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ABSTRACT

The allelopathic interactions of different concentrations (0, 2, 4, 6, 10 g in 100 mL"!) of alcoholic extract of
Nerium oleander flower on Arabidopsis thaliana (Columbia-0) were studied. The results showed that leaf area,
plant height and inflorescence emerge period decreased by elevation in the treatment concentration. The highest
value of leaf area (1.176 cm?) was recorded in control group, while it was 0.63 cm?2 in treatment 2 g in 100 mL-
1(T,) and 0.5 cm2in T1o. Chlorophyll concentrations were decreased by the upraised concentrations. The highest
value (4.15 mg g*) was recorded in control, while the lowest (3.3 mg g) in T1o. Anatomical study revealed
that the internal structure of stem and root undergone numerous character changes. The thickness of the stem
varies between treatments. The control exhibited the highest average (109.37 um), while T had the lowest
average (81.25 um). Collenchyma layer increased in all exposure treatments, compared to control. There was a
change in the internal structure of the roots between the control and the alcoholic extract treatment. The root
shape exhibited a lot of modification: it seemed circular in control, semi-circular in T4, while elliptic or irregular
shape in T1o. The root thickness reached 95 pm in T and T4, whereas the lowest thickness in T (70.33 um).
Vascular bundle in the control was cylindrical. However, there was some irregular growth on one side of the
root in Ta. In T1g, larger vascular bundles and random growth were observed, while the root shape appeared to
be irregular, due to the abnormal growth of vascular bundles or irregular growth.
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INTRODUCTION

Allelopathy is a biological phenomenon in which chemical compounds produced by living or dead plants
influence the growth, as well as the development of other organisms (Cheng & Cheng 2016; Willis 2007).
Allelopathy can have a direct or indirect effect, which can be beneficial or detrimental (Rice 1984). Whittaker
(1971) called these chemicals allelochemicals, and majority of them are secondary products (Gross 2009).
Allelopathy depends on the type of these chemical compound (Einhelling 2004), which could be released by
any part of plant from root, stem or flowers by leaching, volatilization, residue decomposition, or other
mechanisms (Mishyna et al. 2015; Ferguson et al. 2003). Allelopathy is important in many aspects as insecticide
(Xuan et al. 2004), weed management (Kung et al. 2008), eliminatation of pollutants as nitrogen pollution (MA
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2005) as well as plant growth induction and suppression (Duke 2004; Patterson 2003). Nerium oleander is
important plant for its active chemical compound and medicinal use (Dey 2020; Dey & Chaudhuri 2004). It is
very common in Irag environment, found in most types of house gardens and orchards. N. oleander is a
poisonous plant that is recognized for its glycosides and flavonoids. Oleandrin is the most important glycoside
in this plant (Mojarad et al. 2013). Allelopathic effects of N. oleander extract on several plant species have been
observed in some studies (Mojarad et al. 2013; Uslu et al. 2018; Begam et al. 2020). Atypical plant, A. thaliana
has been used in studies around the world for its features (Padole & Ingle 2017), since it has short life cycle,
small size, easy to breed and self-pollination (Koorn Neef & Meinke 2010). Schulz et al. (2007) reported that
the aerosol smoke inhibits germination of A. thaliana seeds. Chemical component found in N. oleander extract
contain phytochemicals (flavonoids, triterpenoids and steroids) which can interred with metabolism process
(Al-Saadi et al. 2017b). The aim of this study was to assess the allelopathic effects of N. oleander, on the seed
germination and growth of A. thaliana, as well as the anatomy of internal structure including stems and roots.

MATERIALS AND METHODS

Sample collection and extract preparation

Nerium oleander was used in allelopathic experiment. Sample was prepared from pink flower collected in the
morning, then washed and dried in shed, and ground into powder. Ethyl extract of Nerium oleander flower was
made by adding 20 g flower powder to 250 mL ethyl alcohol (70%) for 24 hours on magnetic stirrer, then
filtering and drying. The treatments were prepared by dissolving the solid alcohol extraction in distilled water
as0,2,4,6and 10 g in 100 mL (To, T2, T4, Te T1o).

Pots preparation

Arabidopsis thaliana (ecotype Columbia-0) seeds were acquired from Carolina Biological Supply in USA, were
germinated and grown in growth chamber for two months during January and February 2020. Using cylindrical
pots (4 replicates for each concentration with control), which were 12 ¢cm in length and 12 cm in diameter, we
mixed soil containing sand and peat (in ratio 1:1). After washing the mixture with distilled water (100 C°) for
three times, we left it to dry under sun light. Experiment was conducted under controlled condition in growth
chamber 20-22 °C, light period 18:6 (light:dark), LED lamps of 6000 lux, humidity 50-70%, irrigated with
Hogland solution (1.6 g L) to field capacity. Each pot planting with 10 seeds. After 4 weeks only 6 similar
plants were remained and the others were removed. After four weeks, extraction was added and After four other
weeks, the A. thaliana was supplied by a Nerium oleander flower ethyl extract.

Morphological and biochemical characters

Morphological characteristics were measured after 8 weeks from the treatments including leaf area (cm?), plant
height (cm), number of siliques, inflorescence stem emerges (day) according to Saieed (1990). Total chlorophyll
was measured by the method of Arnon (1949). So that, 1 g fresh leaf material was taken and ground with 20 -
30 mL of 80% acetone and then centrifuged at 5000 rpm for 5 minutes. Supernatant was transferred to the
volumetric 100-mL flask and the procedure was repeated till the residue becomes colorless. The absorbance of
the extracted solution was measured at 480, 510, 645 and 663 nm against the solvent (acetone) blank. Estimation
of total chlorophyll content were calculated using the following formula/equation:

Total Chlorophyll: 20.2(A645) + 8.02(A663)

Anatomical examinations

Fresh material of A. thaliana was collected after 8 weeks from the treatments. For sectioning, fresh materials
of stems and roots were fixed 24 hours in formalin acetic acid alcohol solution (FAA), and preserved in 70%
alcohol, then dehydrated in ethyl alcohol series. Samples sectioned on a rotary microtome and then stained in
safranin and fast green, then mounted in Canada balsam (Johansen 1940). The samples were examined using
Olympus CH4 light microscope and photographed with Digital camera type DCE-2.
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Statistical analysis
All the data were analyzed according to the L.S.D (Least Significant Difference) test at a significant level of p
< 0.05 using One-Way ANOVA followed by calculating the means using computer software SPSS 17.

RESULTS AND DISCUSSION

Morphological characters

The results showed that leaf area decreased by the treatment concentration elevations. The highest value of leaf
area was recorded in control sample (1.176 cm?), while 0.63 cm? in treatment 2 g in 100 mL (T2) and 0.5 cm?
in T1o (Fig. 1-A). The results demonstrated a gradual decrease in leaf area, which might be attributable to the
antagonistic action inhibiting cell division (Hussain et al. 2020). Plant height average varied between control
and the treatments. It was 22.97 cm in control where the highest value was 23.5 cm in Te, then T, was 22.37
cm, while the least value was 17.87 cm in T1o (Fig. 1-B). The period of appearing the inflorescence stem was
different between control and the treatments. It was appeared after 34 days in T, then T1o, While in control
group was 39 days. Average number of siliques recorded the highest value in T (13.4 siliques) then T (13.3
silique), while in control was 4.7 and 9.62 siliques in T1o (Fig. 1-C and D). The control group had the highest
measurement and significantly outperformed in the other treatments, since the decline was gradually observed
according to concentration, which is in agreement with Nikpeyma et al. (2019). Cheng & Chen (2016) suggested
that the positive and negative effects of chemical antagonism can be attributed to the fact that low concentrations
of allelochemicals are stimulating, while high concentrations are inhibitory. In addition, plant and its
development in response to stress can change gene expression, so that some genes are intensely expressed,
while others are suppressed (Bray et al. 2000; Javaid & Anjum 2005). Chlorophyll concentrations were
decreased with the elevated concentrations and recorded the highest value in control (4.15 mg g*), while the
lowest value were in T1o (3.3 mg g%; Fig. 1-E). The results revealed that the control had the highest chlorophyll
value, while T1o had displayed the lowest. The concentration of chlorophyll is considered evidence of plant
health (Porra 2002). Healthy plant has more chlorophyll amount and more growth than the unhealthy one (Wu
et al. 2008). Chlorophyll is an important pigment for the photosynthesis process, as it works to convert solar
energy into chemical energy (Gitelson & Merzlyak 2003). Chlorophyll increases by the development of the leaf
and then decays in the aging stage of the plant (Pereyra et al. 2014). Some studies reported that allelochemicals
reduce the amount of chlorophyll by inhibiting chlorophyll a in chlorophyll content, because of finding some
compounds in plants such as of phenolic, vanillic acid, o-hydroxyphenyl acetic, p-hydroxybenzoic acid,
camminic acid, ferulic and p-coumaric acids (Baziramakenga et al. 1997; Yang et al. 2002; Yang et al. 2004;
Sarkar et al. 2012; Singh et al. 2013).

Anatomical study

Transverse sections of stem

The results were depicted in Fig. 2 and Table 1. Shape, size, and the numbers of cortex layers are taxonomically
significant to identify species. The stems gave significant characteristics in the variance between the
concentrations and as shown in Fig. 2 and Table 1, it was found that the shape, size and number of layers of the
cortex were different between the different treatments. Shape of stem varied between the treatments. It was
semi-oval to circular in the control group, while circular in T2, T4 and Te, and irregular in T1o. Thickness of stem
differed between the treatments, the highest average was recorded in the control (109.37 um), while the lowest
in Tyo (81.25 pm; Table 1). Collenchyma layer increased in all treatments compared to control group. In the
case of the thickness of the epidermis, there was no difference between the treatments; the highest average was
recorded in the control group (1.22 um; Table 1). The cortex in control group consists of two types of tissues,
chlorenchyma, and parenchyma tissues. Chlorenchyma layers are located after the epidermis and their number
ranges from 7-9 layers. The average chlorenchyma thickness was 3.5 pm in control group 2.5 um in T, and Ta
and the lowest average found in Tg and T1o (2.2 um; Table 1). Vascular bundle was collateral type, in control
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treatment it was circular arrangement, regular and continuous. The xylem elements appeared separate bundles
formed from long and short rows.
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Fig. 1. Allelopathic effect of alcohol extract of N. oleander flowers on A. thaliana; (A) leaf area, (B) plant height, (C)
silique number (D) inflorescence emerge/day, (E) chlorophyll concentration (mg g1).

The bundles appeared irregularly in T, by increased thickness. In T1o, the thickness of the vascular bundles was
more irregularity and the vascular bundle appeared zigzag and irregular growth (Fig. 2). The changes occurred
in vascular bundle were in agreement with other studies (Al-Saadi et al. 2013; Hamza et al. 2020; Sabeh et al.
2017; Al- Saadi et al. 2017a; Al-Abbawy et al. 2020). Thickness of the vascular bundle varied between the
treatments compared to control. The lowest thickness was recorded in T1o (10.2 um), while the highest in control
(12.66 um; Table 1). The pith is occupying the center of stem, consisting of circular storage cells or irregular
shapes, interspersed with air spaces. Thickness of the pith increased by the elevated treatment concentration.
The highest value was found in T1o (77.3 um), while the lowest in control (45.2 um; Table 1). The results of
the transverse sections of stems in the control coefficient showed a similar description of the vascular bundles
with most species in the cruciferous family (Mousavi & Rad 2014; Jung et al. 2008; Orcan & Binzet 2003;
Metcalfe & Chalk 1950). According to the results, the control group exhibited the largest rate of stem diameter,
and decreased gradual, with the lowest rate in T, in agreement with Khan (2017). Roots anatomy gives many
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changes in th treatments, in agreement with Mojarad et al. (2013). Furthermore, the presence of chemical
substances influences the root cell membrane and enzymes in the membrane, affecting water and element
absorption (Li et al. 2002; Cruz-Ortega et al. 2007). Several allelochemical compounds influence cell size by
stimulating nuclear changes and an increase in the number of vacuoles in the root, as well as inhibition of the
longitudinal growth of the root leads to an increase in its thickness (Chon et al. 2002; Pawlowski et al. 2012;
Chaimovitsh et al. 2012).

Internal structure of the root

The results of internal structure of root in different treatments are depicted in Table 2 and Fig. 3. Control
treatment consists of epidermis which contains one layer with circular or rectangular cells, followed by a layer
of the exodermis, then cortex consisting of several rows of cells, followed by the endodermis layer. Vascular
bundle is arranged in continuous cylinder and forms the center of the root. The results between control and the
treatments exposed to the alcoholic extract exhibited that there was a difference in the internal structure
compared to control group. When employing the alcoholic extract of Nerium oleander at T4 and T1o, the shape
morphology displayed a lot of modifications. The shape seemed circular in the control group, semi-circular in
Ta, and elliptic or irregular shape in T1o. The root thickness reached 95 um in T, and T4, whereas the lowest
thickness in T10(70.33 um; Table 2). The results revealed that when the concentration of the alcoholic extract
upraises, the number of cortical layers elevates. The primary alterations identified in root vascular bundle shape
were regular shaped made continuous cylindrical shape in control group, however, it noticed some irregular
growth was observed on one side of root in Ta. In this treatment, enlarged vascular bundles and random growth
were found. As a result of the abnormal growth of vascular bundles or irregular growth, the root shape appeared
to be irregular.

Fig. 2. transverse section of A. thaliana stem in control and treatment exposure with alcohol extract of N. oleander
flowers: (A-B) control; (B-C), Tz; (E-F), T4; (G-H), Ts; (I-J), T10.
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Table 1. Anatomical measurements of the stem of A. thaliana after exposure to the alcohol extract of N. oleander flowers (um).

Characters  Phloem Xylem Vascular Pith Cortex Chlorenchyma  Collenchyma Epidermis Stem
thickness bundle thickness thickness thickness thickness thickness thickness
Treatments thickness
Control (2.5_3/75) (7.5-10) (10-13) (40-55) (5-6.25) (2/5-3/75) (0.5-1.25) (1-1.25) (87.5-125)
3/2 9/16 12/66 45/2 5/5 3/5 0/8 1/22 109/37
2% (25.5) (25_7/5) (10-12) (55-60) (3.75-5) (1.25-3.75) (0.75-1.25) (1-1.25) (75-125)
3/75 5.6 11/5 58/2 4/583 2/5 1/25 1.22 100
4% (2.5_5) (5_6/5) (10-13) (65-70) (3.75-5) (1.25-3.75) (0.75-1.25) (1-1.25) (75-100)
4/5 5/6 10/5 67/08 4/375 2/5 1/25 1/2 95
6% (3-5) -3/75) (10-11) (70-75) (3.75-5) (2.5-3.75) (1-1.5) (1-1.25) (75-100)
4/5 (2/5 10/25 72/5 4/35 212 1/25 1/2 87/5
3/125
10% (3_5) -3/75) (10-11) (75-80) (2-3.5) (2-2.5) (1-1.5) (1-1.25) (75-87.5)
3/75 (2/5 10/2 7713 3/33 212 1/25 1/2 81/25

2/5
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Fig. 3. Transverse section of A. thaliana stem in control and the treatments exposed to alcoholic extract of N. oleander
flowers: A: control; B: T2; C: T4; D: Te and E: Tao.

Allelochemicals wreak havoc was found on root growth, which is characterized by a rapid metabolic rate (Cruz-
Ortega et al., 1998). In addition to the effect on root elongation, we observed cell division and root thickness on
the longitudinal growth of cells (Chon et al. 2002). Allelochemicals affect mineral absorption by inhibiting the
absorption of calcium, iron and magnesium (El-Shabasy 2017), and also inhibit the role of antioxidant enzymes
and increase free radicals and the oxidative decomposition of lipids in the lipid peroxidation. These chemicals
also change the permeability of the membrane and thus reduce the disposal of free radicals ROS, leading to the
destruction of the membrane system in plants (Ding et al. 2016).
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