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Abstract

Background: Jpomoea hildebrandtii Vatke, an invasive weed is a key limitation
to livestock production in pastoral and agro-pastoral Southeastern rangelands
of Kenya. The weed is reported to reduce forage availability, disrupt normal
grazing patterns, and livestock poisoning. Overgrazing, recurring droughts,
and land-use changes has greatly contributed to its spread. Methods: Weed
information data was collected through field questionnaires, direct observa-
tions, key informant interviews and focus group discussions. Remote sensing
using satellite imagery was utilized to visualize and analyze weed distribution.
Results: The weed is prevalent in degraded grazing areas, along seasonal rivers,
and mined fields. Weed infestation was statistically significant between the
counties (p < 0.001) with Kajiado county recording the highest infestation. Weed
uprooting and burning were reported as the management methods in use. Run-
off water was identified one of the key mechanisms of spreading. Between 2019
and 2024, Ipomoea hildebrandtii coverage grew by 26%, in the study counties.
Conclusions: Ipomoea hildebrantii poses a significant challenge to livestock
production in the region, necessitating the development of localized manage-
ment strategies. Engaging and synthesizing the community on the impacts of
this invasive weed, alongside disseminating information on available manage-
ment options, is essential for sustaining community livelihoods.
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1. Introduction

Rangelands are the natural and pristine ecosystems in arid and semi-arid areas
mainly occupied by diversity of vegetation including forbs, grass, grass-like plants
and shrubs and are majorly suited for grazing [1]. Rangelands represent the largest
global land resource, accounting for 25% of the total land mass [1]-[4]. Range-
lands constitute to about 80% of total land mass in Australia [5] [6], 30% in the
United States of America [7], and 40% of China’s land mass [8].

In Africa, rangelands occupy approximately 66% of the total land mass [9], with
an estimated 74% in Tanzania [10] [11], 65% in Ethiopia [12], 88% in Kenya [13]
[14], and 44% in Uganda. They are important ecosystems providing both socio-
economically and ecologically beneficial ecosystem services [3]. Rangeland eco-
systems are critical in the provision of fodder for livestock, support livelihoods
through provision of food, milk, meat and assorted livestock products generating
income [1] [15]. For instance, in Africa, rangelands are essential for the livelihoods
of pastoralist communities and for maintaining ecological balance [16]. The range-
land ecosystems are classified as global biodiversity hotspots as they host several
wildlife species and provide essential ecosystem connectivity [17]. Apart from
providing habitats for numerous wild fauna and flora [18], rangelands are vital for
domestic livestock productivity. In Kenya, livestock contributes 45% of the agri-
cultural GDP and is a major source of livelihood across the arid, semi-arid, and
small-holder farming systems [19].

Ecologically, rangelands are significant in providing wildlife habitats and acting
as watershed catchments for river systems. They are crucial ecosystems for the
storage of organic Carbon (C) Worldwide, as it is estimated that rangelands se-
quester up to about 30% of the total global soil [20]. These are used for livestock
production through a few commercial ranches and pastoralism [21]. These lands
play a critical role in the exchange of GHG between the biosphere and atmosphere
with fluxes being linked to its management practices [22].

In the recent past, rangelands are increasingly facing degradation due to: over-
grazing, climate change, alien plant invasion (invasive species) proliferation, and
unsustainable land management practices [23]. According to the Global Invasive
Database [24], there are close to 210 invasive plant species in Eastern Africa. The

distribution of these alien plant species in each country is as follows: Kenya (49),
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Tanzania (48), Uganda (33), Somalia (11), and the rest are spread in the other
Eastern African countries [25]. In southern rangelands counties of Kenya includ-
ing Kajiado, Makueni and Taita Taveta counties, the invasion by shrubs has been
cited as one of the major causes of rangeland deterioration [26]. One of the species,
which is a problem invasive species in natural and established pastures in Kajiado
County, is [pomoea hildebrandtii. This invasive species has been associated with
decreased grass cover and biomass, which in turn impacts livestock productivity and

the economic stability of pastoral communities (see Figure 1).

Figure 1. Competitive exclusion of palatable forage by infestation of the invasive weed 1.
hildebrandtii in grazing land in Kajiado province, Kenya: left, refusal of unpalatable weed
by cattle; right, a livestock owner standing in a weed thicket showing smothering effect on

other plant species.

The species is considered among the least preferred forage options for grazing
livestock [27]. I hildebrandtiiis a fast spreading, creeping annual herb commonly
found in the semi-arid regions of southern Kenya, rapidly colonizing areas soon
after the rainy season begins [28]. The spread of invasive species, particularly %
hildebrandtii, has significantly altered the ecological balance of most rangelands
[29]. I hildebrandtii competes aggressively with native grasses, reducing forage
availability and quality, and altering soil properties [30]. The species is primarily
found in disturbed or degraded areas. It possesses key traits typical of invasive
plants, including rapid growth and expansion, widespread dispersal and repro-
duction, or the ability to produce fewer offspring with high efficiency [31]. The
species is also highly competitive with native plants, effectively competing for nu-
trients, space, sunlight, and water. The focus of this study was to understand the
extent of invasion of 1. Aildebrandtiiin the southern rangelands of Kenya, partic-
ularly in Kajiado, Makueni and Taita Taveta Counties. It also explored the com-

munity perceptions, impacts and the control interventions for the I hildebrandtii.

2. Materials and Methods
2.1. Description of Study Sites

The study sites were in Makueni, Taita Taveta and Kajiado Counties which amount
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to 10% of the arid and semi-arid areas ASALs of southern Kenya (Figure 2). Ma-
kueni County falls between latitude 1°35' and 30°00" S and longitude 37°10' and
38°30" E with an area of 7965.8 km?* Taita Taveta falls between latitude 2°30' and
4°10" S and longitudes 37°30"' and 39°30" E with an area of 17,084 km? Kajiado
County lies between latitude 1°0"' and 3°0' S and longitude 36°5' and 37°5' E with an
area of 21,901 km?. These regions were specifically selected because of their active
involvement in the Agricultural Research Supports Program Phase Two (ARSP-II),
launched 1998 to promote the development and dissemination of fodder produc-
tion technologies in the ASALs of Kenya [32]. The methods and technologies that
were introduced and adopted by the communities in these areas include participa-
tory rangeland regeneration, and range reseeding with indigenous species through
over-sowing [33] [34]. These practices were adopted not only to provide feed for
their livestock but also offer additional income through selling hay and grass seed
mainly to local livestock keepers and complement the fodder value chain [35].
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Figure 2. Map of Kenya showing the counties of Kajiado, Makueni and Taita Taveta Coun-
ties.

Fodder production in these areas is rainfall dependent, with preferred grass spe-
cies including those that are drought resistant, that are palatable and adapted to

the local environments. Some of these grass species include Eragrostis superba Es,
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Cenchrus ciliaris (Cc), Chloris roxburghiana(Cr) and Enteropogon macrostach-
yus (Em) [34]. Additionally, these grass species are considered based on their abil-
ity to self-propagate and reducing the need for reseeding after first year of estab-
lishment. The primary sources of grass seed are the Kenya Agricultural and Live-
stock Research Organization (KALRO) while other were obtained from naturally
growing fodder fields [35]. The production is small scale and dependent on farm-
ers own resources and use of locally available cheap resources such as family labor
and ox plough during land preparation and other production activities. The farm-
ers mainly plant grass through seed broadcasting methods and control weeds by
uprooting sprouting unwanted plant [33]-[35].

Taita Taveta is in the southeastern Kenya with diversity in ecological character-
istics in topography from the lowlands of Taveta to the highlands of Taita hills.
The main soil types are Haplic acrisoils, Eutric cambisols, Chromic luvisols, Reg-
osols, Humic cambisols and Nitisols. Taita Taveta county receive an annual rain-
fall of 400 to 1500 mm with a temperature range of 20°C and 28°C whereas Kaji-
ado county has annual rainfall ranging from 450 to 1454 mm and temperature
range between 22°C and 27°C and all influenced by season and topography.

Kajiado County is dominated by arid to semi-arid grasslands with open grass
plains, acacia woodlands, rocky thorn bush lands, swamps and marshlands [36].
The soils are poorly drained and shallow clayey soils in the floodplains; brown
calcareous clay loams, sandy soils, ash and pumice soils in the higher elevations;
and basement rock soils which dominate large areas of the County, making pas-
toralism the ideal land use in most parts of the County [36]. In Makueni County
the main vegetation cover varies from Commiphora, Accacia and related genera
to shrubby habitat, dominated with various grass species such as Cenchrus ciliaris,
Eragrostis superba, Chloris roxburghiana and Enteropogon macrostachyus [37].
The common soil types in the area are Ferrasols, Cambisols and Luvisols prone to
erosion when heavy rains occur.

These study sites are characterized by erratic and unpredictable rainfall patterns
as well as more extreme and extended drought [38] [39]. The rainfall seasons vary
from long rains been from March to May and short rains from October to De-
cember [38] [39], with Makueni county experiencing an annual rainfall ranging
from 300 to 1250 mm [40] [41], temperatures in the areas range between 12°C
and 35°C [38] [41]. Small-scale farming and livestock keeping are the most com-
mon economic activities in these areas [39]. Land tenure and land use in Kajiado
County is seemingly changing faster with land privatization replacing the com-
munality group system; with land fragmentation and commercialization of com-
munal lands to secure title deeds becoming common. Makueni County has high
prolific value in horticulture and dairy farming, especially the hilly parts. The low-
lands are used for livestock keeping, cotton and fruit production, and the main
fruits grown. The main food crops produced in Makueni are maize, green grams,
pigeon peas and sorghum [41]. Land tenure system in Taita Taveta is significantly

changing also with formalization of land titles and recognition of communal land
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right under county land management board, with heavy reliance on agropastoral-

ism, ranching, mining and tourism being the key economic activities.

2.2. Data Collection and Analysis
2.2.1. Mapping the Occurrences of 1. hildebrandtii Vatke in the
Study Sites

The study focused on three counties (Kajiado, Taita Taveta and Makueni) where
there is prevalence of L hildebrandtiireducing livestock forage as well as adversely
compromising the community livelihood options. Remote sensing was employed
to map and analyze the spatial distribution of 1. Aildebrandtiiacross Kajiado, Ma-
kueni, and Taita Taveta counties in Kenya. Multispectral imagery from Sentinel-
2, accessed and processed within the Google Earth Engine (GEE) platform, was
used to derive biophysical indicators relevant to the detection of vegetation dy-
namics associated with invasive species.

A total of 62 vegetation indices (VIs) were selected from the Index Database,
focusing on indices sensitive to plant stress, chlorophyll concentration, and mois-
ture content. JavaScript equivalents of these indices were obtained from Sentinel
Hub and validated against published literature. The VIs was computed separately
for both dry and wet season Sentinel-2 imagery. For each season, median compo-
sites were generated by calculating the pixel-wise median across temporal image
series, producing representative multiband images. These images included both
original Sentinel-2 spectral bands and computed vegetation indices, amounting to
72 variables per season. Seasonal composites were subsequently stacked, resulting
in a final image with 144 variables.

Environmental variables influencing Ipomoea distribution, including elevation,
slope, aspect, hill shade, and seasonal rainfall, were also incorporated. Elevation
data were sourced from the NASA Shuttle Radar Topography Mission (SRTM) at
30-meter resolution, and topographic derivatives were generated from this da-
taset. Seasonal rainfall data were retrieved from the CHIRPS dataset. The integra-
tion of these environmental factors expanded the composite dataset to 150 varia-
bles. Classification of I. Aildebrandtii occurrence was conducted using two super-
vised nonparametric machine learning algorithms: Random Forest (RF) and Sup-
port Vector Machine (SVM). The RF algorithm, configured with 1000 trees and
default parameters, was selected due to its robustness and superior classification
performance. The SVM classifier, employing kernel-based transformations for
non-linear separation, was also tested using default settings. Both classifiers were
executed in the GEE environment.

Model performance was evaluated using a 70:30 split for training and testing
data, with assessment based on Overall Accuracy (OA) and the Kappa coefficient.
Additional accuracy verification was conducted through visual comparison with
very high-resolution Google Earth imagery, enabling the identification of misclas-
sified areas and enhancing the interpretability of the classification results. The fi-
nal output—a classified map of I Aildebrandtii distribution—was generated at a
spatial resolution of 20 meters.
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2.2.2. Assessment of the Community Perceptions, and Effect of
I. hildebrandtii on Herbage Plant Species

The study sites were selected with available information on occurrence and distri-
bution of the weed. Systematic sampling method was used to select homesteads.
Using the estimated total population in each county, a target sample size was de-
termined. A purposive sampling will be used to identify the villages in each county
based on the weed occurrence and villages within the locations with high infesta-
tion of the invasive weed. The selection villages were confirmed and supported by
information provided by county livestock office, clergy and local administration.
Selection of respondents for survey questionnaire in the study villages was selected
on basis of probability sampling techniques [42] [43]. The sample size was deter-
mined using the Fisher’s Equation [44] [45].

where: n = required sample size;
t = confidence level at 95%;
p = proportion of target population with the desired characteristics.

Calculation:

_196°x06(1-06)

0.052 =3.16

The sample size was increased by 5% to account for contingencies including
recording errors, to give a total of 332 respondents per county. In each county a
target of 350 responded were targeted. In Kajiado County with 5 sub-counties, 70
respondents per sub-county were targeted. With 6 sub-counties in Makueni County
58 respondents were targeted in each of the sub-counties. In Taita Taveta County
88 respondents in each sub-county were targeted. A questionnaire was adminis-
tered to a total of 1030 respondents with Kajiado 354, Makueni 366 and Taita Ta-
veta 310 respondents.

In addition, ten Focus Group Discussions (FGDs) in each county comprising
an average of 25 participants and six key informant interviews were conducted in
each county to obtain more insights into the data collected during interviews. The
FGD and key informant interviews included women, men, the youth, religious lead-
ers and opinion leaders, members of national and county governments. The data
collected was on the weed occurrence, distribution, topography and soil type that
is preferred by the weed, dispersal mechanisms, predisposing factors for weed
spread. In addition, data on effect of weed on animals if consumed, control method
currently used by the communities to manage the weed as well as information gaps

on management of the weed.

2.3. Statistical Methods

Survey data statistical analyses were performed in the R software environment (R
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Core Team, 2018) to obtain means, frequencies, and percentages. Pearson’s chi-
squared test [46] and Kruskal-Wallis rank sum test were used to test the degree of

association between the variables.

3. Results

3.1. Occurrences of I. hildebrandtii in Study Sites between 2019
and 2024

There was change in area of the various LULC between 2019 and 2024 (Figure 3,
Figure 4). For 2019, dates 1/3/2019-20/4/2019 for dry season and 1/11/2019-
31/01/2020 for wet season. In classification same month was not used between 2019
and 2024 due to different start and end of dry and wet seasons 2023/2024 classifi-
cation because the wet and dry seasons were different (as per NDMA monthly
reports).

The result show Jpomoea hildebrandtii grew by 26% from 6602 ha to 8316 ha
(Table 1). Due to human activity such as deforestation, woody vegetation reduced
by 32%, this area could be part of built area which increased by 16%, bare land by
43% and grassland by 46%. Farmland hectare reduced by 19%, from 5063 ha to
4111 ha which could be scaling down due drought but also prepared crop land
being classified as bare ground. Increase of other herbaceous plants was associated
with abandoned farmland being colonized by shrubs and herbaceous species. Some
of the changes could be due to conversion of the land to urban development. The
changes show reduction of natural ecosystem which is a main cause for increase

invasive species.

LANDCOVER CLASSIFICATIONS FOR KAJIADO, MAKUENI AND TAITA

A

[ Kajiado, Taita and Makueni

Landcover Classifications
Bands

I Forest
Grassland
B Ipomoea
"] Bareland
I Waterbody i -
I Cropland L —

B Build up Areas

Figure 3. The distribution and occurrence of I hilderbrandtii relative to other landcover
classification in the 3 counties in 2019.
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LANDCOVER CLASSIFICATIONS OF KAJIADO, MAKUENI AND TAITA TAVETA
COUNTIES FOR THE YEAR 2024

[ Counties Boundaries

Landcover Classifications
Bands

I 0-Unclassified

I 1-Forest

B 7-lpomoea

___ 2-Grassland

"] 3-Bareland

I 4-Waterbody

I 5-Cropland 0

I 6-Buildup Areas L

Figure 4. The distribution and occurrence of 1 hilderbrandtii relative to other landcover
classification in the 3 counties in 2024.

Table 1. Land use and land cover classification area in ha for Imaroro and Mashuuru sub-
locations between 2019 and 2024.

Class ID Land use class 2019 2024 LULC
1 Grasslands 3430.7 5012.5 46%
2 Ipomoea 6602.4 8316.2 26%
3 Croplands 5063.0 4111.4 -19%
4 Built-up areas 37.0 43.1 16%
5 Water 623.6 697.1 12%
6 Bare land 87.3 124.3 43%
7 Woody vegetation 16406.9 11204.6 -32%
8 Other herbaceous vegetation 1555.9 4307.9 178%

3.1.1. Weed Presence, Number of Years in the Area and the Effect on
Pasture

The percentage weed coverage in the region differs between the counties. In Kaji-
ado, 79%, Makueni 35% and Taita Taveta 24% of the respondents reported pres-
ence of the weed on their farms (Table 2). The portion of land affected by the
weed was indicated as more than half of the land by 75% of the respondents in Kaji-
ado County while those of Makueni (84%) and Taita Taveta (98%) reported the
weed to have affected less than a quarter of their land. The respondents in Kajiado
indicated that the weed has been present in the county for a period of 30 years and

83% of the respondents reported that it completely hindered growth of any other
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plant in areas it occurred. In Makueni, the presence of the weed was reported to
be in the last 9 years while in Taita Taveta County it was indicated to be present
in the last 3 years. Seventy-three percent in Makueni and 55% of the respondents
in Makueni indicate that the weed had a slight effect on other plants with only
12% in Makueni and 6% in Taita Taveta indicating that the weed completely hin-
ders the growth of other plants.

The weed distribution indicates that invasive weed needs urgent intervention
to manage it in Kajiado counties as 83% of the respondents reported effect on
growth of other plants. In Makueni and Taita Taveta counties the effects are much
less but weed spared requires intervention to safeguard the livestock industry and
wildlife.

Table 2. Knowledge of respondent on Ipomoea weed and its effects on pastureland.

No. of respondents (%); weed presence period in farm (years)
Characteristic KAJIADO, n =354 MAKUENI, n =366 T. TAVETA, n =310
Reported Ipomoea presence on farm (% respondents)
79 35 24

Portion of land affected

Less than quarter 5.6 84 98
Quarter to half 19 14 2
More than half 75 1 0

Years Ipomoea has been reported (Years)
Mean (SD) 31 (15) 9 (13) 3(8)

Reported Ipomoea effect on growth of grass

Above 50% reduction 83 12 6
25% - 50% reduction 16 0 0
Reduction below 25% 1 73 59
No Effect 0 15 35

*Number in brackets is the standard deviation.

3.1.2. Soil Types and Topography Preferred by the Ipomoea Weed

About 91% of respondents reported that Ipomoea weed thrived in red soil, 57%
in Makueni and 97% in Taita Taveta with most of the weed occurring on flat ter-
rain than on steep slope (Table 3). This surface run off ability to carry seeds and
deposit it on flat areas and areas along riverbeds was observed. The weed was re-
ported to be concentrated along riverbanks, roadsides, ploughed and degraded land.
Trucks transporting building sand spill the sand and seed on roadsides spreading

the invasive weed.
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Table 3. The type of soil and terrain preferred by Ipomoea weed.

No. of respondents (%)

KAJIADO, MAKUENI, Taita/Taveta,

n=354 n =366 n=3lg P

Soil type <0.001
Black cotton soil 2 28 1

Red soil 91 57 97

Sandy soil 7 15 1.9

Topography <0.001
Flat area 96 68 95

Sloppy areas 3.7 32 4.8

Reported means of spread <0.001
Riverbanks 24 26 25

Degraded land 23 19 15

Dumped Sand/Soil 6.8 1.3 6.2

Ploughed land 24 21 22

Roadsides spreading 22 28 31

Table 4 indicates a widespread lack of community training on /pomoea weed
management across the three counties. Most respondents in Kajiado (97%), Ma-
kueni (100%), and Taita Taveta (98%) reported not receiving any training. Only 2.3%
of respondents in both Kajiado and Taita Taveta received training, while no training
was reported in Makueni. Institutional involvement was minimal, with the County
Government (1.4%) and NYS (1.1%) cited in Kajiado, and World Vision (2.3%) in
Taita Taveta. These findings underscore a significant gap in capacity-building efforts

and limited institutional engagement in invasive species management.

Table 4. Capacity building of the communities on the management and control of Ipomoea
weed and organizations involved.

No. of respondents (%)

o Kajiado, Makueni, Taita/Taveta,
Characteristic
N = 354! N = 366! N = 310!

Received training 2.3 0 2.3
County government 1.4 0 0
None 97 100 98

NYS 1.1 0 0
World vision 0 0 2.3
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3.2. Community Perceptions, and Effect of 1. hildebrandtii on
Herbage Plant Species

The data presented in Table 5 illustrates significant disparities in livestock own-
ership across the three study sites—Kajiado, Makueni, and Taita Taveta. The re-
spondents in Kajiado reported owning substantially more livestock compared to
their counterparts in Makueni and Taita Taveta. The mean number of livestock
per household in Kajiado was 132 (SD = 127), which is nearly ten times higher
than in Makueni (mean = 14, SD = 9) and twelve times higher than in Taita Taveta
(mean = 11, SD = 11). The total livestock recorded in Kajiado was 46,614, in stark
contrast to 4978 in Makueni and 3351 in Taita Taveta. These differences were sta-
tistically significant (p < 0.001), underscoring the divergent livestock management
systems and cultural-economic reliance on pastoralism among communities in

these regions.

Table 5. Average number of livestock and livestock category owned per household in the
study sites.

Kajiado Makueni Taita Taveta

ftem (n=354) (n=366) (n = 310)

Average number of Livestock per

HH
Mean (SD) 132 (127) 14 (9) 11 (11) <0.001
Range 0-772 0-44 0-62

Livestock category for each HH

Cattle 34 (36) 3(3) 3 (4) <0.001
Goat 59 (70) 6 (5) 6 (8) <0.001
Sheep 36 (43) 3(3) 1(3) <0.001
Donkeys 2.15(2.5)  0.85(1.3) 0.56 (1.2)  <0.001

*Standard deviation in brackets; HH is household.

The range of livestock owned further highlights the variation in herd sizes,
with Kajiado ranging from 0 to 772 animals per household, compared to much
narrower ranges in Makueni (0 - 44) and Taita Taveta (0 - 62). This pattern
reflects the predominantly pastoral livelihood system in Kajiado, where large
herds are common due to both cultural and economic imperatives, in contrast
to the more agro-pastoral or mixed farming systems in the other two counties.
In terms of specific livestock categories, Kajiado also exhibited higher mean
ownership across all types. On average, individuals in Kajiado owned 34 cattle
(SD = 36), 59 goats (SD = 70), and 36 sheep (SD = 43), while those in Makueni
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owned only 3 cattle, 6 goats, and 3 sheep. Similarly, in Taita Taveta, respondents
reported mean ownership of 3 cattle, 6 goats, and 1 sheep, respectively. Donkey
ownership followed a similar pattern, with Kajiado reporting a higher mean
(2.15, SD = 2.5) compared to Makueni (0.85, SD = 1.3) and Taita Taveta (0.56,
SD = 1.2). All differences across livestock categories were statistically significant
(p < 0.001).

The data presented in Table 6 outline the key factors limiting livestock produc-
tion across the three study sites—Kajiado, Makueni, and Taita Taveta. These con-
straints reflect both environmental and socio-economic challenges, with notable
variation in how they are prioritized by communities in different locations. Ani-
mal diseases emerged as a significant limiting factor, particularly in Taita Taveta
(31%) compared to Makueni (21%) and Kajiado (19%). The higher percentage in
Taita Taveta may reflect greater vulnerability due to limited veterinary services,
poor disease surveillance, or environmental conditions favoring pathogen trans-
mission. The differences across counties were statistically significant (p < 0.001),
indicating that disease management is a critical area for intervention, especially in

Taita Taveta.

Table 6. Factors limiting livestock production in study sites.

Kajiado Makueni Taita Taveta p-value!
n =354 n =366 n =310

Animal diseases 19 21 31 <0.001

Drinking water 18 24 25

Ipomoea weed 31 10 3

Productions skills 2 11 5

Access to markets 3 12 8

Pasture availability 26 22 28

Water availability was reported as a constraint by 18% of respondents in Kaji-
ado, 24% in Makueni, and 25% in Taita Taveta. The relatively uniform distribu-
tion of this limitation across sites highlights the pervasive nature of water scarcity
in semi-arid and arid regions of Kenya. Given that livestock production is highly
dependent on consistent access to water for both animals and forage growth, any
fluctuations in water availability significantly impact herd health and productiv-
ity. The invasive 1. hildebrandtii weed was identified as a major constraint in Kaji-
ado (31%), with significantly lower reports in Makueni (10%) and Taita Taveta
(3%). This finding reinforces earlier data suggesting that Kajiado is more heavily
infested with Ipomoea, likely due to its larger livestock population and more ex-
tensive rangeland use, which may facilitate the spread and establishment of inva-

sive species. The impact of Ipomoea is particularly detrimental in Kajiado, where
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it competes directly with native forage species, reducing pasture quality and avail-
ability.

Production skills and access to markets were cited as limitations by smaller pro-
portions of respondents. Only 2% in Kajiado reported lack of production skills as
a barrier, compared to 11% in Makueni and 5% in Taita Taveta. This suggests that
Makueni communities may require more capacity-building efforts in livestock
husbandry, nutrition, and animal health management. Similarly, limited access to
markets was more prevalent in Makueni (12%) and Taita Taveta (8%) than in Kaji-
ado (3%), pointing to infrastructural and logistical challenges that hinder commer-
cialization and income generation from livestock products in the former counties.
Pasture availability was another common constraint, reported by 26% of respond-
ents in Kajiado, 22% in Makueni, and 28% in Taita Taveta. The relatively high per-
centages reflect the overarching issue of rangeland degradation, seasonal variabil-
ity, and invasive species encroachment, all of which reduce the quantity and qual-
ity of forage accessible to livestock.

Table 7 illustrates the perceived dispersal mechanisms of I hildebrandtii
across Kajiado, Makueni, and Taita Taveta counties, offering valuable insight
into community-level understanding of the weed’s spread. The data reveal both
common and site-specific drivers of dispersal, with statistically significant dif-
ferences observed, particularly in intentional planting as flowers and animal-
mediated spread (p < 0.001). Runoff and sand movement emerged as the two
most cited mechanisms across all three counties. Runoff was reported by 33%
of respondents in Kajiado, 29% in Makueni, and 31% in Taita Taveta, while sand
movement accounted for 30%, 34%, and 29% respectively (Figure 5). These re-
sults underscore the strong role of water and soil erosion processes in facilitating
the spread of I hildebrandtii, especially during rainy seasons or in areas with
bare soil and degraded vegetation cover. This is consistent with the plant’s abil-
ity to thrive in disturbed habitats and capitalize on hydrological flows for seed

dispersal.

Table 7. Dispersal mechanism of I hildebrandtii weed in the study sites.

No. of respondents (%)

Kajiado ~ Makueni Taita Taveta

Dispersal mechanism = 354 1 = 366 n =310 p-value
Planting as flowers/ornamental 6.3 3.7 2 <0.001
Sand Movement 30 34 29
Run off 33 29 31
Spread by Animals 3.6 16 20
Wind Dispersal 27 17 18
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(a)

Figure 5. (a) Roadside weed growth, (b) Surface run off weed spread, (c) Seed shattering wind spread.

Wind dispersal was also frequently reported, particularly in Kajiado (27%), fol-
lowed by Taita Taveta (18%) and Makueni (17%). This suggests that £ hildebrandtii
likely produces lightweight seeds or vegetative parts capable of being transported
by wind—a common trait among invasive species that enhances their capacity to
colonize new areas, especially in open rangeland systems with minimal canopy
cover. Interestingly, the spread by animals was markedly higher in Makueni (16%)
and Taita Taveta (20%) compared to only 3.6% in Kajiado. This could be due to
more frequent movement of livestock across weed-infested areas in these counties
or differences in grazing patterns and herd mobility. The ingestion and excretion
of viable seeds or physical transport via fur and hooves are potential vectors that
may explain this mode of dispersal. These dynamics highlight the need for inte-
grated management approaches that consider both ecological and livestock man-
agement dimensions.

A small proportion of respondents attributed the spread to intentional planting
as ornamental flowers, particularly in Kajiado (6.3%) and to a lesser extent in Ma-
kueni (3.7%) and Taita Taveta (2%). While the percentage is relatively low, it raises
critical concerns about the lack of awareness regarding the invasive nature of 1
hildebrandtii, especially if its aesthetic value leads to deliberate propagation in
homesteads or public spaces.

Table 8 presents community perceptions of the effects of I hildebrandtii con-
sumption by livestock across Kajiado, Makueni, and Taita Taveta counties, high-
lighting significant spatial differences in reported impacts (p < 0.001). These find-
ings offer critical insight into the health risks posed by this invasive species to pas-
toral livelihoods and reinforce the urgency for effective control and mitigation strat-
egies. The most severe effect—livestock death—was reported exclusively in Kaji-
ado (2.1%) and not observed in Makueni or Taita Taveta. This suggests possible
differences in plant toxicity levels, ingestion quantities, or susceptibility among

livestock species in the region. Kajiado’s higher livestock densities and reliance on
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open grazing systems may increase exposure to large infestations of the plant,
thereby elevating the risk of lethal ingestion.

Diarrhea and illnesses were the most commonly reported effects across all sites,
with notable differences in their prevalence. Diarrhea was most reported in Kaji-
ado (37%), followed by Makueni (15%) and Taita Taveta (5.6%). This suggests a
stronger gastrointestinal response to the weed in Kajiado, potentially due to dif-
ferences in plant phenology, grazing patterns, or drought-induced fodder short-
ages that force animals to consume unpalatable species. Conversely, general illness,
which includes signs of weakness, weight loss, and loss of appetite, was highly re-
ported in Taita Taveta (82%) and Makueni (63%), compared to 33% in Kajiado.
This pattern implies that while acute responses like diarrhea may be more visible
in Kajiado, chronic health issues may be more prominent in the other two coun-
ties, possibly due to longer-term low-level exposure to the weed or differences in
herd management and veterinary care access.

Irritation, possibly involving oral or gastrointestinal inflammation, was reported
by 15% of respondents in Kajiado, 20% in Makueni, and 10% in Taita Taveta.
These values, though less prominent than other effects, still indicate widespread
discomfort experienced by livestock upon consuming the plant. A small percent-
age of respondents reported no observable effect, primarily in Kajiado (13%) with
minimal responses from Makueni (2%) and Taita Taveta (1.6%). This might re-
flect either genuine tolerance among certain animals or underreporting due to
limited knowledge or observation. It is also possible that some livestock consume
the plant in small, subclinical quantities not sufficient to induce observable symp-

toms.

Table 8. The effect of L. hildebrandtii plant when consumed by livestock in the study sites.

Kajiado Makueni Taita Taveta
No. of respondents (%) p-value
=354 n = 366 n =310
Death 2.1 0 0 <0.001
Diarrhea 37 15 5.6
Illnesses 33 63 82
Irritation 15 20 10
No observed effect 13 2 1.6

3.3. Existing Control Interventions for I. hildebrandtii

The most prominent control method across all three regions is cutting and up-
rooting, with adoption rates of 70% in Kajiado, 72% in Makueni, and 89% in Taita
Taveta (Table 9). While this method is labor-intensive, it may be the most acces-
sible for communities lacking resources for other control techniques. The use of
burning as a control strategy is notably lower, with only 29% of respondents in

Kajiado, 21% in Makueni, and 7.3% in Taita Taveta reporting its application. The
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lower prevalence of this method suggests several limitations associated with burn-

ing as a control technique.

Table 9. The control strategies I. Aildebrandtii for applied by communities in study sites.

Characteristic (control method) Kajiado, Makuen, Taita-Taveta,
=354 n =366 n =310
Burning 194 (29%) 150 (21%) 27 (7.3%)
Chemical Herbicides 8 (1.2%) 4 (0.6%) 5(1.4%)
Cutting and Uprooting 470 (70%) 508 (72%) 328 (89%)
Mechanically Using Machines 4 (0.6%) 4 (0.6%) 2 (0.5%)
No Control 0 (0%) 35 (5.0%) 7 (1.9%)
n (%)

The application of chemical herbicides is reported at a minimal rate, with only
1.2% in Kajiado, 0.6% in Makueni, and 1.4% in Taita Taveta adopting this ap-
proach. The low uptake of chemical herbicides suggests that this method may be
less favorable for several reasons. First, the cost of herbicides may be prohibitive
for many local farmers, particularly in rural areas where resources are scarce. The
use of mechanically operated machines for control is minimal across the three
study sites, with only 0.6% in Kajiado, 0.6% in Makueni, and 0.5% in Taita Taveta.
The limited application of mechanical control suggests that machinery, while po-
tentially effective for large-scale operations, is not widely accessible due to high
capital costs, the need for specialized skills, and the absence of appropriate infra-
structure in rural areas.

A small percentage of the population in Makueni (5%) and Taita Taveta (1.9%)
report no control measures for . hildebrandtii. The lack of control could be at-
tributed to several factors, including limited awareness of the species’ invasive na-
ture, low perceived impact, or insufficient knowledge about available control meth-
ods. In some cases, communities may not recognize I hildebrandtii as a significant
threat or may be reluctant to invest time and resources into managing it if they
perceive the problem as manageable through other means, such as natural pro-
cesses.

One of the most significant limitations reported across all regions is the labor
intensity and high cost of control measures, with Kajiado showing the highest
proportion at 92%, followed by Makueni at 53% and Taita-Taveta at 57% (Table
10). The lack of information and training is another notable limitation in the con-
trol of I. hildebrandtii, particularly in Makueni, where 21% of respondents report
this as a barrier. Kajiado (5.4%) and Taita-Taveta (16%) show lower percentages,
but the issue is still present. A small proportion of respondents reported no limi-
tations to control methods, with Makueni at 5.6% and Taita-Taveta at 0.6%. These

results suggest that, in some instances, communities may feel that the current con-
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trol methods are effective or that the limitations do not significantly impact their

ability to manage the invasive species.

Table 10. Limitations to existing control interventions for Ipomoea weed in the study areas.

Labor Intensive & High Cost
Lack Information & Training
No Limitation

Quick Regenerative Power

Spread from Neighboring Farms

Current limitation to weed intervention Kajiado, n = 354 Makueni, n = 366 Taita-Taveta, n = 310
327 (92%) 393 (53%) 272 (57%)
19 (5.4%) 154 (21%) 77 (16%)
0 (0%) 41 (5.6%) 3 (0.6%)
5 (1.4%) 0 (0%) 0 (0%)
3(0.8%) 150 (20%) 128 (27%)
n (%)

The limitation of quick regenerative power of L hildebrandtii was reported in
only Kajiado (1.4%), indicating that the species’ ability to regenerate rapidly is not
a major concern in most regions. The issue of spreading from neighboring farms
is a significant limitation, particularly in Taita-Taveta (27%) and Makueni (20%).
In Kajiado, only 0.8% of respondents reported this as a challenge. The spread of
this weed from neighboring farms highlights the connection of land management
and the need for collective action for the invasive species.

The data in Table 11 presents the percentage of respondents from Kajiado, Ma-
kueni, and Taita-Taveta counties who employed various control methods to man-
age the invasive species 7. hildebrandtii. The responses reflect region-specific pref-
erences, capacities, and environmental contexts, and offer key insights into com-
munity-based weed management practices. The associated p-value (<0.001) for
burning indicates a statistically significant difference in the use of this method across
the three counties. Cutting and uprooting emerges as the most widely adopted
method across all sites, reported by 70% of respondents in Kajiado, 72% in Ma-
kueni, and 89% in Taita-Taveta. This approach is labor-intensive but accessible,

particularly where financial or technological resources are limited.

Table 11. Control methods used by the communities in the management of the 7. Ailde-
brandtiiweed in the study sites.

% number of respondents

Kajiado Makueni Taita-Taveta

Applied control methods - 354 n = 366 =310 p-value
Burning 29 21 7.3 <0.001
Chemical herbicides 1.2 0.6 1.4
Cutting and uprooting 70 72 89
Ploughing in 0.6 5.6 2.4
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4. Discussion

There was a statistically significant variation (p < 0.001) in the control methods
employed against I hildebrandtii across the three counties. Burning was more
prevalent in Kajiado (29%), while Taita Taveta heavily relied on manual methods
such as uprooting and slashing (89%). These findings reflect underlying differ-
ences in land use, with pastoral systems in Kajiado relying on traditional fire use
to manage expansive rangelands—a practice well-documented by [47] in East Af-
rican drylands. In contrast, the preference for mechanical methods in Taita Taveta
aligns with smaller-scale farming systems where manual labor is feasible. These
disparities highlight the influence of socio-ecological context on weed manage-
ment strategies, consistent with [48], who emphasized that control practices are
often shaped by land tenure, labor availability, and awareness levels.

The occurrence of the weed seems to be spreading from Kajiado towards Ma-
kueni and Taita Taveta counties. The spread is believed to be influenced by human
activity and weather. This agrees with [49] who pointed out that frequent droughts
and rainfall events also cause changes in vegetation attributes and weed has been
present since 1960s only that infestation is on the rise [50]. Significant differences
were observed in perceived barriers to controlling 7. hAildebrandtii (p < 0.001). In
Kajiado, 92% of respondents cited high labor and cost requirements, compared to
53% and 57% in Makueni and Taita Taveta respectively. This reflects the chal-
lenges of addressing infestations over large communal landscapes with limited
mechanization and labor capacity. The findings reinforce assertions by [51] and
[52], who noted that resource constraints remain a major limitation to invasive
species management in rangelands, often resulting in delayed or partial control
responses that allow the species to spread further.

There were highly significant differences in livestock ownership across the coun-
ties (p < 0.001), with Kajiado households owning markedly more livestock (mean
= 132) than those in Makueni (14) and Taita Taveta (11). This aligns with the live-
lihood structure, as Kajiado is predominantly pastoral, while the other counties
lean toward agro-pastoralism or mixed farming. Large herd sizes, while econom-
ically advantageous, increase exposure to invasive species in open grazing systems,
particularly in degraded rangelands where native forage is scarce [53].

Counties differed significantly (p < 0.001) in the prevalence of livestock deaths
and diarrhea attributed to Ipomoea exposure. Kajiado reported the highest levels
of both livestock mortality (2.1%) and diarrhea (37%). This suggests a strong re-
lationship between infestation levels and animal health impacts, particularly in
counties where dependence on natural pastures is high. The toxicity of related
Ipomoea species has been well-established [54], and symptoms such as diarrhea
and death point toward chronic exposure to toxic alkaloids in contaminated graz-
ing areas. These results stress the urgent need for integrated rangeland and veter-
inary interventions.

Dispersal pathways for I hildebrandtii also differed significantly (p < 0.001).
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The use of the plant as an ornamental was more common in Kajiado, suggesting
a possible initial introduction vector and a lack of awareness about its invasive-
ness. Water runoff and wind (sand movement) were cited across all counties,
confirming the weed’s capacity for long-distance spread via abiotic means. Such
findings align with the work of [55], who highlighted human-mediated and en-
vironmental vectors as primary drivers of invasive plant establishments in arid
regions. The significantly higher reports of ornamental use in Kajiado may re-
flect localized introduction, requiring targeted awareness and behavioral change
interventions.

Kajiado respondents were significantly more likely (p < 0.001) to perceive I
hildebrandtii as a constraint to livestock production (31%) compared to Makueni
(10%) and Taita Taveta (3%). This perception correlates with the county’s high
livestock dependency and larger infestations. [56] similarly observed that invasive
plants reduce the quantity and quality of available forage, compromising animal
nutrition and leading to increased disease susceptibility. This finding further jus-
tifies the prioritization of invasive species control as part of rangeland and live-

stock development programs.

5. Conclusion and Recommendations

This study provides strong evidence of the socio-ecological impacts of I Ailde-
brandtiiinvasion across pastoralist and agro-pastoralist systems in southern Kenya.
Statistically significant differences were observed in weed control methods, barri-
ers to management, livestock ownership, morbidity and mortality cases linked to
1. hildebrandtii, and dispersal pathways. Kajiado County, a primarily pastoral sys-
tem, reported the highest infestation rates and associated livestock health risks.
To have achieve successful stab at controlling the weed, it is critical that the pas-
toralists in the region have the skill and knowledge to manage the weed. For sus-
tainability, capacity building of the communities should be built on county gov-
ernment in partnership with non-government organization. This is also anchored
in local leadership to instill responsibility as effective management will need to get
full support from local teams. In discovering the current technology and innovation,
there is need for a linkage with research, extension and extension teams from uni-
versities and institutions of learning as well as policy makers. With cooperation with
research organizations, county government and community leadership invasive
weed will be managed and introduction to new field reduced to achieve optimal
productivity of rangeland.

The findings highlight the urgent need for context-specific, sustainable invasive
species management strategies to protect rangeland productivity, livestock health,
and rural livelihoods. The study recommends the following:

1) Due to variation in control practices and resource availability, tailored ap-
proaches should be developed for each county.

2) Awareness campaigns should be launched to educate communities, espe-
cially in Kajiado, on the risks of using /. Aildebrandtii ornamentally and to pro-
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mote early reporting of new infestations.

3) Given the link between /. hildebrandtii and livestock health problems, in-
terventions should combine weed control with veterinary outreach and pasture
improvement to reduce animal exposure and improve forage quality.

4) Further research should focus on identifying potential biological control
agents and understanding I hildebrandtii’s ecological preferences to guide more
effective interventions.

5) Counties should incorporate invasive species management into their range-
land and environmental conservation policies, and resource mobilization should

be enhanced for long-term control.
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