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Abstract
Heavy metals are well known for their toxicity and become significant environmental pollution with a continually rising
technology and public outcry to ensure the safest and healthiest environment. The present study aims to investigate the uptake
capability of heavy metals and its impact on the growth dynamics of Ricinus communis L. (castor bean), along various habitats in
Qalyubia Province, Egypt. Three composite plants and soil samples were collected from four different habitats: urban (residential
area), canal banks, field edges, and drain banks. The samples were analyzed for nutrients and heavy metals. At the same time,
forty quadrats (5 × 5 m) were selected to represent the micro-variations of castor bean in the selected habitats to determine its
growth criteria and normalized vegetation index (NDVI). The lowest size index, volume, and number of leaves of castor bean
were recorded along canal banks and they were characterized by high soil heavy metal concentration, especially Zn, Cu, and Ni,
while the highest values were recorded along field edges with lower heavy metal concentration. Moreover, the NDVI indicated
that castor bean from most studied habitats, except field edges, was healthy population. This study revealed that the leaves
collected from all habitats were considered to be toxic with Cu. The bioconcentration factor (BF) of the investigated heavy metals
was greater than 1. The BF order for heavy metals uptake by castor bean leaves was Fe > Ni > Mn > Cu > Zn. Consequently, the
species selected in the present study can be used as a biomonitor of these heavymetal polluted soils.Moreover, it could be used as
a phytoremediator, taken into consideration its use in all medicinal purposes.
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Introduction

Environmental factors such as soil conditions, interactions
with other species, and dispersal are key factors in determin-
ing a plant species abundance and distribution within a partic-
ular climatic zone (Farahat et al. 2015). The plant size varia-
tions and density reflect the status of a plant population, which

may be caused by age variations, resource heterogeneity, and
competition through variances in growth rates or directly
(Galal 2011). The temporal difference in numerous abiotic
and biotic factors determines the growth and size structure
of plant population that affect the individuals in the population
(Bullock et al. 1996). Studies on population size and density
are important for testing hypotheses relevant to its manage-
ment (Sagarin et al. 2006). Woody plants provide sources of
fuel for native inhabitants; have potential industrial, medici-
nal, and phytoremediation values; and play an essential role in
soil shelter and stabilization against movement of water or
wind (Galal 2011; Galal et al. 2016a).

The castor bean plant is a perennial shrub of the spurge
family Euphorbiaceae (Worbs et al. 2011). Weiss (2000) re-
ferred that the castor bean is native in both Ethiopia and trop-
ical Africa regions and was used by the Romans, Greeks, and
Ancient Egyptians. It became naturalized as a weed almost all
over the world, in both tropical and/or subtropical climates
(Manpreet et al. 2012). Castor bean plant is successful at
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invading non-native habitats with frequent and/or intense dis-
turbance regimes (Carmona-Galindo et al. 2013). It often
grows as a wild plant in polluted and degraded soils. Castor
bean has a major role in remediation and improving the green
cover by stabilizing nutrient cycling (Singh et al. 2012). In
addition, castor bean is often abundant along watercourses
and floodplains, fallow lands, and roadsides with a high tol-
erance for growth under harsh environmental conditions, such
as low rainfall and high temperature (Yashim et al. 2016).
Castor bean is one of the medicinal and bioenergy plants in
Egypt (Mamoucha et al. 2016) and used for biodiesel produc-
tion for its high oil content (> 42%) of castor seeds (Ren et al.
2017; Palconite et al. 2018). Conversely, the plant is said to be
one of the most poisonous due to the existence of a naturally
occurring protein, ricin, however, it has some very important
phytochemical constituents such as flavonoids, saponins, al-
kaloids, and steroids (Mamoucha et al. 2016). It has the po-
tential to be used as biopreservative in food industries and
applied as an efficient cancer therapy strategy (Javanshir
et al. 2020). Castor bean in semi-arid subtropical agro-
climatic conditions is considered a fast growing oil crop with
high phytoremediation potential (Shi and Cai 2009). It reme-
diates high concentrations of Cu, Zn, Mn, Pb, and Cd from
metalliferous substrates (Olivares et al. 2013). The propaga-
tion is by seeds at depth of 3–6 cm and seeding ranging be-
tween 11.2 and 15.5 kg/ha, depending on seed size and type of
spacing (Salihu et al. 2014).

Phytoremediation is the use of hyper-accumulating plants
to remove pollutants from the environment or render them
harmless with low costs and eco-friendly nature (Rajkumar
and Freitas 2008). It gained enormous momentum for envi-
ronmental decontamination and particularly for using castor
bean (Kiran and Prasad 2017). The selection of appropriate
candidate species is of great importance for successful reha-
bilitation of contaminated soils. This species should be toler-
ant to the stress caused by the pollutants and must produce
high biomass under several limitations (Kiran and Prasad
2017). In this context, castor bean grows with a fast rate and
able to accumulate heavy metals in heavily polluted soils (Shi
and Cai 2009; Huang et al. 2011). Furthermore, it has indus-
trial and economic importance as an excellent and a cash crop
in modern agriculture along with its phytoremediation of
heavy metal polluted soils (Vamerali et al. 2010; Yashim
et al. 2016). Moreover, castor bean contains some distin-
guished inedible features, high biomass production, and toler-
ance to both biotic and abiotic stresses such as heavy metals,
salinity, drought, and pests (Zhang et al. 2015; Bauddh et al.
2015). According to Salihu et al. (2014), the annual total
world production is 1,314,193 MT, produced on a total area
of 1,369,720 ha, while the average seed yields never exceeded
1200 kg ha−1.

Heavy metal pollution is a global problem that is consid-
ered one of the major toxic environmental pollution causing

global disaster (Ananthi et al. 2012). In recent years, metal
hyperaccumulators are of great interest because of their poten-
tial application as phytoremediator of contaminated soils
(Tang et al. 2009). For successful phytoremediation,
hyperaccumulators and accumulators have to be screened in
heavy metal contaminated soils (Ananthi et al. 2012). As an
important nonedible oilseed crop, castor bean makes up for
the disadvantages of phytoremediation due to its relatively
high growth rate and biomass compared to other
hyperaccumulators (Huang et al. 2017), high economic value,
and strong ability to accumulate and tolerate high heavy metal
levels (Zhou et al. 2020). So, the present study aims to assess
the uptake capability of heavy metals and its impact on the
growth dynamics of castor bean, in terms of size structure,
density, number of branches and leaves, leaves area, and nor-
malized vegetation index (NDVI), along the different habitats
in Qalyubia Province, Egypt.

Materials and methods

Study area

The study area is considered as anthropogenic produced
(urban) or naturally regenerating habitats that occur in all
kinds of disturbed ground. The study area is located at the
south Nile Delta in Qalyubia Province (30° 18′ 0″ N, 31° 15′
0″ E), which is known for its agricultural crop production and
industrial processes. The province is a major source of
production of many economic crops such as maize, cotton,
wheat, and citrus, in addition the most extensive industrial
activities such as electrical cables, plastic, automobile, oil
refining, minerals, and fertilizer industries. In the study area,
rainfall occurs fromOctober toMay (the cold season), while it
is practically rare at summer; and the total annual rainfall is 31.
7 total year−1. The average annual minimum and maximum
temperatures are 12.1 °C and 27.6 °C, respectively. The value
of mean relative humidity is 59.6% according to the Egyptian
Meteorological Organization in 2018.

Growth measurements

Plant samples were collected from four different habitats: (a)
urban (residential area), (b) canal banks receiving the wastes
from anthropogenic activities, (c) field edges, and (d) drain
banks that obtain agricultural and sewage wastes (Fig. 1).
Sampling was done during the spring season (March 2018).
All the selected populations were healthy and with no physical
harm. In this area, castor bean makes up pure stands. Forty
quadrats (5 × 5 m) were chosen to study the micro-variations
of castor bean in the chosen habitats. Ten quadrats that dis-
tributed on two sites were selected in each habitat. In each
quadrat, all individuals of castor bean were counted to

37159Environ Sci Pollut Res  (2021) 28:37158–37171

https://en.wikipedia.org/wiki/Nile_Delta


calculate plant density (i.e., number of individuals per unit
area). For each individual in the quadrat, the number of
branches and number of leaves/branch were counted, while
the leaf area was determined by trace paper method.

Ninety individuals from the study habitats were selected for
measuring their growth criteria. For each individual, its tree
height (H) and average crown diameter (D) were measured

(based on 3 measurements ind.−1), and its volume was valued
as a cylinder. Size index of each individual was calculated as
(H + D)/2 (modified from Crisp and Lange, 1976) and used to
categorize castor bean population in each habitat into 6 size
classes (< 1.5 m, 1.5–2.0 m, 2.0–3.0 m, 3.0–4.0 m, > 4.0 m).
Absolute frequency of castor bean individuals per size class
andmean tree height and crown diameter per individual tree in

Fig. 1 Location map showing the
study sites of Ricinus communis
at Qalyubia, Egypt
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each size class were then computed. The size-frequency dis-
tribution of the whole population was also determined.
According to Shaltout et al. (2015), tree height to tree diameter
ratio (H/D) per individual was estimated.

Plant analysis

In each castor bean habitat, three composite plant samples
(leaves), from three different individuals, were composed
and transported to the laboratory in plastic bags. Samples were
washed thoroughly with tap water and rinsed with deionized
water, left to air-dry, and subsequently oven-dry at 65 °C till
constant weight. The samples were ground into fine powder in
an agate mortar.

Oven-dried samples were ground in stainless steel blender
into a fine powder and then were sifted by a 2mm sieve. One
gram of ground sample was digested in 20 ml tri-acid mixture
of nitric acid:sulfuric acid:perchloric acid (5:1:1, v/v/v) till the
mixture looked highly transparent. Next, the plant digested
solutions were filtered and diluted to 25 ml with double de-
ionized water (Allen 1989). Total N was determined by
Kjeldahl method, while total P was determined by applying
a molybdenum blue method using a spectrophotometer
(CECIL CE 1021). Calcium and potassium were assessed
using flame photometer (CORNINGM410), whereas magne-
sium (Mg), iron (Fe), copper (Cu), manganese (Mn), zinc
(Zn), and nickel (Ni) were assessed using atomic absorption
(Shimadzu AA-6200). All these procedures are described by
Allen (1989).

For plant chlorophyll and carotenoid analysis, the three
castor bean leaves were collected from each quadrat and were
mixed to make three composite samples from each habitat.
Estimation of chlorophylls and carotenoids was measured
spectrophotometrically using aqueous acetone as the three
wave lengths 453, 644, and 663 nm were applied according
to the method of Allen (1989):

Chl:a ¼ 10:3 A663−0:918 A644

Chl:b ¼ 19:7 A644−3:87 A663; and
Carotenoids ¼ 4:2 A453− 0:0264 chl:aþ 0:426 chl:bð Þ;
where A is the absorbance. The values were then expressed as
(mg g−1 fresh wt.).

Analysis normalized vegetation index

The normalized difference vegetation index (NDVI) tech-
nique is a very suitable technique to detect the vegetation
and to identify the difference between the vegetation of two
different types. Temporal and spatial changes of vegetated
areas are well demarcated through NDVI technique. NDVI
index values ranged from −1.0 to 1.0, but the values of vege-
tation usually ranged between 0.1 and 0.7. The higher levels

of healthy vegetation cover are associated with higher index
values. NDVI maps were produced using data collected by the
moderate resolution imaging spectroradiometer (Landsat 8).
For Landsat 8 OLI data, band 4 and band 5 are required for
generating NDVI.

The NDVI method has been measured according to this
equation:

NDVI ¼ NIR−REDð Þ
NIRþ REDð Þ NDVI

¼ NIR−REDð Þ= NIRþ REDð Þ

where RED and NIR are the reflectances of red and near-
infrared, respectively in the Landsat satellite data (Yongnian
et al. 2010; Guha 2016).

Soil analysis

Three composite soil samples were composed from each hab-
itat including the soil at a profile 0–50 cm. 1:5 soil-water
extracts were prepared for the estimation of different parame-
ters. These extracts were used to determine total nitrogen and
total phosphorus using micro-Kjeldahl method and a spectro-
photometer (CECIL CE 1021) by applying molybdenum blue
method, respectively. Calcium and magnesium were deter-
mined by titration against 0.01 mol l−1 versenate solution
(EDTA disodium salt) using murexide and eriochrome black
T as indicators, while potassium was determined using flame
photometer. Iron, zinc, copper, manganese, and nickel were
estimated using atomic absorption spectrophotometer
(Shimadzu AA-6200). All the above-mentioned procedures
are outlined in more details by Allen (1989). The apparatus
setting and operational conditions were by the manufacturers’
specifications.

Statistical analysis

One-way ANOVA was applied to calculate the significance
of variations in the soil, plant growth variables, elements,
organic components, and nutritive variables in relation to
habitat type. Pearson simple linear correlation coefficient
(R) was calculated for evaluating the type of relationship
between plant height and diameter (SPSS 2012). In addition,
simple linear regression analysis was carried out to assess the
relationship between mean NDVI and density (ind. ha−1). A
bioaccumulation factor (BF) index is the capability of the
plant to accumulate a particular metal with definite to its
concentration in the soil substrate (Ghosh and Singh 2005);
it was measured as follows: BF = Cplant/Csoil, where Cplant

and Csoil symbolize the heavy metal concentrations in the
plant and soil, respectively.
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Results

Population growth traits

Castor bean was recorded in pure stands or associated with
few species such as Chenopodium murale L., Convolvulus
arvensis L., Sonchus oleraceus L., andMalva parviflora L.
(authors’ observation). The growth measurements of castor
bean individuals showed significant variations among the
different habitats (Table 1). The highest plant density
(13,200 individual ha−1) was recorded along the canal
banks, while the lowest (960 individual ha−1) was recorded
along the field edges. In addition, the highest total mean of
the individual’s height (4.86 m) was recorded for the indi-
viduals of the urban areas, while the lowest (2.40 m) was in
the drain bank. On the other hand, the individuals had their
highest mean crown diameter (3.72 m) in urban areas,
while the lowest (0.97 m) was recorded in the canal bank.
The correlations between an individual’s height and diam-
eter of castor bean individuals (N = 90) were positively
significant in all habitats with the highest correlation coef-
ficient (R = 0.79) in urban habitat and the lowest (R = 0.72)
in the drain banks. Moreover, the plant exhibited higher
height/diameter ratios more than unity in all habitats with
the highest value (2.58) for canal bank plants, while the
lowest (1.30) was observed in plants from urban areas.

The individuals of castor bean had its highest size index
(4.29) and volume (55.29 m3) in urban areas, while the lowest
was recorded in canal bank plants (1.70 and 1.39 m3, respec-
tively). Additionally, the variations in the number of branches,
number of leaves per branch, and the leaf area of castor bean
were significant among the different habitats (Table 1). The
highest number of branches (6.17 branch ind.−1) was recorded
in drain banks, while the lowest (3.30 branch ind.−1) was
obtained in urban habitat. On the other hand, plants from

urban areas had the highest number of leaves (211.5 leaves
branch−1) and leaf area (562.67 cm2).

The NDVI and its relationship with plant density

The NDVImap of castor bean sites in Qalyubia Province (Fig.
2) illustrated that the white portion within the vegetation cover
is indicated a higher NDVI (0.7–1). In comparison, the bright
gray is indicated moderate NDVI (0.45–0.6) and the dark gray
is indicated lower NDVI (0.1–0.4) (Fig. 2). The mean NDVI
values at the four sampled castor bean sites ranged between
0.32 and 0.608 (Fig. 2). The simple linear regression analysis
between mean NDVI and density showed a significant posi-
tive relationship and relatively strong coefficient of determi-
nation (R2 = 0.66, p > 0.05) (Fig. 3).

Size-frequency distributions

The size-frequency distributions of castor bean populations
that collected from different habitats showed positively
skewed size distribution as illustrated in (Fig. 4). The
highest size frequency (47.3%) was recorded in the class
1.5–2 m, while the lowest (4.3%) was recorded in the class
of the largest individuals (> 4 m). The height and diameter
were positively correlated (r = 0.77) with the highest
values (5.78 and 3.78 m) in class > 4 m, and the lowest
(2.01 and 0.79 m) were recorded for plants of the smallest
class (< 1.5 m).

Plant analysis

Inorganic nutrients

The analysis of the inorganic elements of castor bean showed
significant differences in Ca, N, P, K, and Mg between plant

Table 1 Growth characteristics of Ricinus communis from the different habitats in Qalyubia Province

Variable Habitat F value

Urban Canal bank Field edge Drain bank

Density (ind. ha−1) 1120 13,200 960 1200

Height (m) 4.86 ± 1.05 2.42 ± 0.41 2.41 ± 0.34 2.40 ± 0.42 50.9***

Diameter (m) 3.72 ± 0.63 0.97 ± 0.20 0.99 ± 0.21 1.02 ± 0.21 198.3***

H/D 1.30 ± 0.30 2.58 ± 0.62 2.57 ± 0.79 2.46 ± 0.79 7.4***

r 0.79*** 0.74** 0.06 0.72***

Size index (m) 4.29 ± 0.69 1.70 ± 0.26 1.71 ± 0.18 1.71 ± 0.20 159.1***

Volume (m3) 55.29 ± 28.68 1.39 ± 0.57 1.45 ± 0.56 1.55 ± 0.53 68.9***

No. of branches ind.−1 3.30 ± 0.94 3.51 ± 0.84 5.38 ± 0.74 6.17 ± 1.33 15.8***

No. of leaves branch−1 211.50 ± 80.31 24.01 ± 13.95 101.43 ± 12.15 54.67 ± 27.35 19.5***

Leaf area (cm2) 562.67 ± 248.09 83.50 ± 65.88 170.91 ± 96.62 138.67 ± 65.16 3.2*

*P < 0.05, **P < 0.01, ***P < 0.001
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shoots from the different habitats (Table 2). It was indicated
that the aboveground tissues from urban areas contributed the
highest values of total P and K (0.26 and 0.43 mg kg−1, re-
spectively), and the lowest value of total Ca and Mg (0.02 and
0.43 mg kg−1). However, the field edge plants had the lowest
total N, P, and K contents (0.13, 0.07, and 0.31 mg kg−1).
Moreover, the highest contents of plant Ca, N, and Mg

(1.53, 0.36, and 0.71 mg kg−1) were recorded in drain banks,
canal banks, and field edges, respectively.

Heavy metals analysis

The analysis of heavy metal concentration of the above-
ground tissues of castor bean showed great variations

Fig. 2 Image of NDVI (Landsat
8) and its distribution value at
Ricinus communis sites in
Qalyubia Province, Egypt
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among the different habitats (Table 3). The plant tissues
from the individuals grown along the field edges had the
highest concentrations of Fe and Mn (17082.67 and
683.61 mg kg−1), while those from canal banks had the
highest concentrations of Zn and Cu (145.98 and
50.92 mg kg−1). Also, the highest Ni concentration
(27.14 mg kg−1) was recorded in the drain plants.
Moreover, the lowest concentrations of Zn, Cu, and Ni
(64.29, 40.21, and 17.20 mg kg−1) were recorded in the
tissues of urban plants, while the lowest Fe and Mn

concentrations (5089.31 and 405.75 mg kg−1) were record-
ed in canal bank plants.

Pigment analysis

The pigment analysis of the green leaves of castor bean
showed great variation among the different habitats (Fig. 5).
Plants grown along the drain banks had the highest contents of
chlorophyll a, chlorophyll b, total chlorophyll, and caroten-
oids (0.90, 0.94, 1.84, and 7.15 g g−1), while those from the

Fig. 3 Illustration of simple linear regression between mean NDVI and density (ind. ha−1) of Ricinus communis in Qalyubia Province
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canal banks had the lowest values (0.65, 0.34, 0.99, and 5.90 g
g−1, respectively).

Soil analysis

The analysis of the inorganic elements of castor bean soils indi-
cated significant differences in Ca, N, P, K, and Mg between
plant shoots from the different habitats as illustrated in Table 4.
The results indicated that the urban soils contributed the highest
values of total P (0.49 mg kg−1), but the lowest values of Ca, K,
and Mg were 0.11, 1.82 and 0.23 mg kg−1, respectively. In
addition, the highest Ca and total N contents were recorded in
canal bank soils with values of 0.74 and 5.41 mg kg−1, while the
highest Mg value (0.55 mg kg−1) was recorded along the drain
banks. Moreover, the field edge soils had the lowest values of
total N and P (3.9 and 0.26 mg kg−1, respectively).

The analysis of heavy metal concentration in the soils of
castor bean showed great variations among the different

habitats (Table 4). The drain bank soils had the highest
concentrations of Fe and Mn (1012.96 and 103.66 mg
kg−1), while those from canal banks had the highest con-
centrations of Zn and Cu (63.27 and 12.57 mg kg−1).
However, the highest Ni concentration (2.61 mg kg−1)
and lowest Mn concentration (36.35 mg kg−1) were record-
ed in the urban soils. Moreover, the lowest concentrations
of Fe, Zn, Cu, and Ni (466.12, 37.51, 5.23, and 1.35 mg
kg−1, respectively) were recorded in the soil of the field
edges.

Bioaccumulation of heavy metals

The descriptive statistical results of the bioaccumulation factor
(BF) for heavy metals from soil to plant shoot (Fig. 6) indi-
cated that all investigated metals had BF more than one. The
BF of heavy metals fell in the order of Fe (17.04) > Ni (11.75)
> Mn (8.47) > Cu (5.47) > Zn (1.91).
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Fig. 4 Size-class frequency
distribution of Ricinus communis
from different habitats in
Qalyubia Province. r, Pearson
correlation coefficient between
height and diameter; ***, p <
0.001

Table 2 Inorganic elements (mean ± SD) of the aboveground shoots of Ricinus communis collected from different habitats in Qalyubia Province.
Maximum and minimum values are underlined

Inorganic metals
(mg kg−1)

Habitat F value

Urban Canal bank Field edge Drain bank

Ca 0.02 ± 0.01 0.60 ± 0.01 0.77 ± 0.03 1.53 ± 0.13 276.60***

N 0.14 ± 0.04 0.36 ± 0.04 0.13 ± 0.05 0.15 ± 0.04 22.96***

P 0.26 ± 0.02 0.15 ± 0.03 0.07 ± 0.02 0.13 ± 0.03 39.56***

K 0.43 ± 0.03 0.34 ± 0.02 0.31 ± 0.02 0.41 ± 0.03 17.36**

Mg 0.43 ± 0.01 0.45 ± 0.04 0.71 ± 0.05 0.52 ± 0.04 41.30***

*P < 0.05, **P < 0.01, ***P < 0.001

37165Environ Sci Pollut Res  (2021) 28:37158–37171



Discussion

Many factors affect plant growth creating natural variability
and productivity including an integration of these interactions
(Severino et al. 2017). The differences in growth rates due to
resource heterogeneity, age, and competition cause directly or
indirectly changes in the status of a plant population through
its density and size variations (Galal 2011). The largest den-
sity of castor bean in the present study was registered on the
renewable water resource canal banks, sedimentation and re-
duction in soil erosion, which favor the seed germination,
seedling emergence, and stability of the production. On the
other hand, the lowest plant density was recorded along field
edges with lower soil moisture contents due to the dense grass
cover. Moreover, the low plant density in part, due to low
temperature, reduced growing season, and soil moisture con-
tent, as in particular to eco-physiological bonds (Galal 2011).
In this study, the lower size index, volume, and number of
leaves of castor bean was recorded along canal banks
characterized by high soil heavy metal concentration,

especially Zn, Cu, and Ni, the highest values were recorded
along field edges with lower heavy metal concentration.
Shehata and Galal (2020) and Slima and Ahmed (2020) re-
ported that heavy metals have bad effects on several
morphological and physiological features, which lead to
inhibiting the growth of most plant species. According to
Yruela (2005) and Huang et al. (2018, 2020), the excess Cu
concentration inhibits plant growth and impairs important cel-
lular processes (i.e., photosynthetic electron transport). Sarwar
et al. (2017) observed that growth reduction through the de-
creasing photosynthetic rate and chlorophyll content can be
affected by heavy metals, while Hadi et al. (2014) and Galal
et al. (2017) recorded that the harmful effects of heavy metals
on plant growth reduce plant height, root length, and leaf area.
According to Mizoi and Yamaguchi-Shinozaki (2013), the
plants may have a survival strategy under risky conditions of
heavy metals via induced stunted growth.

Remotely sensed data is usually readily available over large
areas, so it has been widely used for assessing vegetation
structural diversity (Ozdemir and Karnieli 2011; Halmya

Table 3 Heavy metal concentration (mean ± SD) of the aboveground shoots of Ricinus communis collected from different habitats in Qalyubia
Province. Maximum and minimum values are underlined

Inorganic metals
(mg kg−1)

Habitat F value

Urban Canal bank Field edge Drain bank

Fe 13,254.60 ± 613.41 5089.31 ± 183.33 17,082.67 ± 297.20 6188.01 ± 34.61 790.95***

Mn 435.62 ± 5.09 405.75 ± 3.57 683.61 ± 12.97 635.05 ± 12.15 661.10***

Zn 64.29 ± 3.98 145.98 ± 11.22 75.34 ± 5.73 95.23 ± 2.73 86.32***

Cu 40.21 ± 6.19 50.92 ± 10.92 40.49 ± 1.33 41.84 ± 0.71 7.42*

Ni 17.20 ± 2.63 20.72 ± 0.97 21.73 ± 1.27 27.14 ± 1.74 16.31**

*P < 0.05, **P < 0.01, ***P < 0.001
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carotenoids
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et al. 2019) and used as a source of biophysical information of
several tree plants species. Mohammadi et al. (2010) recorded
a correlation of many vegetation parameters with remote
sensed reflectance patterns. Granero-Belinchon et al. (2020)
used vegetation indices for monitoring of urban tree vegeta-
tion phenological dynamics.

According to Rocchini et al. (2015), Meng et al. (2015),
and Feilhauer et al. (2012), the NDVI index has a role to detect
species diversity, changes in species composition, and species
distribution, due to the reflectance of vegetation has different
nature in red bands than the near-infrared (NIR) of the elec-
tromagnetic spectrum. Normalized difference vegetation in-
dex (NDVI) is perhaps the most widely used proxy (Tucker
et al. 1986). The sites of this study had young/growing and
also mature trees with bright gray cover in canal bank, urban,
and drain bank habitats, which reflected greater NDVI

(implying healthy vegetation), while mature trees in the field
edges had the lowest number of individuals indicated lower
NDVI. Similarly, Kovacs et al. (2005), Satyanarayana et al.
(2011), and Essa (2017) used NDVI to indicate healthy man-
grove populations. Moreover, the simple linear regression
analysis between mean NDVI and plant density indicated a
significant positive and relatively strong relationship (R2 =
0.66, p > 0.05). Previous study, Essa (2017) on the manage-
ment of natural resources and environmental research, found
important links between tree numbers and NDVI indexes.

Plant size is the main indicator of competitive ability and
the vegetation structure according to several comparative
studies (Gaudet and Keddy 1988, 1995; Galal 2011; Galal
et al. 2016a). The present study indicated that castor bean
attained its highest stem height, diameter, size index, and vol-
ume at urban habitat characterized with lower plant density.

Table 4 Soil characteristics (mean ± SD) of the different habitats of Ricinus communis in Qalyubia Province. Maximum and minimum values are
underlined

Inorganic metals
(mg kg−1)

Habitat F value

Urban Canal bank Field edge Drain bank

Ca 0.11 ± 0.02 0.74 ± 0.03 0.54 ± 0.05 1.65 ± 0.28 62.35***

N 4.41 ± 0.06 5.41 ± 0.15 3.9 ± 0.23 5.06 ± 0.50 11.41**

P 0.49 ± 0.02 0.46 ± 0.04 0.26 ± 0.05 0.31 ± 0.2 36.43***

K 1.82 ± 0.03 2.84 ± 0.06 2.36 ± 0.08 1.90 ± 0.08 156.91***

Mg 0.23 ± 0.01 0.38 ± 0.02 0.47 ± 0.03 0.55 ± 0.10 22.53***

Fe 654.99 ± 8.65 985.10 ± 12.73 466.12 ± 5.78 1012.96 ± 9.13 2379.18***

Mn 36.35 ± 4.29 54.71 ± 1.21 81.96 ± 1.13 103.66 ± 2.12 411.26***

Zn 41.19 ± 6.08 63.27 ± 5.40 37.51 ± 0.49 53.73 ± 7.87 13.06**

Cu 9.30 ± 1.36 12.57 ± 1.27 5.23 ± 0.40 7.34 ± 1.29 22.18***

Ni 2.61 ± 0.10 2.16 ± 0.10 1.35 ± 0.29 1.84 ± 0.08 28.80***

*P < 0.05, **P < 0.01, ***P < 0.001
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tissues of Ricinus communis
plant. Vertical bars represent the
standard error
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This result matched with François et al. (2016), who reported
a reverse relationship between plant density of jack pine tree
and its volume. In addition, the population structure such as
plant size distribution has significant importance for evolution
and conservation. For instance, the distribution of plant size
has usually shown an impact on survival (Wesselingh et al.
1997) and may be linked to inter- and intra-specific rivalry
(Galal et al. 2016a). In the present study, the size distribution
of castor bean populations was positively skewed and could
be highly reproductive and quickly expanding populations.
These distributions can also show an elevated youth death rate
(Harper 1977), but nevertheless, they seem to characterize
long-term stability, since in most stable populations one could
expect an excess of juveniles over mature individuals
(Shaltout et al. 2015; Galal et al. 2016a). Additionally, hetero-
geneity of resources, competition, the development rate, and
genetic variation are also the cause of these distribution pat-
terns due to growth rate changes (Weiner and Solbrig 1984;
Farahat et al. 2015).

The H/D variation could be an indicative of the adaptation
and competition of plants to their habitats or the competition
of shrubs for resources (Canham et al. 2006). The H/D ratio is
important for determining the plant status in different habitats
that was greater than unity for castor bean individuals from all
the habitats. Results also showed that individuals are motivat-
ed to evolve vertically rather than horizontally, which is a
plant approach to provide a secure adaptation or just a passive
reaction to environmental gradients such as light. Similar re-
sults were postulated by Eid (2002) on Ipomea carnea Jacq.,
Slima (2006) on Pluchea dioscoridis (L.) DC. in the Nile
delta, Galal (2011) on Tamarix nilotica (Ehrenb.) Bunge,
Shaltout et al. (2015) on Phlomis aurea Decne., and Galal
et al. (2016a) on Calotropis procera (Aiton) W.T. Aiton.
Moreover, the highest H/D ratio was recorded along canal
banks associated with the highest plant density. According
to Galal et al. (2016a) and Lentz (1998), plant vertical expan-
sion may be assigned to the high density and then high intra-
specific competition of these plants.

Soils with highmetal levels usually received anthropogenic
and industrial waste (Alyemeni and Almohisen 2014; Galal
et al. 2016b). In this study, the soil of urban habitats is rich in
nutrients (N, P, and K) and Ni, though the highest levels of Cu
and Zn were in the canal bank. According to Huang et al.
(2018) and Zhou et al. (2019), the high contents of N and P
in soil significantly increased the growth and dry weight (DW)
of castor bean plants. The concentrations of the investigated
metals, except Fe in drain bank soil, were at the normal level
according to UNEP/WHO (2002) and Chiroma et al. (2014).
Castor bean can grow easily in the wasteland soils having
multiple stresses like salinity, drought as well as heavy metals
(Bauddh and Singh 2012).

The bioavailability of the metals in both internal (plant) and
external (soil-associated) is the most effective factors on plant

heavy metal absorption (Eltaher et al. 2019). The concentra-
tion of Fe in castor bean leaves ranged from 6188.00 mg kg−1

at drain banks to 17,082.67 mg kg−1 at field edge. Das (2000)
revealed that the ordinary iron ranged between 50 and 250 mg
kg−1 in plants, as a result, it can be suggested that iron con-
centration in castor bean from the studied habitats exceeded
the normal range. In addition, Mn concentration ranged be-
tween 405.75 mg kg−1 at canal bank and 683.60 mg kg−1 at
field edges, which exceeded the safe range (50–500 mg kg−1)
of Allen (1989). Moreover, Zn concentration in castor bean
leaves ranged from 64.29 mg kg−1 at urban to 145.98 mg kg−1

at canal bank. Furthermore, Cu can cause lethal effects when
the aboveground part (stem or leaves) concentrate levels ex-
ceeding 20 mg kg−1 (Ren et al. 2017). This study demonstrat-
ed a range of Cu ranged from 40.21 mg kg−1 at urban to
50.92 mg kg−1 in canal bank, which indicated the toxicity of
leaves with Cu from all habitats. Similar results were reported
by Huang et al. (2020) and Zhou et al. (2020) on the same
plant.

The measuring of plant capacity to absorb heavy metals
from the soil is by the bioaccumulation factor (BF) (Bi et al.
2010; Ratko et al. 2011; Xiao et al. 2011). BF of the investi-
gated heavy metals was greater than 1. The order of BF for
R. communis leaves to take up five heavy metals were Fe > Ni
> Mn > Cu > Zn, which matched with that revealed by Al-
Farraj and Al-Wabel (2007), Galal et al. (2016b) on
C. procera, and Galal and Shehata (2015) on Plantago major
L. In addition, BF > 1 can refer to the capacity of plants for
metal accumulation (Zu et al. 2005). The calculated BF > 1
might indicate that castor bean can be considered a
bioaccumulator for the investigated heavy metals. According
to Bauddh et al. (2015), castor bean has been established to
possess excellent capability to extract greater concentrations
of toxic metals like Pb, Cu, Ni, etc. The castor bean has the
ability for heavy metals accumulation under natural condi-
tions with powerful phytoextraction (Yashim et al. 2016;
Zhou et al. 2019). Finally, the elevated accumulation potential
of castor bean is compatible for Fe, Ni, Mn, and Cu; it can be
used as a biomonitor for soil pollution. As reported by Bauddh
et al. (2015), castor bean seems to be a sustainable crop for
phytoremediation purposes because it has commercial value
worldwide and can be used globally to remediate the contam-
inated areas.

Conclusion

The present study showed that castor bean attained its highest
stem height, diameter, size index, and volume at urban habitat
characterized with lower plant density. It had positively
skewed size-frequency distribution. Castor bean had a high
bioaccumulation potential for heavy metals, whereas the high
BF of this species to heavy metals makes it a promising
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biomonitor as well as phytoremediator since it is a non-food
multiple industrial crop. Moreover, the NDVI indicated that
castor bean from the studied habitats except field edges rep-
resented healthy populations. Finally, when utilizing castor
bean in all medicinal uses, the above highlights should be
taken into consideration. Strict monitoring strategy for the
polluted medicinal plant habitats is recommended for public
health protection in developing countries.
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