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The alien invasive plant Parthenium hysterophorus (Asteraceae) has been reported to impend smallholder farmers’
livelihood, and biodiversity conservation in sub-Saharan Africa. While earlier studies reported that the invasion
may be supressed if plant density in invaded habitats is sufficiently maintained, only a few quantitative experi-
ments on competition between legume (Fabaceae) fodder plants and invasive plant species have been conducted.
We determined whether three selected test legume fodder species, Desmodium intortum (greenleaf desmodium),
Lablab purpureus (hyacinth bean) and Medicago sativa (lucerne), can suppress P. hysterophorus growth. These le-
gumes were selected because they have been used to suppress various weeds in sub-Saharan Africa owing to their
rapid growth, strong root systems, bigger leaf canopy, high biomass production and capacity to form many
branches. Also, they are used by livestock as forage when other fodders are dry and become limited. The legume
fodder plant species and P. hysterophorus were grown as mono- and mixed cultures in pot experiments. Fifty-day-
old P. hysterophorus seedlings were harvested to determine any suppressive abilities of the legume species against
the invasive. We found that the growth of P. hysterophorus was negatively impacted when grown with two or three
test legume species compared with monoculture. Respectively, stem height, total fresh biomass and leaf chlo-
rophyll content of P. hysterophorus seedling were reduced by >60%, >59%, and >70% when grown in combi-
nation with all three legume fodder species compared with sole cropping or in mixture with just D. intortum or
M. sativa. The results suggest that the selected legume fodder plants have the ability to suppress growth of
P. hysterophorus. Further, this study demonstrates the potential importance of using legume fodder plant species in
the management of alien invasive plants.

Famine weed
Invasive species
Lablab purpureus

1. Introduction

Alien plant species introduced to new geographical areas in some
cases become invasive and cause deleterious effects on recipient
ecosystem (Pysek et al., 2004). Traits that may contribute towards
invasiveness in a newly introduced range include capacity to produce
abundant seeds, rapid dispersal of seeds or propagules, rapid germina-
tion, high growth and survival rate (Axmacher and Sang, 2013), long
seed dormancy and ability to form persistent seed banks (Gioria et al.,
2019). Also, alien invasive species often become free from biotic con-
straints outside their native range as they lack effective natural enemies
such as bacteria, fungi, insects, mites, viruses, and larger grazing animals
(Perkins et al., 2011). Therefore, following establishment of alien

invasive species in new habitats, they crowd out native species via alle-
lopathy and/or competition for light, nutrients, space, and water (Tracy
et al., 2004; Tanveer et al., 2015). Furthermore, invasive species can
deplete native plant seedbanks to the point that native species cannot
re-establish following their removal (Schuster et al., 2018).

The invasive plant Parthenium hysterophorus L. (Asteraceae),
commonly known as “parthenium weed”, is indigenous to North and
South America, and is widely distributed as an invasive in many countries
(Ojija et al, 2019a, 2019b, 2021). Parthenium hysterophorus constitutes a
significant threats to biodiversity, agriculture and the delivery of
ecosystem services in recipient environments (Terblanche et al., 2016).
Apart from altering vegetation community structure into monospecific
stands of parthenium weed, P. hysterophorus also reduces the quantity
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and quality of palatable forages, and crop production (Ojija et al., 2019a,
2019b). Parthenium weed can grow up to 2 m high under suitable
agro-climatic conditions (Khan et al., 2013; Shabbir et al., 2013). It
produces abundant seeds (ca. 10,000-25,000 per plant) which are
dispersed by wind, water and human activities (Ojija and Manyanza,
2021; Ojija et al., 2019a). The seeds spread easily and establish in
disturbed habitats as well as along waterways and road networks (Khan
et al., 2013; Shabbir et al., 2013). If P. hysterophorus invasion is not
controlled, it may suppress natural flora, increase management costs, and
affect biodiversity and ecosystem function (Pratt et al., 2017).

Despite the growing knowledge about the negative impacts of
P. hysterophorus, little information regarding effective management
methods is available for sub-Saharan Africa (Ojija et al., 2019b). Even the
most common control methods, e.g. synthetic herbicides, physical man-
agement, biological control and metabolites from fungal species avail-
able in other invaded countries such as Australia, India, Pakistan, South
Africa, and Sri Lanka have limited effects when used alone (Khan et al.,
2013; Shabbir et al., 2013). However, earlier studies have shown that a
feasible way to control invasives in cultivated land is to maintain diverse
assemblages of suppressive plant species (Knops et al., 1999; Tracy et al.,
2004; Ammondt and Litton, 2012; Shabbir et al., 2013; Schuster et al.,
2018). These species are able to outcompete alien invasive plants for
water, growth space, light, and impede their germination and growth
(Khan et al., 2013; Schuster et al., 2018; Shabbir et al., 2013). Vila and
Weiner (2004) claimed that suppressive plant species at high density
suppressed invasive plants. Also, Li et al. (2015) showed that growth of
the invasive plant Ipomoea cairica L. was suppressed when grown
together with the suppressive plants Pueraria lobata (Willd.) Ohwi or
Paederia scandens (Lour.) Merr.

Significant negative impacts of parthenium weed have been reported
in rangelands (i.e. natural grasslands) of Tanzania where its invasion
reduces forage species needed by livestock and threaten wildlife con-
servation. It has also invaded crop lands where it lessens crop produc-
tivity and increases the cost of controlling the weed to small holder
farmers. Thus, we hypothesized that increased numbers of suppressive
legume fodder plant species in croplands can suppress P. hysterophorus
growth. Based on this, we conducted a pot experiment to investigate the
suppressive ability of legume (Fabaceae) fodder plant species Desmodium
intortum L., Lablab purpureus L., and Medicago sativa L. against
P. hysterophorus.

2. Materials and methods
2.1. Characteristics of test plant species

Lablab purpureus (hyacinth bean) is a fast growing herbaceous legume
that can reach 6 m high (Madzonga and Mogotsi, 2014). It grows in a
diverse range of environmental conditions in bushland, grassland, and
forest because it is drought resistant and highly adaptable (Maass et al.,
2010). Lablab purpureus is a multi-purpose perennial food and forage crop
grown in the tropics (Maass et al., 2010). In the dry season it remains
green, making it attractive to cattle when other fodders are dry and
scarce. The annual tropical forage legume Desmodium intortum of up to
7.5 m height grows in areas with annual rainfall of 900-3000 mm, and
temperatures between 25 and 30 °C (USDA NRCS, 2012).

Desmodium intortum (greenleaf desmodium) is grazed as a long-term
pasture and used as a conservation cover crop because its leaf mate-
rials decay mildly in the soil (USDA NRCS, 2012). Desmodium intortum
takes about four months to cover the soil and prevents weeds from
establishing (Maina et al., 2006).

Medicago sativa (lucerne) is relatively tolerant to drought and can live
for several years within its ideal temperature range of 15-25 °C and
rainfall of 200-2500 mm (Lei et al., 2018). Its erect stems can reach up to
1 m tall with numerous branches (Radovic et al., 2009). It is often grown
as cover crop, for hay and green manure.

Due to their high protein content, high biomass production and
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adaptability, these three legume species are widely used to outcompete
weeds (Maina et al., 2006; Madzonga and Mogotsi, 2014). The ability of
test plants to grow relatively tall, form many branches and strong root
systems, make them potentially suitable for suppression of
P. hysterophorus. For instance, the deep (4-7 m) root system of M. sativa
increases its resilience in droughts (Radovic et al., 2009). However,
future climate change may affect the interaction of suppressive plants
and P. hysterophorus, particularly when COs concentration rises. For
instance, a study by Shabbir et al. (2019) showed that when
P. hysterophorus was grown under a high CO5 concentration (550 pmol
mol-1), it produced more branches (35%), greater dry biomass (38%),
and more seeds per plants (37%) than when it was grown in ambient CO,
concentration (380 pmol mol ™). Nevertheless, since our test plants are
tolerant to a broad range of temperature and habitat conditions, they may
not in the short term be affected by climate change or rise of CO, con-
centration. In general, we selected these legume fodder plants because
they have rapid growth, strong root systems, relatively large leaf canopy
and form many branches (Debela et al., 2012).

2.2. Competition experiment and seedling growth parameters

Parthenium hysterophorus seeds were obtained from the Agricultural
Division, Tropical Pesticide Research Institute (TPRI), Tanzania. Desmo-
dium intortum and Medicago sativa seeds were sourced from Kibo Seed
Company Ltd., Arusha, Tanzania, and L. purpureus seeds were obtained
from the Department of Sustainable Agriculture, Biodiversity and
Ecosystem Management, Nelson Mandela African Institution of Science
and Technology (NM-AIST). We investigated the suppressive ability of
D. intortum, M. sativa, and L. purpureus on P. hysterophorus seedling
growth under pot experiment established at NM-AIST (3° 24.149’ S and
36°47.790' E, 1197 m a.s.l). Pots were equally filled with black clay soil
from an uninvaded field plot. Twenty-five (25) seeds of P. hysterophorus
and test plant species each were sown in five pots at varying combina-
tions in monoculture as a control, and mixtures. Plant seedlings were
allowed to grow at a density of four P. hysterophorus/six test plants per
pot (Table 1). A total of 11 planting combinations were replicated five
times to make 55 pot trials (Table 1). Pots were kept in a naturally illu-
minated screen-house at NM-AIST.

Each pot was irrigated daily in the morning with 0.5 I of water. Posi-
tions of the pots were randomised twice per week to ensure uniform dis-
tribution of sunlight. Any other emerging germinating seedlings were
removed in the pots. The fifty (50)-day-old seedlings of P. hysterophorus
were harvested from each pot without destroying the roots to assess
legume plant suppressive abilities on invasive growth. We washed the
roots carefully to remove soils by placing them on top of a steel mesh tray.
Any other remaining debris were then removed carefully by forceps.
Harvesting time was within the critical competition period of
P. hysterophorus with different plant species which ranges from seven to 60
days (Ranaetal., 2008; Safdar et al., 2016). During this time, an increase in

Table 1

Experimental planting design diagram with P. hysterophorus (P) and suppressive
plant species (S). P = Parthenium hysterophorus, M = Medicago sativa, D = Des-
modium intortum, and L = Lablab purpureus. Sy, S1, S, and S3 refer to levels of
suppressive species richness, respectively, i.e., So = no suppressive plant species
added, S; = one species (M, D or L) added, S, = two species, S3 = three species
added. We used five replicates per treatment.

Parthenium hysterophorus (P) and suppressive Suppressive plant species grown

plant species (S) alone
PS, PS; PS, PS3
4p 4p/ 4P/6L/6D  4P/6M/6L/ 6M
6M 6D
4P/6D 4P/6M/ 6L
6L
4P/6L  4P/6M/ 6D
6D
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the legume plants’ biomass might be able to suppress the growth of par-
thenium weed (Safdar et al., 2016). Growth parameters measured were
stem height, shoot diameter, root length, above- and belowground fresh
biomass (AFB and BFB, respectively), above- and belowground dry
biomass (ADB and BDB, respectively), and total fresh biomass of
P. hysterophorus. Harvested seedlings were washed in water to remove soil
materials and separated into below- and aboveground biomass compo-
nents. Each component was dried in separate paper bags in an oven at 70
°Cfor48h (Khanetal., 2014). Stem height (from soil level to the tip of the
tallest plant part) and root length were measured using a metric ruler.
Shoot diameter (above the first two seedling leaves) and biomass were
measured using digital callipers and an analytical balance, respectively.

2.3. Measurement of leaf chlorophyll content

Four young fresh leaves from three 50-day-old seedlings of
P. hysterophorus were selected randomly per pot for analysis of total leaf
chlorophyll content (‘total Chl’‘) as an index of seedling health in
response to competition effects of legume plant(s). It was extracted ac-
cording to Hiscox and Israelstam (1979) with some modification, i.e. 70
mg of P. hysterophorus leaves were immersed in 6 ml of dimethyl sulf-
oxide (DMSO) in a test-tube, and incubated at 65 °C for 12 h. Afterwards,
the extract was made up to a total volume of 10 ml with DMSO. 3 ml of
P. hysterophorus leaf chlorophyll extract was transferred into a microplate
to determine absorbance or optical density (OD) of the sample. The OD of
the blank liquid (DMSO) and samples was determined in a Synergy HTX
Multi-Mode Microplate Reader at 663 nm and 645 nm. Prior to calcu-
lating total Chl, the OD of the blank was deducted from the OD readings
of every sample. The equation (1) was used to calculate total Chl contents
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(Hiscox and Israelstam, 1979). Respectively, Ags3 and Agys are absor-
bance readings at 663 nm and 645 nm.

Total Chl=0.0202A46; + 0.00802A445 equationl

2.4. Statistical data analysis

Stem height, shoot diameter, root length, total fresh biomass, AFB,
ADB, BFB, BDB and total Chl of P. hysterophorus were compared across
the test legume species planting combinations using one-way ANOVA.
We verified normality and homogeneity of variance using a Shapiro-Wilk
test and Levene’s test respectively. The post-hoc Tukey-Kramer HSD test
was used to separate the means at p < 0.05. The statistical software used
was Origin (2013) version 9.0 SR1 at a significance level of o = 0.05.

3. Results

Parthenium hysterophorus growth was more reduced when it was
grown with L. purpureus in all combinations compared with the two other
legume species. Parthenium hysterophorus seedlings had lower stem
height, root length, shoot diameter, and biomass in mixtures than when
grown in monoculture. The stem height (F, 32) = 9.41, p < 0.0001), root
length (F(7, 32) = 2.78, p = 0.0224), and shoot diameter (F(7, 32) = 20.01,
p < 0.0001) of P. hysterophorus seedlings grown with legume plants
differed significantly between the number of intercropped legume spe-
cies (Fig. 1). The stem height of P. hysterophorus seedlings was 77%
shorter when grown in combination with three legume species than when
grown with one or two species, and in monoculture. Also, the stem height
was >60% shorter when grown with one (L. purpureus) or two
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Fig. 1. Mean (+SE) stem height, root length, and shoot diameter of Parthenium hysterophorus seedlings when grown alone (light grey box), and with one (dark grey
boxes), two (dashed boxes) or three (white box) suppressive plant species. Boxplots show the mean (square within boxes), 25% and 75% quartile ranges, and whiskers
show standard deviations. Boxes with dissimilar letters are significantly different based on Tukey’s HSD test at p < 0.05. Numbers 1-8 represent P, PV, PD, PL, PMD,
PML, PLD, PMDL, where P = Parthenium hysterophorus, M = Medicago sativa, D = Desmodium intortum, and L = Lablab purpureus. Parthenium hysterophorus seedlings in

planting mixture PML did not grow.
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(L. purpureus and D. intortum) legume species than when grown alone or
with M. sativa (Fig. 1). Parthenium hysterophorus had >50% shorter root
length when grown with L. purpureus and/or D. intortum than when
grown in monoculture or with M. sativa (Fig. 1). When grown with all
three legume plant species (L. purpureus, D. intortum, and M. sativa),
P. hysterophorus root length was 64% shorter than when grown with one
or two species, and in monoculture. Further, when P. hysterophorus
seedlings were grown with L. purpureus in any combination the shoot
diameter was reduced by >62% compared with other legume plant
species and in monoculture.

Mean AFB and ADB of P. hysterophorus seedlings differed significantly
between planting diversity (AFB: F(7, 32) = 13.99, p < 0.0001, ADB: F(7,
32 = 10.33, p < 0.0001, Fig. 2). Also, mean BFB and BDB was signifi-
cantly different between different planting diversity (BFB: F(y, 33 =
22.78,p < 0.0001, BDB: F, 32) = 15.94,p < 0.0001, Fig. 3). Parthenium
hysterophorus AFB and ADB were >53% lower when grown with legume
species in either combination than when it was grown alone or with
M. sativa only. Moreover, P. hysterophorus BFB was >55% lower when
grown with legume species in planting mixtures except when grown with
M. sativa alone (Fig. 3). Additionally, BDB was >55% lower when the
invasive was grown in mixture with L. purpureus than when it was grown
with other species.

Total leaf chlorophyll content (Chl) of P. hysterophorus differed
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Fig. 2. Mean (+SE) above-ground fresh and dry biomass of Parthenium hyster-
ophorus seedlings when grown alone (light grey box), and with one (grey boxes),
two (dashed boxes) or three (white box) suppressive plant species. Boxplots
show the mean (square within boxes), 25% and 75% quartile ranges, and
whiskers show standard deviations. Boxes with dissimilar letters are signifi-
cantly different based on Tukey’s HSD test at p < 0.05. Numbers 1-8 represent
P, PV, PD, PL, PMD, PML, PLD, PMDL, where P = Parthenium hysterophorus, M
= Medicago sativa, D = Desmodium intortum, and L = Lablab purpureus. Parthe-
nium hysterophorus seedlings in planting mixture PML did not grow.
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significantly across legume plant species planting mixture (F4, 209) =
26.87,p < 0.0001, Fig. 4). Test plant species affected P. hysterophorus Chl
negatively when grown with one (except M. sativa), two or three legume
plant species. Parthenium hysterophorus Chl was reduced by > 75% when
grown with three legume species than when it was grown in other mix-
tures. However, P. hysterophorus Chl was 84% lower when grown with
L. purpureus alone than when it was grown in monoculture, with M. sativa
or D. intortum alone.

4. Discussion

Our results show that the tested legume plant species demonstrate
strong suppressive abilities against P. hysterophorus growth. The growth
of Parthenium hysterophorus seedlings was negatively impacted by these
legume forage species, particularly when the latter were in mixtures. This
corroborates well with the findings of Khan et al. (2013), Shabbir et al.
(2013), and Zheng et al. (2015). Further, the study reveals that
L. purpureus was the primary species responsible for suppression of
P. hysterophorus growth because the invasive growth parameters were
lower across planting mixtures with L. purpureus. This could be due to
L. purpureus’s ability of forming an extensive ground cover, broad leaves,
and many branches which might have prevented P. hysterophorus seed-
lings from obtaining enough sunlight for photosynthesis and other nu-
trients for growth and development. In contrast, in mixtures that did not
contain this species, little or no significant suppressive effect was
observed. For instance, in planting combinations PMDL, PML, PDB, and
PL, parthenium weed seedlings displayed a lower biomass, stem height
and root length. This finding is similar to that of Khan et al. (2013) which
concluded that L. purpureus suppressed P. hysterophorus’s growth in field
plots.

In our experiment, the dense ground cover and/or broad leaves of
L. purpureus and D. intortum shaded the juvenile seedlings of
P. hysterophorus and likely reduced their growth due to their structural
features. In addition to forming an extensive ground cover, L. purpureus
and D. intortum also exhibited rapid growth, higher stem height, strong
root systems and biomass which may have enhanced their suppressive
effects. Thus, we suggest that management approaches to control par-
thenium weed using suppressive forage species should target the seedling
growth stage which is the most vulnerable. While D. intortum has been
recommended for conservation as ground cover and pasture (Maina
et al., 2006), we showed that it can also be used to control
P. hysterophorus, particularly when mixed with legume fodder plant
species with strong suppressive abilities. Further, we highlight that in
croplands biological control through suppressive plants is an approach
with potential for managing P. hysterophorus (Khan et al., 2013).

Furthermore, our results showed that with increasing density of the
test species D. intortum, L. purpureus, and M. sativa in pots, growth sup-
pression of test species was increased against parthenium weed. Parthe-
nium hysterophorus stem height, root length, shoot diameter, biomass and
leaf chlorophyll content decreased accordingly. This decrease followed a
gradient of effectiveness, i.e. the most effective plant species were
L. purpureus >D. intortum >M. sativa, with little evidence that M. sativa
alone exerted a suppressive effect against P. hysterophorus. However, in
order to increase the suppressive effect of these legume fodder plants,
both the more and less suppressive legume species can be used in a
mixture as rehabilitative species in suppressing P. hysterophorus. Their
combinations can further increase croplands resilience against invasions
of P. hysterophorus (Christina et al., 2015; Cummings et al., 2012).
Moreover, our findings highlight the importance of keeping cultivated
lands from becoming impoverished by maintaining the density of sup-
pressive plant species in our habitats.

Our results suggested that suppressive plant species seeded together
with P. hysterophorus in communities of high species diversity may sup-
press the invasive, which is in accordance with studies that found higher
plant diversity suppressed invasive plant species in cultivated pastures
(Khan et al., 2013; Knops et al., 1999; Shabbir et al., 2013; Tracy et al.,
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Fig. 3. Mean (+SE) below-ground fresh and dry
biomass of P. hysterophorus seedlings when grown
alone (light grey box), and with one (grey boxes), two
(dashed boxes) or three (white box) suppressive plant
species. Boxplots show the mean (square within
boxes), 25% and 75% quartile ranges, and whiskers
show standard deviations. Boxes with dissimilar letters
are significantly different based on Tukey’s HSD test at
p < 0.05. Numbers 1-8 represent P, PM, PD, PL, PMD,
PML, PLD, PMDL, where P = P. hysterophorus, M =
M. sativa, D = D. intortum, and L = L. purpureus. Par-
thenium hysterophorus seedlings in planting mixture
PML did not grow.
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2004). For instance, Khan et al. (2013) found that Setaria incrassata
(Hochst.) Hack. cv. Inverell, Cenchrus ciliaris L. cv. Gayndah, Panicum
maximum Jacq., and Eulalia aurea (Bory) Kunth at higher abundance
suppressed P. hysterophorus growth. Also, Ammondt and Litton (2012)
showed that the invasive grass Megathyrsus maximus Jacq. stem height
and biomass were reduced when planted with the suppressive species
Myoporum sandwicense (A.DC) Grey, Dodonaea viscosa (L.) Jacq., and
Plumbago zeylanica L. So, management of P. hysterophorus by increasing
density of suppressive legume fodder plant species might ensure
“ecosystem” health and stability in a planted pasture.

Moreover, since P. hysterophorus causes allergic reactions in humans
and animals in cases of skin contact during manual weeding or livestock
handling, controlling the invasive using suppressive legume fodder
plants would not require touching or uprooting it. This approach reduces
health risks to humans, livestock or wildlife. In sub-Saharan Africa where

people and animals are threatened by P. hysterophorus this represents a
low-cost and sustainable management method for controlling the inva-
sive tendencies of this plant species. While suppressive plants have been
used in other countries in Asia to suppress P. hysterophorus (Khan et al.,
2013; Shabbir et al., 2013; Adkins and Shabbir, 2014) they have never
previously been tested in most of sub-Saharan Africa. Our selected
legume plant species, which are weed competitor and drought tolerant
could enhance their suppressive fitness in mixture over P. hysterophorus
(Amole et al., 2013; Maina et al., 2006). Their non-target impacts on the
environment are also less severe compared with other biological control
agents such as insects or microorganisms. Nonetheless, this technique
must be complemented with other management methods because par-
thenium weed cannot be controlled easily by a single method per se
(Shabbir et al., 2013; Ojija et al., 2019b). Besides, selection of suppres-
sive legume plant species must consider the benefits and traits, which
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Fig. 4. Mean (+SD) total chlorophyll content of Par-
thenium hysterophorus seedlings when grown alone
(light grey box), and with one (grey boxes), two
(dashed boxes) or three (white box) suppressive plant
species. Boxplots show the mean (square within
boxes), 25% and 75% quartile ranges, and whiskers
show standard deviations. Boxes with dissimilar letters
are significantly different based on Tukey’s HSD test at
p < 0.05. Numbers 1-8 represent P, PM, PD, PL, PMD,
PML, PLD, PMDL, where P = Parthenium hysterophorus,
M = Medicago sativa, D = Desmodium intortum, and L =
Lablab purpureus. Parthenium hysterophorus seedlings in
planting mixture PML did not grow.
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enhance an ecosystem’s resilience to invasion. However, the use of
non-native plant species is not advised for protected areas or intact nat-
ural vegetation to control alien invasions.

5. Conclusions

This study has indicated that P. hysterophorus can be suppressed by
legume forage species at high density, thus, we recommend that local
communities should be empowered with knowledge about the suppres-
sive potential of legume plants and on how to facilitate the planting of
these fodder species in croplands or heavily disturbed rangelands.
However, a coordinated national strategy and policy to mitigate
P. hysterophorus is essential to ensure effective management of the
invasive in sub-Saharan Africa, particularly in Tanzania. Since our study
is limited to germination and early growth stage of P. hysterophorus,
future studies should test suppressive abilities of these legume species in
already established invasive stands. Additionally, as this study was
conducted under controlled environments, we advise further studies to
be conducted under field conditions. Moreover, if ecologists or invasion
biologists aim to control any invasive using alien plant species, they
should first assess and quantify their impacts at different levels of
ecological complexity to ensure that they will not become invasive in the
future.
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