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ABSTRACT

Heteropsylla cubana has  damaged
Leucaena leucocephala in Tanzania since
its 1992 outbreak while its impacts remain
unclear to date. This study aimed to assess
the impact of Heteropsylla cubana on L.
leucocephala, a valuable multi-purpose tree
in Tanzania. Using the Point Centre Quarter
method, the study observed L. leucocephala
in  Morogoro and Tanga regions to
determine the population density of H.
cubana, infestation density, and shoot
health. Descriptive statistics were used to
calculate the frequency and mean
population density of H. cubana, infestation
density, and shoot health. Analysis of
Variance was used to compare the mean
population density of H. cubana among
different diameter at breast height (dbh)
classes and crown parts. The findings show
that the population density of eggs of H.
cubana differed significantly among crown
levels in Morogoro, but not in Tanga. There
was no significant difference in nymph and
adult population density among crown
levels or dbh classes in both regions. The
infestation density and shoot damage were
slightly higher in Morogoro than in Tanga,
but both regions had good shoot health.
Farmers can safely plant L. leucocephala
without fear of H. cubana, as its population
is below injury level in the study areas.

Key Words: Heteropsylla  cubana-
Leucaena leucocephala-Infestation density-
Shoot health.
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INTRODUCTION
Background information

Leucaena leucocephala is a versatile tree
that is extensively cultivated in tropical
regions for its multiple benefits including
fodder, fuelwood, reforestation, shade,
erosion control, and nitrogen fixation
(Ahmed et al. 2014, Nair 2007). However,
the invasion of the Leucaena psyllid,
Heteropsylla cubana  Crawford, has
significantly limited the benefits of L.
leucocephala, reducing its production by
50-70% in humid regions and 20-50% in

sub-humid environments (Mullen and
Shelton 2003).
The Leucaena psyllid (Heteropsylla

cubana) is a small yellow-green insect
belonging to the family Psyllidae of the
order Homoptera. It feeds on the young
growing shoots of several plant species
related to the genera Mimosa, Piptadenia,
and Leucaena. The insect is native to
Central and South America, and its spread
beyond its natural habitat was recorded in
Hawaii in 1984, Asia in 1985, and East
Africa in 1992 (Ahmed et al. 2014, Madoffe
and Petro 2011, Nair 2007). The heavy
infestations of H. cubana defoliate the plant,
stop growth, and limit photosynthesis due to
the sticky fluid exudates promoting the
growth of sooty mold on leaves (Shelton
2008).

The economic loss due to H. cubana attacks
was estimated to be more than 316 million
USD in Indonesia in 1986, while Malaysia
had to import over 48,000 tons of leaf meal
at a cost of over 20 million USD for pig and



poultry feeds due to the attack on Leucaena
fodders (CABI 2013). In India, over
200,000 seedlings were destroyed due to
psyllid invasion in 1988 (CABI 2013,
Napompeth 1994). The socio-ecological and
economic impacts of H. cubana in Tropical
America are negligible because L.
leucocephala is not cultivated with the same
intensity as in Asia, and natural enemies
have co-evolved with the psyllid and kept
its populations in check (CABI 2013).

In East Africa, H. cubana arrived in August
1992 and restricted the utilization of the
important multi-purpose tree L.
leucocephala, which is found in many parts
of Tanzania and usually planted along farm
boundaries and in homesteads for fodder,
soil fertility improvement, and fuelwood
(Madoffe and Petro 2011, Msangi et al.
2002). Most Leucaena stands were lowered
after the invasion of H. cubana (Madoffe et
al. 2000). To control the H. cubana in
Kenya and Tanzania, the Asia-Pacific
experience was considered the best option
(Ciesla and Nshubemuki 1995, Madoffe and
Petro 2011). Biological control using two
hymenopterous  parasitoids, = Tamarixia
leucaenae and Psyllaephagus yaseeni,
introduced from Trinidad and Tobago and
released in Tanzania and Kenya, appears to
be effective against the psyllid, as evidenced
by a reduction in its population and
Leucaena shoot damage in some areas
(Madoffe et al. 2000, Madoffe and Petro
2011, Lyimo and Mwatawala 2022). Also,
during the reconnaissance survey, it was
found that the biological control of psyllids
T. leucaenae and P. yaseeni as well as its
mummies was well established in the study
area (Lyimo and Mwatawala 2022.
However, the current occurrence of H.
cubana, infestation density, and shoot health
of L. leucocephala since the release of T.
leucaenae and P. yaseeni in 1995 in the
Morogoro and Tanga regions of Tanzania
remains largely unclear. Therefore, this
study aimed to assess the population density
of H. cubana, infestation density and shoot
health of the L. leucocephala in Morogoro
and Tanga regions.

anzania Journal of Forestry and Nature Conservation, Vol 93, No. 1 (2024) pp34-50

MATERIALS AND METHODS
Description of study area

The study was conducted in Morogoro and
Tanga regions on the same sites as
described by Lyimo and Mwatawala (2022)
(Figure 1, Table 1).

Table 1: Description of study areas

< | Location Latitude Longitude Altitude

2 | name (ft)

(5]

4

o | SUAfarm | 6°.822097 | 37°.661160 1669.0

o

g Melela A 6°54'53.6" 37°26'0.61" 1627.3

S | MeleleB | 6°55'84.6" | 37°19'.61" 1623.0
Mlingano | 5°.06667 38°.91667 290.4

@ | Tanga 5015'S 39°15 217.8

S | dairy farm

= | Ziwani 5°.3354 38°.5494 788.1
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The recent statistics show that Morogoro
region has a population of 3 197 104 people
whereas the population in Tanga region is 2
615 597 people (URT 2022). The pre-
dominantly vegetation type in Morogoro
region is Miombo woodland and
mountainous vegetation while Tanga region
is characterized by bushland, palm gardens,
village cultivations and estates (mainly
sisal), natural forest and shrub thickets and
open savannah grassland with scattered
trees and scrub thickets (Lyimo 2016,
Lyimo and Mwatawala 2022).

Morogoro region receives an annual average
rainfall of 600-1200 mm and average annual
temperature varies between 18°C on the
mountains to 30°C in river valleys whereas
Tanga region is characterized by mean
annual rainfall of 1200 mm and mean
monthly temperatures range between 19°C
and 33°C (MRSEP 2006, Lyimo and
Mwatawala 2022). In regards to the soil
type, Morogoro region has mostly sandy
clay loams in the topsoils and clays in
subsoils whereas Tanga soils are sandy in
the coastal belt, clay to loamy in the
hinterland, and leached mineral laterite in
the highlands (Swai 2005, Lyimo and
Mwatawala 2022).
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Figure 1. Map showing study sites in Morogoro and Tanga regions in Tanzania

Sampling design

The same sampling design described by
Lyimo and Mwatawala (2022) was applied
in this study. The Point-Center Quarter
(PCQ) method was used to assess the
population of Heteropsylla cubana, along
with the incidence and extent of damage
(Marisa, 2015). Five systematically placed
sampling points were established at each
site, including one at the center and four at
each corner (Figure 2). At each sampling
point, four quadrants were created. In each
quadrant, nearby Leucaena leucocephala
trees (dbh > 1 cm) and regenerants (dbh <1
cm) were sampled and recorded.

All trees with dbh > 1 cm (Adult trees) were
further categorized into three dbh classes: 1-
5 cm, 6-15 cm, and >15 cm (Lyimo and
Mwatawala 2022). Trees in each dbh class
were then grouped by crown level (upper,
middle, and lower). For each dbh class, two
trees and two regenerants were sampled in

each quadrant, resulting in 20 samples per
quadrant, 100 samples per site, and a total
of 600 samples across all sites (Lyimo
2016).

@ |Quau:1r ant 1 |

|Quad¢' ant 4 |

|Quadra.nt 2 |

|Quadra.nt 3 | @

Figure 2: The layout of sampling point on
the study area (Marisa 2015).

Data collection

Data were collected between April and July
2021, from 5:30 am to 10:00 am, when
adult psyllids were less active. For adult
trees (dbh > 1 cm), one 15 cm growing
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shoot was randomly selected from each
crown level; for regenerants (dbh < 1 cm),
two 15 cm growing shoots were sampled
per quadrant. The shoots were cut, placed in
polythene bags, and stored overnight in a
refrigerator to immobilize nymphs and
adults (Lyimo 2016, Lyimo and Mwatawala
2022).

The collected shoots were washed with
ethanol (70%) in a Petri dish and examined
under a dissecting microscope to identify
and count eggs, nymphs, and adult insects.
Nymphs were classified by developmental
stage: small (yellow, 1st and 2nd instars),
medium (blackish, 3rd and 4th instars), and
large (greenish, 5th instar) (Lyimo and
Mwatawala 2022). Infestation density and
shoot health were recorded using an
empirical score modified from Bray and
Woodroffe (1988) (Table 2).

Data Analysis

Descriptive statistics were used to report the
frequency, mean population  density,
infestation density, and shoot health across
sites and dbh classes as described by Lyimo
and Mwatawala (2022). Analysis of
Variance was applied to compare mean
population densities of H. cubana among
dbh classes and crown levels, as the data
met assumptions of normality and
homogeneity of variance. The main focus
was to compare the population density
within each site, rather than between sites,
in order to have a clear view of intra-site
variability and the influence of site-specific
characteristics on pest density. Additionally,
a Chi-Square (y?) test was used to assess
significant differences in infestation density
and shoot health among dbh classes. Data
was analysed using R version 3.2.3, with
Excel spreadsheets used to generate graphs.

RESULTS

Population density of H. cubana
adults’ trees of L. leucocephala

in

The mean counts of H. cubana individuals
across all life stages (eggs, nymphs and
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adults) and three crown levels (lower,
middle and upper) observed in adults’ trees
(dbh > 1 ecm) of L. leucocephala in
Morogoro and Tanga regions are presented
in Figures 3 and 4 respectively. Results
showed that in Morogoro site number of
eggs differed significantly among crown
levels (F = 5.768, df = 2, p = 0.003) but not
among dbh classes (F = 2.872, df = 2, p =
0.057) while in Tanga site no significant
differences were observed both in crown
levels (F = 0.061, df = 2, p = 0.941) and in
dbh classes (F = 0.816, df = 2, p = 0.443).
The results also showed no significant
differences in number of small nymphs
among crown levels and dbh classes in both
sites: Morogoro (F = 0.367, df = 2, p =
0.693; F = 2.317, df = 2, p = 0.100) and
Tanga (F = 0.005, df = 2, p = 0.995; F =
0.813, df = 2, p = 0.444) respectively.

Further, in Morogoro site the results showed
no significant differences on number of
adults H. cubana among crown levels (F =
0.235, df = 2, p = 0.156) while a significant
effect were observed in dbh classes (F =
3.379, df = 2, p = 0.035), Whereas in Tanga
region, there was no significant difference
in the number of adults H. cubana among
crown levels (F = 0.235, df = 2, P = 0.790)
and among dbh classes (F = 0.813,df =2, p
= 0.727). The interaction between DBH and
crown levels were not significantly different
in both Morogoro (F = 0.484, df = 4, p
=.748) and Tanga (F = 0.612, df = 4, p =
0.654) regions. Mean numbers of eggs and
small nymphs were consistently higher than
larger nymphs and adults in all studied dbh
classes. The mean trend of H. cubana life
stages in Morogoro and Tanga decreased
from one stage to another (Figure 5).
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Table 2: Mean scores for damage ratings shoot health and nymph population counts

Tree infestation ratings

Nymph population score

Shoot health score

1 - No infestation

0- None

1-No damage

2 - Light infestation

1 - 1-5 nymphs

2- Slight damage

(Loss of < 25% of young Leaves)

2 - 6-30 nymphs

3 - Heavy damage

3 - Moderate infestation

3 - 31-100 nymphs

4 - Dead

(Loss of 26 to 50% of young Leaves)

4 - >100 nymphs

4 - Heavy infestation

5 - >100 nymphs extend to stem

(Loss of >75% of young Leaves)

5 - Severe infestation

(Blackening stem with total leaves loss)

Source: (Modified from Bray and Woodroffe 1988)
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Figure 3. Mean number of three life stages of H. cubana across three crown levels and
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Figure 4. Mean number of three life stages of H. cubana across three crown levels and
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Figure 5. Mean trend of H. cubana life stages observed in adults’ trees of L.

leucocephala found in Morogoro and Tanga regions

Population density of H. cubana in

regenerants of L. leucocephala

The population density of eggs and small
nymphs are relatively low, with averages of
8 and 10, respectively in Morogoro region.
Medium nymphs and large nymphs are even
less common, averaging 7 and 3,
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respectively while adults have the lowest
population density in Morogoro region
(Figure 6). Conversely, in the Tanga region,
population density is higher across all life
stages, with eggs being the most abundant
(average of 35) and adults the least
abundant (average of 10). The t-statistics



and p-values show that the differences in
mean population densities between the two
regions are statistically significant for all
life stages of H. cubana.

The nymph population counted through
subjective ratings showed most growing
shoots of adult L. leucocephala had 6-30
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nymphs followed by adults with 1-5
nymphs (Figure 7 and 8). Regenerants L.
leucocephala had 1-5 nymphs in Morogoro
and 6-30 nymphs in Tanga region (Figure
9).
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Figure 6. Mean number of eggs, nymphs and adults of H. cubana for regenerants L.
leucocephala observed in Morogoro and Tanga region
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Figure 9. The nymph population counts through subjective ratings for regenerants L.
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Infestation density of H. cubana on
adults’ trees of Leucaena leucocephala

The results of the rate of infestation of
adults’ trees of L. leucocephala found in the
two regions of Morogoro and Tanga across
the three dbh classes are presented in Figure
10. The results showed that there was no
significant relationship between dbh classes
and infestation density in both sites of
Morogoro and Tanga regions. Chi- square
results for association between dbh classes
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and infestation density were (x* = 20.0; df =
16; p = 0.220) for 1-5 and >15 and (3 =
15.0; df = 12; p = 0.241) for 6-15 dbh class
in Morogoro while (XZ =15.0;df=12;p =
0.241) for 1-5 and >15 and (3 = 10.0; df =
8; p = 0.265) for 6-15 dbh class in Tanga.
The results revealed that there was generally
slightly high incidence in Morogoro
compared to Tanga. A high proportion of
adults L. leucocephala were lightly infested



in all three dbh classes in Morogoro and
Tanga.

For the regenerants, the rate of infestation of
L. leucocephala found in the two regions of
Morogoro and Tanga are presented in
Figure 11. The results showed that the
incidence of L. leucocephala infestation did
not differ significantly in both Morogoro (XZ
=20.0; df = 16; p = 0.220) and Tanga (y° =
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15.0; df = 12; p = 0.241). The results
revealed that like in the adults’ trees, there

was also slightly high incidence in
Morogoro compared to Tanga. A high
proportion  of  regenerants of L.

leucocephala were lightly and moderately
infested in Morogoro. Regenerants L.
leucocephala were lightly and moderately
infested in Tanga.
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Figure 10. Infestation frequency of H. cubana on adults’ trees of L. leucocephala in
three dbh classes found in Morogoro and Tanga regions
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Figure 11. Infestation frequency of H. cubana on regenerants of L. leucocephala found
in Morogoro and Tanga regions

Shoot damage of Leucaena leucocephala
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The results of shoot health for adults’ trees
of L. leucocephala across three dbh classes
and three crown classes found in the two



regions of Morogoro and Tanga are
presented in Figure 12 and 13 respectively.
The Chi- square test results show a
significant difference between dbh classes
of shoot health for 1-5 dbh class (y2 = 24
.0; df = 6; p = 0.001), for 6-15 (32 = 36.0;
df =9; p = 0.0001) and for >15 dbh class in
Morogoro while (y2 = 36.0; df = 9; p
=0.0001) for all three dbh classes in Tanga.
The results showed that a high proportion of
shoots of adults L. leucocephala were
slightly damaged in all three dbh classes in
Morogoro and Tanga (Figures 12 and 13).

Most of the shoots of the regenerants of the
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Tanga regions were characterized with
slight damage (Figure 14). Both regions
experienced varying levels of damage.
There were no reported deaths, with Tanga
having fewer cases of heavy damage
compared to Morogoro region. The shoot
health of L. leucocephala trees of the
regenerants was significant different ()(2 =
54.0; df = 2; p < 0.05) in both Morogoro
and Tanga regions.

L. leucocephala in both Morogoro and
80 -
2 60 -
S 40 A
o 20 -
L 0 ﬁ}i ﬁ}i ﬁ}i FE&E F&E F&E =Tz -Tx Tz
[ [ [ [ [ c c c c c [ [
= (2| 212|222 2|23|2|2]| 23
I < = O = I = = < I = (R = I R N =
Cromnl ©|]ojJ]ojoj]o|jojo|jo|lo|lo|o|oO
evel | B 2| 8|8 |2| 5|8 |2|8|8|2|5
= S|5/2|8/5|2|8|5/z2|8|+s
J|sS|2|a|sS|2P|a|s|2|a|s|>
No damage | Slight damage | Heavy damage Dead

Shoot Health Score

01-5 O6-15 ®m>15

Figure 12. Shoot health frequency in three dbh classes and three crown parts for adults
L. leucocephala found in Morogoro region
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Figure 14. Shoot health frequency for regenerants L. leucocephala found in Tanga and
Morogoro regions
DISCUSSION

Population density

The findings of this study show a low
population density of H. cubana compared
to other studies reported elsewhere. In India,
the new shoots were heavily infested with
up to 3000 nymphs and adults per 15 cm of
terminal shoot (Nair 2007), which is very
high compared to this study. Shelton (2008)
reported field collected stem tips from all L.
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leucocephala individuals had psyllid eggs
(average 234 * 58 eggs/shoot). Over 90% of
samples also had approximately 75-80
younger (instars 1-2) and older (instars 3-5)
nymphs/shoot. However, the present studies
(in contrast to above reported studies) were
carried out in sites where T. leucaenae and
P. yaseeni were introduced in 1995/1996
(Madoffe et al. 2000, Madoffe and Petro
2011). Several authors such Ahmed et al.
(2014), Geiger and Andrew (2000),



Shivankar et al. (2010) and Lyimo and
Mwatawala (2022) reported that T.
leucaenae and P. yaseeni are one of
successful biological control agents against
H. cubana in native and exotic locations.

The results showed that H. cubana prefers
cooler climates. During the data collection,
Morogoro had cooler climate with the mean
temperature of 19.46°C than 30.2°C found
in Tanga. Austin et al. (1996) and Castillo
et al. (1997) reported high psyllid numbers
throughout the year at  Southeast
Queensland and upland regions in Hawaii
due to cooler climates. The current study
found a high number of eggs and small
nymphs compared with medium nymphs,
large nymphs and adults. Similarly,
Madoffe et al. (2000) found that small
nymph populations were consistently higher
than the other two instars and larger nymphs
had the lowest populations in the same
studied localities. This study found a decline
in the number at each life stage of H.
cubana from eggs to adults which resembles
the same trend reported by Madoffe et al.
(2000). The lower mean number of adult
psyllids could be due to escaping during
cutting of the growing shoot and put into the
polythene bags for laboratory observation.
The study done by Bruzas (1983) in South
Africa, whose study took one-year,
experienced higher number of eggs than
nymph or adult Pineus boerneri.

The mean total numbers of H. cubana were
not significantly different among dbh
classes. This is because H. cubana prefers
new growing shoots and new shoots were
available at each dbh class. The result
slightly differed from that of Madoffe and
Petro (2011) which reported a significant
difference in numbers of H. cubana between
middle and old age classes but not between
middle and old age class. The difference is
due to difference mode of attack by P.
boerneri and H. cubana is highly seasonal
in its occurrence (Ahmed et al. 2014) and if
food is available, cool temperatures could
increase the psyllid populations (Bray 1992,
Madoffe and Massawe 1994, Napompeth

45

anzania Journal of Forestry and Nature Conservation, Vol 93, No. 1 (2024) pp34-50

1994). Additionally, dry season leads to tree
stress,  consequently  making  them
susceptible to even moderate psyllid
population (Larsson 1989). Other studies
showed that psyllid population was affected
by temperature, moisture, humidity and
exposure to wind (Ahmed et al. 2014,
Geiger and Andrew 2000, McAuliffe 2008)
and the ups and downs of the psyllid
populations were related to an optimum
cooler temperature range and the
availability of tender shoots in Hawaii
(Ahmed et al. 2014).

Generally, the mean number of H. cubana
per 15cm terminal shoot in Morogoro and
Tanga regions for lower, middle and upper
crown parts were statistically insignificant
which is similar to that reported by Madoffe
and Petro (2011) who found that the
infestation by P. boerneri between crown
parts was not significant for Pinus patula
and Pinus elliottii. Despite of this, this study
found a slightly high population density in
the lower crown parts. These results are
differently from that of Madoffe and Petro
(2011) who reported that middle crown part
had higher total mean number of P.
boerneri followed by lower crown part, and
upper crown part had lowest total mean
number of aphids which implies that middle
crown part was more damaged than lower
crown and upper crown parts.

Infestation density

The higher infestation density of L.
leucocephala in Morogoro region compared
to Tanga region can be attributed to the
increased population density of the insect H.
cubana in Morogoro region. This species of
psyllid, known to affect L. leucocephala,
shows infestation through the presence of
nymphs and adults feeding on the growing
shoots of the plant, as highlighted by CABI
(2013). The slightly elevated infestation
densities in both regions, however, were
also mitigated by natural control agents
such as the parasitoids Tamarixia leucaenae
and Psyllaephagus yaseeni, along with
indigenous predators, which played a



significant role in limiting the spread of H.
cubana (Lyimo and Mwatawala 2022).

The decline in H. cubana populations has
also been documented in previous studies.
Madoffe et al. (2000) and Madoffe and
Petro (2011) reported that hymenopterous
parasitoids like T. leucaenae and P. yaseeni
were likely to be responsible for reducing
psyllid populations. This trend is consistent
with findings from the Asia-Pacific Region,
where the introduction of T. leucaenae and
P. yaseeni successfully reduced H. cubana
populations to lower levels (Ahmed et al.
2014, Nair 2007).

The insignificant difference in infestation
density across different dbh classes in both
Morogoro and Tanga regions indicates that
psyllid feeding was not heavily influenced
by the size of the plants. Instead, the
availability of growing shoots, which are the
primary feeding sites for H. cubana, was
consistent across the various dbh classes,
leading to similar infestation levels.
However, Morogoro experienced more
severe shoot damage than Tanga, which
suggests that the population of H. cubana
fluctuated over time, leading to varying
degrees of impact on L. leucocephala in the
two regions.

Shoot health

The observed reduction in shoot damage in
Morogoro and Tanga regions following the
release of parasitoids highlights the
effectiveness of biological control measures
in managing H. cubana. This pest, which
predominantly targets young shoots of
Leucaena leucocephala, has shown a
preference for laying eggs in the delicate
folds of developing leaflets. According to
reports by CABI (2013) and Shelton (2008),
this behavior underscores the susceptibility
of new shoots to infestation, making them a
critical focus for pest management
strategies.

Interestingly, regenerating L. leucocephala
appears to possess a greater number of
suitable young shoots compared to fully
grown adults. This distinction likely
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explains why the health of regenerating
shoots in Morogoro and Tanga regions did
not exhibit significant differences, despite
the presence of H. cubana. The regenerants
offer more opportunities for the pest to
target, leading to consistent levels of shoot
damage across these regions. The findings
align with earlier studies by Geiger and
Andrew (2000) and Chazeau et al. (1989),
who observed that H. cubana populations
tend to flourish in the presence of young L.
leucocephala leaves and actively growing
shoots. These results underscore the
importance of continuous monitoring of
young plant growth stages and emphasize
the role of parasitoids in reducing pest
populations and mitigating shoot damage in
affected regions.

CONCLUSIONS AND
RECOMMENDATIONS

This study found Morogoro region
exhibited slightly higher infestation density
and shoot damage in comparison to Tanga
region. Despite this, both regions
demonstrated good shoot health and
minimal infestation to L. leucocephala,
attributed to the low population density of
H. cubana. Based on the results from this
study and experiences from other studies, it
is recommended that farmers are advised to
plant L. leucocephala for various uses as the
H. cubana population is below economic
injury level in both sites of Morogoro and
Tanga regions. Further studies should be
conducted to assess the status of H. cubana
in other localities where the hymenopterous
parasitoids were not released. In addition,
studies to assess the seasonal population
density of H. cubana and the investigation
of the effect of abiotic factors such as
rainfall, temperature, wind velocity and
others on H. cubana are suggested.
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