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Abstract

A field experiment was conducted at the research station of the Field Crops Department - College
of Agriculture - Tikrit University, and during the winter season for the years (2018-2019), Factorial
experiment was conducted according to the Randomized Complete Block Design (RCBD)
according to Split Plots system, and in three replications, The main plot included spraying
treatments with nano elements at four levels (without addition, nano cobalt 160 mg.L"!, nano cobalt
3 mg. L}, nan iron 160 mg.L™! + nano cobalt 3 mg.L™"), As for the secondary plots, they included
combinations between biological fertilization levels with (Sinorhizobium meliloti) bacteria at two
levels (inoculation, without inoculation) and organic fertilization with decomposed sheep manure
at four levels (0, 2, 4, 6) tons. dunam "'.The averages were compared using Duncan's multi-range
test at (5%) level. The results showed significant differences in the seed content of the active
substances (Trigonelline, Diosgenin, Gluthatione) where a result of being affected by the study
factors compared to the non-fertilized treatments, as the individual treatments were achieved from
foliar fertilization with the two nano elements together (iron 160 mg.L™! + cobalt 3 mg.L™") and 6
tons of organic fertilizer and bacterial inoculum with Rhizobium in recording the highest averages
of active substances (Trigonelline): 177.61ppm, 214.06ppm, 258.54 ppm, (Diosgenin), 147.50
ppm, 172.29 ppm and 202.89 ppm, and (Glutathione) reached 1189.51 ppm, 1472.16 ppm, and
1609.00 ppm) respectively, As for the interaction between the study factors, the combination of
the bacterial inoculum and organic fertilization at an average of (6) tons. dunum' recorded a highly
significantly excelled on the seed content of the active substances, reaching (357.14 ppm), (269.96
ppm), and (2163.14 ppm) compared with the non-fertilization treatment. The fertilizer reached
(6.19 ppm) (12.13 ppm) (116.18 ppm) for the active substances respectively, Through the results
of the study, it is evident that foliar fertilization with chelated micro-elements with nanostructures
and bio-fertilization with Rhizobium with the addition of decomposing Organic matters are
necessary to create a natural balance in the nutritional status of the fenugreek plant, which is
positively reflected in the increase in the seed content of the active substances.
Key words: Fenugreek, Nano fertilization, Bacterial Inoculum (S.meliloti), Organic Fertilizer,
Active substances
Introduction
Medicinal plants are considered a source of successful drugs because of the various chemical
compounds produced by these plants through secondary metabolism, which have been used in the
development of drug synthesis, or as an alternative source of effective and inexpensive drugs for
therapeutic chemical compounds. In addition, some of them are an important source of nutrition,
so they were used in the therapeutic recommendations for various disease states (Hassan, 2012).
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Among the most important of these plants known around the world is the Trigonella foenum-
graecum L., which belongs to the Fabaceae family, and this plant has great properties and
importance, both in need as a source of medicinal active substances, the most important of which
are (Trigonelline, Choline, gentianine, Carpaine) and flavonoids (apigenin, Luteoline, (Quercetin
as well as Diosgenin saponins), Yamogenin, Gitogenin, Tigogenin, Neotigogenin) and Mucilage
and glycosides, So it is used in the treatment of diabetes and cholesterol in the blood, infections,
cancer, oxidation, as an immune stimulant and a source of steroid hormones, or it is used in
nutrition as a source of carbohydrates, proteins and vitamins, the most important of which are (A,
B1, C), volatile and stable oils, or for some mineral elements such as iron and calcium (Nagananda
and others, 2010 and Snehlata and Pyal, 2012 and Moradi Kor and others, 2013),Besides they are
used as part of the production of advanced foods such as food stabilizer, agglomerate and
emulsifiers and most important of these are their use in the development of healthy foods, nutrients
and bakery products (Wani and Kumar, 2018).The growth of the fenugreek plant under the
conditions of using modern production techniques leads to the integration of metabolic reactions
in the plant and during any period of plant growth can affect the active substance in the plant
(Ahmed et al., 2010). and one of the most important modern technologies is the use of
nanofertilizers, which are considered one of the reliable sources of nutrients for plants, due to their
high stability and the absence of ethylene in their composition and the increase in their percentage
on the claw surface, and their high absorption capacity by the plant, which leads to an increase in
the average of photosynthesis processes and thus an increase in the average of growth and
production of active substances in the plant (Singh et al., 2016).The use of biological fertilizers or
biological fertilizers, especially the Rhizobia bacteria, is an important alternative or
complementary to chemical fertilizers in providing the plant's needs of nutrients, The use of
organic fertilizers improves the structure of the soil and its ability to retain water, improves its
biological properties, increases the cation exchange capacity of the soil, increases the absorption
of some elements in the soil, and enriches the soil with organic matter, mineral nitrogen,
phosphorus, potassium, total carbon, and the amount of carbon dioxide needed by the plant. The
use of organic fertilizers is a good step to achieve sustainable agriculture, because it provides the
plant with nutrients, introduces the building of organic compounds, and improves the path of vital
activities inside the plant, which is positively reflected in plant growth (Zaghloul et al., 2011 and
Gayrley et al., 2015). In view of the importance of the fenugreek plant from a medical and
nutritional point of view and the lack of studies that dealt with the effect of using iron and cobalt
nano fertilizers and bio-organic fertilizers on the growth of the fenugreek plant, and in order to
find more appropriate fertilizer applications to improve the growth conditions of the fenugreek and
increase its productivity from seeds with a high content of active substances, which are
distinguished This study was conducted with the lowest costs and the safest for the agricultural
environment and for human health.
Materials and Methods

The field experiment for the winter season (4/11/2018) was conducted in the fields of the research
station of the Field Crops Department of the College of Agriculture at Tikrit University, which is
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located in the northern part of Tikrit, the center of Salah al-Din province- Republic of Iraq. Soil
service operations were conducted including Tillage and smoothing and the experimental units
were divided into dimensions (2 x 2 m), and the soil was analyzed to determine the physical,
chemical and biological traits , the details of which are shown in Table (1)

Table (1): Some physical and chemical traits of the experiment soil before cultivation.

traits Values Unites
Soil reaction degree (PH) 7.63 /
Electrical conductivity (Ec) 2.49 DS.m"!
Cation ex(cgaEan)e capacity 13.23 Centimol kg-soil
Bulk Density (B.D) 1.37 g.cm
Organic Matter (O.M) 2.77 )
g.kg 1 soil
Gypsum 38.00
available nitrogen (N) 17.38
available phosphorous (P) 5.66 mg.kg ! soil
available Potassium (K) 90.24
Sulfate (SO4 =) 10.21
Calcium (Ca ++) 7.27 i
Sodium (Na +) 133 Mmol. L.
Chloride (CI-) 5.53
sand 666
Silt 76
Clay 258 gke”
Soil texture Sandy Loam
. ) Before after
Microorganism numbers . .
sterilization | sterilization
Total fungus numbers 103 x 0.42 103 x 4.23
Total bacterial numbers 10* x 0.84 104 x 7.12 CFU
Numbers of bacteria gm. ! soil
(Rhizobium ssp) 10* x 0.91 10* x 1.11

Then the drip irrigation pipes were extended along the planting lines, and the number of Emitters
and the distance between them were determined according to the distance between the planting
lines (30 cm) and the distance between the pit(25 cm).After that, solar sterilization of the soil was
conducted by covering the experimental units tightly with transparent polyethylene material and
irrigation was conducted every 10 days, and after 60 days of solar sterilization the polyethylene
cover was removed,A simple Tillage of the soil was conducted with the addition of organic
fertilizer levels according to the treatments with the addition of one batch of superphosphate
fertilizer at an average of (30 kg. Dunum-1) and nitrogen fertilizer in the form of urea (46%) at an
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average of (10 kg. dunum™'). Use a quarter of the amount and (25) kg.dunum™ potassium and on
all experimental units, and the inoculated and unfertilized seeds were sown on 11/4/2020 (Al-
Hidwani, 2004).The experiment was conducted according to the Randomized Complete Block
Design (RCBD) and according to the Factorial in split plots system, cobalt 3 mg. L', (iron 160 +
cobalt 3) mg.L !, while the secondary plots included combinations between levels of biological
fertilization (without pollination, seed pollination) and organic fertilization levels with
decomposing sheep manure (without addition 2, 4, 6) tons.dunum !. Organic fertilizer was added
when preparing the soil. As for the bacterial pollen, it was mixed with the seeds when cultivation,
while the foliar application of the nano fertilizer was carried out upon the arrival of the plants 4-6
full-grown leaves, with the service operations of the crop being conducted from irrigation and
weeding according to the plants need.

Determination of active substances in fenugreek seeds using (HPLC) technology:

An assessment of the active substances (Trigonelline, Diosgenin, and Glutathione) in the
harvested fenugreek seeds in the first season was performed in the laboratory of the Department
of Environment and Water - Ministry of Science and Technology in Baghdad, using a high-
performance liquid chromatography device (HPLC) High-performance liquid. chromatography.
Where the amount of (1.20) g was weighed for each sample of the fenugreek seeds representing
the treatments and crushed well, and then transferred to volumetric flasks with a capacity of (10)
ml, and an amount of (5) ml of (Acetonitrile) was added to it, and in order to ensure its complete
dissolution, the samples were placed for a period of time. (10-15) minutes in the ultrasound
machine. After that, the solution was diluted to a fixed volume (10) ml with the addition of
phosphoric acid at an average of (5) ml, and it was returned again to the ultrasound machine for a
period of (20) seconds. Then it was transferred to a centrifuge regulated at (6000 revolutions per
minute) and for a period of (5) minutes, the filtrate formed (the top layer of the solution) was taken
and transferred to a rotary evaporator device to reduce dehydration. Acetonitrile was added to it
with a volume of 3 ml, and then the sample was filtered through the use of filter paper with a pore
size of (22) mu. Under the conditions of separation indicated in Table (2), the readings were
recorded depending on the retention time (Rt) of the standard solution and the active substances in
the studied samples and according to the method described before (Li et al., 2012).

Table (2) shows the conditions and time of separation according to (HPLC) technology for
the standard active ingredients and in fenugreek seeds.

D.W : acetonitrile (10 : 90 ) | Mobil phase 1
The speed of flow of the
mobile phase

1mL. minute!

3 pmol Cell size
Phase column C 18 — ODS (25cm * 4.6 mm ) | Column
UV -Vis =210 nm | Detection type
. 8925 | Separation temperature

Q||| W

© ICAS 2023 2497



Ann, For. Res. 66(1): 2494-2508, 2023

ISSN: 18448135, 20652445

ANNALS OF FOREST RESEARCH

www.e-afr.org

25pg .mL! | Standard compound 7
concentration
concentration (ppm) | detention time. Minute! | Standard active substances 8
10 10.50 Trigonlline
20 10.57 Diosgenin
20 6.56 Glutathion
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Figure 1. showing the temporal behavior of the active substance Trigonelline using HPLC
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Figure 2. showing the temporal behavior of the active substance Diosgenin using the HPLC
.technique
Estimate the active ingredient (glutathione)

Standard solutions - GSH were prepared by dissolving 7- 10 mg of GSH in the appropriate
amount of the mobile phase to make a solution containing 1.0 mg. mL™! of GSH after spinning for
thirty seconds, The solution is then diluted with the appropriate amount from the mobile phase to
create a 2 ml solution and then injected into the HPLC device according to the method (Vijay
Kumar et al., 2012).
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Figure 3. showing the temporal behavior of the active substance Glutathione according to
HPLC technique
Diagnostic and estimation method using (HPLC) device:

After the standard solutions of the active compounds (Trigonelline, Diosgenin, and Glutathione)
are prepared in solvents prepared for this purpose and under a special degree, as well as for the
solutions of the seed samples to be evaluated for the above active compounds, and after that an
amount of the solution is injected, the compounds Triaconylene, Diosgenin and Clutathione are
diagnosed. For study samples based on standard forms. The concentration of compounds was
calculated by comparing the results of the quantification of the compounds present in the samples
of the samples under study for both the detention time and the unknown beam area of the models
with the detention time and area of the curves of the known standard models. The concentration

of the compounds was calculated in the model using the following equation: -
Composite package space

compound concentration in the sample= x  Standard sample

space of package standard sample
concentration X number of dilutions

Using the SAS program, the data averages were analyzed using the RCBD factor only and for one
repeater. The means of the studied traits were compared according to the (Duncan) test method,
which has a multiple range and at the level (5%) (Al-Rawi and Khalaf Allah, 2000).

1- Trigonelline seed content:

The results in Table (3) showed that the foliar spraying with Nano elements on the fenugreek
plant had a significant effect in increasing the seed content of the active substance (Trigonelline)
compared to the non-fertilized treatments. The treatment (160 iron + 3 cobalt) mg.L"! gave the
highest average for the trait (177.61 ppm), with an increase of (72.96%), followed by the treatment
of iron 160 and cobalt 3 mg. L™! with an average of 158.27 and 149.39, which did not differ from
each other compared to the control treatment, which recorded the lowest average for the trait was
(102.69 ppm).The biological fertilization treatment with S. meliloti bacteria also had a significant
effect on increasing the seed content of this substance, which recorded the highest average of the
material reaching 258.54 ppm, with an increase of 629.31%, while the non-inoculated treatment
with bacteria recorded the lowest average of 35.45ppm. The treatment of organic fertilization also
achieved a significant effect in this trait, where the treatment gave 6 tons.dunum' organic fertilizer
with the highest average for the characteristic (pmm214.06), with an increase of 135.96%, while
the treatment gave the lowest average for the characteristic reached (90.72 ppm).As for the
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combination of the two treatments, their effects were also significant in increasing the seed content
of (Trigonelline). The combination between spraying the treatment (iron + cobalt) with the
inoculation treatment with S. meliloti gave the highest average for the material, reaching (310.84
ppm) with a difference. An increase of 1036.11% over the comparison treatment, which showed
the lowest average for the trait of 27.36 ppm.
Table (3) the effect of organic, bio and nano minerals fertilization with chelated iron and
cobalt nano, and the interaction between them on the fenugreek seed content
of(Trigonelline. ppm)

Fertilizer levels The
. Org.ztnlc Fe interaction The effect
Bio fertilizer (160)+ | between
. Fe (160) | Co(3) e of
fertilizer tons. 0 1 . | Co(3) fertilizer ) .
mg.L" | mg. L~ i . biofertilizer
Dunum mg. L (bio x
1 organic)
0 - - - - g6.19
Without 2 - - - - g 19.24
inoculum 4 - - - - f 45.38 b 35.45
6 - - - - e 70.98
0 - - - - d 175.25
. 2 - - - - c211.90
inoculum 4 — — — — b 289.86 a 258.54
6 - - - - a 357.14
Effect of chelated nano C b a
fertilizer 102.69 b 158.27 149.39 | 177.61
interaction | Without d d The effect of organic
between | inoculum | 27.36 d36.54 | d33.51 44.38 fertilizer ton. Dunum™!
Nano x bio | c b a
fertilizer | MOCUMM |y og 03 | P 280001 S6s08 | 310.84
i g
h 99. h97. 72
0 60.16 gh 99.37 | gh97.03 106.34 d 90.7
interaction hi fg fg ef
between 2 717.25 123.21 120.25 | 141.56 ¢ 15.57
Nano x g d be
4 d185.59 b 167.62
organic 110.94 ¢ 171.73 | 202.22
c b a
224.91 214.
6 16242 | P 249 | 20857 | 26033 a214.06

2- Diosgenin seed content (Diosgenin.ppm):
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The results presented in the contents of Table (4) indicate that the foliar spraying with Nano
elements on the fenugreek plant had a significant effect in increasing the seed content of the active
substance (Diosgenin.ppm) compared to the non-fertilized treatments, where the treatment (iron
160 + 3 cobalt) gave mg.L™!, the highest average for trait was (147.50 ppm), with an increase of
(72.79)%, followed by the treatment of iron 160 and cobalt 3 mg. L' averaged 132.47 ppm and
122.08 ppm which did not differ from each other. While the control treatment recorded the lowest
average for the trait, which was 85.31 ppm. The biological fertilization treatment with S. meliloti
bacteria also had a significant effect on increasing the seed content of this substance, which
recorded the highest average of the material reaching 202.89 ppm, with an increase of (397.40)%,
while the treatment of non-inoculated bacteria recorded the lowest average of 40.79 ppm. The
organic fertilization treatments achieved a significant effect in this trait, where the treatment 6
tons.dunum™' organic fertilizer excelled and giving the highest average of 172.29 ppm, with an
increasing difference of (123.70)%, while the control treatment recorded the lowest average of this
substance, which amounted to 77.02. ppm. As for the combination of the two treatments, their
effects were also significant in increasing the seed content of Diosgenin ppm. The combination
between spraying the treatment (iron + cobalt) and the inoculation with Reusobia bacteria (S.
meliloti) gave the highest average for the substance, reaching 246.91 ppm, with an increasing
difference of 645.30% compared to the comparison treatment that showed the lowest average of
the trait of 33.19 ppm. The combination of spraying (160 iron + 3 cobalt) mg. L'!) with the addition
of 6 tons.dunum™ recorded a significant effect on the average of this substance, with the highest
average for this characteristic reaching 209.64 ppm, with an increased difference of (339.68%)
compared to the treatment the lowest average for this trait was 47.68 ppm. While the combination
between the biological fertilization treatment with S. meliloti bacteria and the treatment with the
addition of 6 tons. dunum™ organic fertilizer recorded a significant superiority by giving the
highest average of the substance (269.96 ppm) and a difference of (2125.56%) compared to the
comparison treatment that recorded the lowest average for the substance reached 12.13 ppm.

Table (4) the effect of organic, bio and nanominerals fertilization with chelated iron and
cobalt nano, and the interaction between them on the fenugreek seed content of (Diosgenin

.pmm).
Fertilizer levels The
Organic B interactio | The effect
e
Bi fertili betw f
10- . ertilizer Fe (160) | Co(3) (160)+ n .e. een 0- N
fertilizer tons. 0 1 1 fertilizer biofertilize
mg. L mg. L Co(3) )
Dunum 1 (bio X|r
mg. L .
organic)
0] - -- - -- g12.13
Without 2| - - - - g28.27
inoculum 4 |- - - -- f48.15 b 40.79
6| - -- - -- e 74.62
inoculum 0| - - - -- d 141.90 a202.89
2501
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2| - -- -- -- c 181.33
4 |- -- -- -- b 218.36
6| -- -- -- - a269.96
Effect of chelated | c
nano fertilizer 85.31 | b132.47 | b122.08 | a147.50
Without
interactio | inoculu |d The effect of organic
n between | m 33.19 | d43.35 |d38.55 |d48.08 fertilizer ton. Dunum-!
Nano x bio | . c
fertitizer | MO | 374
m 4 b 221.59 | b205.61 | a246.91
0 1 ghi fgh102.0
47.68 | fgh84.45 | 73.93 2 d77.02
interactio 2 hi del20.1
72.00 |7 ef105.90 | del121.12 | ¢ 104.80
;all’;twee'; NG cd138.4
. 83.57 | 153.83 1 bcl57.21 | b 133.25
organic
cd
6| 138.0
1 b171.42 | b170.08 | a209.64 |a172.29

2- Glutathione seed content (Glutathione.ppm):

The results presented in Table (5) showed that foliar spraying with chelated metallic Nano
elements on the fenugreek plant had a significant effect in increasing the seed content of the active
substance (Glutathione. ppm) compared to the non-fertilized treatments. The biological
fertilization treatment with S. meliloti bacteria also had a significant effect on increasing the seed
content of this substance, which recorded the highest average of the material reaching 1609.00
ppm, with an increase of 260.30%, while the non-inoculated treatment with bacteria recorded the
lowest average of 446.57 ppm. The treatment of organic fertilization also achieved a significant
effect in this aspect, where the treatment 6 tons. Dunum-1 organic fertilizer gave the highest
average of pmm 1472.16, with an increase of 65.32%, while the non-fertilized treatment gave the
lowest average for the material, which amounted to 890.51 ppm. As for the combination of the
two treatments, their effects were also significant in increasing the seed content of
(Glutathione.ppm), the combination between spraying the treatment (160 iron + 3 cobalt) mg.L"!
with the treatment of inoculation with S. meliloti bacteria was higher an average for the material
was 1857.24 ppm, with a difference of 403.75% increase on the control treatment, which gave a
lower average of the trait amounted to 368.68 ppm.The combination of spraying (160 iron + 3
cobalt mg. L ') with the addition of 6 tons.dunum™! recorded a significant effect on the average of
this substance, with the highest average amounting to 1773.74 ppm, with a difference of 240.79%
more than the lowest control treatment the average for this article was 520.48 ppm. While the
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combination between the biological fertilization treatment with S. meliloti bacteria and the
treatment with the addition of 6 tons. dunum™! organic fertilizer recorded a significantly excelled
by giving the highest average of the substance (2163.17 ppm), with an increase of 1761.91%
compared to the control treatment, which recorded the lowest average for the substance, which
amounted to 116.18. ppm.

Table (5) the effect of organic, bio and nanominerals fertilization with chelated iron and

cobalt nano, and the interaction between them on the fenugreek seed content

of(Gluthathione .pmm

Fertilizer levels The
Or%am mt(:)rl'lactl The effect
Bi + f
,l? fertilize Fe (160) Co(3) Fe (160) between . 0 .
fertilizer 0 1 Co(3) o biofertiliz
r tons. mg. L' | mg.L! e L1 fertilizer or
Dunum & (bio x
organic)
0 - - - — g 116.18
Without 2 - - - - £357.83
inoculum 4 - - - - f531.11 b446.57
6 ~ = ~ ~ ¢ 781.17
0 ~ ~ ~ ~ d1194.28
inoculum 2 - - - - c 1423.19 | a1609.00
ocdiu 4 - - - - b 165537
6 ~ — — — a2163.14
Effect of chelat 1032.
ectofchelated |\ ooy o) | a1105.90 | 219329 | a1189.51
nano fertilizer 1
- - th
interacti Wlt ou The effect of organic
on , c368.68 | c469.30 | ¢426.53 | ¢521.78 | fertilizer ton. Dunum-
between | inoculu
Nano x m
bi i 1 1 4
o | inoculu |00 76 | a1742.50 | 10374 | a1857.04
fertilizer m 8
g698.7 fe663.8
0 052048 | ©8 ; “& A ef737.87 655.23
interacti
on 5 £2642.30 cde§72. def9056.8 cde9290.7 200,51
between
Nano x 4 efg731.07 cd1194.6 | ¢d1191. | bed1255. 1093.24
. 5 53 71
organic bed1241. | ab1557.9 | bel3ls
6 03 6 91 al773.74 1472.16
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The increase in seed content of active substances (Trigonelline, Diosgenin, Glutathione) may
explain the positive role that the study factors and their levels of mineral fertilization with nano
iron and cobalt , bio fertilization with (S.meliloti) and organic fertilization with decomposed sheep
manure in improving growth Plant and the activity of physiological activities that occur inside the
plant, The nano iron is characterized by its small size compared to the pores of the cell wall, which
allows the plant to absorb it easily and faster and participate in the activation of many enzymatic
systems that enter into the synthesis of their proteins such as enzymes of electron transport in the
steps of respiration and energy production (catalase, cytochrome oxidase, cytochrome) (Jonce,
2012) and enzymes. Associated with stimulation of the biosynthesis pathway for chlorophyll
synthesis, protein building, and root meristem growth (Connorton et al., 2017), and stimulate the
electron transport system during the process of photophosphorylation in the second photosystem
that occurs in plastids at the level of the Thylakoid to enter into the synthesis of the (ferredoxin)
protein, and stimulate the bacterial enzymatic system (S. meliloti) by entering the composition of
the nitrogenase enzyme responsible for the reduction of biologically inert atmospheric nitrogen It
is supplied to the plant in the form of ammonia, where it is considered one of the components of
building the pigment (Legoheamoglobin) in the root nodes (Brear et al., 2013 and Hassan and
Saadeddin, 2018).In addition to the important biological role of nano cobalt in activating plant
metabolism and growth processes by inhibiting the biological pathway for ethylene synthesis that
causes plant aging in addition to reducing the activity of the enzyme (peroxidase) that breaks down
the auxin molecule (IAA) (Minz et al., 2018), and the main role of cobalt in the success of the
atmospheric nitrogen fixation process by participating in the formation of cobamine and
Colpermin coenzyme complexes which participate with other enzymes such as (Mwthylmlloonyl
Co-isomerase, glutamate mutase, Glycerol dehydrates, dioldehydeotase, Ethanlamine deaminase,
B-L-Molecule transporter). Hydrogen (H) during the reduction of atmospheric nitrogen to
ammonia, in addition to its participation in the formation of the protein (Legheamoglobin)
responsible for protecting the enzyme nitrogenase from oxidative processes in the root ganglia
(Lui, 1998 and Havlin et al., 2014). The overall positive biological effects of the two elements,
iron and cobalt, may have a great role in building the effective enzymatic and hormonal system of
the plant and activating many physiological processes such as photosynthesis, respiration, and cell
division, which leads to the growth of an ideal vegetative system for the plant, which is positively
reflected in the accumulation of secondary metabolites and their migration to places of storage in
the seeds These results are consistent with a study that they conducted (Kadim and Yaseen, 2018,
and Yassin, 2020, and Gad and Abdel moez, 2015). . While the increase in the accumulation of
active compounds (Trigonelline, Diosgenin, Glutathione) when treated with biological fertilization
with bacteria (S. meliloti) may be due to the activation of the entire metabolic processes that occur
in the plant through the process of atmospheric nitrogen fixation and the provision of the nitrogen
component in a form that can be used by the plant, which is an essential element in building the
enzymatic and hormonal system, the formation of chlorophyll and the protein content of the plant,
which leads to stimulating plant growth thanks to the stimulation of the photosynthesis process
and the accumulation of its products from the organic materials necessary for growth, in addition

© ICAS 2023 2504



Ann. For. Res. 66(1): 2494-2508, 2023 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 www.e-afr.org

to its positive effect on the growth of roots and the increase in the area of their spread in the soil,
and their hormonal secretions. Vegetation (Auxin, gibberellins, cytokinins) in the root nodes, all
of this may be positively reflected in the production of secondary metabolites and their transfer to
centers of storage in the seeds. These results agree with(Pawar and others, 2014, Singh and Patel,
2016 and Zaghloul, 2019) and (Tamimi, 2009 and Menbari et al., 2017). While the increase in the
seed content of the active substances (Trigonelline, Diosgenin, Glutathione) through treatment
with organic degradation residues of sheep manure may explain the improvement that occurred in
the conditions of root growth by improving the natural properties of the soil (porosity, ability to
retain water, The cohesion of silt and clay soil groups and Soil fertility traits (enrichment of the
soil with some elements necessary for growth) and its vital activity, This is positively reflected in
the formation of a large root and vegetative growth, which activates many of the plant’s
physiological processes, such as the absorption of nutrients and water, stimulation of the process
of photosynthesis and respiration, and the release of energy particles. These results agree with
Ciancio et al. 2014 and Golijan and Murkovic, 2018) and are consistent with their findings (Al
Zahwan et al., 2013).

Conclusions:

1 - The fenugreek plant showed a positive response to spraying with chelated nano micronutrients
at the concentrations that were sprayed, and the best of these treatments was spraying with both
elements of iron and cobalt together at a concentration of 016 and 3 mg.L™! respectively, which
significantly affected the seed content of the active ingredient.

2- Biological fertilization with (Sinorhzobium meliloti) bacterial inoculum of fenugreek seeds
showed a highly significant effect in increasing the seed content of active substances.

3- The results of the study showed that organic fertilization using different levels of decomposing
sheep waste has an important role in improving the conditions of fenugreek growth, and that the
best of these levels is the treatment at an average of 6 tons. dunam !

4- The combinations between the study factors had a significant effect in increasing the studied
traits, and the best of these combinations is the combination between biological fertilization and
organic fertilization treatments at an average of 6 tons.dunum™', which gave the highest values in
these materials, by providing balanced nutritional conditions for the plant by providing the
necessary elements for growth in a way that made the plants grow better than non-fertilized
treatments.
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