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Water scarcity in Iran’s ecosystem and the limited availability of endemic drought-resistant
species highlight the significance of plants adapted to arid environments. Seed germination
is one of the important stages in the plant’s life cycle, depends on ecological and
physiological factors. The study aims to investigate the effect of ecological, environmental,
and physiological factors of the maternal trees on the germination of Ziziphus spina-christi
seeds from Fars and Bushehr provinces. Experiments were conducted under controlled
conditions, including six different treatments. Cluster and Principal Coordinate Analysis
(PCoA) were performed using Euclidean similarity coefficient in PAST software to examine
the relationships between regions and key traits. The highest germination was in the
treatment without pericarp and soaking in distilled water (48 hours). Alternatively, pigment
comparison demonstrated the highest levels in the maternal leaves of Shiraz and Kangan.
Maximum proline content was in Firouzabad leaves. The highest electrical conductivity was
in Jam, while the maximum soil phosphorus and potassium were reported in Shiraz. The
percentage of clay and silt was higher in Firouzabad, whereas the maximum percentage of
sand was reported in Kangan. Cluster analysis categorized the regions into two distinct
groups, aligning with PCoA results. In Detrended Correspondence Analysis, the most
important factor for Shiraz was potassium, whereas silt percentage, carotenoids, and leaf
area clustered Kangan and Dahrom. The results indicate that the ecological and
physiological conditions of maternal trees directly affect seed germination, determining
plant growth and adaptation, which can influence the cultivation of this tree in Fars and
Bushehr provinces.
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EXTENDED ABSTRACT

Introduction

Due to climate change, it is predicted that warm winters
will occur worldwide in the near future. The unfavorable
conditions prevailing in the Iranian ecosystem and the
limited number of endemic species adapted to these
conditions highlight the significance and value of low-
maintenance plants more than ever before. Seed
production and germination are among the most complex
stages in a plant’s life cycle, requiring professional
knowledge of existing ecological, biological, and
physiological conditions. The genus Ziziphus Mill. is
naturally centered in tropical and subtropical regions of
the world, and comprises approximately 68 species
worldwide, with around six species in Iran. One of the
drought-resistant species in southern Iran and the Persian
Gulf is Ziziphus spina-christi (L.) Desf, locally known as
Konar. This species is noted for its economic,
ornamental, and medicinal value. Interestingly, the
extract of the fruits, seeds, leaves, roots, and bark of this
species possesses amazing medicinal properties and is
extensively used for alleviating symptoms of insomnia,
skin diseases, inflammation, and fever.

Materials and Methods

In this study, Ziziphus spina-christi was identified using
valid sources. For subsequent studies, healthy and ripe
seedlings and fruits of Konar were collected from five
different regions of the Fars and Bushehr provinces
(Shiraz, Firouzabad, Dahrom, Jam, Kangan) over two
consecutive years. The germination of Konar seeds was
investigated using different treatments. The six distinct
treatments are as follows: 1. seed cultivation with the
pericarp intact, 2. seed cultivation without the pericarp,
3. seed cultivation without the pericarp, followed by
soaking in distilled water for 24 hours, 4. seed cultivation
without the pericarp, followed by soaking in distilled
water for 48 hours, 5. seed cultivation without the
pericarp, followed by soaking in distilled water for 72
hours, 6. seed cultivation without the pericarp, followed
by soaking in distilled water and chilling at 4°C for 48
hours. Additionally, their ecological characteristics, such
as the physical and chemical properties of the soil, and
companion species, were estimated using common
methods. To measure pigments after initial preparation,
chlorophyll a and b, and carotenoids were calculated by
spectrophotometer at wavelengths of 663, 645, and 470,
respectively. The amount of proline was also measured
by the ninhydrin method. Additionally, cluster analysis
and Principal Coordinate Analysis (PCoA) using the
Euclidean similarity coefficient in statistical analyses
were performed to examine the distance, the similarity of
the studied regions, and the most important quantitative
and qualitative traits determining germination in different
areas using PAST software.
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Results and Discussion

The lowest and highest germination rates belonged to
seeds with a pericarp and seeds without a pericarp,
respectively, that were soaked for 48 hours in distilled
water. The maximum and minimum leaf areas were
related to the Firouzabad and Kangan regions,
respectively. Chlorophyll a and b levels in the leaves of
Shiraz and Kangan trees were the highest and lowest. The
highest and lowest carotenoid levels were reported for
Shiraz and Dahrom regions. The highest proline was
reported in the leaves of the Firouzabad region. The
maximum and minimum percentages of soil saturation
were detected in Shiraz and Kangan. The highest and
lowest electrical conductivity of the soil were found in
the Jam and Jahrom regions. The total saturation acidity
of the studied areas was somewhat alkaline. The
percentage of neutralizable substances showed the
highest and lowest values in the Jahrom and Jam regions,
respectively. Soil phosphorus and potassium showed
their maximum values in Shiraz. The percentage of clay
and silt were higher in Firouzabad, while the maximum
percentage of sand was reported in Kangan. The
minimum amount of clay, silt, and sand were observed in
Shiraz and Kangan, respectively. Based on cluster
analysis, the studied areas were placed in two distinct
clusters. The results of PCoA correspond to UPGMA.
Based on DCA analysis, the most important factor for the
Shiraz region was potassium, while Kangan and Dahrom
were placed together due to the percentage of silt,
carotenoids, and leaf area. Iran’s rich flora, comprising
over 7000 plant species, necessitates further research on
the cultivation and development of endemic plants to
bolster the sustainability of Iran's natural ecosystems.
Over the past three decades, the Z. spina-christi tree has
not been effectively utilized in the country's forestry and
green space projects. Unfortunately, invasive species
have gradually supplanted the endemic species of Iranian
flora. To develop the natural flora of the southern regions
of the country, which suffer from adverse climatic
conditions and face numerous limitations in ecosystem
sustainability, research on endemic trees such as Z. spina-
christi has been conducted.

Conclusion

This study investigated the influence of ecological and
environmental factors on seed germination in maternal
trees of Ziziphus spina-christi across various regions of
Fars and Bushehr provinces, highlighting its adaptability
to arid environments. Due to Iran's climatic conditions,
the annual increase in temperature and the reduction in
precipitation, it is recommended to cultivate endemic
plants of critical significance for food, medicine, and
decoration. Studying the germination of wild plants in
various regions and the environmental conditions
necessary for their survival is indeed a priority.
Accordingly, these seeds can be used for forest
development.
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Table 1- Germination conditions of Ziziphus spina-christi plant in Iran. Temperature and humidity were carefully
controlled throughout the experiment. The pericarp includes exocarp, mesocarp, and endocarp.

Petry number Seed cultivation status

Number of hours soaked in the distilled water

1 Seed with pericarp 0

2 0

3 . . 24
Seed without pericarp

4 48

5 72

6 Seed without pericarp: First, soaking the seeds in water, 48

followed by chilling at 4°C for 48 h
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Figure 1- Life form and habitat of Ziziphus spina-christi trees in the studied areas of Kangan (a) and Dahrom (b), Iran.
Mature leaves were randomly collected from different Ziziphus spina-christi trees, their area was measured using graph

paper, and the results were recorded (Figure 2).
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Figure 2- Measurement methodology using checkered paper for randomly collected Ziziphus spina-christi
leaves from the studied areas of Fars and Bushehr Provinces.
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Figure 3- Weighing the dry and wet leaves of Ziziphus spina-christi. On the right (a) a freshly picked sample of leaves,
has been placed in water for 24 hours to reach saturation. The image on the left (c) shows the weighting of the dried
leaves of this plant.
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Chlorophyll a =12/7xA663-2.69xA645 (ng/ml)
Chlorophyll b =22/9xA645_4/68xA663 (ug/ml)
Carotenoid = [(1000xA470_1/82xChl a_85/02xChl
b)/198] (ug/ml)
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Figure 4- Measurement of the chlorophyll content in the studied leaves of Ziziphus spina-christi
from Fars and Bushehr Provinces.
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Table 2- Experimental design and analysis of Variance at the significance level of 0.05 (P<0.05= **)
for Ziziphus spina-christi in five regions of Fars and Bushehr Provinces.

Row Variables Degrees of freedom Mean squares significance
1 RWC 4 0.003 0.038**
2 Proline 4 4130.589 0.001**
3 Leaf size 4 1.489 0.688
4 Germination 5 5229.167 0.045**
5 Carotenoid 4 0.339 0.209
6 Chlorophyll a 4 0.226 0.049**
7 Chlorophyll b 4 0.028 0.038**
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Figure 5- Seed germination percentage in the studied specimens of Ziziphus spina-christi
across the five studied regions of Fars and Bushehr Provinces.
The numbers indicate the treatment types. The six distinct treatments are as follows: 1. seed cultivation with the
pericarp intact, 2. seed cultivation without the pericarp, 3. seed cultivation without the pericarp, followed by soaking in
distilled water for 24 hours, 4. seed cultivation without the pericarp, followed by soaking in distilled water for 48 hours,
5. seed cultivation without the pericarp, followed by soaking in distilled water for 72 hours, 6. seed cultivation without
the pericarp, followed by soaking in distilled water and chilling at 4°C for 48 hours.
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Figure 6- Seed dimensions of studied specimens of Ziziphus spina-christi with varying water access in different regions
of Fars and Bushehr Provinces.
The image on the right (a) shows a specimen with sufficient and necessary access to water, whereas the image on the
left (b) belongs to a specimen from the Kangan region, indicating that the plant grows in dry conditions.
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Figure 7- Evaluation of leaf area of Ziziphus spina-christi leaves from Fars and Bushehr Provinces.
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Figure 8- The relative water content of Ziziphus spina-christi leaves from Fars and Bushehr Provinces.
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Figure 9- The pigment and proline measurements of Ziziphus spina-christi trees in five studied areas from Fars and
Bushehr Provinces. a) chlorophyll a, b) chlorophyll b, ¢) carotenoid, d) proline.
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Table 3- Results of soil macro tests for Ziziphus spina-christi in five areas of Fars and Bushehr Provinces.

The abbreviation NS stands for non-significant. The other symbols are defined as follows: saturation percentage (S%),
electrical conductivity (EC), total saturated acidity (TSA), neutralized substance percentage (NS%), organic carbon
percentage (OC%), nitrogen percentage (N%), and soil texture (ST). Phosphorus and potassium measurements are

reported in ppm.

Region S EC TSA NS oc

N Clay Silt Sand

Fj\? % % % % P K % % % ST

1  FirouzAbad 3705 068 723 5813 NS NS 3 182 245 327 428 Loam

2 Kangan 3006 4 719 6162 NS NS 2 66 156 131 713  Sandyloam
3 Jam 4545 561 748 5348 NS NS 16 157 209 256 535 Loam

4 Shiraz 518 315 74 5784 NS NS 224 396 12 309 571 Sandyloam
5 Dahrom 3153 0.61 747 6191 NS NS 28 83 12 399 481 Loam

9 éﬁ f‘? 4;:»)')) ‘J élajua.a Q‘)&aﬁj‘)ﬁéﬂu@
S s el 1S 4,8 (Ghadiripour etal., 2014) sl

(355 _as 0dalie OT 3 _eabeiio 3l 5 3, K 3L o7
ax)ls 5 .(Ghadiripour et al., 2014) &l oda s ;6

Iranian Journal of Seed Science and Technology

3 7R (535 (AT Ol F U 3l Joo ks bl

il l ol e sls 0Lt 1) e i Sl 45 e
8 S Slesliul jl S St Sl 55 St
23 5 5 ATl a5 3 e diate 53 ) s s g
Jsloen 595 5 oot Zils 1y Ol jn Jiliom OIS ailatae 571

(F s 590 il p g 5 o 53 o5 5 4 3

Ol ) 658 5 psle 4,2

Vol.: xx, N0.: X, XXXXXX

XXXXXX X o ylads XX A



Qb&m} g

Ay Joma 5o (L-,«.iw)sw sl .(Ghadiripour et al., 2014)
S 3 ey ldie 5 a5l S aalllas 3 40 Gblie 43 LS
S ol pla 4 i o b anllae 53 IS s Ool b
Sl s O b 51 .(Ghadiripour et al., 2014) s, Jsla>
mb e S JUST oy (ST el (STl js i Ol e

Al g0 OKen 555 gt andllan b Gilae 5l anlllas

Lof ol Sl gl g Bl s S
v S &S 5 aslllas 55 5 (Ghadiripour et al., 2014)
3 JT 28 Ol 028 8 513 350 I8 gl
53 SN g 80le 3 8 318 VE S b 5
anfllas ol fe 2o Slw 5 use s VAEYNS Sl anlllas

)}_i Y/C) i'/'f J\v\.—i—ﬁ 4._.: d‘)l—_{_a._.h 9 )Hdﬁu

.A;ﬁ,w)usuom);wm;maia;ﬁc;’ﬁ)tfg;,:);uagfsgb@ﬂuj@u-fJ,.x,,.

Wl PPM (sl 5 Jglome S5 g 40 (5,5 03101
Table 4- Results of soil micro-testing for Ziziphus spina-christi in five areas of Fars and Bushehr Provinces.
The measurements were taken in solution and are reported in ppm.

Row Region Fe Zn Mn Cu
1 Firouz Abad 8.8 0.38 6.6 0.48
2 Kangan 24 0.89 15 0.21
3 Jam 3.2 0.24 3.8 0.15
4 Shiraz 16.5 19.6 32.6 3.3
5 Dahrom 2.7 0.17 3.5 0.29
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Figure 10- Cluster analysis of (a) UPGMA and (b) PCoA for Ziziphus spina-christi
in five areas of Fars and Bushehr Provinces.
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