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Abstract. Rahayu S, Trivogo A, Widyastuti SM, Musyafa’, Ardianyah F. 2021. Pests and diseases on Falcataria moluccana trees in
agroforestry systems with pineapple in East Java, Indonesia. Biodiversitas 22: 2779-2788. The agroforestry system using
Falcataria moluccana (Sengon) and Ananas comosus (pineapple) is considered as a profitable intercropping system in
Indonesia. To make it viable, it is necessary to evaluate the effect of mixed cropping on the incidence and severity of
diseases and pests on Sengon trees and apply management measures. The present study was conducted (i) to assess the
pest and disease problems on Sengon trees in the agroforestry system and (ii) to identify the most harmful pathogen/pest
which affects the growth and causes mortality of Sengon trees at the beginning of intercropping and after the removal of
pineapple from the system. Incidence of pests and diseases were assessed in 3 replicate blocks with one-year-old Sengon
trees mixed with pineapple, and in another 3 plots with four-year-old Sengon trees from where pineapple was removed
after harvesting. Sengon and pineapple were planted in the plots using alley cropping method with 3 x 4 mz spacing. The
results showed that there were no significant pest and disease problems on pineapple. However, Sengon was infested by
the white grub Lepidiota stigma, gall rust caused by the fungus Uromycladium falcatarium, the stem borer Xystrocera
festiva, and mistletoe Scurrula sp. However, stem borer and gall rust were the only pest and disease issues recorded in the
monocultures of Sengon in Indonesia. The occurrence of stem borer and gall rust disease had a significant effect on the
diameter growth of trees and in some instances, these caused mortality of one-year-old trees. Significant mortality of four-
year-old trees was caused by mistletoe infestation only. Although the incidence of gall rust and stem borer in the
agroforestry system was not significantly low compared to the monoculture, the former had wider spacing between trees,
more open canopy and resultant low humidity and faster wind speed reduced the severity of the gall rust disease and stem
borer attack. However, the intercropping resulted in the white grub attack on young Sengon trees which calls for
application of contaminant-free fertilizers in pineapple plantings.
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INTRODUCTION In agroforestry systems in Java, Falcataria moluccana
(Miq.) Barneby & Grimes) (Sengon) and pineapple

One of the main purposes of agroforestry system is  (Ananas comosus (L) Merr) are widely grown in

nullification of the harmful effects of monoculture which is
more susceptible to pests and diseases. However, the effect
of intercropping in agroforestry systems on the incidence of
pests and diseases on different crops is poorly known in
Southeast Asia. According to Saikia et al. (2017),
agroforestry refers to a land-use system in which trees are
grown in association with agricultural crops, pastures, or
livestock, whereby there occur ecological and economic
interactions between the components. Schroth et al. (2000)
stated that harnessing diversity by planting different
species together is one of the simplest strategies to reduce
the risk of pests and diseases. Some species in this
combination will continue to survive and grow better when
others are often damaged by pest and disease outbreaks.
However, there are examples where both the species
benefit. Therefore, agroforestry is a useful practice in both
economic and ecological aspects.

agroforestry systems. Sengon is a fast-growing, easily
cultivated, nitrogen-fixing, and economically valuable tree
species (Krisnawati et al. 2011; Kosuke et al. 2013) grown
under plantations in the country. Pineapple is a tropical
shrub that is easy to cultivate and offers great economic
value and market opportunity for its fruits. Sengon is
usually harvested at the age of 5-6 years, while fruits of
pineapple are harvested at 12 to 24 months. Sengon gives
pineapple a shadow effect which lowers sunburn in
pineapples and promotes better productivity and adds to the
quality of the fruit (Weifeng et al. 2020). On the other
hand, Sengon benefits from the intensive maintenance of
pineapple. In general, the agroforestry systems also
reduced the cost of maintenance compared to the
monoculture plantation. However, there were no studies on
the influence of Sengon-pineapple agroforestry system on
the occurrence of pests and diseases on Sengon trees at
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Perum Perhutani  (Indonesian
Enterprise) in Kediri, East Java.

Pineapple plants are usually removed from the system
in 2-3 yrs after the rotation which turns the ecosystem back
to a monoculture. As a result, the disease and pest issues
that occurred on Sengon trees in their early stages of
growth continued to develop which posed threat to the
health of the trees. According to Palma et al (2019), the
effect of adding a new species to an agroforestry system on
the pest and disease situation often depends on the
characteristics of the species rather than on the increase of
species diversity. When unsuitable species are added,
agroforestry systems are likely to experience equal or even
higher incidence of pests and diseases compared to simpler
cropping systems. Most of the previous research on the
agroforestry system and disease-causing organisms focused
more on combination involving agricultural species
(Wijayanto, 2011).

Against this background, the current work was aimed to
1) assess the pest and disease problems on Sengon trees in
the agroforestry system and 2) identify the most harmful
pathogen/pest which affects the growth and causes
mortality of Sengon trees at the beginning of intercropping
and after the removal of pineapple from the system.

State-owned Forestry

MATERIALS AND METHODS

Study area

This research was conducted at RPH Pandantoyo,
BKPH Pare, KPH Kediri, a forest management unit of
Perum Perhutani in East Java, Indonesia (Figure.1). KPH
Kediri is the largest forest management unit in Perum
Perhutani, which specializes in growing Sengon trees using
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agroforestry system, mostly with pineapple. Pineapple was
planted and managed by the members of the local
community who hold the land under lease for at least 2
years. Pineapple is usually planted between Sengon trees,
for at least 2 years, after which the plant was removed. The
growers will then move to another block where the Sengon
trees are still young (< lyr-old) and plant pineapple. The
survey and data collection were carried out from 3 blocks
of one-year-old Sengon trees under agroforestry system
with pineapple, and another 3 blocks of four-year-old trees
already freed from the pineapple crop. F. moluccana and
pineapple were planted using alley cropping method with a
spacing of 3 x 4m? among the trees, and 40x60 cm spacing
between pineapple.

Methods
Assessment of pests and diseases on Sengon trees

A preliminary survey showed that pineapple is free
from any significant pest and diseases. However, several
pests and pathogens were recorded on Sengon trees, e.g.,
drying and death of young trees under the age of 5 months
caused by white grubs, stem borer attack, gall rust disease
and infestation by mistletoe. To assess the incidence and
severity of pests and diseases, ten plots of 20m x 20m each
were established in three blocks. The number of trees in a
single plot was about 30.

Incidence of white grub (WGI) = (n/N) x 100%

Where:
n : number of trees died due to white grubs
N : number of total trees in the plot

3 \q\«/ /RPH Pandantoyo
Kedins : & A/‘ .
// ‘ |

Waes

indonesia
Banda Sea

Arafura Sea

Timor.Sea

Figure 1. The location of RPH Pandantoyo, Kediri, East Java, Indonesia (-7°90°62.17”’S, 112°19°98.816”W)
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The stem borer was assessed by calculating the length
of the stem damaged by stem borer on the upper and lower
stem. The formula used was a modification from Endang
and Farikhah (2010) as follows:

Stem borer incidence (SBI) = (n/N) x 100%
Stem borer severity (SBS), at the lower stem (SBSLS);
upper stem (SBSUS) = (I/L) x 100%

Where:

SBI : stem borer incidence

SBS : stem borer severity

LS : lower stem

US : upper stem

n  :number of trees with stem borer in each position
on trees

I : length of stem damage by stem borer

L :height of the trees

N . Total number of trees in one plot

The severity of the gall rust disease was assessed
considering the number of galls on each tree on the lower
stem (LS) (from the base of the tree to the height at breast
level) and upper stem (US) (starting from breast height
level until the bole, branches, and crown, including leaves
and twigs). The formula for gall rust disease incidence and
severity were modified from Rahayu et al. (2018) as
follows:

Gall rust disease incidence (GRDI) = (n/N) x 100%

Gall rust disease severity (GRDS), at the lower stem
(GRDSLS); upper stem (GRDSUS), branch (GRDSBO0)
and canopy (GRDSC), = (g/G) x 100%

Where:

LS :lower Stem

US : upper stem

: branch

: canopy

: number of trees with gall rust in each position on trees
: average number of galls on each tree at the site

: the greatest number of galls observed on trees

: Total number of trees in one plot

Z2Z0Q->500

The total incidence and severity of gall rust disease and
stem borer were the total incidence or severity in each part
divided by number of parts observed.

Mistletoe (M) incidence and severity were calculated
using formula:

Mistletoe incidence (MI) = (n/N) x 100%
Mistletoe severity (MS) = (m/M) x 100%

Where:

MI : mistletoe incidence

MS : mistletoe severity

m  : number of mistletoes in each tree
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M : highest numbers of mistletoes observed during
this study

n  :number of trees with mistletoes

N : Total number of trees in one plot

To estimate the growth of trees, diameter at the breast
height of each tree was measured and computed. The
overall percentage of death of one-year-old and four-year-
old trees due to pests and diseases was also assessed using
the formula:

Percentage death of trees (DT) = (n/N) x 100%

Where:
n  :number of dead trees in a plot
N :number of total trees in the plot

The status of each pest and disease problem and
mistletoe attack was categorized as follows (Sharma et al.
2010).

Analyses of data

Analysis of variance was used to compare incidence
and severity of gall rust disease, stem borer and mistletoe
incidence in each block and significance of differences in
tree height and percentage of death of trees. Step-wise
multiple linear regression analysis was used to determine
which variables are significantly related to diameter of the
trees and percentage death of Sengon trees. All analyses
were performed using statistical package of R (ver.3.6.1).

RESULTS AND DISCUSSION

Results

Several pests, diseases, and plant parasites infested
Sengon trees within the agroforestry system with
pineapple. Also, the infestations continued even after the
intercropping was discontinued. The major pests and
diseases on the trees were: gall rust caused by the rust
fungus Uromycladium falcatarium, stem borer caused by
Xystrocera festiva, and death of young trees caused by the
white grub viz., Lepidiota stigma, and infestation by the
mistletoe Scurrula sp.

The grub L. stigma caused significant damage on three-
month-old Sengon plants in the intercropped agroforestry
systems at Pandantoyo, Kediri. The grub caused damage to
more than 5% of roots which lead to the death of young
trees. Consequently, transplanting had to be carried out
and insecticides such as Carbofuran had to be applied to
protect the trees in the field. However, the distribution of
the white grub was limited to certain locations. So, for the
purposes of this study, blocks which were free from white
grub attack was selected for data collection and information
on the incidence of white grub was not included in the
analyses (Table 1).
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Table 1. Status of gall-rust disease, stem borer and mistletoe
incidence (DI), and severity (DS) on trees

DI Incidence status DS Severity status
<10% Rare 0% Nil

10-<25%  Occasional <25% Low
25-<50%  Common 25 - <50% Medium
50-<75%  Very common 50-<75%  Severe

> 75% Widespread 75-100%  Very severe

The stem borer viz., Xystrocera festiva is one of the
most damaging insects that infest many tree species
belonging to the family Fabaceae including Sengon trees
which is native to western Indonesia (Java, Sumatra, and
Kalimantan). The total incidence of stem borer (TOTISB)
on one-year-old trees was lower than that on four-year-old
trees. However, the severity of stem borer (TOTSBS) on
one-year-old trees was higher than that on four-year-old
trees. The severity of stem borer on the upper stem, both
on one-year-old and four-year-old trees contributed largely
to the total severity of stem borer on the trees (Figure 3).
Although there are reports that infestation of stem borer on
Sengon trees usually begins when the tree is three-year-old,
under the agroforestry system with pineapple, the infestation
was found severe on one-year-old trees in this study.
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The gall rust disease started to develop on Sengon trees
when the trees were three-month-old. The most severe
symptoms on young trees were formed on the leaf and
branch (Figure 4.A). The fungus produced reddish-brown
teliospores on the branches within a short period (Figure 4.B).

The gall rust incidence (TOTGRDI) on one- and four-
year-old trees was 50% and 80%, respectively. However,
the disease severity (TOTGRDS) on these trees (about
0.56% and 3% in one-year-old and four-year-old trees,
respectively) was exceptionally low (Figure 5). The gall
rust disease severity on different tree parts was generally
low, with the branch (GRDSB) and canopy (GRDSC)
being comparatively more affected on one-year-old trees
(about 1.3%), and the upper stem (GRDSUS) in four-year-
old trees (4%) than other parts (Figure 6). The high
incidence of the disease in the study plots indicates that the
rust fungus could easily spread within the study area.
Although the disease severity was low, the pathogen being
an obligate parasite was able to persist throughout the
lifecycle of Sengon trees. It is evident that the incidence
and severity of the gall rust were significantly low in one-
year-old trees intercropped with pineapple compared to
four-year-old where the pineapple cultivation has been
abandoned after harvest.

Figure 1. A. The white grub Lepidiota stigma attacking the root of young Sengon trees, B. dying white grab after the

application of insecticide in the agroforestry system

Figure 2. A. The initial hole of stem borer on one-year-old trees, B. Fresh sawdust indicating new larva borer inside the
wood bark of three-year-old trees, C. Advanced stem damage, D. Adult of stem borer Xystrocera festiva, on four-year-old
trees (after released from pineapple shrubs) in the agroforestry system.
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Figure 3. The average total stem borer: A. incidence (TOTISB), B. severity (TOTSBS), C. severity on the lower stem
(SBSLS), D. severity on the upper stem (SBSUS) on one-year and four-year-old trees

Figure 4. The gall rust symptoms on trees of Falcataria moluccana in the Sengon-pineapple agroforestry system: A. On
the leaf and B. Swollen branches covered with reddish-brown teliospores on three-month-old trees, C. Galls on the stem of
one-year-old trees, D. Galls on the stem of four-years-old trees after the system were freed from pineapple

Another disease on Sengon is caused by the mistletoe
belonging to the genus Scurrula. The mistletoe infested the
trees right from the age of one yr. However, the infestation
often goes undetected, due to its small size, color similarity
with the leaves of Sengon, and occurrence on areas not
easily visible unless closely examined (Figure 7). Since the
mistletoe is an obligate parasite, it can live on the host

during its entire lifecycle. Initially, the number of trees
with mistletoe and its number on each tree was less than
1% on one-year-old trees. However, due to its continuous
development and infestation, the incidence and the
intensity increased to 12% and 17%, respectively in four-
year-old trees (Figure 8).
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Figure 5. A. The average gall rust disease incidence (TOTGRDI), B. Rust disease severity (TOTGRDS) on one- and four-
year-old Falcataria moluccana trees in the agroforestry system with pineapple
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Figure 6. The average gall rust disease severity on the: A. Upper stem (GRDSUS), B. Branch (GRDSB), C. Canopy
(GRDC), D. Lower stem (GRDSLS) on one- and four-years-old Falcataria moluccana trees growing in the agroforestry
system with pineapple.

Figure.7. A. A tiny mistletoe on the stem of one-year-old Sengon trees, B. Mistletoe from genus Scurulla on the stem and
branches of four-year-old trees, growing in the agroforestry system with pineapple
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Figure 8. Mistletoe: A. Incidence and B. Intensity on one-year and four-year-old Sengon trees growing in the agroforestry

system with pineapple.

All the diseases and pests discussed above affected the
growth and caused mortality of Sengon trees though at
different levels. Based on the stepwise correlation analysis,
the factors negatively correlated with the stem diameter of
one-year-old trees were stem borer severity on the upper
stem (SBSUS), total stem borer severity (TOTSBS), gall
rust disease severity on the upper stem (GRDUS), gall rust
disease severity on the trunk (GRDST) and the incidence of
gall rust disease (GRDI) (Equation 1). However, on four-
year-old trees, none of the disease-causing factors was
negatively correlated with the stem diameter (Equation 2).
Factors that positively correlated with the percentage
mortality of one-year-old trees were the gall rust disease
severity on the lower stem (GRDSLS) and the gall rust
disease severity on the branch (GRDSB) (Equation 3).
While on four-year-old trees, only infestation by mistletoe
caused tree mortality (Equation 4). High mortality rates for
four-year-old trees were recorded since the gall rust disease
and stem borer infestation persisted throughout the life of
the trees affecting growth (Figure 9).

Diameter of one-year-old trees (cm) = 8.6 + (8.12*SBSLS) +
(-012*SBSUS) + (-0.42*TOTSBS)+ (-3.32*GRDSUS)+

(0.41*GRDST) + (0.05*GRDI).....ucvuiiniiiiiniiiciiiieinennes (D)
Diameter of four-years-old trees (cm) =12.161 + (0.151*MI) +
(0.197*GRDST). ..o )

p=1.1e-05

Diameter (cm)

‘-yéar 4-year

Age
A

Mortality of one-year-old trees (%) = -112.8 + (10.096*SBSUS) +
(3.41*TOTSBS) + (-17.03* GRDSLS) +(146.86*GRDSUS) +
(-36.12*GRDSB) + (47*GRDST) + (2.2* TOTGRDI)

Discussion

An agroforestry system that involves a tree crop shall
show a reduction or no effect on pest and diseases load
depending on the host plant, the pest species as well as the
management regimes (Armengot et al. 2019). In general,
pest abundance and plant damage are reported to be lower
in agroforestry treatments for perennial, but not for annual
crops. According to Bisseleua (2013), it is possible that the
constant shading by trees on perennial crops reduces the
number of pests. This was true for the agroforestry system
with pineapple plants which had no significant pests or
diseases affecting them. However, Sengon trees were
affected by several pests and diseases which were more
diverse than in a monoculture system. According to Chung
and Paul (2018), attack by Xystrocera festiva and the gall
rust disease was the only pest and disease problems in the
monoculture of F. moluccana in Sabah, Malaysia. This was
also true for Sengon monoculture in Indonesia (Nair and
Sumardi, 2001).

50- p =0.00023

Mortality (%)
¢

‘-yéar 4-year

Age

B

Figure 9. A. Diameter and B. Percent mortality of one-year and four-year-old trees growing in the agroforestry system.
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However, in the present study, the occurrence of white
grub and mistletoe was recorded as additional problems in
the Sengon-pineapple agroforestry system. Based on
discussions with the field staff and observations in the
agroforestry system, it was noted that application of
compost, contaminated with white grub eggs, in the
pineapple planting was the reason for the occurrence of
white grub disease on Sengon trees. Moreover, application
of liquid waste from sugarcane distillation units in order to
make the pineapple fruits juicier, also contributed to the
proliferation of white grubs in the agroforestry system.
Incidence of white grub issues in sugarcane crops has been
reported from several countries including Indonesia and
India (Kalshoven et al. 1981; Bhattacharyya et al. 2015).

Sengon trees either in monoculture, mixed plantations
or in an agroforestry system, are not free from attack by the
stem borer Xystrocera festiva. According to Endang and
Farikhah (2010), infestation of X. festiva begins when the
female beetle lays eggs in the crevices of bark or in wounds
on the stem or branch of the tree. The newly hatched larvae
feed gregariously on the inner part of the bark and the outer
part of sapwood, forming small feeding tunnels as deep as
0.5 cm. The tunnels run downwards from the site of the egg
cluster towards the lower part of the stem of Sengon trees.
The feeding tunnels become wider when the larvae become
bigger. The larvae push out frass and a brown liquid
through the tunnels which lie on the forest floor as
evidence of pest attack. The incidence of stem borer attack
on one and four-year-old trees in the agroforestry system
was about 10% and 11% respectively, which were lower
than the stem borer incidence in the monoculture of four-
year-old Sengon plantations (Endang and Farikhah (2010).
This difference in incidence can also be related to the
reduced density of the Sengon trees in the agroforestry
system. Results of this study have shown that infestation
by X. festiva in one and four-year-old trees were more
severe at the lower stem than the upper stem. It is probable
that the favorable microclimatic conditions close to the
ground in the Sengon-pineapple agroforestry system helps
the borer to lay egg and develop larvae on the lower stem
of Sengon trees, especially when the trees still young at
one-year-old.

The notable difference here is that though the gall rust
disease was widespread in both one-year and four-year-old
Sengon trees in the agroforestry system, the severity of the
disease was exceptionally low compared to that in
monocultures. Rahayu et al. (2018) reported that the gall
rust disease was widespread and severe in a four-year-old
Sengon monoculture in Tawau-Sabah, Indonesia. The low
severity of gall rust disease in the Sengon-pineapple
agroforestry may be attributed to the wider spacing of
Sengon trees under the system (3 x 4 mz) compared to the
general monoculture system (2 x 3mz). The wider spacing
provided a more open canopy of trees reducing the
humidity within the system which is unsuitable for
formation of teliospore of the fungus to cause infection.
And, an increased wind speed may have controlled disease
spread within the agroforestry system. Pineapple, an
herbaceous perennial, with a short (0.5 m to 1 m) and
stocky stem with tough and waxy leaves may have also
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contributed to lowering humidity at the site. Although the
severity of rust disease was very low in the intercropped
system, the incidence of the disease was almost similar to
that in a monoculture system. This may be due to the
development of fog in the agroforestry system which is
located at high altitudes (424 m asl.) (Rahayu et al. 2018,
2019). To summarize, although the general environmental
conditions in the Sengon-pineapple agroforestry system are
not very conducive for gall rust severity, the presence of
fog may promote incidence and spread of the disease at the
site.

Infestation of Sengon trees by mistletoe either in
monoculture or agroforestry system is rarely reported.
According to Hodar et al. (2018), mistletoes draw water
and mineral resources from host plants, attaining higher
concentrations of foliar nutrients than their hosts. In young
trees, mistletoe seed production can be vigorous and result
in extensive infection and spread of the parasite, but
subsequent impacts depend on density and growth of the
young stands. Furthermore, where the stands remain
relatively open, mistletoe infection can keep pace with the
height growth of the tree, and the trees get severely
infected (Arruda et al. 2012). The results of the present
study show that the incidence and severity of mistletoe
increased from one year to four-year-old trees. However,
even a low incidence of mistletoe infestation in young
Sengon trees can affect tree health significantly especially
after thinning or partial cutting. According to Muir et al.
(2004), individual mistletoe infection on stem or lower
branches of living trees can retain its quiescent state for
several years and then resume vigorous seed production in
response to disturbance to the tree. However, Matula et al.
(2015), mentioned that distribution of mistletoe entirely
depends on the habit of the birds that disseminate the
mistletoe seed. The agroforestry system with Sengon may
be a suitable habitat for birds similar to the teak-crop-based
agro-ecosystem reported by Imron et al. (2018). Planting
fruit trees in the vicinity of the plantation may provide an
alternate habitat for birds and distract them from
disseminating mistletoe seed on Sengon trees and save the
trees from mistletoe infestation.

The findings of this study showed that the pest and
disease problems in the Sengon-pineapple agroforestry
system present a complex interaction of several factors
different from that in a monoculture. The ecological
hypothesis on the incidence of pests and diseases in
different crops in agroforestry systems is focused more on
the changes in the micro-climate within the system.
According to Bright et al (2017), the microclimate
hypothesis is based on the observation that agroforestry
practices affect the microclimate around the crop through
shading of the understory crops, higher relative humidity,
lower air and soil temperatures, and decreased wind speed.
However, all these depend on the crops chosen for
developing an agroforestry system and the spacing between
and among different crops. The changes in microclimate
may have negative, positive, or neutral impacts on weeds,
pathogens, insect, and their natural enemies (Altieri et al.
2017). The agroforestry system including Sengon and
pineapple presents a different scenario compared to a
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normal agroforestry system discussed by Bright et al.
(2017). As discussed, the wider spacing between the trees
resulted in lower relative humidity, higher exposure to
sunlight and higher wind speed in the system. In addition,
the stiff and waxy leaves of pineapple also contributed to
lowering the relative humidity around the trees. The
resultant changes in microclimatic conditions are less
conducive for increasing the severity of the gall rust
disease and stem borer attack.

In conclusion, the agroforestry system involving
Falcataria moluccana (Sengon) and pineapple reduced the
severity of gall rust disease caused by Uromycladium
falcatarium and stem borer attack by Xystrocera festiva in
Sengon trees apparently influenced by a change in the
micro-climate in the ecosystem. The pineapple was
unaffected by any disease. However, the intercropping
brought in a new pest, the white grub which affected the
early growth of the Sengon trees. The white grub incidence
was noted to be through fertilizers applied to pineapple
which were contaminated with eggs of white grubs. The
mistletoe infestation in Sengon trees cannot be related to
any influence of the intercropping but a chance occurrence.
Early detection and intensive monitoring are necessary to
eliminate the infestation of mistletoe which caused high
mortality of Sengon trees. Overall, while the agroforestry
system of Sengon and pineapple resulted in some benefits
with regard to the severity of gall rust disease and stem
borer attack, it brought in the white grub problem which
calls for applying contaminant-free fertilizers in pineapple
planting.
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