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Abstract

This research was conducted to determine that it was essential to in-
vestigate the impact of fenugreek (7rigonella Foenum-graecum L.)
seed extract spraying on wheat, barley, oat and fenugreek plant on
plant height, chlorophyll content and shoot dry weight in plastic
house during December 30", 2024 to April 24™ 2025 at Grdarasha
Research Field, College of Agricultural Engineering Sciences, Sala-
haddin University — Erbil. For the aqueous extracts, four concentra-
tions were used: 0, 25, 50 and 100% with three replicates and a com-
pletely randomized design (CRD) were used. The results found that
significant differences between plant species for all parameters and
the fenugreek seeds aqueous extract at 100% concentration give the
highest efficiency in this study. Also, for the interaction between
treatments, plant height statistically increased for barley by 50,
100%, chlorophyll and shoot dry weight in fenugreek plant at all
concentrations. A laboratory experiment using a completely random-
1zed design with four replicates was conducted at the same college
to evaluate the germination and viability parameters of plant seeds
and radicle and plumule characteristics. Findings showed that fenu-
greek and barely plant seeds were stimulated with using fenugreek
extracts than other. Fenugreek seeds aqueous extract concentrations
increased from 25 to 100%, the effect of allelopathic materials for all
germination parameters was increased. For the interaction between
treatments, it gave the lowest number for all parameters studied by
wild oat plant and 100% of fenugreek extract.
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Introduction

Allelopathy, the biological phenomenon of chemical interactions between plants
through the release of secondary metabolites into the environment, is becoming more
and more popular as a solution to these problems, farmers are still hesitant to put this
knowledge into practice, despite the fact that many essential crops are known to have
allelopathic potential. [1, 2]. Due to extensive and irregular use of chemical toxins (es-
pecially herbicides) now days, allelopathic plants application and their residue in the
soil have been reported for controlling undesirable plants and improving plant growth
conditions [3, 4].

Allelopathy is an ecologically significant biochemical phenomenon that involves
any direct or indirect negative or positive impact that one plant (donor) has on another
(target) through the release of chemical compounds into the environment. The complex
phenomenon known as allelopathy involves both stimulatory and inhibitory effects on
plant activity brought on by the release of specific chemical compounds known as al-
lelochemicals. Several harmful effects of allelopathic substances include: inhibition
and delays in germination, seed darkening and loss of turgidity, deformation of seed-
lings, reduction in root, radicle, stem, and coleoptile development, swelling and necro-
sis of roots or radicles, paleness, absence of root hairs, and decrease in total dry matter
[5,6, 7].

The fenugreek plant, Trigonella foenum-graecum L., is a member of the Fabaceae
family and is found all over the world. With proper cultivation, irrigation, and harvest-
ing management, yields can be significantly increased in both quantity and quality.
Active ingredients found in the plant include alkaloids, flavonoids, steroids, saponins,
and more [8].

Azizi et al. [9] reported that using different parts of fenugreek extracts, had a neg-
ative effect on seed germination and growth of several crops and weeds. The results
indicated that not only fenugreek extract reduced seedling growth of different species,
but also inhibited seed germination of crop and weed species, these responses were
different to allelopathic substances due to the species nature and amount of allelopathic
substances of fenugreek parts. In all species, the highest allelopathic effect was ob-
served for seed and leaf extracts.

The germination and early growth stages are considered critical phases in the
life cycle of field crops such as wheat, barley, and oat, as they directly affect plant
establishment and final yield. Recently, there has been increasing interest in using nat-
ural and eco-friendly substances as alternatives to chemical treatments to enhance plant
growth and physiological performance.

Fenugreek (Trigonella foenum-graecum L.) seeds contain various bioactive
compounds, including alkaloids, flavonoids, and vitamins, which may have either stim-
ulatory or inhibitory effects on plant physiological processes such as germination,
growth, and chlorophyll formation. However, these effects are likely to vary depending
on the concentration of the extract and the plant species involved.
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Despite the availability of some studies on plant extracts, there is a lack of com-
prehensive research comparing the effects of different concentrations of fenugreek seed
extract on multiple field crops under the same experimental conditions, particularly in
terms of germination, growth, and chlorophyll content.

Therefore, the research problem lies in the unclear and variable response of dif-
ferent field crops (fenugreek, wheat, barley, and oat) to varying concentrations of fen-
ugreek seed extract, and whether these effects are stimulatory or inhibitory. Addition-
ally, it is not well-established which concentration may be optimal for improving phys-
iological performance and plant growth.

The aim of this study was designed to show the effect of fenugreek seed aqueous
extracts on germination and seedling development of wheat, barely, oat and fenugreek
plants. It will also propose to investigate the effective allelochemical use of suitable
herbicides and fertilizer based on the research results.

Materials and Methods

Two experiments were carried out in this study, the first experiment was carried
out in the plastic house from December 30", 2024 to April 24", 2025 at Grdarasha
Research Field, College of Agricultural Engineering Sciences, Salahaddin University
— Erbil to study the effect of foliar application of fenugreek (7rigonella foenum-grae-
cum L.) on chlorophyll content and yield of some field Crops. The experiment was
conducted using pots measuring 10cm in height, 12cm in upper diameter, and 9cm for
the lower diameter. A total of 48 pots were used. The pots were randomly arranged and
assigned to treatments in order to reduce experimental errors. Pots were filled with soil
(Table 1), two seeds per pot were sown at a depth of 3cm on December 30", 2024 in
the plastic house using a completely randomized design (CRD) with three replications.
Four species of plants were used in the experiment, wheat (Triticum aestivum L.)
Adana variety, barley (Hordeum vulgare L.) Aksad14 variety, wild Oat (Avena fatua)
and fenugreek (7rigonella foenum-graecum L.). Moisture was maintained by adding
water when needed.

Fenugreek seeds were taken to the College of Agricultural Engineering Sciences
Laboratory at Salahaddin University-Erbil, where they were ground with a grinder to
a fine consistency and made ready for analysis. 30 grams of powdered fenugreek seeds
and 200 milliliters of distilled water were combined to make an aqueous extract, which
was then put on a shaker machine to enhance mixing. The samples were then kept for
two days at 35°C in an oven. Additionally, the extracts are filtered using filter paper,
and distilled water is added to reach the full volume of 300 ml. Lastly, the extract was
stored at 4°C in a freezer until it was used. Gas Chromatography-Mass Spectrometry
(GC/MS) was done for an aqueous fenugreek seed extract sample (Table 2) according
to [10, 11].

The fenugreek seeds aqueous extract diluted with distilled water to the required
concentrations (control, 25, 50 and 100%) were used for foliar application. A surfactant
agent-Tween40 was added at a concentration of 0.1% to the solutions. Spraying was
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carried out in two stages; the first spray was applied after two months from the sowing
date and the second spray was applied after two days from the first spray. The spray
was carried out early in the morning till runof.

Two plants were selected from each pot to study the plant height two times (8/3 and
14/3 -2025) with a one week interval between them, Shoot dry weight (g.plant™), inhi-
bition and response ratio of shoot dry weight (S.D.W.) % [12] and Chlorophyll content
was measured at two times in the (3/3 and 8/3 -2025) with five days interval between
them, the "Chlorophyll Meter SPAD-502 plus" was used for total chlorophyll estima-

tion [13].
S.D.W. control-S.D.W. treated

el . < 1o,
Inhibition ratio of shoot dry weight% = SDW control x 100 ......... (1)

S.D.W. treated—S.D.W. control

. . o)
Response ratio of shoot dry weight% SDW. contral x 100........ (2)

Table (1): Some chemical and physical properties of the field soil of Grdarasha

Soil properties Soil components
Particle Sand 12.5
size distribution % Silt 42.5
Clay 45
Texture Class Silty Clay
pH 7.42
Electrical Conductivity (EC) ds m! 0.2
Organic Matter (%) 0.9
Total Nitrogen (N) ppm 0.18
Total Phosphor (P) ppm 3.75
Total Potassium (K) ppm 100

*Laboratory Soil and Water Sciences Department, College of the Agricultural Engineering Sciences, University of
Salaheddin University.

The second experiment was conducted at the College of Agricultural Engineering
Sciences laboratory to examine the effectiveness of fenugreek seed extract on the ger-
mination and viability characteristics of plant seeds. Each plant species' 25 seeds were
put in a separate, 9cm diameter petri dish lined with filter paper. Ten milliliters of
fenugreek seed aqueous extract were applied to the petri dishes, which served as the
treatment for petri dishes. Just 10 milliliters of distilled water were added to petri
dishes for the control treatment. There were four replications of each seed species,
including test and control treatments. Petri dishes were incubated at 22°C in a growth
chamber. Every day, the percentage of seed germination, germination speed (seed/day)
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[14], radicle and plumule lengths (cm), radicle and plumule elongation veloc-
ity(cm/day), peak value (%day) [15], mean daily germination (% day) [16], germina-
tion value [17], inhibition and response ratio of radicle and plumule % and seedling
vigor index (cm/100) [18] of the sprouted seedlings, it was continued for a period of 8
days and were recorded as detailed below:

. . Number of germinationed seed
Germination percentage Y= 2

Total number of seeds sown

number of germinated seeds

Germination speed (seed day!) =5 umber oTdays ...(4)
. . . N1 , N2 N3
Radicle or plumule elongation velocity(cm/day) = - t5t5+

NT X 100 .. ver e (5)

Final germination percentage

Peak value(% day™) =

Number of days to reach maximum germination

. . . . Final germination %
Mean daily germination (% day!) = g e, (7)

" Total number of days in test

Germination value = mean daily germination % day! x peak value % day' ....(8)

Seedling Vigor Index (cm/100)= Germination percentage x seedling length...(9)

S.D.W.control-S.D.W. treated
x 100 .....(10)
S.D.W. control

S.D.W. treated—S.D.W. control
S.D.W. control

Inhibition ratio of radicle or plumule% =

Response ratio of radicle or plumule %=

The experiments were designed according to factorial completely randomized de-
sign (CRD) with three replicates for the pot experiment and four for laboratory. Com-
parisons between means were made using Duncan’s Multiple Range Test at 5% level
for plastic house experiment. However, 1% level was used for laboratory characteris-
tics. The statistical analysis was carried out using the SPSS (Statistical Package for
Social Sciences) Program, version (22.0) in 2019 [19].
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Re- Re- | Pea
ten- Feak ten- k
Component Name . Area Component Name .
tion o tion | Are
Time ° Time | a%
[-Methoxy-2,3-dimethyl-2- 5.153 | 0.21 .gamma.-Sitosterol 2847 3.28
butene 3
.alpha.,.bej[a.—Gluco—octomc 5189 | 0.18 I—Methylcyclo.hex—'l -en-4- 2261 | 075
acid lactone carboxylic acid
9,19-Cyclolanostan-3-ol, |29.72
3-Nonen-1-ol, (Z)- 537 | 3.88 acetate, (3.beta.)- ) 0.73
2-Methylpyrrolidine 5.438 | 1.65 Megastigmatrienone 8.603 | 0.19
9-Azabicyclo[4,2,1]non-2- 1-Chloro-4-(1-ethoxyeth-
ene, 2-acetyl-9-methyl- 3-557 | 0.83 oxy)-2-methylbut-2-ene 8.766 | 0.53
Carbonic acid, propargyl 2- 17.1
ethylhexyl ester 5.589 | 0.65 3-O-Methyl-d-glucose | 9.191 5
Cy"lOtetraSItf;a_‘ne’ octame- | 5 659 | 0.41 Neophytadiene 10300 0.74
4H-Pyran-4-one, 3,5-dihy- 17.54
droxy-2-methyl- 5.702 | 0.59 Squalene 2 0.27
2-Oxonanone 5.794 | 2.58 2-Methyltetracosane : 0i46 0.2
Benzenemethanamine, N- 5938 | 0.34 Hexadecanoic acid, methyl | 10.63 23
ethyl- ester 5
3-Amino-4,5-dimethyl- L 10.89
2(5H)-furanone 6.043 | 0.68 n-Hexadecanoic acid 3 2.39
2'Pentyl'°y§ilglhexane'1’4' 6.182 | 035 | 7-Hexadecenal, (Z)- || 619 0.26
9,19-Cyclolanost-24-en-3-ol, | 31.32 ) 33.00
acetate, (3.beta.)- 5 1.32 .beta.-Sitosterol acetate 3 1.13
4-Pentenoic acid, 2-methyl-, 9,12-Octadecadienoic acid 10.6
decyl ester 6.342 | 0.61 (Z,2)-, methyl ester 11.85 2
Pent-4-enoyl amide, 2-me- 9,12-Octadecadienoic acid | 12.13
thyl-N-ethyl- 6391 | 04 (2.2)- ) 7.14
o 23.08 4-Morpholinopiperidine, | 12.31
Vitamin E 5 1.04 N-trimethylacetyl- 4 2.98
Imidazole-4-carboxylic acid, C
I-methoxymethyl-, ethyl es- | 6.948 | 0.2 | 2~ Chloropropionicacid, | 1258 |
tor hexadecyl ester 3
) ) 8,11,14-Eicosatrienoic 12.88
dI-Citrulline 7.036 | 0.17 acid. (Z.Z.7)- 5 1.01
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: 2-(Dimethylamino)ethyl
d-(tert-Butylamino)-3- 15 153 1 01 | (92,12Z)-octadeca-9,12- | 13:08 | 0.47
methylbutan-2-one . 1
dienoate
2-((8Z,11Z)-Heptadeca-
2H-Pyran-2-one, tetrahydro- | 7 193 | 37 | g 11_dien-1-yl)-4,5-dihy- | = | 3.4
6-undecyl- 6
drooxazole
(E)-2-Decenyl acetate 7.257 | 0.25 Oxazole, 4,5-dihydro-2- | 13.50 0.49
pentadecyl- 3
2-(Isobutoxymethyl)oxirane | 7.528 | 8.95 5-Methyltricosane 13i73 0.79
Phenol, 2,2'-meth- 13.98
Heptadecane, 4-methyl- 7.82 | 091 ylenebis[6-(1,1-di- 3 0.57
methylethyl)-4-methyl-
(2E,4E)-2,4-D0decadlen01c 7880 | 347 2-(Dimethylamino)ethyl | 14.21 0.77
acid vaccenoate 2
9,12-Octadecadienoic acid 14.33
2,4-Di-tert-butylphenol 7.68 | 092 | (Z,2)-, 2-hydroxy-1-(hy- | 0.39
8
droxymethyl)ethyl ester
9,12-Octadecadienoic acid | 15.93 ) ) 14.54
(Z.Z)-. TMS derivative 3 0.66 Swainsonine 2 0.78
9,12-Octadecadienoic acid 16.23 Hexadecanoic acid, 2-hy- 14.65
(Z,2)-, 2-hydroxy-1-(hy- 2 2.34 droxy-1-(hydroxyme- 1 1.25
droxymethyl)ethyl ester thyl)ethyl ester

*Laboratory of College of the Science, University of Salahaddin.

Results and Dissuasion
Plastic house parameters

From the results presented in table (3), the barely plant had the highest values
(30.05 and 35.59cm) of plant height, while the fenugreek plant had the lowest height
(14.77 and 16.90cm). The total chlorophyll amount in both measurements significantly
increased in the fenugreek plant to (40.88 and 42.41 SPAD), whereas, this amount de-
clined in wild oat plant to (29.21 and 29.15 SPAD). Shoot dry weight and inhibition
rate of shoot dry weight recorded the maximum values in wheat plant by (0.52g and
19.26%), while the response rate of shoot dry weight was increased in fenugreek plant
(53.84%).

They were not statistically significant for all concentrations of spray of fenu-
greek seed extract for all parameters except, response rate of shoot dry weight increas-
ing with increased the fenugreek extract level and vice versa with inhibition rate of
shoot dry weight. In the same table shows the interaction between plant species and
fenugreek extract foliar application. Plant height significantly increased to (34.33 and
38.66cm) in the barley plant with 50% and 100% fenugreek extract, but decreased to
(13.00 and 15.16cm) in the fenugreek plant with control. The maximum values of
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chlorophyll content were recorded by the fenugreek plant at 25% and 50%, whilst the
minimum number was obtained with the wild oat plant in the first measure and the
wheat plant in the second measure at 50%. Shoot dry weight statistically improved in
the fenugreek plant at 100% and declined on the same plant but with 25% fenugreek
seeds extract.in addition, the highest percentage of response rate and inhibition rate
were recorded for fenugreek at 100% (161.53%) and for wheat at 25% (27.68%) re-
spectively. On the contrary, the lowest values of these parameters were obtained by
fenugreek with 100% for inhibition rate and wheat at 25% for response rate. Results
indicate the potential strength of fenugreek aqueous extracts towards different plant
species. On the other hand, it is well known that plant species differ in responding to
allelochemicals due to genetic variation properties, beside crop and weed plants in-
cluded in this study showed different levels of sensitivity towards allelochemics of
fenugreek plants. The chemical composition of the fenugreek seed extract components
under investigation was examined using GC-MS and mass spectrometry. A total of 54
substances were shown in Table (2).

It was noted that several compounds showed up in large quantities, such as the
compound 2-(Isobutoxymethyl) oxirane (8.95%) and gamma. -Sitosterol (3.28%).
However, a few additional chemicals, like vitamin E (1.04%) and Megastigmatrienone
(0.19%), were present at extremely small levels. The increasing plant height and con-
tent of chlorophyllin leaves, that is due to the role of fenugreek extract which contains
nutrients such as potassium, an important role in the growth and development of plants,
although it does not entered in any installation of cellular components as well as act as
a cofactor in many biological processes as an effect in activating enzymes synthesis of
proteins and it also plays an active role in organizing the osmotic pressure inside plant
cells this helps to absorb water and organizing opening and closing of stomata in
leaves, as well as his role in the increase of cell division and its relationship to the
formation of nucleic acids as a relationship in the formation of proteins and photosyn-
thesis [20,21,22, 23]. Dawood et al. [24] mentioned that fenugreek seeds extract in-
cluding important nutrients, such as an iron element that positively affects photosyn-
thesis and chlorophyll building.
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Table (3): Influence of plant species, fenugreek seeds extract concertation and their
interaction on some growth parameters in the plastic house

Wheat 25775b | 25.57b | 33.88b 31.50b 0.52a | -19.26b | 19.26a

Barley 30.05a | 3559a | 31.82b 32.51b 0.51a | 3441a | -3441b
Wild oat | 21.86¢c | 22.52¢c | 29.21b 29.15b | 0.39ab | -542b 542 a

Fenugreek |14.77d)|1690d | 40.88a 4241 a 0.36b | 53.84a | -53.84b

0 22.85a|2492a| 32.64a 3192 a 043a | -----m--mm | -mmmmeee-
25 2194a|24.09a| 35.85a 35.66a 042 a 0.06 b -0.06 a
50 23.87a|2535a| 32.86a 32.82a 043 a 4.27b -4.27 a
100 23.78a | 2621a| 34.44a 35.66a 0.53a | 4334a | 43.34b

Wheat 0% 2%26 26.60b | 3594a-d| 29.73¢ | 0.6l ab | - | —mmmmm-
Wheat 25% 2%56 2633 b | 28.90cd | 34.46 bc (;bSZ -7.79 b 7.79 a
Wheat 50% | 25.33 ¢ 24,:)’:13 36.20a-d | 24.40c (;]j: -27.68b | 27.68a
Wheat 100% 24.26 | 24.43 34.50bed | 37.43 be 0.48 -2231b | 2231a
cd bc abc
Barley 0% 2743 33.00a | 31.60cd | 3543 bc 041\ |
bc abc
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Barley 25% 2{)’36 33.00a | 30.60cd | 33.90bc | 0.58ab | 31.70b | -31.70 a
Barley 50% | 34.33a | 36.83a| 25.66cd | 27.50c¢ (lefj 43.08b | -43.08a
Barley 100% 32‘56 38.66a | 39.43 abc | 33.23 be (;Sf 2845b | -2845a
Wild oat 0% | 2420 | 2493 1 3000cd | 2843¢ | O | |
cd bc abc
Wild oat | 19.93 | 20.00
250, o 4 |3450bed| 27.83¢c | 031be | 2235b | 2235a
Wild oat | 1833 | 19.83 0.41
5007 - 4| 21600d | 2636¢ o 040b | -040a
Wild oat 2533 0.43
00, 2500¢ | T | 31.06¢d | 3400bc | 569a | -5.69a
F e“(‘)‘og/reek 13.00 ¢ | 15.16d | 33.03bed | 34.10bc | 0.26¢ | —mccooom | cooeeeeee
0
Fenugreek | 14.00 |, 1ol 4973a | 4946ab | 025¢ | -128b | 1.28a
25% fe
Fenugreek | 17.50ef| 19.83 |\ 0g 1 | 53032 | 026¢ | 128b | -1.28a
50% g cd
Fenugreek | 14.60 | /34135 76bed | 36.06bc | 0.68a | 161.53a | -161.53 b
100% fe

*The similar letters between treatments means there are no significant differences between them us-
ing Duncan’s Multiple Test at 5% level.
* FC — First count, SC- second count.

Germination parameters

Table (4) indicates a significant effect of fenugreek aqueous extracts on recorded
data, whereas the highest values were recorded for all germination characteristics for
the fenugreek plant and the lowest data for wild oat plant. With increasing the concen-
tration of aqueous extract significantly decreases the germination parameters and the
minimum rate were obvious with level 100% and germination parameters recorded the
maximum data with those seeds that not take any treatment. Barley plant at the 0%
level occupies the first position for germination percentage, germination speed and
mean daily germination by (94.00%, 1.38 seed/day and 11.75%) respectively. In addi-
tion to that peak value and germination value significantly increased to (21.00% and
240.75) in fenugreek with 100% while, the minimum values of these parameters were
obtained by wild oat with 100%.

These results elucidate the negative effect of increasing concentration of the
aqueous extracts, which suggest different plant responses to concentration in such way
it may be perfect evidence of its potential to be used as an herbicide for these tested
weed plants due to its concentration dependent behavior [9]. The decrease in weed seed
germination here is due to the inhibitory effect of fenugreek extract, which contains
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substances such as phenols, tannins, and coumarin compounds, which are toxic at high
concentrations, as well as, fenugreek contains chemical compounds that are soluble in
water, and therefore increasing the concentration of the aqueous extract, whether
through the process of seeds being soaked in water, means an increase in the amount
of these compounds, which vary in their effect on cell division and elongation, and
some compounds may affect the activity of some enzymes that contribute to this pro-
cess, such as amylase-Q [25 and 26, 27].

Plumule, radicle and seedling vigor index parameters

Table (5) elucidates the significant effect of different concentrations of aqueous
extracts of fenugreek seeds on some plumule, radicle and seedling vigor index param-
eters. Findings show that no significant differences between plant species of radicle
elongation velocity, while the ratio in radicle inhibition statically increased to (81.73%)
in wild oats and decreased to (27.77%) in fenugreek plants. In contract to, for the rad-
icle response rate, the highest ratio (-27.77%) was recorded for fenugreek and the low-
est (-81.73%) for wild oat. The plumule characteristics and seedling vigor index show
the highest improvement for barely plant and minimum amount for wild oat plant, ex-
cepting, the plumule inhibition rate had a significant increase in wild oats and a de-
crease in barely plant. Radicle and plumule elongation velocity and seed vigor index
produced the maximum rates (1.37, 1.25 and 1881.52) without using any fenugreek
aqueous extract, and the lowest values obtained at 50 and 100% levels. The inhibited
rate in radicle and plumule significantly increased with 100% concertation, while the
response proportion of these parameters raised at 25% and declined at 100%. From the
interaction data, radicle and plumule velocity and seedling vigor index increased in
wild oat, fenugreek and barely with control and these parameters significantly affected
interaction between treatments and showed no growth (0.00) in wild oat at 100% level,
for this reason the ration of inhibition rise to 100% for these characteristics. As well
as, the response ratio was (0.00 and -9.78) in radicle and plumule parts.

A decrease in average radicle and plumule lengths or death is observed, due to the
inhibitory effect of fenugreek extracts, as they expose the seeds to osmotic stress and
prevent the embryo from dividing and forming the radicle, which delays germination
or leads to germination failure and death of the embryo within the seed [28].

Table (4): Influence of plant species, fenugreek seeds extract application and their in-
teraction on some germination characteristics

Germina- Peak Mean Germina-
Germina- | tion Speed Value Daily tion
Plant species tion per- | (seed day" Germina- | Value
centage % h (% day!) | tion (%
day™)
Wheat 75.25b 1.05b 14.80b 9.40b 148.48 b
Barley 87.25a 1.23 a 15.93 ab 1090a | 175.73 ab
Wild oat 41.50 ¢ 0.29 ¢ 6.95 ¢ 5.18 ¢ 57.35¢
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Fenugreek

91.25a

1.28 a

18.40 a

1140 a

209.76 a

0 86.75 a 1.16 a 1548 a 10.84 a 170.36 a
25 84.50 a 1.07 ab 1545a 10.56 a 164.56 a
50 72.00 b 097b 1431 a 9.00b 153.72 a
100 52.00 ¢ 0.65 ¢ 10.85b 6.50 ¢ 102.68 b

Wheat 0% 90.00 ab 1.36 a 19.10ab | 11.25ab | 214.70 a
Wheat 25% 84.00 abc 1.20 ab 16.50 abc | 10.50 abc | 170.50 abc
Wheat 50% 90.00 ab 1.18 ab 14.86a-d | 11.25ab | 166.93 abc

Wheat 100% 37.00d 0.46 c 8.76 de 4.62d 41.81 de

Barley 0% 94.00 a 1.38a 15.66 a-d 11.75a | 184.83 abc
Barley 25% 90.00 ab 1.31a 1643 abc | 11.25ab | 184.58 abc
Barley 50% 89.00 ab 1.25a 18.50 abc | 11.12ab | 206.08 ab

Barley 100% 76.00 be 0.97b 13.33bcd | 9.50bc | 127.43 be
Wild oat 0% 71.00 c 0.60 c 11.83 cd 8.87 ¢ 105.58 de
Wild oat 25% 72.00 c 0.44 c 12.00 bed 9.00 c 108.83 cd
Wild oat 50% 20.00 e 0.11d 3.46 ef 2.50¢ 14.26 ¢
Wild oat 100% 3.00 f 0.01d 0.50 £ 037 f 0.75¢
Fenugreek 0% 92.00 ab 1.31a 1533a-d | 11.50ab | 176.33 abc
Fenugreek 25% 92.00 ab 1.31a 16.86abc | 11.50ab | 194.33 ab
Fenugreek 50% 89.00 ab 1.32 a 2041 a 11.12ab | 227.62a
Fenugreek 100% | 92.00 ab 1.17 ab 21.00 a 11.50ab | 240.75a

*The similar letters between treatments means there are no significant differences between them us-

ing Duncan’s Multiple Test at 1% level.
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Tab.lle (5): Influence of plant species, fenugreek seeds extract application and their in-

teraction on some radicle,

lumule and seedling vigor index characteristics

Wheat 0.67a | 703la | -7031b | L.10a |3326b |-3326a| 1313.85 b
Barley 0652 | 69982 | -69.98b | 1.29a |19.79b |-19.79a| 1569.87 a
Wildoat | 085a | 8173a | -81.73b | 034b | 73.50a '73;)‘50 438.02 ¢
Fenugreek 0.73 a 2777b | -27.77 a 1.13 a 33.63b |-33.62a|1164.40Db

0 7 N S p— LT N S — 1881.52 a
25 0.80b | 40.83c | -40.83a | 1.04ab | 20.30¢ |-20.30a| 1253.35b
50 0.52¢ | 57.17b | -57.17b | 1.00b |32.80b '32b°80 992.72 ¢
100 020d | 89.36a | -89.36c | 0.57c | 67.04a | -67.04c| 358.55d

Wheat 0% 1.17b | - | - 1.39a | -m-mmm | —meee- 2343.20 a
Wheat 25% | 0.80b-e | 49.24c | -4924b | 1.11ab | 14.45¢ |-14.45a| 1484.20Db
76.22 -76.22 23.04 | -23.04 | 1167.20
o -
Wheat 50% | 0.34 d-g abe bed 1.26 a de ab be
Wheat 100% | 0.35d-g | 85.47 ab 8547 0.63 ¢ 6230 | -62.30 260.80 ef
cd bc cd
Barley 0% 1.05bc | === | -mmeee- 1.36a | -—-m-m | —-mee- 2505.40 a
Barley 25% | 0.66 b-f | 57.97 bc -5&97 1.31a | 1048 ¢ |-10.48a| 1586.00 b
-68.11 18.88 | -18.88
o -
Barley 50% | 0.53 c-g | 68.11 bc be 1.21a do ab 1327.50 b




Barley 100% | 0.37d-g | 83.87ab | >0 | 129a | 2299 | 2999 185980 cd
cd de ab
Wild 0at 0% | 2.32a | - | oo 0.72bc | =moeem | eemee- “1?}'50
Wild oat -60.86 41.05 | -41.05
2507 0.81b-e | 60.86bc | - 052¢d | 7 b | 53240 de
Wild oat -84.34 7947 | -79.47
500% 028 cfg | 8434ab | " 0.12de | o 83.20 f
Wild oat -100.00 100.00 | -100.00
00, 0.00g | 100002 0.00 e . X 0.00 f
Fe“(‘)‘g €K | 093 bed | ceee | e 151a | —ccceee | coeee 1541.00 b
¥ e‘;‘;%/reek 0.95bed | -476d | 476a | 12la |1521e |-1521a|1410.00b
(1]
Fenuereek | 0.93bed | 0.00d | 0.00a | 142a | 9.78e | -9.78a | 1393.00b
(1]
Fenugreek -88.09 75.86 | -75.86
1000 0.10fg |88.09ab| 007 | 038cde | Y | 313.60 ef

*The similar letters between treatments means there are no significant differences between them us-
ing Duncan’s Multiple Test at 1% level.

The results indicated that crop and weed species responses were different to alle-
lopathic substances, due to the species nature and number of allelopathic substances of
fenugreek seed extract. In general, wheat and wild oats are more sensitive and fenu-
greek plant tolerant, than other species to allelopathic substances. However, the effect
was increased with increasing the concentration of fenugreek seed extract. Treating
plant species seeds with extracts of fenugreek positively affected all the studied traits,
making them suitable as natural and safe growth stimulants for the fenugreek plant,
and showed a high inhibitory effect on the germination characteristics and the radicle
and plumule of the wild oat plant. For this reason, the results obtained from this study
encourage us to be optimistic about finding safe alternatives and promising prospects
for obtaining healthy agricultural products free from the negative effects of chemical
substances and pesticides used in these species.
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