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Abstract
The present study gave a scientific insight about the role of Copper (II) oxides (CuO) nanoparticles (NPS) in the seeds
germination of fenugreek (Trigonella foenum-graecum L.) plants when placing them on the surface of solidified Murashige
and Skoog (MS) medium supported with (0, 25, 50, 75, 100, 150) ¼g/mL of those particles. The results showed superiority 75
¼g/ml in induced of the seeds germination percentage with 100% after 2 days. The same concentration above has encouraged
the best morphological and vegetative growth of the seedlings through the average length of their root and shoot system
with 3.5 and 5.0 cm, respectively after 20 days. Also, this study success to initiate hairy roots on seedlings stems segments
inoculated by Agrobacterium rhizogenes ATCC15834 with transformation percent reached up to 58.79% after 8 days. Free-
bacteria hairy roots cultures produced when the hairy roots formed were excised and placed on agar-solidified MS medium
contain antibiotic Cefotaxime at 250 mg/L to eliminate bacteria. The Scanning Electron Microscopy (SEM) technique explained
the clearly ability of the transgenic hairy roots for uptake those NPS from its medium and accumulated those nanoparticle on
their cells surface more than other seedlings tissues.
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Introduction
Nanoparticles (NPS) can be define as the particles

having < 100 nm size and comparatively large surface
area to volume ratio nanoparticles used for several
application including: food technology, agriculture,
medicine, pharmaceuticals, electronics in addition to
protection of environment. (UlAin et al., 2018). The
interaction between plant cells and NPS lead to change
in biochemical reaction responsible for regulating gene
expression and this will lead to enhance growth and
development of the plant according to their type and
concentration of NPS (Madbouly, 2018). Plant
biotechnology and agricultural research are being
harnessed with the new approach in nanotechnology.
Many research works on exploitation of growth promoting
effect of nanoparticles have been achieved in the last
decade and developed new strategies in the field of Nano-
agriculture (Hatami and Ghorbanpour, 2014; Kannah et
al., 2019).

Hairy-root cultures developed via genetic
transformation through A. rhizogenes infection (Gelvin,

2009). During the infection process, A. rhizogenes
transfers a segment of DNA (T-DNA) to the plant
genome, it’s a portion of root-inducing plasmid (pRi) of
(Giri and Narasu 2000). Formation of hairy roots initiates
after the integration of T-DNA with the plant genome
(Niazian et al., 2017). Hairy roots have several
advantages such as genotype and phenotype stability, fast
and indefinite in vitro growth (Bahari et al., 2020). Due
to the last characteristic mentioned, HR cultures have
been called “phytochemical factories” since their
biosynthetic capacity is similar to the native plant root;
moreover, they often accumulate phytochemicals at a
higher level than undifferentiated cultures (Gelvin, 2009).
Researchers reported that the majority of metals
accumulated in the roots in the many plants (Carbonell-
Barrachina et al., 1994; Pickering et al., 2000), especially
for the organic and metallic pollutants (Coniglio et al.,
2008).

Fenugreek (Trigonella foenum-graecum L.) is a
valuable plant belong to family leguminosae and used
medicinally in different countries and area source of many
potent and powerful drugs (Kor et al., 2013).
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This study investigated the ability of different tissues
of fenugreek (Trigonella foenum- graceum L.) plants
to uptake and accumulation Copper II oxide nanoparticles
at different concentration and role of those nanoparticles
in the seeds germination and speed, seedlings growth.

Materials and Methods
Surface sterilization of fenugreek seeds and
cultured on solid MS medium supplemented with
CuO NPS

Seeds of fenugreek (Trigonella foenum- graceum
L.) plants surface sterilized by soaking in ethanol 96%
for two minutes flowed by 3% sodium hypochlorite
(NaOCl) with stirred for 5 minutes, then finally rinsed
with sterilized distilled water three times, one minute (Al-
Mahdawe, 2013).Sterilized seeds placed on the surface
of solidified MS (Murashige and Skoog,1962) medium
and supplemented with (0,25,50,75,100, 150) µg/ml of CuO
NPS individually. Samples maintained in culture room at
222°C in the dark. After produced the complete
seedlings were transported to the same condition but in
1500 lux with 16 hours light/ 8 hours dark.
Hairy root culture establishment

Stems segments of fenugreek (Trigonella foenum-
graceum L.) excised form seedlings grown of MSO at
15 days and inoculated with Agrobacterium rhizogenes
ATCC15834 (supplemented from Prof. Dr. Jutta Ludwig-
mueller, Technical university Dresden, Germany)
suspension incubated for 48 hours, used direct injection
(Al-Mallah and Mohammed, 2012). After hairy root
produced excised and placed on solidified MS medium
and subculture every 20 days for its cultures formed.
When contaminated formed, add the antibiotic Cefotaxime
at 250 mg/L (AL-Mallah et al., 1987) for eliminate from
bacteria. All samples maintained at the same conditions
above.

For study the behavior of hairy roots with CuO NPS,
put tuft from it on the MS medium supplemented with
the concentration (0, 25, 50, 75, 100, 150) µg /ml of CuO
NPS individually.
Agropine test to improve the genetic transformation

Used the paper electrophoresis at method described
by (Tepfer and Tempe, 1981) to improve the synthesized
Agropine by transformed hairy roots.
Characterization of seeds germination, seedlings
growth and hairy roots growth

Determinate of the seeds germination percent and
its speed, length of root and shoot after 10, 20 days and
addition, noticed the behavior of hairy roots grow on MS

medium contain different concentration of CuO NPS.
Preparation of samples for Scanning Electron
Microscope (SEM)test

 Shoot of seedlings grown on MSO medium alone
(control).

 Roots, shoot and leaves of seedlings grown on
MSO medium supplemented with 75 µg/ml of CuO
nanoparticles (which the best for its growth).

 Transgenic hairy roots grown on MSO medium
supplemented with 75, 10µg /ml of CuO nanoparticles

Table 1: Effect of different concentration of CuO  nanoparticles
on the seeds germination percent and its speed of
fenugreek plant cultured on MS solid medium.

MS + CuO Percent of seeds Speed of
(µg / ml) germination (%) germination (days)

0 (Control) 90 3
25 80 3
50 90 2
75 100 2
100 80 3
150 60 5

Each value represents the rate of five replicates.

Fig. 1: Average of root system length (A) and shoot system
length (B) after 10 days, 20 days of fenugreek seedlings grown
on MS medium supplemented with different concentration of
CuO nanoparticles:
1- MS (control) 2- MS+25 µg/ml3- MS+50 µg/ml 4- MS+75 µg/
ml5- MS+100 µg/ml6- MS+150 µg/ml
Each value represents the rate of five replicates
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(which the best for its growth).
were dried at 80 °C individually using oven

(Gallenkamp Oven BS model, England) for 24 hours
(Yahya and Al-Salih, 2014).

Scanning Electron Microscope (SEM) (VEGA/
TESCAN; Czech, Republic) found in CAC laboratory

for chemistry analysis center, Baghdad, Iraq was used to
detect nanoparticles in above samples.

The Results
Effect of CuO NPS on percent and speed of
fenugreek plant seeds germination

The percent of fenugreek seeds germination and its
speed of germination contrasted according to
concentration of CuO (0, 25, 50, 75, 100, 150) µg/ml which
used in this study table 1.

The results showed superiority of MS medium contain
75 µg/ml on the other concentration of CuONPS in
encourage the percent of seed germination with 100%
after 2 days, when comparing with MS medium alone
(control), where the percent reached to 90% after 3 day.

Then the medium supplemented with 50 µg/ml where
stimulated 90% of speed germination after 3days. while
the concentration 150 µg/ml when added to MS medium
inhibited the percent and speed of germination with 60%
after 5 days.

Fig. 2: A morphological comparison between the seedling
grown on MS solid medium supplemented with different con-
centrations of CuO nanoparticles after 20 days.
1- MS (control)2- MS+25 µg/ml3- MS+50 µg/ml 4- MS+75 µg/
ml5- MS+100 µg/ml6- MS+150 µg/ml.

Fig. 3: SEM photography for different parts from seedlings of  Trigonella foenum-graecum after 20 days.
A- Shoot grown on MS medium (control) B- Root grown on MS + 75 ¼g/ ml of CuO C- Stem grown on MS + 75 ¼g/ ml of CuO
D- Leaf grown on MS + 75 ¼g/ ml of CuO (arrows referred to the CuO nanoparticles)
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Effect the CuO NPS concentration on growth of the
fenugreek plant seedlings

The results explained the important role of CuO NPS
in stimulated and developed of fenugreek plant seedlings
with identical stimulated both of the root and shoot system
after 20 days (Fig. 1: A+B).

The data of the (Fig. 1: A+B) refers that the best
average for root and shoot length of seedlings were grown
on MS medium contained 75 µg/ml with reached to 3.5, 5
cm respectively after 20 days (Fig. 1:4 in A+B).

Then MS medium contain 100 µg/ml, where the
average of length were 3.4, 4.8 cm respectively (Fig. 1:5
in A+B).Comparing with MS medium alone (control),
where reached to 1.8, 3.2 cm respectively (Fig. 1:1 in
A+B). MS medium contain 50, 150 µg/ml of CuO NPS
inhibit the grown of seedlings after 20 days (Fig. 1:2 and
6 in A+B).

All of the pervious data associated with the
appearance characteristics of seedlings which grown on
MS medium supplemented with CuO NPS Fig. 2.
Production of the hairy root cultures

Hairy roots initiated on stems at inoculated sites.It
began with the emergence of small structures that later
developed into white-colored hair roots after 8 days, with
It number and length increased with the time, the percent
was 58.79%. Free- bacteria hairy roots cultures
production when their hairy roots excised and cultured
on solid MSO medium contain antibiotic Cefotaxime. This
hairy roots cultures were negatively geotropism, branched

and fast growing.
Improve the genetic transformation by Agropine
test

The paper of electrophoresis showed the separated
of black spot from the hairy roots samples corresponding
in its site to the site of spot produced from standard
Agropine with lacking of any spot separation from normal
roots samples.
Effect the CuO NPS concentration on growth the
hairy roots

The growing hairy roots on the MS medium supported
by adding 75,100 µg/ml of CuO NPS were appearance
clearly growth and increase of the roots branches and
superior on the other concentrations in which the hairy
roots showed weakness in its growth.
Detection for uptake the CuO NPS on the surface
of different fenugreek plant tissues cells using
Scanning Electron Microscope (SEM)

SEM examinations of different parts of seedlings
grown on MS contain CuO NPS showed the ability of its
cells for uptake those particles from the media where
contained 75 µg/ml and accumulated on the surface, this
explained in the Fig. 3. Data referred the superiority of
leaves cells for accumulated CuO NPS on its cells surface
(Fig. 3-D), more than root and stem cells. When the
control samples were lacking from any particles on its
surface (Fig. 3-A).

SEM examinations also showed the distinguish ability

Fig. 4: SEM photography for hairy roots cells grown on the MS medium supplemented with CuO NPS concentration.
A- MS + 75 ¼g/ ml of CuO B- MS + 100 ¼g/ml of CuO (arrows referred to the CuO nanoparticles)
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of the hairy roots for uptake the copper nanoparticles at
75,100 µg /ml (Fig. 4-A, B) and accumulated it’s on the
surface of the hairy roots cells more than other seedlings
tissues. With superiority the hairy roots at 75 µg /ml in
accumulation (Fig. 4-A).

The Discussion
The high percent of germination and its speed of

fenugreek (Trigonella foenum-graecum) plants seeds
when grown on media containing CuO NPS at optimal
concentration 75 µg/ml within superiority in length average
of shoot and root of seedlings, may be belong to the role
of nanoparticles in encourage the embryo activation and
important enzymes for germination, addition to the
enhanced uptake of water and nutrient. (Adhikari et al.,
2012; Hojjat and Hojjat, 2015; Liu et al., 2016). The effect
on the early stages of plant growth may be followed by
similar enhancements at later stages as well (Yaseen and
Wasan, 2015; Yahya and Mohammed, 2019), with the
biological mineralization of copper and its activation as a
growth catalyst as an electron transport carrier during
the electron transport chain (Dhoke et al., 2013).

The effect of nanoparticles copper II oxide in the
growth of seedling with increasing the cell division
explained the increasing of protein content, with found
that some minerals, including Cu, Ni, Mn, Zn are
secondary nutrients have an important role in the plants
growth involved in many cellular functions such as protein
production, Photosynthesis and metabolism of IAA
(Sinhal, 2007; Yahya, 2019; Yhaya, 2020).

The induced of hairy roots by Ri plasmid of
Agrobacterium rhizogenes R1601, due to success
transferred of T-DNA genes from bacteria to the plant
cell genome, conjugation and gene expression (Tzfira and
Citovsky, 2008; Gelvin, 2009; Mohammed and Masyab,
2020).

Using SEM examinations, the presence of CuO NPS
on the surfaces of fenugreek plant seedlings cells assure
the ability of those cells for uptake and accumulation of
this nanoparticles (Dhoke et al., 2013). As in the ability
of grass plants to polarize and biotransformation of
nanoparticles of zinc, copper and iron oxides on the
surfaces of vegetative cells associated with increased
biomass (Sharma and Pathak, 2014; Al-Taee, 2014).
Hairy roots provide a large surface area due to fast
growth and highly branched nature and hence contact
between the contaminants and tissue in comparison to
naturally growing roots thus providing reliable and
reproducible experimental system to study the pollutants
and their response to toxic substances (Meagher, 2000;
Suza et al., 2008).

Conclusion
This study found that the ability of fenugreek

(Trigonella foenum-graecum) tissues to uptake and
accumulate nanoparticles, with superiority of hairy roots
on other tissues, from above we can consider this tissues
and its plant regeneration as a vital model for
phytoremediation programs to clean the contaminated
copper as a heavy metals. And the role of copper II oxide
nanoparticles in enhanced seed germination, its speed
and growth of seedlings.
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