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Introduction

Weeds represent a major constraint in agricultural production by competing with crops for essential resources
such as light, water, nutrients, and space. In chickpea (Cicer arietinum) cultivation, species like Galium aparine
L. (cleavers) and Vicia villosa Roth. (hairy vetch) can cause significant yield losses, estimated between 40% and
87% in the absence of effective weed management strategies. Conventional weed control relies heavily on
synthetic herbicides, which provide rapid and effective results but raise environmental and health concerns due
to their toxicity, persistence, and bioaccumulation. Allelopathy involves the release of allelochemicals by plants,
which inhibit the growth and development of neighboring plants, offering a targeted approach to weed
management. Plants such as Gundelia tournefortii (cardoon), Anthemis species (chamomile), and Arachis
hypogaea (peanut) produce bioactive compounds, including terpenoids, phenolic acids, and flavonoids, known
for their phytotoxic effects on weeds. Previous studies have demonstrated the efficacy of these plant extracts in
suppressing weed growth, but their allelopathic effects on Galium aparine and Vicia villosa in chickpea fields
remain underexplored. This study aimed to evaluate the phytotoxic and allelopathic potential of chamomile,
cardoon, and peanut shell extracts, compared to pelargonic acid and the commercial herbicide Challenge, on
these weeds over two growing seasons (2021-2022 and 2022-2023).

Materials and Methods

The experiment was conducted over two consecutive growing seasons (2021-2022 and 2022-2023) in an 80-
hectare chickpea field located in Jiranblagh, Serfirouzabad, Kermanshah, Iran (34°12'34"N, 47°5'48"E; 1728 m
above sea level). The study area has a Mediterranean climate characterized by long, dry summers and cold
winters, with an average annual precipitation of 435 mm. Soil analysis confirmed adequate NPK levels, and 25
kg ha! bentonite sulfur and 1 kg ha* ammonium molybdate were applied for balanced nutrition. Chickpea seeds
(cv. Mansour) were sown mechanically at 15 plants m2. Treatments included chamomile extract (50 g L),
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cardoon extract (100 g L1), peanut shell extract (100 g L), pelargonic acid (5 L ha), Challenge herbicide (2 L
hat), and water control, applied in a factorial randomized complete block design with three replicates. Plant
materials were collected from Kermanshah’s Koohsefid mountains (chamomile and cardoon) and Razi
University’s agricultural campus (peanut shells). Extracts were prepared using ethanol (1:10 ratio), filtered, and
stored at 4°C. Total phenolic content was measured gravimetrically, and antioxidant activity was assessed via the
DPPH assay. Weed traits, including growth inhibition, chlorophyll content, stomatal conductance, and
chlorophyll fluorescence (Pocket PEA), were measured 48 hours post-treatment. Gas chromatography-mass
spectrometry (GC-MS) analyzed chamomile essential oil composition. Data were analyzed using SAS 9.1, with
variance homogeneity tested via the F-test, and means compared using the Least Significant Difference (LSD)
test at P<0.05.

Results and Discussion

The weed flora of the chickpea field consisted of 27 species, with Galium aparine (92% frequency, 10.6
plants m™2) and Vicia villosa (60% frequency) identified as the dominant species. GC-MS analysis of chamomile
essential oil revealed 21 constituents, accounting for 82.49% of the total oil composition. The predominant
compounds were myrtenyl acetate (20.37%), decanoic acid (9.85%), spathulenol (7.99%), and caryophyllene
oxide (5.12%), consistent with previous reports (Nejadhabibvash, 2017). These terpenoids are known for their
phytotoxic effects, disrupting photosynthesis and inducing oxidative stress. Growth inhibition of V. villosa was
most pronounced in the first year with pelargonic acid (70.3%) and cardoon extract (67.13%), while for Galium
aparine, cardoon extract (53.33%) and pelargonic acid (52.76%) were most effective in year one, and pelargonic
acid (47.03%) and cardoon (46.79%) in year two. Treatments significantly reduced chlorophyll content, with a
69.91% decrease in G. aparine (pelargonic acid, year two) and 74.28% in V. villosa (chamomile, year two)
compared to the control. Stomatal conductance was notably reduced by chamomile extract, with a 66.80%
decrease in G. aparine and 51.75% in V. villosa in the second year. Chlorophyll fluorescence (Fv/Fm) decreased
by 56.63% in G. aparine and 36.14% in V. villosa under chamomile treatment in year two, indicating
photosystem Il impairment. These effects are attributed to allelochemicals, particularly terpenoids, which inhibit
photosynthesis, reduce chlorophyll synthesis, and cause cellular damage.

Conclusion

Chamomile extract exhibited pronounced phytotoxic and allelopathic activity, markedly reducing growth
parameters, chlorophyll content, stomatal conductance, and chlorophyll fluorescence in Galium aparine and
Vicia villosa, with efficacy surpassing that of the commercial herbicide Challenge. The high proportion of
myrtenyl acetate in chamomile essential oil is likely a key contributor to its herbicidal potential. Cardoon extract
and pelargonic acid also showed strong weed suppression, while peanut shell extract was less effective. These
findings suggest that chamomile extract is a promising eco-friendly bioherbicide for sustainable weed
management in chickpea fields. Further studies are recommended to elucidate the mechanisms of action of these
allelochemicals and optimize their field application.
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Table 1- Physical and chemical properties of the experimental site soil before planting in the years of the experiment

Longitude Samplel Sample2 Sample3
UTM latitude 3786260 3786857 3787109
692713 693120 693364
O Materials (%) 2.99 3.29 1.78
P (ppm) 22.8 18.4 30
K (ppm) 643.6 282 143.4
Chemical properties TN (%) 0.17 0.19 0.10
T.N.V (%) 8.75 17 5.25
pH 6.87 6.95 7.07
EC (103dS.m?) 0.50 0.50 0.48
S.P (%) 48 49 48
Sand (%) 32 24 30
Clay (%) 22 24 22
Silt (%) 46 52 48
Physical properties Texture L S L L
FC (%) 28 30 28
P.W.P (%) 13 14 13
B.d (g.cm™®) 1.38 1.35 1.37
hydraulic conductivity (cm.h') 0.79 0.73 0.81

o=l cud b FC s canaih b =5, b L S S.P (S 8l colun EEC wnigi 5 slge TNV (S (59505 TN qeanly K s P JT 03l :O.M
W (53,03 dbais PW.P

O.M: organic matter, P: phosphorus, K: potassium, T.N: total nitrogen, T.N.V: total neutralizing value, EC: electrical conductivity,
S.P: fine-grained soil - poorly graded, FC: field capacity, P.W.P: permanent wilting point
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Table 2- Characteristics of plant extracts

Plant name Phenol

DPPH (mg mlt)  Extract (%)

Chamomile 7.08
Peanut shell 4.08
Artichoke 11.22

6.85 20
13.18 12.5
6.02 16.25
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Figure 2- Gas chromatogram obtained from gc-ms analysis of chamomile essential oil
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Table 4- Components of chamomile essential oil
NO. Name of compound Percentage (%) Group
1 1,8-cineole 1.63 Oxygenated monoterpenes
2 Camphor 4.12 Oxygenated monoterpenes
3 Borneol 0.87 Oxygenated monoterpenes
4 Terpinene-4-ol 3.98 Oxygenated monoterpenes
5 Cis-chrysanthenyl acetate 2.38
6 3-iso-thujanol acetate 3.03
7 Trans-sabinyl acetate 1.19
8 Myrtenyl acetate 20.37 Oxygenated monoterpenes
9 Decanoic acid 9.85 Fatty acid
10 Iso-bornyl iso valerate 1.36
11 Spathulenol 7.99 Oxygenated sesquiterpenes
12 Caryophyllene oxide 5.12 Oxygenated sesquiterpenes
13 Fokienol 3.67
14 Humulene epoxide2 1.07 Oxygenated sesquiterpenes
15  Muurola-4-10-(14) dien-1-p-ol 3.66
16 N-nonadecane 1.50
17 Hexadecanoic acid 1.36 Fatty acid
18 N-heneicosane 0.88
19 Methyl linoleate 1.57 Non-terpene hydrocarbons
20 N-tricosane 4.57 Non-terpene hydrocarbons
21 N-pentacosane 2.22
LS 5 w55 Juils g uiled LS 5 cadllas opl j> oplplo a3 93l LS bl yo 3 92 9o OlauS i abeulineh
plS9legsS B 5l Jols slag0 0 (qw) 50 sacile o) o ) op i 459b o)las e e 5l sdelcndd gls wlol
5 5 Caload )5S (VUS) 53 digly Guill UL 51 Jols ls adllas 3y o cile 4555 YV (g5, |y g)lie 5 Capos

tbrons S 5 ygin sl Luilul GlS 5 GC-MS iyl
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14 - Eucalyptol

15- Shyobunol

16- Trans-caryophyllene
17- Glycerol triacetate
18- Linalool

19- L-Menthol

20- Cinene
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1- Myrtenyl acetate

2 - Decanoic acide

3 - Caryophyllene oxide
4- 2-pentanone

5- a-farnesene

6- p-eudesmol

7- B-sesquiphellandrene
8- 1,8-cineole

9- Limonene

10- Camphene

11 - Camphor

12 - P-cymene

13- Dibutyl Phthalate
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Table 5- Combined analysis of variance (mean of squares) of the effect of treatments (extracts) on the percentage of growth
inhibition of hairy vetch weed in two years of the experiment

S.0.V df Inhibition

Block 2 6.92"

Year 1 889.33**
Treatment 4 1797.97**

Year x treatment 4  1088.87**
Total error 18 39.09
C.V (%) - 13.28
o i |y dopd G Jlein] o )3 (g4l me g ()l drepie i 4 FF S
ns and **: non-significant and significant at P < 0.01, respectively.
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Table 6- Analysis of variance (mean of squares) of the year x treatment interaction effect on the percentage of growth
inhibition of cleavers weed in two years of the experiment

Inhibition
S0V df Year 1(2022) Year 2 (2023)
Block 2 371.17" 210.41™
Treatment 4 707.40** 838.92**
Total error 8 91.07 21.62
C.V (%) - 23.60 15.12

A o i |y do gy S Jlein ] e 13 (g3 dxe g ()1 drepls iy 4y FE S
ns and **: non-significant and significant at P < 0.01, respectively.
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Figure 3- Comparison of mean slicing of the year x treatment interaction effect on the percentage of growth inhibition of

cleavers weed over two years of the experiment
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Means followed by the same letter within each column are not significantly different according to the least significant difference
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(LSD) test at the 5% probability level.
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Figure 4- Comparison of mean interaction effect of year and treatment on the percentage of growth inhibition of hairy vetch

weed
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Means followed by the Same Letter within Each Column Are not significantly different according to the Least Significant Difference

(LSD) test at the 5% Probability Level.
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Table 7- Analysis of variance (mean of squares) of the year x treatment interaction effect on the greenness of cleavers and
hairy vetch weeds in two years of the experiment

Greenery G. aparine

Greenery V. villosa

SOV df Year 1(2022) Year 2 (2023) Year 1(2022) Year 2 (2023)
Block 2 13.95M 0.56" 43.70" 29.14"
Treatment 5 86.80™ 283.08** 122.79* 364.79**
Total error 22 46.50 10.60 39.71 10.39
C.V (%) - 49.39 17.55 31.55 16.28
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ns, ** and *: non-significant and significant at P < 0.01 and at P < 0.05, respectively.
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Figure 5- Comparison of mean slicing of the year x treatment interaction effect on the greenness of cleavers weed (A) and
hairy vetch (B) in two years of the experiment
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at 5% probability level.
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Table 8- Combined analysis of variance (mean of squares) of the effect of treatments (extracts) on photosynthetic traits of
cleavers and hairy vetch weeds in two years of the experiment

Stomatal conductance

Chlorophyll fluorescence

S0V df G. aparine G. aparine V. villosa
Block 2 444 .80** 0.0020 " 0.0082*
Year 1 67.40* 0.0142"™ 0.0073m
Treatment 5 335.55** 0.0978** 0.0367**
Year X treatment 5 42.11* 0.0147** 0.0121**
Total error 22 12.73 0.0037 0.0018
C.V (%) - 14.31 9 6.01
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ns, ** and *: non-significant and significant at P < 0.01 and at P < 0.05, respectively.
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Table 9- Analysis of variance (mean of squares) of the year x treatment interaction effect on the stomatal conductance of
hairy vetch weed in two years of the experiment

SOV df

Stomatal conductance

Year 1(2022) Year 2 (2023)

Block 2
Treatment 5
Total error 22

158.57**
59.29* 165.78**

143.83™

5.09

CV (%) -

8.56

A3 o LS ) do s gy g o yd S il grdaw (3 6yl xe g (5 b repis (i 4y K SFE DS
ns, ** and *: ns and significant at P < 0.01 and at P < 0.05, respectively.
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Figure 6- Comparison of mean interaction effect of year and treatment on the stomatal conductance of cleavers weed
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at the 5% probability level.
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Figure 7- Comparison of mean slicing of the year and treatment interaction effect on the stomatal conductance of hairy vetch
weed in two years of the experiment
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at 5% probability level.
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Figure 8- Comparison of mean interaction effect of year and treatment on the chlorophyll fluorescence of cleavers weed (a)
and hairy vetch weed (B)
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at 5% probability level.
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