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Introduction

Invasive alien plants pose significant ecological and socio-economic threats due to their aggressive spread
and disruption of native ecosystems. One mechanism aiding their success is allelopathy—the release of
biochemicals (allelochemicals) that inhibits germination and growth of nearby native species. While the
phenomenon is well-documented, its exact role in biological invasions remains underexplored. Recent studies
reveal that approximately 72% of plant families, including many invasive species, possess allelopathic
capabilities, challenging the earlier notion that it is restricted to a few plant lineages (Kalisz et al., 2021). Senecio
angulatus, commonly known as Cape ivy or creeping groundsel, is a fast-growing, perennial vine native to South
Africa. It has become an invasive species in several parts of the world including Europe, Australia, and Northern
Africa (GBIF, 2023). It has recently been observed in the Golestan Province of Iran, particularly in the coastal
areas of Bandar-e-Gaz (Sohrabi et al., 2025). Several studies identified the alleloapthic potential of invasive
plants of Asteraceae family (Silva et al., 2014; Perera et al., 2023). In order to investigate its allelopathic
potential as an invasive and important plant in different parts of the world, the emergence and early growth of
five native plant species were considered in stem and leaf debris of S. angulatus.

This study aimed to evaluate the allelopathic potential of S. angulatus through its decomposed above-ground
biomass in soil, and its subsequent effect on germination and growth of native and indicator plant species.

Materials and Methods

The experiment was conducted in a greenhouse using a completely randomized design with four replications.
Leaves and stems of S. angulatus collected from Gorgan were mixed with agricultural soil at 1:5 ratio and
incubated for either 2 or 8 months to allow decomposition. The treated (contaminated) soil and control
(uncontaminated) soil were used to grow five plant species: lettuce (Lactuca sativa), alfalfa (Medicago sativa),
purslane (Portulaca oleracea), chicory (Cichorium intybus), and maize (Zea mays). Lettuce and maize
considered as indicator species.

Seeds were sown in pots containing the treated or control soil. Germination rate, root and shoot length, and
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dry biomass were recorded after four weeks. The Response Index (RI) was used to compare response of the
species in the contaminated soil for which the inhibitory effect ranged from +1 to -1, where values close to -1
indicate strong inhibition.

Results and Disscussion

e Emergence: The inhibitory effects were more pronounced after 8 months of soil incubation. Lettuce
showed the most significant reduction in emergence, followed by purslane and chicory. Maize was least
affected, possibly due to its larger seed size and stronger initial growth.

¢ Root Length: Although not consistently significant, the most notable reductions in root length occurred in
lettuce and chicory after 8 months.

e Shoot Growth: Significant inhibitory effects on shoot length were recorded, especially for lettuce and
purslane. In contrast, alfalfa, chicory, and maize exhibited varying degrees of resistance depending on
the timing.

e Root and Shoot Biomass: Lettuce consistently showed the highest reduction in biomass, while maize
showed the lowest. Chicory and purslane also showed considerable sensitivity.

e Overall Rl Analysis: Lettuce exhibited the strongest allelopathic response, followed by purslane and
chicory. Maize displayed the least sensitivity, suggesting its higher tolerance.

The response varied between species and time of sowing, with the greatest reduction in emergence observed
when seeds were sown after eight months of mixing the soil. In addition, the lowest response index (most
inhibitory effect) was observed in the dry weight roots and stems of five species. Comparison of the species'
responses to the inhibitory effect of the contaminated soil showed that alfalfa and maize were less affected (-0.21
and -0.03, respectively), while chicory, purslane and lettuce were more affected (-0.31, -0.36 and -0.61,
respectively).

Recent studies, including preliminary phytochemical analyses, have confirmed the presence of potent
allelochemicals such as total phenols, flavonoids, chlorogenic acid, and cynarin in S. angulatus. These
compounds are known for their allelopathic and antioxidant activities. The plant, being a member of the
Asteraceae family, is also capable of producing pyrrolizidine alkaloids, known for their ecological toxicity.

Several related species in the Asteraceae family (e.g., Solidago gigantea, Artemisia baimaensis, Senecio
jacobaea) have shown similar allelopathic effects, reinforcing the hypothesis that S. angulatus may exert strong
inhibitory influence on native flora through both chemical and microbial soil interactions.

. Maize and other large-seeded or resilient species may serve as better alternatives in areas threatened by this
invader.

. It is essential to manage and prevent the further spread of S. angulatus, especially in ecologically sensitive
coastal regions.

Removing plant residues and controlling its ornamental use are practical steps for early-stage management.

Further studies on soil microbial changes and identification of specific allelochemicals are recommended for

comprehensive ecological assessments.

Conclusion

The findings confirm that S. angulatus possesses significant allelopathic capabilities, capable of suppressing
native plant growth through soil contamination. The consistent inhibitory effects on native and indicator species
suggest a high allelopathic potential in S. angulatus, reinforcing its invasive risk. The implementing management
program to monitor the plant cultivation at national level and eradicate established populations is considered to
be particularly necessary in the northern parts of Iran.
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Table 1: Native and indicator plants for testing the allelopathy potential of cape ivy

Scientific names of tested species Family Life cycle  English name
Lactuca sativa L. Asteraceae Annual Lettuce
Medicago sativa L. Fabaceae Perennial Alfalfa
Portulaca oleracea L Portulacaceae ~ Annual Purslane
Cichorium intybus L. Asteraceae Perennial Chicory
Zea mays L. Poaceae Annual Corn
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Table 1- Analysis of variance for the response index of all measured factors in five studied species in the soil contaminated
with cape ivy after 2 and 8 months of mixing

Factors Df SumSqg Mean Sq
Species 4 2.772 0.693***
Emergence Time 1 4.638 4.638***
Species:Time 4 5.100 1.275***
Species 4 04195 0.1049*
Root length Time 1 0.0203 0.0203
Species:Time 4 1.6962 0.4240***
Species 4 10403 0.2601**
Shoot length Time 1 07070 0.7070***
Species:Time 4  0.0607 0.0152
Species 4 3.931  0.9828***
Root dry weight Time 1 0.389 0.3893:
Species:Time 4 0.998 0.2496
Species 4 4.449  1.1122***
Shoot dry weight Time 1 0.044 0.044
Species:Time 4 0.488 0.1220
Species 4 16473 0.4118***
All-factors Time 1 0.1316 0.1316*
Species:Time 4  0.6913 0.1728***
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Table 3- The mean comparison based on the least significant difference (LSD) for measured factors at 5% level

Species

Root length  Shoot length  Root DW  Shoot DW

Corn (Zea mays L.)
Purslane (Portulaca oleracea L.)
Chicory (Cichorium intybus L.)

Alfalfa (Medicago sativa L.)
Lettuce (Lactuca sativa L.)

LSD value

-0.198 ab

-0.183 a

-0.292 ab

-0.302 ab

-0.470 b

0.278

-0.135a

-0.405 ab

-0.226 ab

-0.126 a

-0.538 b

0.314

-0.011a

-0.632 bc

-0.781bc

-0.330 ab

-0.860c

0.518

0.015a

-0.658 b

-0.582 b

-0.153a

-0.773 b

0.442
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Figure 2- The response of species in contaminated soil by Cape ivy for emergence; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy

o3 SalS 45y o g 5 335 wale il s ST
S. 5 Solidago gigantean a>lee olals ¢ Jlie (gl 555
5= 9 (Perera et al., 2023) ;5 sLys,l ,>canadensis
si(Yang etal., 2023) .~ ,> Artemisia baimaensis 4.,
)55 Sl 5 Kgd oo (oo LS 45) Blo (ol 55 325k
LS 5 oS e |y oS iy G54l S 5 a5y e
9 005 Cum; LialS 4y e g S Jike |y iy aul bl Sen
(Yang et al., 2023)
CoiS dlsyo 93 )0 adyy Job p (SW5L 1y Jeb
Jolize 51 Lol 39 Sgautio o isS guly Colis g 3955 )15 sine
azug oS Jol alsyo j0 a S gyobds il Yl sxe 4igS g loj
}bUﬁWKol_zfrbabd_‘b/w)bgbb uL—A») ‘) J&de
SS9 5V Jola) oy L 1) 4ty Jsbo > (88l (o it

aS ol L ¥ S 5 00l (slaodly rydud e Juo yd
k>0 )3 85 (g pgbody g2 )l gime LS Gl (S dl> o 93 5
S5k 31 lie (0 bgbe Sl am ole i) CS g
LS g 458 oS dlS Jol als yo 3 (V JS8) 350 pidis
ol S olS pod als o 3 a S Jbyd ciiohy L 1) gl o i
@oome >V JS) ol L |y pials o pdey (S g 485
I iy (72 ¥5F) culS pgd als o 3 (48 Jow (S0,5L Glise
oL Y Jaan )3 odly ke duslie gy (—+/+AY) Jol dl> 4o
2295 59y 8215 (SHSL Pl () 3)90 4l 0lS &S am3
Lol gl g o)l Ghalafl il 53 Some ol lsicas galS olS
g ) oo (T Jgia) sl 3 gne 435 5 (wlS )
o5l ots lge yol cpl 48 395 LS 3,508 (slyls 5 ol
A8l Caoydily g8 adl ady 9 5 S5 5k
JS odlgls iy lals as wolesly L ool wldles



VP ol oF o lols A wls (((559LisS oboo g pole) ol ol LS cblis by ingi ¥y

;
0.25-

% 0.00 -

o

:

i

|

@

— 0.25-

(=]

(=]

%

b=

r
0.50-
075-

Alfalfa Chicory Caorn

Lettuce Purslane
Speciesis 41 £

ald Ui 1y byl gyld e ciglis galS 5 ) Sk dunlio (¥
(Y Jods) s od (gl sime glas galS g d8)5 o &S Jbb o

Alfalfa Chicory Corn Lettuce Purslane

0391 SB35 ClilS 1Y ol s ey Job (wlwl s (glaiiis Sy sy B Al oUS 4 0391 B &y (o yy 0 5590 LS el Y U5
olo Cudd 31wy 239)1 ST yd CullS :Y g 0lo 9 31wy

Figure 3- The response of species in contaminated soil by Cape ivy for root length; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 4- The response of species in contaminated soil by Cape ivy for shoot length; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 5- The response of species in contaminated soil by Cape ivy for root weight; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 6- The response of species in contaminated soil by Cape ivy for shoot weight; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 7- The response of species in contaminated soil by Cape ivy for all measured factors; 1= planting after 2 months of
mixing soil with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 8- The mean comparison of response Index for five studied species of all measured factors based on LSD test
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