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Abstract

This experiment was conducted in the greenhouse of the National Research Centre during the two seasons of 2019/2020 and
2020/2021 to study the ability of Dimorphotheca ecklonis plants to grow in the soil contaminated with cadmium (Cd) at
different concentrations (0, 25, 50 and 100 mg. kg soil), the humic acid was used at concentrations (0, 200 and 400 mg. I'")
to improve the plants growth. The plants grown in soil contaminated with Cd at 25mg. kg'! soil gave the highest mean values
of all vegetative growth parameters, photosynthetic pigments and total sugar content; whereas, the plants grown in soil free of
cadmium gave the highest mean values for RWC% and all inflorescences parameters in both seasons. The treatment Cd 100
mg. kg™ increased the leaves content of total phenol, total proline, MDA content and cadmium content in both shoot and root
in both seasons. The plants that received humic acid (HA) at concentration 200 mg. I"' showed significant increase for all
vegetative growth parameters, RWC%, all inflorescences parameters, photosynthetic pigments,total sugar content and total
phenol content in both seasons, while; proline and MDA content were increased at control HA treatments, Cd content in shoot
and root were increased by HA 400mg. I, Regarding the interaction treatments, the plants treated with Cd at 25 mg. kg and
HA at 200 mg. I'" increased all vegetative growth parameters, photosynthetic pigments and total sugar content in both seasons,
while the treatment of Cd at Omg. kg™ and HA at 200 mg. 1" significantly increased RWC% and inflorescences parameters,
the highest value of total phenol content were produced by treatment Cd at 100 mg. kg™ and HA at 400 mg. 1", proline
content and MDA by treatment Cd at 100 mg. kg™' and HA at 0 mg. "' and Cd content in shoot and root by treatment Cd at
100 mg. kg and HA at 400 mg. I'". Polyphenol oxidase and peroxidase isoenzymes showed overexpression in treatment Cd at
100 mg. kg™' and HA at 400 mg. 1" in the second season.
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gardens. Dimorphotheca ecklonis must be planted in
full sun in order for the flowers to open to their full

1. Introduction potential, although they will tolerate some shade
Dimorphotheca genus is native to Africa and during the day. They can be mass-planted as a
Australia, it is considered one of family Astraceae groundcover, as a border to a shrubbery, or to line
members [1]. Dimorphotheca ecklonis is an annual pathways.
dwarf shrub that grows to be 25 to 50 centimeters Heavy metal stress leads to loss in a regu|ar
tall. The leaves are elliptical, glandular, partially productivity and induces hazardous health effects.
succulent, narrow obovate, and either entire or Heavy metals have largest availability in soil and
serrated. The heads are on stems that are 15 to 20 aquatic ecosystems and to a relatively smaller
centimeters long and have a diameter of 5 to 8 proportion in atmosphere as particular or vapors [3].
centimeters. The bracts are glandular and 13 to 16 Among heavy metals, cadmium (Cd) is a potentially
millimeters long. The rays are white on top and important environmental pollutant. Cadmium is a
reddish blue on the bottom. The disc is either dark toxic trace pollutant for humans, animals and plants
blue or purple in colour. The surface of the fruit is of entering the environment mainly from industrial
wrinkled texture [2]. It is widely used as processes and phosphate fertilizers and then may be
anornamental plantin pots, borders and balcony transferred to food chain [4]. Cadmium is phytotoxic
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as it can interfere with photosynthetic and respiratory
activities, mineral nutrition, enzymatic activities,
membrane functions, and hormone balance [5].

Soil organic contents are one of the most
important parts that they directly affect the soil
fertility and textures with their complex and
heterogenous structures although they occupy a
minor percentage of the soil weight. Humic acids are
an important soil component that can improve
nutrient availability and impact on their important
chemical, biological and physical properties of soils
[6]. Humic acids are very structurally large
macromolecular complexes with a brown-black
appearance. They were soluble in water pH greater
than 2, and generally heterogeneous in structure and
consist mainly of carbon, oxygen, hydrogen, nitrogen
and occasionally sulphur and phosphorus [7]. They
are described as assemblies of aromatic and aliphatic
residues with carboxylic, phenolic, carbonyl,
quinone, ketone and amine groups. Humic substances
can form different types of complex with metals
depending on the metal involved and its
concentration [8]. It was mentioned that humic
substances have the ability to raise the growth of
plants that grow under different stress conditions [9]
The aim of this study is to investigate the ability of
Dimorphotheca ecklonis to grow in cadmium-
contaminated soils in presence of humic acid as
growth enhancer.

2. Materials and Methods

2.1. Location and plant material
The Experiment was conducted during the two

seasons of 2019/2020 and 2020/2021 in the
greenhouse of the National research centre, DokKi,
Giza, and the seeds were obtained from the
Horticulture Research Institute, Agriculture Research
Center, Giza, Egypt.
2.2. Experiment procedure

The seeds were sown in plastic trays on the 1st of
October; the germination started a week after the
planting. The early seedlings were transplanted on the

Table 1 physical and chemical properties of the soil

1st of November when they started having 4 to 5 real
leaves in 15 cm pots, and then were transplanted
again at the end of November after growing to almost
15 cm high in 30 cm plastic pots filled with the
mixture soil composed of clay and sand (1:1) the
physical and chemical analysis were shown in Table
(1) which were determined according to Jackson [10].
Cadmium was mixed in the soil during last
transplanting at concentrations of 0, 25, 50, and 100
mg. Kkg-1 soil respectively. After one week of
transplanting, humic acid was added with 0, 200, and
400 mg. 1-1 concentrations as a soil drench and these
treatments were repeated again after a month.
Agricultural  treatments such as fertilization,
removing weeds, were applied as usual during the
growing season.

The plants were harvested at the end of May to
measure the vegetative parameters, inflorescence
parameters and chemical analysis
2.3. Data recorded
2.3.1. Growth parameters

Plant height (cm), stem diameter (cm), number of
leaves/ plant, leaf area (cm?), number of branches/
plant, root length (cm), shoot and root fresh and dry
weights (g/ plant).

2.3.2. Inflorescence parameters
Number of inflorescences/ plant, inflorescence
diameter (cm), inflorescence fresh and dry weights

(g/plant).

2.3.3. Relative water content (RWC %)

Relative water content (RWC %) was determined
according Turner [11] as follow: the fresh weight for
leaf disc (1 cm diameter) for 3 leaves for each plant
was recorded, then floated them in distilled water for
24h at 4°C and then weighted another time (turgid
weight). The leaves discs were oven dried till
constant weight. RWC% was calculated using
formula:

RWC%= ((fresh weight — dry weight)/ (turgid
weight — dry weight))*100

Soil

Coarse sand% Fine sand% Silt% Clay%o
sample
61.44 9.36 12 17.20
Sandy EC(:1) oh cd OM. Anion (meg/l) Cation (meqg/l)
loam (dS/m) (mg/kg) (%) HCO3 CI' S04  Ca*™* Mg** Na** K*
0.48 8.1 2.6 1.36 6.88 325 247 6.00 1.82 279 0.78
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2.3.4. Chemical analysis

Photosynthetic pigments (mg. g-' F.W.) were
determined according to Saric et al. [12], Total sugars
(mg. g-' F.W.) were determined according to Dubois
et al. [13], Total phenols (mg. g' F.W.) were
determined according to Quettier et al. [14], Lipid
peroxidation (umol. g'F.W.) was expressed as
malondialdehyde (MDA) content and was determined
according to Buege and Aust [15], Proline content
(Mg. g'F.W) was determined according to Bates et al.
[16]. All the previous chemical analysis were carried
out in fresh leaves samples. Cadmium content (ppm)
in shoot and root according to Meuwly and Rauser
[17] in the solution of digested dry shoot and root by
sulfuric and perchloric acids [18].

Antioxidant lsoenzymes Electrophoresis: native
polyacrylamide gel electrophoresis (Native-PAGE)
isoenzyme electrophoresis was performed to identify
isoenzyme differences between control and treatment
in the second season. Polyphenol oxidase
isenzozymes PPO (E.C. 1.10.3.1) in leaves (100 mg
fresh weight) samples were estimated as described by
[19, 20]. Peroxidase isoenzmes POD (E.C. 1.11.1.7)
in leaves sample were assessed by the procedure
defined by Barcelo et al. [21].

2.4. Experiment Layout and statistical analysis

The layout of the experiment was a factorial
experiment in complete block design, with 12
treatments (4 cadmium (Cd) concentrations X 3
humic acid (HA) concentrations), with 3 replicates
for each season. All the previous data were subjected
to statistical analysis by using least significant
differences (L.S.D) at 5% level according to method
described by Snedecor and Cochran [22].

3. Results

3.3. Growth parameters

Data presented in Tables (2 & 3) showed that in
both seasons, soil application of cadmium at 25 mg.
kg soil significantly increased all growth parameters
(plant height, stem diameter, No. of leaves and
branches, leaf area, root length, fresh and dry weight
of shoot and root). The increments were (32%,
28.8%, 42.7%, 62.6%, 61.0%, 23.7 %, 28.9%, 47.7%,
117.6% and 122.9%), respectively in the first season
compared with cadmium at high concentration 100
mg. kg'soil, while in the second season, the
increments were (31.6%, 24.1%, 38.4%, 68.9%,
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70.7%, 39.5%, 28.2%, 43.2%, 83.8% and 92.5%),
respectively, compared with Cd at 100 mg. kg soil.

Increasing the concentration of cadmium from 25
to 100 mg. kg'soil in both seasons significantly
decreases all growth parameters of Dimorphotheca
ecklonis. It is generally accepted that trace amounts
of Cd stimulate plant growth, while high amounts of
Cd can cause plant injury.

Concerning the effect of humic acid on vegetative
growth, data in Tables (2 & 3) showed that the
application of humic acid at 200 mg. I' significantly
increased all growth parameters of Dimorphotheca
ecklonis (plant height, stem diameter, No. of leaves
and branches, leaf area, root length, fresh and dry
weight of shoot and root) compared with control
plant. The increments were (15.0%, 20.0%, 22.2%,
49.5%, 23.6%, 44.3%, 21.1%, 36.0% and 37.4%),
respectively, compared with control plants of
Dimorphotheca ecklonis in the first season, while in
the second season, the increment were (18.4%,
20.0%, 15.5%, 42.7%, 21.5%, 32.3%, 16.9%, 25.6%,
30.7% and 33.2%), respectively, compared with
control of Dimorphotheca ecklonis.

Regarding the effect of interaction between Cd
and humic acid addition treatment on all growth
parameters data in Tables (2&3) noticed that humic
acid at 200 mg. I'' increased the mean value of all
growth parameters of Dimorphotheca ecklonis plants,
which grown in soil contaminated with cadmium at
25 mg. kg™ soil, in both seasons.

3.4. Inflorescence parameters
The results in Table (4) illustrated that the plant

grown in an unpolluted soil with Cd had the highest
significant number of inflorescence, inflorescences
diameter, inflorescence fresh and dry weight in the
both seasons of Dimorphotheca ecklonis plants.

Increasing the concentration of Cd significantly
decreased the value of these parameters of
inflorescence compared with plants grown in
unpolluted soil in both seasons.

Data presented in Table (4) showed that soil
application of humic acid at 200 mg. I' significantly
increased the values of inflorescence characters in
both seasons compared with control plants of
Dimorphotheca ecklonis plants. The increments were
(41.4%, 24.0%, 17.5 and 20.6%), respectively,
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Table 2. Effect of cadmium (Cd) and humic acid (HA) on plant height, stem diameter, No. of leaves, No. of branches, leaf

area and root length of Dimorphotheca ecklonis during 2019/202 and
2020/2021 seasons

Plant height Stem diameter No. of leaves/ plant No. of branches/ Leaf azrea Root length

Treatments = (cm) = = (cm) = = - - plant - - (cm®) - — (cm) -
season  season  season season season season season  season  season  season  season  season

Cdo 33.60 34.71 0.61 0.65 337.44 339.78 12.00 10.56 2.79 2.85 26.73 27.44
Cd25 38.44 41.35 0.67 0.72 402.45 391.00 14.28 13.33 3.19 3.26 30.93 32.73
Cds0 35.33 35.90 0.65 0.68 358.00 353.11 12.89 11.67 2.76 2.35 29.15 29.06
Cd100 29.12 31.42 0.52 0.58 282.00 282.45 8.78 7.89 1.98 1.91 25.00 23.46
HAO0 31.88 33.02 0.55 0.60 309.08 316.84 9.92 9.00 242 2.33 22.69 23.98
HA200 36.67 39.09 0.66 0.72 371.75 366.00 14.83 12.84 2.99 2.83 32.75 31.73
HA400 33.78 35.43 0.63 0.65 348.08 344.92 11.21 10.75 2.63 2.62 28.42 28.81
Cdo+HAO 31.00 31.83 0.53 0.58 284.00 320.67 10.00 9.00 243 2.51 20.53 22.82
Cd0+HA200 37.70 38.40 0.66 0.72 377.00 352.00 14.67 12.00 3.22 3.28 32.67 30.83
Cd0+HA400 32.10 33.90 0.64 0.64 351.33 346.67 11.33 10.67 2.74 2.77 27.00 28.67
Cd25+HA0 35.77 38.73 0.61 0.68 372.67 372.67 12.00 11.00 2.84 2.90 26.37 29.77
Cd25+HA200 41.03 44.40 0.72 0.77 425.00 412.33 17.33 15.67 3.57 3.66 34.00 35.00
Cd25+HA400 38.53 40.93 0.69 0.71 409.67 388.00 13.5 13.33 3.17 3.21 3241 33.42
Cd50+HA0 33.83 32.73 0.57 0.63 323.33 332.00 10.67 9.67 2.67 2.34 23.87 24.00
CdS0+HA200 37.43 39.53 0.70 0.74 386.33 369.00 16.33 14.00 2.90 2.07 33.00 32.67
Cd50+HA400 34.73 35.43 0.67 0.68 364.33 358.33 11.67 11.33 2.71 2.64 30.59 30.52
Cd100+HAO 26.93 28.77 0.49 0.52 256.33 242.00 7.00 6.33 1.77 1.57 20.00 19.34
Cd100+HA200 30.67 34.03 0.56 0.65 322.67 330.67 11.00 9.67 2.27 2.30 31.33 28.41
Cd100+HA400 29.77 31.47 0.51 0.58 267.00 286.67 8.33 7.67 1.91 1.85 23.67 22.62
LSD Cd 1.54 1.60 0.03 0.03 5.61 6.43 1.72 1.68 0.05 0.05 1.74 1.81
at5% HA 1.33 1.38 0.03 0.02 4.86 5.56 1.49 1.45 0.04 0.04 1.51 1.63
Cd*HA 2.66 2.77 0.05 0.05 9.73 11.13 2.99 291 0.25 0.18 3.02 3.22

Table 3 Effect of cadmium (Cd) and humic acid (HA) on shoot and root fresh and dry weights of Dimorphotheca ecklonis

during 2019/2020 and 2020/2021 seasons

Shoot F.W. Root F.W. Shoot D.W. Root D.W.
(g/plant) (g/plant) (g/plant) (g/plant)
Treatments 1% season 2 1% season 2 1t 2 1t 2
season season season season season season

Cdo 127.82 136.48 5.77 5.88 25.54 31.88 3.95 3.97
Cd25 143.30 151.79 7.05 7.35 30.86 37.45 4.86 5.10
Cd50 135.17 142.19 6.25 6.72 28.00 34.10 431 4.60
Cd100 111.21 118.36 3.24 4.00 20.90 26.15 2.18 2.65
HAO 116.71 126.44 4.72 5.22 22.27 28.84 3.21 3.52
HA200 141.32 147.9 6.42 6.82 30.33 36.21 4.41 4.69
HA400 130.10 142.99 5.61 3.92 26.37 32.14 3.86 4.03
Cd0+HAO 115.17 124.37 4.75 5.23 21.54 27.61 3.22 3.50
Cd0+HA200 139.71 146.62 6.72 6.42 29.62 35.63 4.66 4.37
Cd0+HA400 128.57 138.44 5.85 5.98 25.46 32.39 3.98 4.05
Cd25+HA0 132.59 141.50 6.17 6.62 26.65 33.96 4.23 4.55
Cd25+HA200 153.55 162.32 7.85 8.02 34.55 41.23 5.34 5.61
Cd25+HA400 143.76 149.79 7.14 7.42 31.34 37.15 5.01 5.13
Cd50+HAO 123.33 132.82 5.53 5.89 23.56 30.55 3.76 3.96
Cd50+HA200 145.76 153.02 7.00 7.72 32.21 38.40 4.88 5.37
Cd50+HA400 136.41 140.75 6.23 6.54 28.24 33.36 4.30 4.46
Cd100+HAO0 95.73 107.08 2.41 3.15 17.33 23.24 1.61 2.07
Cd100+HA200 126.24 129.64 4.11 5.12 24.94 29.56 2.77 341
Cd100+HA400 111.67 117.12 3.20 3.74 20.43 25.65 2.15 2.47
LSD Cd 2.59 4.67 0.52 0.53 2.32 2.21 0.52 0.34
at 5% HA 2.24 4.04 0.45 0.46 2.01 1.91 0.45 0.29
Cd*HA 4.48 8.07 0.90 0.92 4.01 3.83 0.90 0.58
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compared with control plant in the first season, while
in the second season, the increments were (53.6%,

3.5. Relative water content (RWC %)
The data in Table (4) showed that increasing the

18.6%, 182% and 21.1%), respectively, concentration of Cd reduced the RWC % from
comparedwith control plant of Dimorphotheca unpolluted soil to high concentration of Cd in both
ecklonis. seasons of Dimorphotheca ecklonis.

Regarding the effect of interaction between Cd
and humic acid on inflorescence parameters, it is
noticed that plants grown in soil free of Cd treatments
with humic acid at 200 ppm gave the highest value of
inflorescences parameters in both seasons of
Dimorphotheca ecklonis plants.

It was noticed from data tabulated in Table (4) that
the application of humic acid at 200 ppm
significantly increased RWC %. The increment
percentage were (7.9% and 9.19%) in both seasons,
respectively, compared with the control plants.

The interaction between the soil free of Cd and
humic acid at 200 mg. I'' gave a significantly increase
the relative water content in both season of
Dimorphotheca ecklonis plants.

Table 4 Effect of cadmium (Cd) and humic acid (HA) on RWC%, No. of Inflorescences/ plant, Inflorescence diameter,
Inflorescence fresh and dry weights of Dimorphotheca ecklonis during 2019/2020 and 2020/2021 seasons

No. of Inflorescences/

Inflorescence Inflorescence F.W.

Inflorescence D.W.

Treatments RWC% plant diameter (cm) (g/plant) (g/plant)
1% season 2" 1% season 2™ 1% season 2™ 1% season 2M 1% season 2M
season season season season season

Cdo 82.67 82.11 11.11 10.11 3.45 3.73 1.94 2.00 0.90 0.93
Cd25 74.96 74.13 10.45 8.44 3.10 3.49 1.78 1.84 0.81 0.83
Cd50 70.28 68.64 6.56 6.78 2.84 3.07 1.66 1.72 0.73 0.76
Cd100 66.92 64.20 5.00 4.11 2.29 2.27 1.35 1.44 0.58 0.62
HAO 70.76 69.21 6.84 5.75 2.63 2.85 1.54 1.59 0.68 0.71
HA200 76.32 75.57 9.67 8.83 3.26 3.38 1.81 1.88 0.82 0.86
HA400 74.04 72.03 8.33 7.50 2.87 3.19 1.70 1.76 0.77 0.80
Cd0+HAO 79.61 80.12 9.33 8.67 3.27 3.35 1.74 1.82 0.79 0.83
Cd0+HA200 85.17 83.72 12.67 11.33 3.74 4.02 2.1 2.15 0.99 1.01
Cd0+HA400 83.22 82.49 11.33 10.33 3.35 3.81 1.97 2.03 0.92 0.95
Cd25+HA0 71.58 70.24 8.67 6.00 2.82 3.17 1.67 1.70 0.74 0.75
Cd25+HA200 77.90 78.69 11.67 10.00 3.45 3.73 1.86 1.93 0.86 0.89
Cd25+HA400 75.41 73.45 11.00 9.33 3.03 3.57 1.81 1.88 0.83 0.86
Cd50+HAO0 67.49 65.08 5.67 533 2.53 2.87 1.60 1.62 0.70 0.71
Cd50+HA200 72.61 72.19 7.33 8.33 3.11 3.25 1.73 1.82 0.77 0.82
Cd50+HA400 70.74 68.65 6.67 6.67 2.89 3.09 1.64 1.71 0.72 0.76
Cd100+HAO0 64.37 61.40 3.67 3.00 1.90 2.02 1.13 1.25 0.48 0.54
Cd100+HA200 69.58 67.67 7.00 5.67 2.75 2.50 1.55 1.64 0.67 0.72
Cd100+HA400 66.80 63.52 4.33 3.67 222 2.28 1.37 1.42 0.59 0.61
LsD cd 249 255 1.67 1.40 021 0.20 0.17 0.11 0.04 0.05
at5% HA 2.16 2.21 1.45 1.22 0.18 0.18 0.14 0.09 0.04 0.04

Cd*HA 431 4.41 2.90 4.11 0.36 0.35 0.29 0.18 0.07 0.08

kg' soil in the first and second seasons of
Dimorphotheca ecklonis plants.
Concerning the effect of humic acid on

3.6. Chemical constituents
3.6.1. osynthetic pigments and total sugar

The results presented in Table (5) showed
that the highest content of photosynthetic pigments
(Chl a, b and carotenoids) and total sugar were
obtained from plants applied soil with Cd at 25 mg.
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photosynthetic pigments and total sugar, data resulted
from plant chemical analysis presented in Table (5)
showed that, the humic acid application at 200 mg. I
gave the highest Chl a (5.21), Chl b (1.76),
carotenoids (2.46) mg. g' F.W. and total sugar (19.32
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mg. g F.W) in the first season, respectively, while in
the second season, the values were (5.96, 2.12, 3.59
and 2392 mg g' F.W.), respectively, of
Dimorphotheca ecklonis plants.
The interaction between soil application of

Cd at 25 mg. kg soil and humic acid at 200 mg. I'
gave the highest value of photosynthetic pigments
and total sugar in both seasons of Dimorphotheca
ecklonis plants.
3.6.2. Total phenols

The data in Table (5) showed that the applying of
Cd at 100 mg. kg’ soil on total phenols of

Dimorphotheca  ecklonis  plants  significantly
increased the total phenol content giving values 11.57
and 12.69 mg. g' F.W. in both seasons, respectively.
Addition of humic acid at 200 mg. I' to the soil
significantly increased of total phenols content giving
values 9.59 and 9.32 mg. g’ F.W. in both seasons,
respectively, while the interaction between Cd at 100
mg/kg soil and humic acid at 400 mg. I' significantly
increased total phenols in both seasons giving 12.08
and 14.07mg. g F.W., respectively.

Table 5 Effect of cadmium (Cd) and humic acid (HA) on photosynthetic pigments (chlorophyll a, b and carotenoids), total
sugars and total phenol contents of Dimorphotheca ecklonis during 2019/2020 and 2020/2021 seasons

ChloroPhyII a (mg. ChIoroE)hyII b Caroter}oids (mg. Total sulgars (mg. Total phenol
- - - - -1
Treatments lsl g FW) 2nd l(srlng g Fvvz?\d lsl g FW) 2nd lst g FW) 2nd l(srtng g FVVZ?M
season season season season season season season season season season
Cdo 3.84 4.86 1.35 1.57 1.87 2.98 17.87 20.68 6.50 6.23
Cd25 5.92 6.59 1.94 2.11 2.81 3.85 22.13 23.85 7.87 7.23
Cds0 4.64 547 1.56 1.86 2.38 3.53 17.37 18.91 9.85 9.65
Cd100 3.17 3.27 1.14 1.29 1.52 1.78 12.27 15.77 11.57 12.69
HAO 4.13 4.77 1.44 1.58 2.27 291 15.55 14.36 8.25 8.30
HA200 5.21 5.96 1.76 2.12 2.46 3.59 19.32 23.92 9,59 9.32
HA400 3.84 4.42 1.30 1.43 1.72 2.62 17.37 21.13 9.01 9.24
Cd0+HAO 3.81 4.52 1.31 1.51 1.86 2.74 16.34 15.65 6.06 5.67
Cd0+HA200 4.42 5.89 1.51 1.74 2.13 3.68 19.02 24.71 7.15 6.82
Cd0+HA400 3.28 4.17 1.24 1.47 1.63 2.52 18.26 21.69 6.30 6.21
Cd25+HA0 4.79 6.12 1.67 1.82 2.79 3.73 20.62 18.49 7.22 6.53
Cd25+HA200 7.23 7.72 2.56 2.87 3.51 4.45 24.23 27.82 8.76 7.92
Cd25+HA400 5.73 5.93 1.59 1.65 2.14 3.38 21.55 25.24 7.62 7.24
Cd50+HAO 4.29 5.22 1.51 1.77 2.72 333 15.41 13.07 9.00 9.18
Cd50+HA200 5.43 6.32 1.69 2.26 242 4.08 19.27 23.80 10.54 10.34
Cd50+HA400 4.19 4.88 1.49 1.55 2.00 3.19 17.44 19.85 10.02 9.44
Cd100+HAOQ 3.63 3.22 1.25 1.21 1.70 1.82 9.82 10.21 10.72 11.80
Cd100+HA200 3.74 3.92 1.30 1.59 1.76 2.15 14.76 19.36 11.92 12.20
Cd100+HA400 2.14 2.68 0.87 1.06 1.09 1.37 12.23 17.73 12.08 14.07
LSD Cd 0.12 0.20 0.06 0.11 0.06 0.14 1.33 1.07 0.57 0.23
at5% HA 0.10 0.17 0.05 0.09 0.05 0.12 1.15 0.92 0.49 0.20
Cd*HA 0.21 0.34 0.09 0.18 0.11 0.24 2.29 1.85 0.98 0.41

3.6.3. Lipid peroxidation (MDA) and proline

The data in Table (6) illustrated that the MDA and
proline content of the Dimorphotheca ecklonis plants
significantly increased when the plants treated with
Cd concentration at 100 mg. kg’ soil in both seasons,
the increments were (141.9% and 164.6%) and
(110.7% and 110.6%), respectively, compared with
the control plants, in the first and second seasons of
Dimorphotheca ecklonis plants. The plants that didn't
receive humic acid treatment gave high significant of
(MDA) and proline content compared with other
concentration of humic acid in both seasons.

The interaction between Cd at high concentration
(100 mg. kg') with control plants of humic acid
significantly increased (MDA) and proline content in
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both seasons compared with other treatments and
control plants.

3.6.4. Cadmium (Cd) content in shoots and roots

Data in Table (6) indicated that Cd content in
shoots and roots of Dimorphotheca ecklonis plants
significantly  increased  with  increasing Cd
concentration at 100 mg. kg soil in both seasons, the
increments were (211.4% and 201.0%) in shoots and
(151.3% and 172.2%) in roots, respectively, in the
first and second seasons compared with control
plants, while, the lowest values of Cd content in
shoot and root were obtained from plants grown in
unpolluted soil with Cd in both seasons.

The addition of humic acid at 400 mg. I’
significantly increased Cd content in shoots and roots
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compared with other concentration and control plants
in both seasons.

For the interaction between the soil application of
Cd and addition of humic acid concentration, data
presented in Table (6) showed that the highest mean
values were (37.66 and 38.26 ppm) in shoots and

(20.56 and 24.85 ppm), in roots in the first and
second seasons, respectively, were obtained from
plants with application of Cd at 100 mg. kg soil and
humic acid at 400 mg. I"', while the lowest mean
values were obtained from control plants.

Table 6 Effect of cadmium (Cd) and humic acid (HA) on lipid peroxidation (MDA), proline content, cadmium content in
shoots and roots of Dimorphotheca ecklonis during 2019/2020 and 2020/2021 seasons

(pmowgD"‘AI: W) Proline _(l:ontent Cd content in shoots Cd content in roots
Treatments (Mg g'F.W) (Ppm) (ppM)
1'season 2™ season 1% 2nd 1%season  2"season  1%season 2™ season
season season

Cdo 1.17 1.13 145.96 149.89 1.42 1.51 1.12 1.11
Cd25 1.75 1.68 219.34 227.84 17.88 18.90 13.72 15.11
Cd50 2.26 2.20 248.82 252.33 24.43 25.64 16.51 17.54
Cd100 2.83 2.99 307.50 315.69 31.44 31.86 18.06 20.22
HAO 233 225 271.86 266.12 15.39 16.47 10.19 10.04
HA200 1.74 1.72 185.95 198.18 18.71 19.13 12.14 13.42
HA400 1.93 2.03 23341 245.02 22.28 22.83 14.74 17.03
Cd0+HAO 1.07 1.10 147.53 151.34 1.07 1.12 0.96 1.02
Cd0+HA200 1.19 1.12 143.49 148.02 1.42 1.49 1.14 1.11
Cd0+HA400 1.25 1.17 146.87 150.30 1.78 1.91 1.27 1.20
Cd25+HAO 2.19 1.98 264.49 252.27 15.81 16.22 10.43 11.06
Cd25+HA200 1.45 1.34 183.35 197.15 17.24 19.05 13.22 14.82
Cd25+HA400 1.61 1.72 210.18 234.11 20.59 21.44 17.51 19.46
Cd50+HAO 2.67 2.56 297.80 279.62 19.47 21.57 13.86 12.26
Cd50+HA200 1.96 1.85 196.43 218.46 24.72 25.64 16.07 17.74
Cd50+HA400 2.14 2.20 25222 258.92 29.09 29.71 19.60 22.61
Cd100+HAO0 3.40 3.37 377.61 381.25 25.21 26.98 15.50 15.80
Cd100+HA200 2.36 2.55 220.53 229.08 3145 30.33 18.11 20.01
Cd100+HA400 2.72 3.04 324.37 336.74 37.66 38.26 20.56 24.85
LSD at Cd 0.05 0.05 1.07 1.75 0.78 0.58 0.61 0.31
5% HA 0.04 0.04 0.92 1.25 0.68 0.50 0.53 0.27
Cd*HA 0.08 0.09 1.85 3.04 1.36 1.01 1.06 0.54

3.6.5. Antioxidant isoenzymes
3.6.5.1. Polyphenol Oxidase (PPO)

The Figures (1&2) and Table (7) revealed that the
PPO isoenzymes of Dimorphotheca ecklonis plant
leaves treatments showed five PPO isoenzymes at Rr
(0.313, 0.420, 0.511, 0.629 and 0.776), PPO
isoenzymes, five well-resolved bands were detected
in treatments Cd at 100 mg. kg™ soil + HA at 400 mg.
I that got 2 high density bands, 2 faint bands, while
the last one was moderated, followed by treatment Cd
at 100 mg. kg soil+ HA at 200 mg. 1" that gave 2

highly density bands and 2 moderated bands, then
treatment (Cd at 100 mg. kg soil +HA at Omg. 1)
that showed 3 moderate bands. These results showed
that Dimorphotheca ecklonis plants grown in soil
contaminated with Cd at 100 mg. kg and application
of HA at 400 mg. I'' had the highest activity of PPO
isoenzymes, followed by the plants grown in soil
contaminated with Cd at 100 mg. kg soil and
received HA at 200 mg. I"' then the treatment Cd at
100 mg. kg™ without HA treatment as compared to
control plant that showed the lowest activity.

Table 7 Isomers of polyphenol oxidase enzyme (+/-) and their retention factor (RF) of effect of cadmium (Cd) and/or humic
acid (HA) on polyphenol oxidase isoenzyme of Dimorphotica ecklonis seedlings

Cdo+ Cdo+  Cd25+ Cd25+ Cd25+ Cd50+  Cd50+ Cd50+ Cd100+ Cd100+ Cd100+

Re Control  HA200 HA400 HAO0 HA200 HA400 HAO0 HA200 HA400 HAO0 HA200 HA400
0.313 + ++ + ++ ++ ++ ++ ++ +++ +++ +++ +++
0.420 + + ++ ++ + + ++ ++ ++ ++ +++ +++

Egypt. J. Chem. 65, No. 12 (2022)



526

S. M. El-Sayed et.al.

0.511 - - - - + + ] ) ] ) . +
0.629 = - - - + - ++ ++
0.776 - - - - - - ++ ++ ++
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042 N | e EE.E
051
0628 I
0776 Il = .
Faint
"
& . e : B Moderat
e B T & y P ’_
B o
Polyphenol Oxidase

Fig. 1. Effect of cadmium (Cd) and/or humic acid (HA) on
polyphenol oxidase isoenzymes of Dimorphothica ecklonis plant
(1: control, 2: Cd0+HA200, 3: Cd0+HA400, 4: Cd25+HAO, 5:
Cd25+HA200, 6: Cd25+HA400, 7: Cd50+HAO, 8:
Cd50+HA200, 9: CdS50+HA400, 10: Cd100+HAO, 11:
Cd100+HA200 and 12: Cd100+HA400)

Fig. 2. Ideogram analysis of effect of cadmium (Cd) and/or humic
acid (HA) on polyphenol oxidase isoenzymes of Dimorphothica
ecklonis seedlings (1: control, 2: Cd0+HA200, 3: Cd0+HA400, 4:
Cd25+HAOQ, 5: Cd25+HA200, 6: Cd25+HA400, 7: Cd50+HAO, 8:
Cd50+HA200, 9: Cd50+HA400, 10: CdI100+HAO, 11:

3.6.5.2. Peroxidase (POD)

Native PAGE in Figures (3&4) and Table (8)
showed four POD isoenzymes at Rg (0.346, 0.787,
0.862, and 0.916). Treatment Cd at 100 mg. kg soil
+ HA at 400 mg. 1" showed highly overexpressed
POD which recorded four bands that were highly
dense at the first band and faint at the other three
bands, followed by treatments Cd at 100 mg. kg soil
+HA at 200 mg. I and Cd at 50 mg. kg’ soil + HA
at 400 mg. I'" which recorded three bands with the

Table 8 Isomers of peroxidase enzyme (+/-) and their retention
on peroxidase isoenzyme of Dimorphothica ecklonis seedlings

Cd100+HA200 and 12: Cd100+HA400)
SAME Covprvomivine 1 rie rriviisiion
that Dimorphotheca ecklonis plants grown in soil
contaminated with Cd at 100 mg. kg and treated
with humic acid at 400 mg. I"" produced the highest
activity of the peroxidase isoenzyme followed by the
plants grown in soil contaminated with Cd at 100 mg.
kg and treated with humic acid at 200 mg. I"' as
compared to other treatments and control plants.

(RSO IO T RV I RV IR V)

factor (RF) of effect of cadmium (Cd) and/or humic acid (HA)

Re Cool (SO CHtel Casr o coss o Casr cashe casor S0 SO SR

HA0 HA200 HA400
0.346 ++ ++ ++ ++ ++ +++ +++ +++ +++ +++ +++
0.787 + + + + + + + + ++ + ++ +
0.862 - - + - + + - i + + n n
0.916 - - - + - - - - -

4. Discussion
Cadmium is one of the most toxic metals,

negatively affecting all biological processes in plants,
including leaf chlorosis, photosynthesis, root growth,
absorption, and transport of nutrients. (Gabrijel et al.,

other plants [(Piotrowska et al., 2010 [26] on
Wolffia arrhiza, Tiryakioglu et al., 2006 [27] on

Egypt. J. Chem. 65, No. 12 (2022)

2009 [23]; Orrono and lavado, 2009 [24] and
Karbassi and Pazoki, 2015[25]

This study revealed that at high heavy metal
concentrations, all vegetative growth parameters were
significantly decreased. The results presented were in
agreement  with  other  earlier reports on

barley Hardum vulgare, Bah et al., 2011 [28] on
Typha angustifolia, EI-Shanhorey and Emam, 2016
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[29] on Jatropha curcas plants, EI-Shanhorey and many morphological, physiological and biochemical
Barakt, 2020 [30] on Salvia splendens plant, El- changes in plants, such as growth inhibition and
Shanhorey and El-Sayed, 2017[31] and Benavides et water imbalance.

al., 2005 [32] found that Cd has been shown to cause

6| 8 9 10 11 12

Peroxidase

12345

T

Fig. 3. Effect of cadmium (Cd) and/or humic acid (HA) on
peroxidase isoenzyme of Dimorphothica ecklonis seedlings (1:

RF 12 3 4 5 6 LA R [ B A

0346 EEEEEN

0747
0862

0916
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Fig. 4. Ideogram analysis of effect of cadmium (Cd) and/or
humic acid (HA) on peroxidase isoenzyme of Dimorphothica

control, 2: Cd0+HA200, 3: Cd0+HA400, 4: Cd25+HAO, 5: ecklonis seedlings (1: control, 2: Cd0+HA200, 3: Cd0+HA400,
Cd25+HA200, 6: Cd25+HA400, 7: Cd50+HAO, 8: Cd50+HA200, 9: 4 CA25+HAO, 5: Cd25+HA200, 6: Cd25+HA400, 7:
Cd50+HA400, 10: Cd100+HAO, 11: Cd100+HA200 and 12: CdS0+HAO, 8 CdSO+HA200, 9: CdS0+HA400, 10:
Cd100+HA400) Cd100+HAO, 11: Cd100+HA200 and 12: Cd100+HA400) d
Cadmium at higher doses was found to decrease all the stomatal conductance have all been measured in
morphological characteristics; this decrement in response to cadmium heavy metal Chen et al., 2012
growth could be attributed to the suppression of the [37]. Piotrowska et al., 2010 [26] reported that the
cell's elongation growth rate due to an irreversible content of chlorophylls and carotenoids was critical in
inhibition performed by Cd on the proton pump the energy manifestation of green plants. Any
responsible for the process. (Aidid and Okamote, significant alteration of their contents may have had a
1993[33].The inhibition of root growth in Cd-treated significant impact on the plant's overall metabolism.
plants may be due to the reduction of water uptake, as Cadmium at high concentrations resulted in a
well as a reduction in both new cell formation and cell significant reduction in chlorophyll biosynthesis or a
elongation of the root (Raziuddin et al., 2011[34]). breakdown of pigments and their precursors. Cadmium
Cadmium stress significantly reduces the percentage may replace the central Mg from chlorophyll
of relative water content (RWC%) in leaves, which is molecules, reducing plant photosynthetic light
consistent with the findings of Hassanein et al., 2016 harvesting ability (Agrawal and Mishra, 2009[38]).
[35] on Triticum aestivum. The decrement in leaf This results agreement with (El-Shanhorey and El-
conductance and relative water content could be due to Sayed, 2017 [31] on Senecio cineraria plants,
a directly induced stomatal closure (Perfus-Barbeocb et Proline is an important substance has an important
al., 2002 [36]), which could be caused by a disruption role as osmotic protective that plays a necessary role in
in hormonal balance, which would reduce water maintaining the normal function of cells, protecting the
transport and RWC%. structure of cell membranes, heavy metal stress
Our findings are consistent with those of El- impacts the water balance in plants and induces a large
Shanhorey and Barakat, 2020 [30], who found that in increase in proline, which is involved in the osmotic
both seasons of Salvia splendens, plants that were not regulation of cells (Rady, M. M. and Hemida, 2015[
polluted with Cd had the highest inflorescences 39]), Dhir et al., 2004 [40] found that proline
parameters, while plants that were irrigated with the accumulation in shoots of Brassica juncea and
highest Cd concentration had the lowest values of Triticumae stivum increased in response to Cd toxicity.
parameters Zengin and Munzuraylue, 2006 [41] on sun flower and

El-Shanhorey and Barakat, 2020 (30) on Saliva
splendens plants reported similar results of increasing
proline content by Cd.

Egypt. J. Chem. 65, No. 12 (2022)
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Our findings agree with those of John et al., 2008
[42] on Lemon and Kuntal et al., 2017 [43] on Tagets
erecta L. plants, who discovered that soluble sugar
content increased at lower Cd concentrations this
increase may be due to Cd reducing water transfer to
the leaves, and the accumulation of sugars in plants
that were exposed to cadmium may provide an
adaptive mechanism maintaining a favourable osmotic
potential under stress condition of cadmium (Verma
and Dubey 2001[44]). On the other hand, the total
sugar content decreased by increasing Cd
concentration, it could be caused by decreased
synthesis or a diversion of metabolites to other
synthesis processes (Aldoobie and Beltagi, 2013[45]).

The former studies found that cadmium increased
the production of plant total phenols in Brassica rape
(Thiruvengadam and Chung, 2015[46]), Gursoy et al.,
2009[47] on seven Morchella sp., and Mohd et al.,
2017 [48] on Orthosiphon stamineus. phenolic
compounds can act as metal chelators and on the other
hand phenolics can directly scavenge molecular
species of active oxygen (Michalak, 2006 [49]) Our
results indicated that the combination of Cd and HA
can increase the production of total phenols.

Malondialdehyde (MDA) is the first product of
membrane lipid peroxidation and accumulates when
plants are repeatedly exposed to oxidative stresses. As
a result, MDA concentration is commonly regarded as
a general indicator of lipid peroxidation and stress
level. (Chaoui et al., 1997 [50]). The MDA content in
leaves of Dimorphothica ecklonis increased with Cd
stress. These findings are consistent with the
observation of Metwally et al., 2003 [51] on barley, Li
et al., 2013[52] on Hibiscus cannabinus plants and
Chen et al., 2007[53] on rice seedlings.

The lowest mean Cd content in shoot and root in the
first and second seasons were found in the unpolluted
plants, whereas the highest content in shoots and roots
were found in plants irrigated with the highest
concentration of Cd (El-Shanhorey and Barakat, 2020
[30]) on Salvia splendens plants.

Regarding the effect of Humic acid on growth,
Sergiev et al., 2012 [54] indicated that humic
substances have the ability to increase the growth of
various plant species that grow under different stress
conditions. The use of humic acid in contaminated soil
increased metal bioavailability and  mobility.
(Pizzeghello et al., 2013[55] and Topcuoglu, 2012
[56].

Egypt. J. Chem. 65, No. 12 (2022)

Foliar application of humic acid had a significant
stimulatory effect on growth parameters of
Chrysanthum indica plants(Mazhar et al., 2012 [57])
the results agree with our results which may be due to
the role of humic acid as a nutrient supply which
increases soil fertility and the availability of nutrients
as reported by David et al., 1994[58].

Our results are in agreement with Mazhar et al.,
2012 [57] and Abd EI-Al et al., 2005 [59] who found
that humic acid increases in flowering parameters,
these results may be due to the role of humic acid as a
source of nutrients and increasing the soil fertility
which consequently increased the growth of flowers.

Humic acid increased the soluble sugars; this result
could be due to the role of humic acid in repairing
plant chlorosis and thus increasing photosynthesis
density (Chen and Avaid, 1990[60]).These results were
in accordance with those by Zaghloul et al., 2009[61].

Proline content was significantly reduced by
increasing the level of humic acid which may be due to
the role of humic acid in increasing the soil content of
organic matter which reduces the harmful effect of
stress (Erik et al., 2000[62]).

Cd in the plant increased with increasing humic acid
and heavy metal concentration, probably due to the
formation of chelates from humic acid. Humic
compounds can effectively bind to certain elements.

Metal absorption by plants occurs simultaneously
with nutrient uptake from soil water. Although high
metal concentrations can be toxic to plants, humic acid
can bind to such toxic metals in soil water. (Khaled and
Fawy, 2011[63]). Application of HA can ameliorate
plant stress on tobacco, Corn and Oat, (Mylonas and
Mc Cants, 1980 [64]).

This suggests that humic acid may play a role in
mitigating the negative effects of cadmium application
on the Orthosiphon stamineus plant (Mohd et al., 2017
[48]). The application of HA in plants under Cd
toxicity can reduce total chlorophyll content and
photosynthesis; this result may be due to Cd causing an
irreversible dissociation of the large and small subunits
of ribulose-1,5-bisphosphate carboxylase (RuBPCase),
leading to total inhibition of the enzyme and thus
reducing plant photosynthesis (Stiborova 1988 [65])
and Malik et al., (1992 (66)). According to Mohd et
al., 2017[48]), the combination of cadmium and humic
acid can increase the production of total phenolics in
Dimorphotheca ecklonis.

Many reports suggested that Cd may stimulate the
production of ROS in the mitochondrial electron
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transfer chain (Heyno et al., 2008[67]). A variety of
proteins function as scavengers for these ROS
including antioxidant isoenzyme. The induction of
these isoenzymes is considered to play an important
role in the cellular defence against oxidative stress,
caused by toxic metal exposure (ElBeltagi et al.,
2010[68]).

Our results indicated that polyphenol oxidase (PPO)
and peroxidase (POD) isoform activities gradually
increase with increasing of the Cd concentration. The
changes of PPO activity might participate in the
defence mechanism in plants against cadmium toxicity
(Constabel and Barbehenn, 2008 [69]). The mechanism
of peroxidase action in plants exposed to elevated
concentrations of heavy metals has not been
completely elucidated, nor has the evaluation of the
phytotoxicity of metal contaminated soils been
performed completely either, PPO and POD activity
may play a role in plants’ defensive mechanisms
against cadmium poisoning and POD activity may be
used as a potential biomarker for sublethal metal
toxicity in examined plant species (Dunwell et al.,
2008 [70]).

Our results are in agreement with El-Sayed et al.,
2019 [71] on Eucalyptus gomphocephala plants
indicate that peroxidase isozyme expression was
decreased with raising cadmium concentration in the
soil, (Zheng et al., 2010 [72]) on Glycyrrhiza uralensis
seedlings POD and PPO activity increased gradually
with increasing cadmium concentrations.

Thipyapong et al., 2007 [73] revealed that PPO and
POD relate closely with ‘the callus reaction’,
meanwhile, they also have some relationships with the
synthesis of cell compounds containing phenol groups
such as lignin, which also agree with Kovac¢ik and
Klejdus, 2008[74] and Saffar et al.. 2009[75] they
found that PPO activity in some plant species was
observed under heavy metal stress, and showed a
significant increase compared to the control, (Ruiz et
al., 1999[76]) raveled that induction of PPO activity
might be due to its role in phenolic compound
synthesis, which plays an important role in
detoxification of heavy metals in plants .

5. Conclusion

From this study, it can be concluded that
Dimorphotheca ecklonis showed superiority in
vegetative growth characteristics and some chemical
characteristics including (photosynthetic pigments and
total sugars content) when grown in soil contaminated
with cadmium at a concentration of 25 mg. kg™ soil.

Egypt. J. Chem. 65, No. 12 (2022)

While the values of inflorescence characteristics and
RWC% gradually decreased with increasing cadmium
concentration, while the values of the rest of the
chemical components increased, where the highest
activity was at the highest concentration of cadmium
100 mg. kg' soil. Humic acid treatment at
concentration 200 mg. 1" showed an improvement in
all vegetative, flowering and chemical components of
the plant. Regarding the interaction treatments, it was
found that plants grown in soil contaminated with
cadmium at a concentration of 25 mg. kg soil and
sprayed with humic acid at 200 mg. I"' gave the best
values in the aforementioned plant characteristics.
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