constant) -5.694 3.948 -1.442 0.245
Root weight 1.396 0.091 0.994 15.388 0.001
(Constant) 26.037 4.802 5.422 0.032
2 Root weight 1.307 0.026 0.93 49.67 0
Chlorophyll b -1.465 0.217 -0.126 -6.753 0.021
(Constant) 22.968 0.299 76.717 0.008
3 Root weight 1.16 0.006 0.826 191.226 0.003
Chlorophyll b -1.282 0.014 -0.111 -89.271 0.007
Plant height 0.197 0.008 0.115 24.877 0.026
(Constant) 23.221 0 69.0453 0.0072
Root weight 1.157 0 0.824 172.1034 0.0027
4 Chlorophyll b -1.286 0 -0.111 -80.3439 0.0063
Plant height 0.182 0 0.107 22.3893 0.0234
Leaves number 0.016 0 0.011 19.40406 0.02028

showed high correlation with proline and
chlorophyll b content. Four- and 10-day
irrigation regimes were correlated with RWC
in the biplot depiction. The six-day regime was
correlated with Na* and K* content while
control was very closely correlated with
proline, chlorophyll b, and carotenoid contents.
The eight-day irrigation treatment showed no
close distance with any of the measured traits.
Under salinity stress (Figure 2), carotenoid,
proline, and Na+ content showed very close

relationship on another under salinity stress.
Chlorophyll a and chlorophyll b content have a
positive relationship with each other. On the
other hand, all morphological traits and RWC
had a highly positive relationship with each
other. Total protein content; chlorophyll a and
b with each other; morphological traits and
RWC; and also proline in line with carotenoid
and Na+ showed no significant relationship
because their related lines are completely
crossed over each other.
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Dimension 1

ChT: Total Chlorophyll; Cha: Chlorophyll a; Chb: Chlorophyll b; Prol: Proline; ProT: Total Protein; PH: Plant Height; LV: Number of
Leaves; SW: Shoot Weight; RW: Root Weight. 1: Control; 2: 4 days; 3: 6 days; 4: 8 days; 5: 10 days.

Figure 1 - Biplot analysis for both treatment levels and traits measured under drought stress.

Dimension 2

O Objects
Component Loadings
r--- (adjusted to scale of
objects)
o]
4
o ProT
In]
1]
o3
Mg Car
0 G-
Prol
- d‘A
o Cha
&
T T T T T T T
14 -1.0 -05 0.0 05 1.0 15

Dimension 1

ChT: Total Chlorophyll; Cha: Chlorophyll a; Chb: Chlorophyll b; Prol: Proline; ProT: Total Protein; PH: plant Height; LV: Number of
Leaves; SW: Shoot Weight; RW: Root Weight. 1: Control; 2: 3.2 ds m'!; 3: 6.4 ds m'; 4: 9.6 ds m™'; 5: 12. ds m™".

Figure 2 - Biplot analysis for both treatment levels and traits measured under drought stress.
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In the study of Bhattarai et al. (2008) on
Astragalus filipes, the first principal component
described 60.5% of the total variation among
accessions, whereas the second principal
component described an additional 15.4% of
the total variation. The PC1 loadings were high
for biomass (0.94), seed yield (0.87), combined
plant height and vigor score (0.80), and
combined number of stems and inflorescences
(0.93), and low for crude protein (20.67) and
over winter mortality (20.63). The PC2 loadings
were high for seed mass (0.71).They stated that
the number of stems is a reliable predictor of
high biomass and seed yield.

As a result of comparing descriptive
statistics separately for water and salinity
stresses, some traits such as K+ and Na+
revealed higher variation under salinity
stress while some other traits such as RWC
and total protein showed higher variation
under drought stress. Despite of the different
variation ratio and variance, mean of different
stresses were distinguishable from each other.
According to these results, divergent stresses
might have different impact on measured
relationship parameters in Christ’s thorn. The
relationships among measured traits were
then compared using different multivariate
statistical methods under both stress
conditions distinctly; similar results were
reported by Pirasteh Anoshe et al. (2011)

In this study, variance accounted for the
relationship between the two first components
of principal component analysis under drought
and salinity stressful conditions, which are
respectively 89.57 and 96.80. This means that

Table 4 - Percentage of variance and eigenvalue relative to the
first two components under drought and salinity stresses

Drought stress Variance accounted for
Dimension Eigenvalue Percent
1 8.883 68.33
2 2.761 21.237
Total 11.644 89.567
Salinity stress
Dimension Eigenvalue Percent
1 10.112 77.78465
2 2.47173 19.01331
Total 12.58373 96.79796
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the same amount of variability among data
under those conditions is interpretable by the
first two components. As the first two clusters
were biplot depicted, chlorophyll a showed a
negative relationship with Na* and K* content
under drought stress while both of Na* and K*
showed a highly positive correlation with each
other. Total protein showed no relationship
with either K* or Na* content. Proline content,
chlorophyll b, and carotenoid had a positive
significant correlation with one another.
Total chlorophyll showed a highly positive
association with number of leaves, plant
height, shoots weight, root weight and RWC.
Total protein showed no relationship with any
of the morphological traits and neither RWC
or total chlorophyll content. Total protein
content showed a high association with proline
and chlorophyll b content, and similar results
were reported by (Sadeghi and Robati, 2015).
Four- and 10-day irrigation regimes were
correlated with RWC in the biplot depiction.
Irrigation at six days interval was correlated
with Na+ and K+ content while control was only
correlated with proline, chlorophyll b, and
carotenoid contents.

Under salinity stress carotenoid, proline,
and Na+ content showed a very close
relationship with one another under salinity
stress. Chlorophyll a and chlorophyll b
content had a positive relationship with each
other, and similar results were reported by
(Ashraf et al., 2013). On the other hand, all
morphological traits and RWC had a highly
positive relationship with one another. Total
protein content; chlorophyll a and b were
correlated with one another; morphological
traits and RWC; and also proline in line with
carotenoid and Na+ showed no significant
relationship because their related line are
completely crossed over one another.

It could be concluded that salinity and
water stress can be adverse and change the
relationship among morphological and
biochemical parameters in different ways.
Under drought and salinity stresses, proline
content and chlorophyll b concentration were
effective factors towards plant rehabilitation,
respectively. Under salinity and drought
stress root weight, plant height and number
of leaves were the most important factors
contributing to rehabilitation of Christ’s thorn.
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Principal component analysis showed that
this technique can account for high variation
across data under both water and salinity
stresses so that it is possible to consider
the relationship across the traits by using
principal component in place of classic
methods such as correlation coefficients. As
result of principal component analysis, it was
shown that changes in relationship among
traits under different stresses are plausible.
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