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Effect Biosynthesis of fenugreek leaves nanomaterial on some plant's 
germination using saline water
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Abstract: The synthesis of new, low-cost nanomaterials that do not cause harm to the environment is of great importance 
in modern Science. In addition to the importance of plant use in medical purposes and the active substances they 
contain, this research includes the synthesis of nanomaterials from medical plant (fenugreek) Trigonella foenum extract 
for tolerating irrigation with saline water. The extract of the dried and ground leaves of the T. foenum plant was taken, 
centrifuged, filtered, and then dried. The resulting material was tested by the X-ray Diffract meter (XRD) and the Atomic 
Force Microscope (AFM) examining to ensure it was on the nanoscale. Aqueous dilution at a ratio of 1: 1 used to irrigation 
seeds of the aromatic plants (Apium graveolens and Lepidium sativum) with saline water 0.05 g / l. The germination ratios, 
the extreme length and the plumular were calculated after 3, 5, 7 and 10 days of germination. The germination rates were 
superior to the treatment with a nanomaterial and saline water mixture for 98.5% in A. graveolens and 97.2% in L. sativum. 
Saline water treatment showed 75% for A. graveolens and 78% for L. sativum. The extreme length reached 14.5 cm for 
the A. graveolens and 11.3 cm for the L. sativum in the mixture treatment after 10 days. Saline water treatment gave 6.3 
cm and 8.5 cm, respectively. The plumular measurements were similar to the radical results. These results proved the 
synthesis of a natural bio-nanomaterial that is easy to prepare, low in cost and have a stimulating effect on germination, 
growth and tolerance irrigation with saline water. This improves our ability to utilize water resources and propagation 
methods for aromatic and medical plants.
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Introduction
Synthesis of nanomaterials is advanced materials ma-

nufacturing technique that can be produced with dimensions 
ranging between 1 to 100 nanometers1. Green nanotechno-
logy materials can be synthesized from plant extracts such 
as aqueous or ethanol or from a chemical compound (two 
or more combined chemical elements) as a radical subs-
tance2. The synthesis of nanomaterials aroused the interest 
of researchers not only because this Science is modern 
but because of the importance of nanomaterials in various 
fields of life, especially in the field of environment3, agricul-
ture4, and making the most of natural resources, especially 
saline water5. But synthesizing nanomaterials in chemical, 
radical and physical methods is costly and has harmful en-
vironmental impacts because metals are involved in most 
nanomaterials, such as silver, gold, and others6.

This research used the fenugreek (Trigonella foenum ) 
plant to synthesize a nanomaterial. It is a small annual her-
baceous plant, height between 20 to 60 cm, with a hollow, 
branched stem ending in three long serrated leaves7. Used 
in the past to relieve cough, shortness of breath and asth-
ma, fenugreek is widely used worldwide as a nutritional and 
as a medicine at the same time. Fenugreek contains vola-
tile oil and a large amount of protein (27%), fatty acid and 
starch, and minerals such as phosphorous, and fenugreek 
is an essential source of sporogenous8.

(Cress ) Lepidium sativum is an aromatic annual herb, 
25-60 cm tall. The stem is erect, branched. The leaves are 
divided once or twice into irregular lobes. It is considered one 
of the plants sensitive to salinity. Use the L. sativum as an 
appetizer and digester. The leaves contain glucosinolates. It 
also contains ascorbic acid (vitamin C 37%). Iron, phospho-
rous, manganese, iodine, calcium, arsenic and potassium are 
minerals. The plant has antibacterial and antiviral properties9.

Celery (Apium gravolens) is a dietary herb and a medi-
cinal and aromatic plant. It is 25-30 cm long and has serra-
ted and lobed leaves. A. gravolens leaves are used as foods 
and drinks such as cocktails10. It contains vitamins A, B1, 
B2, B6, C, E, K, and F and minerals such as iron, calcium, 
phosphorous, magnesium and zinc. A. gravolens plays a 
role in preventing cardiovascular disease, lowering blood 
sugar and blood fat, lowering blood pressure and strengthe-
ning the heart. This herb has antibacterial, anti-fungal, and 
anti-inflammatory effects11. The importance of this study is 
the possibility of synthesis of a nanomaterial from fenugreek 
(Trigonella foenum) plant extract to improve (Cress ) Lepi-
dium sativum and Celery (Apium gravolens) plants' ability 
to germinate under the conditions of irrigation with saline 
water. This increases our knowledge in the propagation of 
medicinal and aromatic plants and the improvement of the 
manufacture of environmentally friendly nanomaterial.
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Materials and methods 

Plant material 

Preparation of the nanomaterial extract
Fenugreek leaves planted in a field belonging to the 

University of Kufa field was harvested. The leaves were 
washed with running water several times and then with 
distilled water. Air dry and then oven at 60°C until weight 
stable. Then it was ground in a German-type stainless steel 
grinder. It was sieved in a 0.02 mm sieve. The material was 
extracted (Gao et al.,2009 )method and  with modulation) 
and then placed in the centrifuge for 10 minutes. The filtrate 
was taken and dried. Then an aqueous solution of the na-
nomaterial was made in a ratio of 1:1 using non-ionic water. 
It was kept in the refrigerator until use11.

Nanomaterial Characterization

Atomic Force Microscopy (AFM)
Technique Atomic that has a size as small as the size of 

the atomic grid Features Lattice in its natural space. This te-
chnique is commonly called a Scanning Probe Microscope12.

X-ray diffract meter (XRD) check
The X-ray diffracts meter (XRD) can show that the elec-

trons of atoms absorb radiated energy and undergo transi-
tions to higher energy levels, showing special features in 
the spectrum in the absorption region13.

The CAC Laboratory (Chemistry Analysis Center) was 
used to conduct tests on the nanomaterial to ensure that 
the material is nano and to know the type, number, size and 
characteristics of the resulting material.

Preparation of experimental plants
(Cress ) Lepidium sativum and  (Celery) Apium gravo-

lens seeds were obtained from local markets, and all studies 
were conducted in the Faculty of Science, Department of 
Environment laboratories. During germination experiments, 

seeds were surface sterilized for 5 min by exposure to 3% 
calcium hypochlorite, rinsed thoroughly with sterile distilled 
water and transferred to dishes14. Twenty seeds were pla-
ced on filter paper (Whatman 2mm) in 11 cm diameter Petri 
dishes with four replicates for each treatment in each expe-
riment. The filter paper was moistened with 9 mL of distilled 
water or test solution after hydration15. Germination percen-
tages, root length and feather, were measured, and the len-
gth was recorded after 3, 5, 7 and 10 days of germination.

The effect of irrigation with saline water
The effect of saline on seed germination was studied 

using 0.05 mg/L NaCl solutions. Petri dishes containing fil-
ter paper and seeds were placed in the growth chamber 
with a photoperiod of 12 h per day at 25 °C. The seed germi-
nation percentage, root and stalk lengths were determined 
after 3, 5, 7 and 10 days from germination16.

Results
An effective nanomaterial was obtained from fenugreek 

leaves. Some tests were conducted to ascertain the resul-
ting material and its nanoscale properties.

XRD
The electrons of atoms absorb the radiated energy and 

undergo transitions to higher energy levels, showing special 
features in the spectrum in the absorption region. In biomo-
lecules that capture or sense the energy of light, the chro-
mophore is the part that causes the conformational change 
of the molecule when it is struck by light. From the results of 
Figure 4, the highest peak is located at the nanoscale level 
because it gave a specific peak in the absorption spectrum 
of 1 to 100 nm, Figure 4.

XRD analysis shows the crystallite size for NPs Chemi-
cal formula: C72H72Cl3N6O18P6Pr extract from (T. foenum) ex-
tract. Second chemical formula:    Pr (ClO4)3 •6C12H12NOP. 
Primary reference: Vincentini, Dunstan., J. Inorg. Nucl. 
Chem., 33, 1749, (1971)
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Figure 1. Deter-
mination of the 
active nanomate-
rial by XRD assay 
nanomaterial me-
asurements.
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AFM Examination
This technique is commonly referred to as the Scanning 

Probe Microscope. This microscope gives three-dimensio-
nal 3D Topographical Maps of the Surface.

The measurement results of the atomic force micros-
cope showed that the value (47.3) nm was the highest of 
the nanoparticle height, as shown in the results in Figures 
2 to 6. Two-dimensional and three-dimensional, as well as 
the percentage distribution of nanoparticle diameters, were 
prepared, respectively. The average diameters of nano-
particles were (67 nm), and the ratios of diameters in their 
quantities ranged (10%) with a value of (45 nm), (50%) with 
a value of (60 nm) and (90%). with a value of (33 nm) as 
shown in Table 4.

Application of nanomaterial to increase the tolerance of 
A. gravolens and L. sativum plants for irrigation with saline 
water.

Germination percentage
It was determined that Ni 4190 flower buds are required 

during plant material introduction, and N0 9429 staminodes 
must be processed to induce callogenesis to produce a 
batch of 100,000 plantlets

Cost Components
The highest percentage of germination was in the treat-

ment of the nano mixture, where they were of A. gravolens 
at 98.5% and L. sativum plants. The lowest was in the treat-
ment of irrigation with saline water. The germination per-
centage was 75% of A. gravolens and 78% of L. sativum, 
as shown in Table 1.

Root length
Tables 2 and 3, it is clear that the best root length was in 

the mixture treatment, as it was 14.5 cm in A. gravolens and 
11.3 cm in the L. sativum plant on the tenth day, and that 
the lowest length was in the control treatment on the third 
day for A. gravolens plant, where it was 6.3 cm, and the L. 
sativum plant, which was 8.5 cm as Tables 2 and 3.

Length of the plumular
From the results of Tables 4 and 5, it is clear that the 

best length of the stem was in the treatment of the mixture, 
where it was 3.4 cm in the A. gravolens plant and 5.5 cm 
in the L. sativum plant on the tenth day, and that the lowest 
length was in the treatment of saline water on the third day 
for A. gravolens and L. sativum plant, where it was 0 cm 
table 4 and 5.

Effect Biosynthesis of fenugreek leaves nanomaterial on some plant's germination using saline water

Figure 2. A 
three-dimen-
sional image 
of the nano-
material by 
AFM.

Figure 3. A two-dimensional image of a nanomaterial by AFM shows the nanomaterial measurements' lower and upper 
limits.
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Figure 4. A three-dimensional image of the nanomaterial by AFM showing the sizes of the nanomaterial.

Figure 5. Distribution of molecules within the nano-sample.
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Figure 6. Peak count histogram, the number of atoms in a square nanometer and the relative distribution of diameters of 
the prepared nanomaterial.

Table 1. The effect of nanomaterial on the germination rates of A. gravolens and L. sativum plants after irrigation with 
saline water.

Table 2. The effect of nanomaterial on the average root length at different times of the A. gravolens plant after irrigation 
with saline water (cm).

Effect Biosynthesis of fenugreek leaves nanomaterial on some plant's germination using saline water
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Discussion
Nanotechnology is a new technology in line with the cu-

rrent scientific desire to improve current strategies for the 
biosynthesis of nanoparticles and to invent new ones. The 
biological synthesis of nanoparticles can reduce environ-
mental pollution and risks to human health from the traditio-
nal manufacturing processes currently in use. Figures 2 to 
6 represent the characteristics of the natural nanomaterial 
fabricated from two- and three-dimensionality, the measu-
rement of diameters and the precise distribution of nano-
particles. The type of nanomaterial synthesis from plant 
extracts, which C72H72Cl3N6O18P6Pr extract from (T. foenum) 
extract. Second chemical formula: Pr (ClO4)3 •6C12H12NOP, 
and since the material is produced from a plant extract, this 
gives us evidence of the colloidal nature of the material and 
its stability in the suspended form, as well as the stability of 
the pH of the material and thus it has a high adsorption ca-
pacity to contain negative and positive ions on its surface17. 
The ability of the resulting nanomaterial to attract salt ions to 
them and adsorb them on the surface of the material18 and 
work to restrict harmful saline ions, and what remains free is 
undoubtedly used by the plant in its vital activity necessary 
for growth and development Table 1 to 5that agree with (19 
and 20). 

Conclusions
The possibility of using the leaves of the fenugreek 

plant in the production of a nanomaterial, a wild plant that is 
tolerant to stressful environmental conditions and capable 
of accumulating saline inside its leaves. Such an applica-
tion would suit poorly drained soil or in cases of poor water 
management, irrigation or soil depletion by agriculture or 
excessive use of fertilizers and pesticides and others. It has 
been proven that medicinal plants such as A. gravolens and 
L. sativum, known to be sensitive to saline, can grow when 
irrigated with saline water in the presence of nanomaterial 
because they use salt ions for the osmotic adaptation of 
leaves and roots. The manufacture of natural, easy-to-pre-
pare and low-cost nanomaterial can be beneficial in saline 
areas assuming that this capacity can be matched with the 
height and production of biomass, and saline-tolerant plant 
species can be the biological solution for rehabilitating sali-
ne, alkaline or saline soils. Also, halophytic plants are likely 
to have the ability to extract large amounts of saline from 
the soil.  

Funding
This research received no external funding.

Table 3. The effect of nanomaterials on the average root length at different times of the L. sativum plant after irrigation 
with saline water(cm).

Table 4. The effect of nanomaterials on the average length of the plumular at different times of A. gravolens plants after 
irrigation with saline water. (cm)

Table 5. The effect of nanomaterials on the average length of the plumular at different times of the L. sativum plant after 
irrigation with saline water (cm).
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