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Simple Summary: Marama beans present an opportunity to improve food security in Africa because
of their high nutrient value, and because they are adapted to hot and arid/semi-arid climates. Despite
these valuable attributes, marama beans are only sparsely harvested in the wild by indigenous
communities and is not domesticated. Limited scientific study of marama bean hinders its
development as a cultivated crop and its genetic improvement. Among other potential factors that
may impact marama bean productivity are beneficial insects that contribute to pollination or prey on
harmful insects, but also harmful insect pests that may decrease marama productivity. However,
there is very limited information on the interaction of insects with marama beans. For this reason, we
identified and classified insects associated with marama beans in their natural habitat. Some of the
identified Insects may be of benefit to marama, but several others cause damage to the plant. We
conclude that this study will contribute to integrated pest management in marama cultivation.

Abstract: Tylosema esculentum and Tylosema fassoglense are highly nutritious, drought tolerant
perennial legumes that typically grow in nutrient poor soil in hot environments. Despite marama
beans being the ideal crop for domestication, the legume remains unexploited. Marama beans are
prone to infestation by insect pests although limited information exists in literature on the pests of
the legumes. Insect pests of marama beans that could pose a threat to yield were identified in this
study. Active and passive insect collection methods were undertaken on marama plants growing in
the wild in the North West and Limpopo provinces of South Africa. Sampled insects were identified
manually and by molecular methods. Identified insects were from the orders Lepidoptera,
Coleoptera, Hemiptera, Orthoptera, Isoptera, Odonata, Mantodea, Diptera and Blattodea.
Coleopteran, Orthopteran and Hemipteran adults caused damage to leaves and flowers while
Lepidopteran larvae caused damage to the leaves, pods and seeds. Identified insects have the
potential to limit yield of marama beans, therefore this study presents an opportunity for the
determination of abundance of specific pests, the extent of damage as it relates to productivity to
establish relevant pest management practices.

Keywords: Tylosema esculentum; Tylosema fassoglense; Marama bean; food crops; food security; Insect
pests; seed damage; pod damage; leaf damage
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1. Introduction

Cereals such as Sorghum bicolor, Zea mays and Triticum aestivum as well as legumes such as
Phaseolus vulgaris, Glycine max and Pisum sativum are examples of crops grown in South Africa that
serve as essential food sources and animal feed [1-3]. Although these food grains play a significant
role in assisting households to become food secure, there is an increasing need for additional sources
of nutrients. Indigenous crops, such as marama beans, have the potential to supplement these long-
established crops. The marama bean is a perennial legume that belongs to the family Fabaceae of the
subfamily Cerdidiodeae. Commonly known as the Gemsbok bean, Gemsbokboontjies, Muraki,
Braaiboontjies, Marumama, Tamani berry, and Murama [4,5], the genus Tylosema comprises four
recognized species that exhibit morphological variations both between and within populations [6].
These are T. esculentum (Burch.) A. Schreib., T. fassoglense (Schweinf). Torre & Hillc., T. argenteum
(Chiov.) Brenan and T. humifusum (Pic. Serm & Roti Mich.) Brenan [6,7]. Classification also includes
T. angolense that was located in the southern parts of Angola [6]. Tylosema species are indigenous to
Southern Africa and are widely distributed across the Kalahari Desert, Botswana (Kgalagadi), Eastern
and North eastern Namibia, the Northern part of South Africa (Northwest, Northern Cape &
Limpopo), Angola, Zambia and Mozambique [7,8]. T. fassoglense is located in East African countries
that include Angola while T. esculentum is restricted to Namibia, Botswana and the Northern parts of
South Africa [6].

T. esculentum (Burch.) A. Schreib. and T. fassoglense (Schweinf). Torre & Hillc. are characterized
by large tubers which can grow to weights of 12 kg or even up to 80 kg at maturity [8-10]. Tylosema
species possess trailing, climbing or running stems, which can grow up to 6m long in T. fassoglense
and 3m long in T. esculentum [8,11]. T. esculentum leaves are bilobed for half of the leaf length while
those of fassoglense are bilobed for one tenth to a third of the leaf length, which typically ranges from
8 cm to 15 cm in both species. Yellow flowers that eventually fade to pink in fassoglense begin to
emerge in October to February or until March for esculentum.

Marama bean pods produce one to two seeds per pod that vary in colour and shape. Seeds are
round and brownish-black or flattened and chestnut-brown in esculentum and fassoglense
respectively [11-13]. Seeds are rich in protein, lipids, vitamins, carbohydrates, iron, zinc, calcium,
copper, magnesium, potassium, phosphate and sodium [8,11,14,15], with mature seeds exhibiting a
higher nutrient content than immature edible seeds [16]. T. fassoglense seeds have been shown to
consist of a higher protein composition than those of T. esculentum, which have a protein content
similar to that of soybean [17].

The tuber consists of carbohydrates, proteins and 90% water [9]. Marama bean seeds are
consumed raw, boiled or roasted and can be used to produce marama milk, oil, flour and butter [9].
Stems and tubers are often used as animal feed and feed for game [18-21].

Despite their economic potential, marama beans remain largely unexploited. Moreover, their
domestication and commercialization could enhance crop diversity by supplementing traditional
food grains [5]. Furthermore, increased levels of subsistence and commercial production of
traditional crops in addition to marama beans can potentially reduce the risks associated with food
insecurity for poor households in rural and urban areas [22,23]. However, infestation by insect pests
often compromises productivity of crops. The effect of insect infestations on productivity, nutrient
composition and yield of maize, sorghum, peas, common bean and soybean has been widely studied.
On the contrary, no evidence exists in liter[11-13ature on the effect of insect pest infestations on
marama beans, in addition to the identification of insects that are associated with the indigenous
plant. Hence, the aim of this study was to identify insect pests that could potentially reduce
productivity and yield of T. esculentum and T. fassoglense.
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2. Materials and Methods
2.1. Description of Study Sites

The study was conducted in the Limpopo and the Northwest provinces of South Africa. Study
sites in Limpopo and the Northwest provinces were natural habitats of marama bean in Tzaneen (-
23.87302, 30.09474) and Lephalale (-23.81556, 27.86202) as well as Tosca (-25.84633, 23.81300) and
Pomfret (-25.84703, 24.13538) respectively. The elevations of Tosca and Pomfret are 1127.17 m and
1158 m above sea level. The sites have a subtropical steppe climate with an average annual
precipitation of 37.16 mm. Similarly, study sites in the Limpopo province are classified as Subtropical
steppe and are situated at an altitude of 1020.61 meters above sea level. The average annual
precipitation in Limpopo is approximately 55.48 mm.
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Figure 1. A map of South Africa that shows study sites for insect sampling on T. esculentum and T. fassoglense.

2.2. Sampling of Insects

A combination of active and passive collection methods as described by Southwood and
Henderson [24] and Woodcock [25] were used to sample insects from all sites. Sweep nets with 89 cm
long handles, 41 cm diameter net ring and 91 cm net depth were used to actively sweep entire fields
for all insects while some were hand-picked and captured by beating from plant leaves, stems and
flowers. Malaise traps were used to capture flying insects and 10 cm wide (brim), 12 cm long, 500 ml
disposable plastic cups were used as pitfall traps to capture ground dwelling arthropods. The plastic
cups were half-filled with 40 parts water and 60 parts propylene glycol to preserve as well as prevent
insects from escaping. Traps were buried in the ground such that the brim would be at the same level
as the surface of the ground. Two pitfall traps were set for each marama bean plant at both sites while
single malaise traps were set in Tosca and Pomfret (NW).

Traps (pitfall and MT) were removed three days after setting. Pitfall traps can be removed at
anytime between two days and four weeks [24,25] however, at these study sites, traps were removed
after three days because the most accessible marama bean populations were located near the road so
traps were prone to damage by large animals and passers-by when left for prolonged periods.

The average distance between marama bean plants was 40 m in both provinces. Marama bean
populations were visited during the months of January, March, May and July in each Province.
Collected insects from all sites were placed in glass vials consisting of propylene glycol and taken to
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the Plant Biotechnology laboratory at the University of the Western Cape (-22.9314799, 18.6244442)
in Cape Town, South Africa where they were washed and frozen for molecular identification. Manual
identification for larger and easily identifiable insects was done in the field before transportation to
the laboratory.

2.3. Identification of Sampled Insects

2.3.1. Visual Identification Using Morphological Characteristics

Insects were identified visually by using morphological characteristics as described by
Picker[26], Brier[27], Marshall[28] and Scholtz and Holm[29]. Insects were placed in plastic petri-
dishes and visualised using a Novax-Holland Model 65.550 dissecting microscope. Identification was
done up to species level although some were identifiable only up to family level.

2.3.2. Molecular Identification

2.3.2.1. Extraction of Genomic DNA

Approximately 50 mg insect tissue consisting of either a leg, thorax, abdomen or a wing were
grinded in liquid nitrogen using a motar and pestle. The resulting powder was used for DNA
isolation using the Zymo research Quick-DNA Tissue/Insect Mini-prep Kit™ (catalog D6016, Zymo
research corp; California, USA). For this DNA isolation, the tissue powder was transferred to a 2.0
mm ZR BashingBead™ Lysis tube following the catalog D6016 protocol. Afterwhich, 750 ul of
BashingBead™ Lysis Buffer was added to the tube and the tube was tightly closed. The tube was then
placed in a vortex mixer for 5 minutes to homogenise the mixture. The tube containing the
homogenate was then centrifuged in a microcentrifuge at 10,000 x g for 1 minute. Thereafter, 400 pl
of the supernatant was transferred to a Zymo-Spin™ III-F Filter which was placed in a 2.0mm
collection tube and centrifuged at 8,000 x g for 1 minute. After centrifugation, 1,200 pl of Genomic
Lysis Buffer was added to the filtrate in the collection tube and mixed well. 800 pl of the mixture with
the genomic lysis buffer was then transferred to a Zymo-Spin™ IICR Column that was placed in a
collection tube and centrifuged at 10,000 x g for 1 minute. The flow through from the collection tube
was discarded and an additional 800 pl of the genomic lysis buffer mixture was transferred to the
Zymo-Spin™ IICR Column and re-centrifuged at 10 000 x g for 1 minute. The flow through was
discarded again. The DNA in the Zymo-Spin™ IICR Column was washed by adding 200 ul DNA
Pre-Wash Buffer and centrifuging at 10,000 x g for 1 minute. An additional wash step involved the
addition of 500 ul g-DNA Wash Buffer to the Zymo-Spin™ IICR Column that was then centrifuged
at 10,000 x g for 1 minute. Thereafter, the Zymo-Spin™ IICR Column was transferred to a clean 1.5
ml microcentrifuge tube and 100 pl of DNA Elution Buffer was added directly to the column matrix.
The tube, with the column was centrifuged at 10,000 x g for 30 seconds to elute the DNA. Extracted
DNA was quantified using a Nanodrop spectrophotometer and gel electrophoresis. Quantifying by
gel electrophoresis was achieved by using 1% gels consisting of 1X TAE buffer (40mM Tris-base,
20mM Acetic acid and ImM EDTA) with a pH of 8.6 and 1 g of agarose powder. Gels were placed in
gel running chambers that were filled with TAE buffer and wells loaded a 6 ul sample consisting of
5ul extracted insect DNA and 1 pl of 6X DNA loading dye. The gels were run at 80 V for 60 minutes
until the dye was at the bottom of the gel. The gels were then viewed and documented using a BIO-
RAD ChemiDoc™ imaging system.

2.3.2.2. Genomic DNA Amplification

PCR reactions were set up by adding 2.5 ul DNA to a 22.5 pl Mastermix consisting of 8.5 ul
Nuclease-free water, 12 pl amplicon, 1 pl reverse (HCO2198: 5-TAA ACT TCA GGG TGA CCA AAA
AAT CA-3") and 1 pl forward (LCO1490: 5'-GGT CAA CAA ATC ATA AAG ATA TTG G-3') primers
[30] to a final volume of 25 ul in PCR tubes. The tubes were centrifuged and placed in a thermocycler.
Thermocycling conditions involved an initial denaturation step at 95°C for 1 minute, followed by 10
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cycles of 95°C for 2 minutes, 45°C for 1 minute and 72°C for 2 minutes. The next step included 35
cycles of 93°C for 45 seconds, followed by 58°C for 30 seconds and 72°C for 1 minute and 25 seconds.
This was followed by a 10-minute cycle at 72°C and concluded with a 4°C infinite step. PCR products
were visualised through agarose gel electrophoresis.

2.3.2.3. Purification and Sequencing of PCR Products

DNA fragments were excised from the agarose gel using a scalpel and weighed. The excised
fragments were then transferred to 1.5 ml microcentrifuge tubes in which ADB (Agarose Dissolving
Buffer) three times the volume of the excised agarose gel fragments was added. The samples were
incubated at 55 °C for 20 minutes and mixed by vortexing. The completely dissolved and melted
agarose solution was transferred to a Zymo-Spin™ Column in a Collection Tube and centrifuged for
1 minute. After which the flowthrough was discarded. 200 pl of DNA Wash Buffer as added to the
column which was then centrifuged for 30 seconds to purify the sample. The flow through was
discarded and the sample washed again. 6 pl DNA Elution Buffer consisting of 10 mM Tris, pH 8.5
and 0.1mM EDTA (Zymo research corp, USA) was added directly to the column matrix. The column
was placed into a 1.5 ml tube and centrifuged for 1 minute to elute DNA.

PCR products were sent to the Central Analytics Facility (CAF) DNA sequencing unit at
Stellenbosch University, Cape Town, for sequencing. Sequences were edited and analysed using the
BioEdit (Biological Sequence Alignment Editor) software. Following editing and alignment,
sequences were checked for similarities against information available in NCBI (National centre for
Biotechnology Information) databases using a BLAST (Basic Local Alignment Search Tool) nucleotide
search.

3. Results

3.1. Insect Pests Associated with Tylosema fassoglense

Insects associated with T. fassoglense were identified using molecular methods, while others were
identified morphologically. Sampled insects were identified to the species level and their feeding
guilds were determined, as shown in Table 1.

Those that were un-identifiable were designated as Undetermined and assigned numbers while
their feeding guilds were assigned based on the taxonomic family under which they were identified.

A total of seven orders, seventeen families and twenty-two species were identified. Identified
insects were from the orders Coleoptera, Orthoptera, Hemiptera, Lepidoptera, Isoptera, Blattodea
and Mantodea. The order Lepidoptera contained the highest number of families and species, whereas
Mantodea and Blattodea were the least represented, each with a single family and species.

Two families and two species each represented the orders Isoptera and Hemiptera. Four families
and five species represented the order Coleoptera. Orthoptera were represented by two families and
three species although two species under the family Acrididae remained unidentified. Five families
and eight species including an unidentified caterpillar represented Lepidoptera. A majority of
identified insects were herbivorous pests.

Table 1. This table shows insect pests that were sampled from T. fassoglense at Lephalale and Tzaneen in the

Limpopo province of South Africa.

Order Family Species Feeding guild
Omnivorous
Blattodea Blattidae Deropeltis erythrocephala
scavengers

Hodotermidae Microhodotermes viator .
Isoptera i . Detritivores
Termidae Amitermes hastatus
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Chrysomelidae = Diabrotica undecimpunctata
Meloidea Zonitis sayi
Lycidae Lycus sp Herbivorous
Coleoptera . o
Scarabaeidae Proatetia brevitarsis pests
Maladera drescheri
Cydnidae Sehirus cinctus Herbivorous
Hemiptera Pentatomidae Nezara viridula pests
Eupterodidae Tantaliana tantalus Unknown
Herbivorous
Noctuidae Proteuxoa sp
pest
S Herbivorous
Agrotis ipsilon
pest
) ) Herbivorous
Lepidoptera Lasiocampidae = Macrothylacia rubi .
pes
Janomima mariana Unknown
Nymphalidae Vanessa cardui Pest
, Herbivorous
Sphingidae Theretra oldenlandiae
pest
Undetermined 1 Pests
] Carnivorous
Mantodea Thespidae Hoplocoryphella grandis
predator
] Herbivorous
Orthoptera Pyrgomorphidae Zonocerus elegans
pests
Undetermined 2 &
Acrididae ) Herbivorous
Undetermined 3
pests

Identified species from the order Blattodea were cockroaches (Deropeltis erythrocephala Fabricius,
1781), while those from the order Isoptera were the harvester termites Microhodotermes viator Latreille,
1804 and Amitermes hastatus, Haviland, 1898. Insects from the order Coleoptera were leaf beetles
(Diabrotica undecimpunctata howardi Barber), net winged beetles (Lycus sp Guérin-Méneville, 1835),
flower chafers (Protaetia brevitarsis Lewis, 1879 & Maladera drescheri Moser, 1913) and blister beetles
(Zonitis sayi Wickham, 1905). The order Mantodea was represented by mantids (Hoplocoryphella
grandis Brancsik, 1895) while insects from the order Orthoptera were gaudy grasshoppers (Zonocerus
elegans Thunberg, 1815) and two unidentified species designated as Undetermined 2 & Undetermined 3
as shown in Figure 2.

Hemiptera were burrowing bugs (Sehirus cinctus Palisot, 1811) and stinkbugs (Nezara viridula
Linnaeus, 1758). Lepidopteran insects were monkey moths and caterpillars (Tantaliana tantalus or Jana
tantalus Herrich Schaffer, 1854), owlet moths and caterpillars (Proteuxoa sp Hampson (1903) and
Agrotis ipsilon Hufnagel, 1766), lappet moths (Macrothylacia rubi Linnaeus, 1758 and Janomima mariana
White, 1843), geometer moths, brush-footed butterfly larvae (Cynthia or Vanessa cardui Linnaeus,
1758), hawkmoths (Theretra oldenlandiae Fabricius, 1775) and a species designated as Undetermined


https://doi.org/10.20944/preprints202503.1641.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 March 2025 d0i:10.20944/preprints202503.1641.v1

7 of 18

Figure 2. Insect pests associated with T. fassoglense. Microhodotermes viator Latreille (Isoptera-Hodotermidae)-A,
Zonitis sayi Wickham (Coleoptera: Meloidae)-B, Lycus sp Guérin-Méneville (Coleoptera: Lycidae)-C, Janomima
mariana White (Lepidoptera: Lasiocampidae)-D, Undetermined 1 (Lepidoptera)-E, Proteuxoa sp Hampson
(Lepidoptera: Noctuidea)-F, Vanessa cardui Linnaeus (Lepidoptera: Nymphalidae)-G, Zonocerus elegans
Thunberg (Orthoptera: Pyrgomorphidae)-H, Hoplocoryphella grandis Brancsik (Mantidae: Thespidae)-I and
Undetermined 2 & Undetermined 3 (Orthoptera: Acrididae)-J & K.

3.2. Insects Associated with Tylosema esculentum

Six orders, twenty-five families and nineteen species that include seven unidentifiable insects
were sampled on T. esculentum. T. esculentum showed greater variation in feeding guilds, taxonomic
families and species when compared to T. fassoglense. Identified orders were similar to those that were
identified for T. fassoglense, with an addition of Odonata although Mantodea were excluded. The
order Coleoptera consisted of more families and species, followed by Orthoptera and Lepidoptera.
The least represented orders were Blattodea and Odonata that consisted of a single species each,
although the species under Blattidae was unidentifiable and designated as Undetermined 4. Identified
insect species are listed in Table 2.

Insects from the order Coleoptera were ground beetles (Anthia cinctipennis Lequien, 1832 and
Passalidius fortipes Boheman, 1860), darkling beetles (Gonopus tibialis Fabricius, 1798, Psammodes
bertolonii Guerin-Meneville, 1844 and P. striatus Fabricius, 1775), hide beetles (Ormogus aperulatus
Harold, 1872), scarab beetles (Sisyphus sp Latreille, 1807), pleasing fungus beetles (Amblyopus sp Lewis
1889), Leaf beetles (Altica sp Geofrroy 1762 and Lema rufotestacia Clarke, 1866), blister beetles (Zonitis
sayi Wickham, 1905) and shining flower beetles (Olibrus sp Erichson, 1845).
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Hemiptera were froghoppers (Locris arithmetica Walker, 1851), jewel bugs (Solenostethium

liligerum) and stink bugs (Nezara viridula Linnaeus, 1758). Insects from the order Orthoptera were

identified as skimmers, armoured ground crickets (Acanthoplus discoidalis Walker, 1869; Figure 4),

gaudy grasshoppers (Zonocerus elegans

Table 2. This table shows insect pests that were sampled from T. esculentum at Tosca and Pomfret in the North

West province of South Africa.

Order Family Species Feeding guild
Omnivorous
Blattodea Blattidae Undetermined 4
scavengers
) Altica sp Herbivorous
Chrysomelidae
Lema rufotestacea pests
Meloidea Zonitis sayi
Erotylidae Amblyopus sp Unknown
Scarabaeidae Sisyphus sp Coprophagous
Coleoptera Trogidae Omorgus asperulatus ~ Necrophagous
Gonopus tibialis Herbivorous pest
Tenebrionidae Psammodes bertelonii ~ Unknown
Psammodes striatus Herbivorous pest
Anthia cinctipennis
Carabidae o ) Predators
Passalidius fortipes
Phalacridae Olibrus sp Herbivorous pests
Cercopidae Locris arithmetica
] . Herbivorous pests
Hemiptera Scutelleridae Solenostethium liligerum
Achaea Janata
Erebidae )
Utetheisa pulchella
Helicoverpa armigera
Lepidoptera Noctuidae Cyligramma latona Herbivorous pests
Undetermined 5
Undetermined 6
Geometridae
Undetermined 7 & 8
Odonata Libellulidae Undetermined 9 Carnivorous pest
) Zonocerus elegans Herbivorous pests
Pyrgomorphidae .
Undetermined 10 Haematophagous
Orthoptera Acrididae )
) Locustana pardalina )
Bradyporidae . Omnivorous pests
Acanthoplus discoidalis
Tettigoniidae Tettigonia viridissima

Herbivorous pests
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Thunberg, 1815), short-horned grasshoppers (Locustana pardalina Walker, 1870) and bush
crickets (Tettigonia viridissima Linnaeus, 1758) as shown in Figure 3 below. Lepidopteran insects were
tiger moths and caterpillars (Achaea janata Linnaeus, 1758 and Utetheisa pulchella Linnaeus, 1758),
owlet moths and caterpillars (Proteuxoa sp Hampson(1903), Helicoverpa armigera Hiibner (1808),
Cyligramma latona Cramer (1779) and Agrotis ipsilon Hufnagel, 1766), lappet moths (Macrothylacia rubi
Linnaeus, 1758) and hawkmoths (Theretra oldenlandiae Fabricius, 1775) and unidentified caterpillars
designated as Undetermined 6, 7 and 8 . Insects that were associated with T. esculentum were mostly
herbivorous and omnivorous pests with few exclusive predators.

i

3

F]

o
|
H
4
4
4

Figure 3. Insect pests associated with T. esculentum. Altica sp Geofrroy (Coleoptera: Chrysomelidae)-A, Locris
arithmetica Walker (Hemiptera: Cercopidae)-B, Achaea Janata Linnaeus (Lepidoptera: Erebidae) adult and larva-

C, Utetheisa pulchella Linnaeus (lepidoptera: Noctuidea)-D, Helicoverpa armigera Hiibner (Lepidoptera:
Noctuidea) larva-E.
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Figure 4. Insect pests associated with T. esculentum. Tettigonia viridissima Linnaeus (Orthoptera: Tettigoniidae)
nymph-F and adult-G, Undetermined 6 (Lepidoptera)-H and Acanthoplus discoidalis Walker (Orthoptera:
Bradyporidae)-1. Undetermined 7-J, Undetermined 8-K.

4. Discussion
4.1. Insects Associated with T. fassoglense

Insects from the orders Blattodea, Isoptera, Coleoptera, Hemiptera, Lepidoptera, Mantodea and
Orthoptera were sampled form Tylosema fasssoglense in the Limpopo Province of South Africa.
Sampled insects were predominately pests except for Mantodea that were identified as predators.
Insects from the order Lepidoptera were the second represented order after Coleoptera. Lepidopteran
pests represented a variety of feeding guilds including pod and seed borers as well as leaf suckers
and flower feeders. Similarly, Coleoptera were designated as leaf and flower feeders while Isoptera
feed on roots, stems, and seeds. Hemiptera were a combination of leaf sap, pod and seed feeders
while Orthopteran pests are typically leaf feeders. Although various feeding guilds were represented,
most sampled insects were observed on leaves, while some were suspended in pitfall traps at the
time of removal. Selected Lepidoptera and Coleoptera were however, observed in pods, within seeds
and on flowers. Generally, insects from the order Isoptera are not recognised as major pests of crops,
although sighted causing damage to trees since they have an affinity for wood. M. viator and A.
hastatus that were sampled in T. fassoglense pods as shown in Figure 2A were rarely reported as pests
in literature until recently. Harvester termites were shown to build mounds on agricultural land
thereby reducing productivity of cultivated crops [31]. Similarly, another study highlighted how M.
viator build mounds in nutrient poor soil and attack drought-stricken crops [32]. A. hastatus on the
other hand was shown to have caused observable damage in sugarcane fields in Brazil in addition to
being responsible for crop losses that ranged from 3 to 100% in Africa and Asia [32-36]. Additionally,
the effect of termite infestation on maize was shown in Ethiopia [37], highlighting the affinity of
termites for maize, although also arguing that a maize, soybean intercropping system could possibly
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control the occurrence of these pests on maize. Similarly, percentage loss in maize in Zambia is
reported to range between 15-25% [38]. Interestingly, sightings of termites in legumes is not widely
reported, thus this study is among the few to report termites in legumes and the first to document
termites on T. fassoglense. Although a few researchers to report on global sightings of termites
attacking roots of soybean and other crops at seedling stage [39]. The occurrence of termites in mature
marama bean pods that still consisted of intact seeds in this study is justified given the woody nature
of mature T. fassoglense pods.

The bush cockroach, D. erythrocephala, although sampled from pitfall traps that were setup on T.
fassoglense is not reported in literature as a pest of crops, however, it has been shown to occur in
gardens. Like termites, D. erythrocephala is reportedly prevalent in areas that have an abundance of
wood and is regarded as a household pest that hides in crevices rather than an agricultural pest [40].
Although, damage that could have been caused by the insect on T. fassoglense is unclear, sampling in
T. fassoglense could largely be attributed to the fact that the vegetation that surrounded marama bean
plants consisted mostly of shrubs, in addition to mature marama bean pods being woody. Similarly,
the Mantid, H. grandis was found on marama bean leaves that had characteristic brown patches. H.
grandis is a predator that is widely distributed in Medagascar, Tanzania, the former Transvaal in
South Africa (between the Limpopo province and the Vaalriver) and Zimbabwe [41]. Although the
predatory status of this insect is poorly reported in literature, it is said to be a generalist predator of
a variety of insects that include flies, moths, crickets, and grasshoppers [42]. Given its feeding
behaviour as a generalist predator, its presence in T. fassoglense may be because of the abundance of
the preferred diet. H. grandis, as shown in Table 1 occurred together with Lepidoptera and
Orthoptera. On the contrary, Coleopteran pests such as Z. sayi and D. undecimpunctata are foliage and
root feeders respectively. Z sayi is a blister beetle that is distributed in America, although the genus
Zonitis is globally distributed [43]. Z. sayi infestations are reported on alfafa, pigweed, amaranth,
goathead, peanuts and soybean in the USA [44]. For this study, the insect was found sucking on
marama bean leaves, causing notable damage to the leaf. Some Z. sayi were sampled while feeding,
consequently, leaves appeared translucent at the feeding site. Records of Z. sayi on crops or in field
studies in South Africa are limited. However, D. undecimpunctata as a pest is reported extensively in
literature [45-47]. Both the larval and adult form of the insect cause damage to specific host plants.
The larval form of D. undecimpunctata is known as the corn rootworm that feeds on the roots of
cucurbits, maize, peanuts and beans while the adult beetle that is recognised as a generalist feeder is
called the spotted cucumber beetle [48]. D. undecimpunctata adults lay eggs on soil near the base of
host plant seedlings. Emerging larvae then feed on the roots until development is complete. Pupation
then proceeds in the soil until adults emerge to feed on foliage. Characteristic damage is normally
observed on leaves and stems [49]. The likeliness of D. undecimpunctata to spread over a wide area
was highlighted [50,51] which suggests that upon the introduction of marama bean in agricultural
fields, D. undecimpunctata could prevail. Burrower bugs, Sehirus cinctus are generally not considered
pests of food grains, consequently, there is limited information in literature on these bugs on crops.
S. cinctus in this study were sampled form pitfall traps and on leaves of T. fassoglense although no
damage was observed on the leaves at the position where S. cinctus was observed. In the USA, S.
cinctus was sampled on peanuts where no significant damage nor economical loss resulted from the
infestation [52,53]. Infestations on soybean were reported in America [54] while no records of
infestations exist in South Africa. Generally, Cydnidae are reported as generalist feeders although
legumes, grasses and conifers are preferred [55], hence their presence on marama beans. The other
Hemipteran sampled on T. fassoglense, N. viridula, contrary to S. cinctus is considered a major pest of
a variety of food plants. N. viridula was also sampled on soybean in a separate study, further
highlighting the preference of Cydnidae and Pentatomidae for leguminous food grains. This suggests
that the introduction of marama bean in trial sites normally used for soybean and maize cultivation,
N. viridula would be a potential pest for both soybean and Tylosema species, given their affinity for
legumes.
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Lepidopteran larvae sampled on T. fassoglense were observed causing damage to pods and seeds.
The larvae of V. cardui were removed from leaves during feeding as shown in Figure 2 G. The marama
bean leaf the insect was feeding on had been extensively defoliated. V. cardui larvae are known to
infest a variety of host plants, although a recent report from Brazil showed infestation in soybean that
led to significant damage on all plants in the plot [56]. V. cardui adults feed on flowers, with the most
preferred flowers in South Africa being those of Ditrichia viscosa, Verbesina encelioides, and Medicago
sativa. Infestations have also been reported on maize, alfafa and sunflower [57]. The developmental
cycle involves adult females laying eggs on leaves. Emerging larvae feed on host plant foliage as
observed in T. fassoglense. Adult V.cardui butterflies were found to migrate between the North West
Province of South Africa and Europe [58]. Migration to the North West emphasises the possibility of
V. cardui on T. esculentum, although in this study, it was sampled in T. fassoglense in the Limpopo
province. Significant damage on a mature pod and seed that was caused by the herringbone
caterpillar was also observed. The pod appeared healthy; however, a small hole was observed on the
pod and upon opening, the herringbone caterpillar emerged from a hole on the seed. Species of the
herringbone caterpillar, Proteuxoa sp, are not mentioned in literature as pests in agricultural fields.
Consequently, sightings are reported in dry habitats inclusive of forest edges and grassland in
Australia and New Zealand, although also suspected to be herbivorous [59] since grass blades were
damaged in grassland habitats in Australia [60]. Proteuxoa species on T. fassoglense pods and damage
caused to seeds show the potential of the insect as a major pest that could lead to significant economic
loss in agricultural crops. The black cut worm A. ipsilon is a serious pest of vegetables, fruit, cereals,
pulses, and legumes. Infestations in fields have been reported across the globe [61]. The larvae are
reported as the most destructive life form that completely defoliates crops through feeding on leaves,
stems, and young roots of seedlings [61,62] while adult moths attack flowers. Their developmental
cycle involves the laying of eggs on host plant leaves by moth adults. Low lying plants with broad
leaves are the most preferred for oviposition [61,62]. A. ipsilon is a major threat to marama bean given
that the plant is a trailer or climber with broad leaves. All parts of the marama bean plant can be
attacked by A. ipsilon especially since both life forms, the caterpillar and the adult moth were sampled
on T. fassoglense. No mention is made in literature of Jana tantalus or Tantaliana tantalus and Janomima
mariana on crops. However, Grewia villosa and Panicum maximum are listed as host plants of J.
mariana in the Limpopo province [58] while evidence on the host plants of Jana tantatus is lacking.
Specific Eupterodidae and Lasiocampidae are not recorded although they were sampled from T.
fassoglense that was surrounded by grass as shown in Figure 2 D. Information on the origins and
distribution of the two species is lacking although thought to be endemic to South Africa [63-66]. The
pest status of both insects is unkown. The nature of interaction between J. mariana and listed host
plants is also not discussed. Similarly, J. mariana and J. tantalus sampled on marama beans were not
observed causing damage to the plant. The other Lasiocampid, M. rubi is reported as a major pest of
Blackberries in Europe [67,68]. In Finland, M. rubi was observed on stems and roots of glasses and
clover although no damage was observed [69]. Similarly, the insect was not observed actively causing
damage to T. fassoglense. No record exists on M. rubi on agricultural crops in Africa, although
observed on T. fassoglense in this study. It is possible that it might not be a pest of crops although
studies on the ecology and feeding behaviour of M. rubi would have to be undertaken to confirm this.
At this stage, there is no information in literature on such.

4.2. Insect Pests Associated with T. esculentum

Insect species from the orders Blattodea, Hemiptera, Lepidoptera, Odonata and Orthoptera were
sampled on T. esculentum. Sampled species were predominately herbivorous pests, followed by
predators. The occurrence of listed predators with their prey such as Sisyphus sp and Geometridae
suggests that these insects visit T. esculentum for predation on other insects. Similarly, identified P.
striatus have been shown to feed on other insects as well as nuts and legumes [70]. In addition to the
identified omnivorous insects, carnivorous A. cinctipennis and P. fortipes were sampled from T.
esculentum. Anthia species have been shown to occur on vegetation with their prey. The occurrence
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of Anthia sp with its prey that include insects from the orders Coleoptera, Isoptera, lepidoptera and
Orthoptera as observed on T. esculentum in this study, is in agreement with the work of Mawdsley
[71] although Anthia species were for their study sampled on grassland. There is no record of A.
cinctipennis and P. fortipes on food crops, although both species are widespread with observations
recorded in the Eastern Cape province as well. Although they are unable to fly, occurrence on crops
that consist of a variety of their prey is possible. Insect pests that were observed causing damage to
leaves, pods and seeds of T. esculentum were Z. sayi, A. janata and H. armigera. However, other pests
that include L. arithmetica, S. lilligerum, C. latona, H. grandis, Libellulidae, A discoidalis, Z. elegans, L.
pardalina, T. viridissima, U. pulchella and Altica sp were sampled on leaves, flowers and pods although
not observed causing damage. The damage that was caused by Z. sayi to T. esculentum leaves was
similar to that observed in T. fassoglense. The occurrence of Z. sayi on T. esculentum and T. fassoglense
in the North West and Limpopo provinces respectively indicates that Z. sayi has affinity for marama
beans although also observed in other plants in the USA. Similarly, H. armigera, although more
widespread when compared to Z. sayi, has been reported causing damage to several food crops.
Damage caused to T. esculentum pods and seeds, as observed in this study, was quite extensive which
indicates that H. armigera is a serious pest of marama beans, although not observed on T. fassoglense.
It is highly possible that larvae could attack other Tyloserma species. Pods that had been infested with
H. armigera spotted characteristic holes. Upon opening, H. armigera caterpillars emerged from one of
the seeds while the other seed was relatively healthy looking. The caterpillar appeared to have fed
on the endosperm. Similarly, sampled A. Janata were observed on stems and pods of young marama
plants. No damage was observed on stems upon sampling although these caterpillars were observed
scraping the surface of green T. esculentum pods which suggests that the damage to marama beans
could be like that caused by H. armigera. A. Janata and H. armigera adults are strong fliers and could
consequently move between crops. The lifecycle of A. Janata is like that of H. Armigera although A.
Janata has been shown to prefer oilseed plants such as the castor plant [72,73]. Although this study
presents the first record of A. Janata larvae and adults on a food crop in South Africa, the castor
semilooper has been observed on soybean by a few researchers [74-76]. One of the other adult
moths, U. pulchella, was observed on T. esculentum flowers as shown in Figure 3 D. The larval form of
this month was not found on marama beans. U. pulchella adults are reported as pests of various plants
although Heliotropium species are preferred [77]. Occurrence of U. pulchella on food crops is not shown
in literature. Similarly, the moth C. latona is reported as a pest of fruit in South Africa [78], occurrence
on T. esculentum could indicate that it has the potential to infest food crops although no evidence of
infestation on other crops besides marama beans is shown. On the contrary, Geometridae are
generally important pests with infestations on crop plants reported in China and India [79] although
species could not be identified for the study. In South Africa and Nigeria, Locris sp and S. lilligerum
that were observed on T. esculentum leaves were observed causing significant damage to all parts of
the sorghum plant in another study [80,81]. However, the pest status of L. arithmetica which was
observed on marama beans is not extensively reported in literature. Sampled Orthoptera and
Libellulidae have the potential to cause severe economic loss to marama beans should the
environment favour the development of gregarious forms. Ormogus sp are recognised as
necrophagous scavengers [70,82] although Baena [83] showed this species as a predator of turtle eggs.
No record in literature shows Ormogus species as pests or pollinators of crops. Occurrence on T.
esculentum is likely for feeding on the carrion of insects that had been killed by other insect predators.

5. Conclusions

Generally, pests were the most diverse from all insect orders that were identified in marama
beans although predators were also sampled. The evidence of common pests and predators is
indicative of the possibility of cross infestation between T. esculentum and T. fassoglense pests. This
further highlights the polyphagous nature of identified species. As much as commonality existed, the
biology of some of the identified pests is known and control of their prevalence in host plants widely
studied and implemented, although some may argue that the damage caused to marama beans by
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specific pests was quite significant and could lead to severe economic loss on marama and significant
damages in other crops. On the contrary, no new control methods would need to be established given
the lack of variation in feeding guilds. One may then conclude that the introduction of marama may
not be detrimental to yield and productivity of maize and soybeans. Instead, the diversity of insects
would increase especially since insect diversity has decreased because of climate change as reported
in literature [84-88]. In addition to climate change negatively affecting diversity of insects, tillage
practices in agrosystems as well as the intensification of agriculture may also reduce the diversity of
pests, pollinators and their natural enemies [85,89]. We are inclined to agree with Outhwaite and co-
workers [85] as well as Raven and Wagner [89] based on the observations of this study. The lack of
disturbance as it relates to agricultural practices in marama bean could have largely contributed to
the diversity of insect pests and the extent of damage to plant parts. Furthermore, the presence of
listed natural enemies that were shown to occur with their prey are possible agents for the
development of novel biological control strategies of pests in food crop fields. The effect of damage
by insects identified in this study to yield and nutritional composition of marama beans is another
avenue worth exploring. This study provides insight into the implications of marama bean
introduction to the traditional subsistence agrosystem that is largely dominated by cereals such as
maize, sorghum and pearl millet and pulses that include common beans, peas and more recently
soybean, globally and in South Africa as well as avenues for the development of specific IPM
strategies for marama beans should it be domesticated and commercialised.
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