Jurnal Perlindungan Tanaman Indonesia, Vol. 28, No. 2, 2024: 77-87
DOIL: 10.22146/jpti. 96847

Available online at htt ://'urnal.ugm.ac.id/jpti

ISSN 1410-1637 (printi IS%N 2548-4788 (online)

Research Article
Olfactory Response of Diaphorina citri to Guava Leaves Powder

Mofit Eko Poerwanto"*, Chimayatus Solichah?, Danar Wicaksono?, Azizah Ridha Ulilalbab",
& Miftahul Ajri?

YDepartment of Agrotechnology, Faculty of Agriculture, UPN “Veteran” Yogyakarta
J/n. Padjajaran No.104, Ngropoh, Condongeatur, Depok, Sleman, Yogyakarta 55283 Indonesia

*Corresponding anthor. E-mail- mofit.eko@upnyk.ac.id

Received June 7, 2024; revised June 13, 2024; accepted September 9, 2024

ABSTRACT

Citrus Vein Phloem Degeneration (CVPD), transmitted by the Diaphorina citri, remains a major challenge
to global citrus production. Vector management rely on chemical insecticides which are not environmentally
friendly and deemed to be less effective. This study was conducted to identify the ability of dried guava leaf ex-
tract on reducing D. ci#ri olfactory responses. Y-tube olfactory test was conducted to identify the repellency ef-
fect of a various proportion and leaf ages of citrus and guava (Psidium guajava) leaf extract extracts to insect
vector and its predator (Menochilus sexmaculatus). Results showed that guava leaf extracts had repellent effects
on D. citri, but not on M. sexmacnlatus. The repellant effect was higher on young guava leaves than on medium
and old ones. Red guava leaves had the highest repellant effects compared to white guava and non-seed guava
leaves. Guava leaf extract is an alternative means to control D. citri. However, the types of compounds that
function as repellants need to be studied further.
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INTRODUCTION are capable of transmitting the disease (Ammar ez a/.,
2020). While vectors can carry the disease through-
out their lives, pathogens are also transovarial and
occurs at a rate of 2—6% (Chen ¢t al., 2023).

In Indonesia, four primary strategies have been

Between 2008 and 2012, Indonesian citrus pro-
duction experienced its most significant decline by
approximately 65.3%. This significant decline re-

sulted in an increase in citrus fruit imports, rising ) i )
from 138,000 tons worth of 117 million USD in  mPlemented to manage Citrus Vein Phloem De-

2008 to 256,000 tons valued at 247 million USD by~ generation (CVPD): discase-free seeds, quarantine,
2012 (Nurhadi, 2015) destruction of infected plants, and insect vector

management (Supriyanto & Whittle, 1991; Monzo
& Stansly, 2017). Despite these efforts, the manage-
ment of D. ¢itri still heavily depends on synthetic

Citrus plants are vulnerable to pests and diseases
that can severely impact their yield. A notable pestis
Diaphorina citr (Iilemlptefa: Liviidac), which VS chemical insecticides, which are costly and environ-
as a vector for Citrus Vein Phloem Degeneration
(CVPD), also known as Huanglongbing (Hung ¢z a/.,
2004). CVPD inflictions lead to high mortality rates,

reduced productive lifespan, and diminished fruit

mentally unsustainable (Monzo & Stansly, 2017).
Mineral oil presents a potential alternative to these
synthetic chemicals, though it is not frequently used

) ) . . and costly. Research has shown that mineral oils can
quality and yield. This disease is caused by Gram- . v o .
; . ) . M interfere with D. ¢/#r7’s ability to detect volatile com-
negative bacteria, including Candidatus 1iberibacter . . . )
o . o . pounds emitted by citrus leaves, potentially causing
asiaticus, Candidatus Liberibacter africanus, and . . . .
. o . ) confusion and failure to identify and find host plants.
Candidatus Liberibacter americanns (Nakashima ef al.,

1998; Teixeira e al., 2005). Both adult Asian Citrus
psyllids (Diaphorina citri) and their 4™ instar nymphs

Use of mineral-based oils may reduce the emission
of attractant volatiles, mask these attractants, release
repellent volatiles, or repel D. citri through their
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volatiles (Poerwanto ez al., 2012). Additionally, in-
tercropping guava with citrus plants using a ratio of
one guava plant for every two citrus plants has been
found to decrease D. citri populations. However, this
method does not prevent CVPD occurrences on
citrus plants (Gottwald ez a/., 2014).

Insects locate host plants primarily through their
olfactory systems which detect plant-emitted volatile
compounds. The response of insects to these odors
depends on both the quality and quantity of the
volatile organic compounds. Insect preference for
specific host plants also contributes to their attrac-
tions (Conchou ¢7 al, 2019). Volatile organic com-
pounds and secondary metabolites emitted by plants
serve as significant cues for insects like D. ¢i#ri in
finding their hosts (Poerwanto ez al., 2008; 2012).
These compounds evaporate rapidly and vary by
plant species, contributing to plant-specific attrac-
tiveness. Volatile compounds released by plants
from their leaves, flowers, or fruits are essential in
attracting insects. In addition to volatile organic
compounds, the physical and chemical characteris-
tics of the plants can also influence insect attrac-
tion. Diaphorina citri relies on specific volatile odors
from citrus shoots that formic acid and acetic acid
which are significant this species’ host acceptance
(George ¢t al., 2016).

The volatile profile of Psidium guajava 1.. (guava)
leaves has been the subject of significant research,
revealing a diverse array of compounds. Lee ¢7 al.
(2011) identified terpene hydrocarbons and C6
compounds as predominant contributors including
a-pinene, 3-caryophyllene, and a-humulene. Addi-
tionally, Sagrero-Nieves ez a/. (1994) highlighted 5-
selinene, a-selinene, and a-caryophyllene as major
components. Further investigations conducted by
Sagrero-Nieves e al. (1994) and Xu e al. (2017) con-
firmed that sesquiterpenoids, including «-selinene,
a-caryophyllene, and 5-selinene, were prevalent in
guava leaf extracts. Despite these findings, the spe-
cific types and mechanisms of organic volatile
responsible for the deterrence of D. citri remains
elusive.

Research is needed to assess guava leaves effec-
tiveness in repelling D. ¢/#ri by examining its impact
on the vectot's olfactory response. Furthermore,
examining the impact of guava leaves on the natural
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enemies of D. citri, such as Menochilus sexmaculatus,
a known predator that can reduce D. citri popula-
tions by up to 90% in the absence of its primary
prey, Aphis craccivora (Ramadhan ez al., 2008), is cru-
cial for integrated pest management strategies. This
research aims to determine the ability of dried
guava leaves to diminish the olfactory attraction of
D. citri through Y-tube olfactory tests, comparing
the repellent effects of variously aged guava leaf
extracts and their mixtures with citrus leaf extracts
on both the vector and its predator.

MATERIALS AND METHODS

Research was done in the greenhouse and Lab-
oratory of Plant Protection of the Faculty of Agri-
culture, Universitas Pembangunan Nasional “Veteran”
Yogyakarta. Rearing of D. ¢itri was done in a green-
house. Disease-free D. cz¢ri adults (psyllids) were
sourced from the Research Centre for Citrus and
Subtropical Fruit in Malang, Indonesia. Murraya
paniculata (orange jasmine) plants were used as the
host plants. These plants were grown in plastic pots
(25 cm in diameter, 25 cm in height) and placed in
plastic gauze cages (60 cm X 60 cm X 100 cm).
Buds that emerged after pruning served as oviposi-
tion sites.

Rearing of Menochilus sexmaculatus

Ladybird beetles (Menochilus sexmaculatus) rear-
ing was conducted using aphids as prey. Initially,
aphids were cultured on long bean plants. The
seedlings were grown in polybags (15 cm in diam-
eter, 15 cm in height) and placed inside a cage cov-
ered with gauze (100 cm X 100 cm X 100 cm).
Following a seven-day period, the leaves exhibited
infestation by field-collected aphids. The long bean
plants were substituted with fresh ones whenever
they started to wilt or dry out due to aphid infesta-
tion. A mating pair of adult M. sexmaculatus was in-
troduced into the gauze cage containing the long
bean plants and aphids for egg-laying. The eggs
hatched after 3 to 4 days, and adult beetles emerged
after 14 to 15 days.

Leave Powder Preparation

This study utilized fully expanded citrus leaves
(Citrus reticulata) and guava leaves (Psidinm guajava).
Young leaves (leaf positions 1 and 2 from the shoot),
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medium leaves (leaf positions 3 and 4 from the
shoot), and old leaves (leaf positions 5 and 6 from
the shoot) of red guava, white guava, and seedless
guava were oven-dried at 50 °C for 24 hours. After
drying, the leaves were pulverized with an electric
grinder and subsequently sieved to obtain fine
powder and remove unwanted particles. The leaf
powder was kept in sealed containers to preserve

its quality.
Olfactory Test

An olfactory test was conducted to assess adult
D. citri (5-7 days old) and M. sexmaculatus (7-14
days old) responds by employing an adapted Y-
shaped olfactometer, consisting of a transparent
glass tube with an internal diameter of 10 mm and
a length of 300 mm (Poerwanto e al., 2012). The
primary tube was designated as A, with the left

branch labeled B and the right branch marked as C.
Ten mixed-gender D. ¢/tr7 adults were introduced at
the end of tube A. In airtight containers (150 mm
X 150 mm X 150 mm), 5 g of guava leaf powder
(based on treatment) was connected to branch B,
while 5 g of citrus leaf powder was connected to
branch C, both via silicone tubes (5 mm internal
diameter). Air was purified by passing it through
activated charcoal and distilled water to remove par-
ticles and add humidity. The purified air was then
directed to both odor sources at a flow rate of 20
mL/min, assessed using an air flow meter. The test
insects were given 60 minutes to choose between
ends B and C, and their choices wete recorded. This
procedure was conducted 30 times, and the identi-
cal approach was used for adult M. sexmaculatus.
The list of odor source comparisons is provided in

Table 1.

Table 1. Treatment sets of Y-tube olfactometer assay conducted for 30 minutes with 10 adults of Diaphorina citri or
Menochilus sexmaculatus against citrus leaves powder versus young, medium, and old leaves from citrus, red,

white, and non-seed guava leaves powder

Comparison Odor sources
1 5¢gCt Vs 5gCt+5gRGY
11 5¢Ct Vs 5gCt+5gWGY
111 5¢Ct Vs 5gCt+5gNSGY
v 5¢Ct Vs 5gCt+5¢gRGM
\Y 5¢Ct Vs 5gCt+5gWGM
VI 5¢gCt Vs 5gCt+5¢gNSGM
VII 5¢gCt Vs 5gCt+5gRGO
VIII 5¢gCt Vs 5gCt+5¢gWGO
IX 5gCt Vs 5gCt+5gNSGO
X 5¢Ct+5gRGY Vs 5gCt+5gRGO
XI 5gCt+5gRGM Vs 5¢gCt+5gRGO
X1II 5¢gCt+5gRGY Vs 5gCt+5gRGM
XIII 5¢gCt+5gWGY Vs 5gCt+5gWGO
X1V 5¢Ct+5gWGY Vs 5gCt+5gWGM
XV 5¢Ct+5gWGM Vs 5gCt+5gWGO
XVI 5¢Ct+5gNSGY Vs 5gCt+5gNSGO
XVII 5¢Ct+5gNSGM Vs 5gCt+5gNSGO
XVIII 5gCt+5gNSGY Vs 5gCt+5gNSGM
XIX 15¢Ct Vs 75gRGY+75¢gCt
XX 15¢gCt Vs 5gRGY +10gCt(1:2)
XX1 15¢gCt Vs 10gRGY +5gCt (2:1)
XXII 15¢gCt Vs 15gRGY
Note: Ct  : Citrus leaves WGM : White guava medium leaves
RGY : Red guava young leaves WGO : White guava old leaves
RGM : Red guava medium leaves NSGY : Non-seed guava young leaves
RGO : Red guava old leaves NSGM : Non-seed guava medium leaves
WGY : White guava young leaves NSGO : Non-seed guava old leaves
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RESULTS AND DISCUSSION

Insects heavily depend on plants’ volatile organic
compounds (VOCs) to locate their host plants.
Their response to these odors varies based on the
plant part, with stronger responses observed from
plant parts that are their primary food source (Nusra
et al., 2021). Each insect species utilizes specific
groups of olfactory receptors, allowing them to
adaptively respond to complex volatile compounds
mixtures (Conchou e a/., 2019). Plants attractive-
ness that serve as hosts for insects is influenced by
both the quality and quantity of emitted VOCs.
Healthy plants are more appealing to insects for
feeding and oviposition (Lin e al., 2022).

Psyllids Respons to Red, White, and Non-Seed
Guava Leaves Powder Odor

The olfactory response of adult D. ¢itri (psyllids)
was observed based on their movement towards
odor sources. Fewer psyllids were attracted to the
mixture of citrus leaves and guava leaves powder
compared to citrus leaves alone. The odor from
guava leaf powder significantly decreased the num-
ber of psyllids moving towards odor sources (P <
0.001). The number of psyllids attracted to the cit-
rus and guava leaf mixture were lower than those
moving toward the citrus leaf odor alone. Some
psyllids did not move at all during the 60-minute
observation period. The mean number of psyllids
(+ SE) that moved to citrus leaves, the mixture of
citrus and young red guava leaves, and those that
did not move were 7.00 £ 0.32, 2.33 = 0.16, and
0.67 * 0.23, respectively (Table 2).

Similar results were found between middle-aged
and old guava leaves, where most psyllids were at-
tracted to the citrus leaf odor, with only a few mov-
ing towards guava leaf odors, and some remaining
stationary. This pattern was consistent across red,
white, and seedless guava. Psyllids' responses to odors
from the different guava leaf types were similar.

These findings aligned with Zaka ez a/. (2010),
who found that odors from crushed guava leaves
diminished psyllid attraction. Similar effects were
observed in intercropping experiments between
guava and citrus (Gottwald e# /., 2014), where the
population of D. citri was reduced in citrus inter-
cropped with red guava, but not with white guava.
Poerwanto and Solichah (2020) compared the re-
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pellency of red, white, and seedless guava leaf ex-
tracts on psyllids, finding that red guava had the
highest repellency, followed by seedless guava, with
white guava being the least effective. However, the
differences in volatile organic compounds between
these guava varieties remained unclear.

Host selection by D. ¢itri is influenced by the
presence of formic and acetic acid emitted by citrus
leaves, which increase probing behavior when present
(George ¢t al., 2016). It is suggested that guava leaf
volatiles interfere with these stimuli, disrupting the
psyllids' ability to locate their host plants.

Psyllids Response to Young, Middle, and Old
Guava Leaves

Different responses of D. citri psyllids to young,
middle, and old guava leaves were observed (Table 3).
Old leaves were significantly more attractive than
young leaves, with 3.07 £ 0.07 psyllids moving toward
young leaves, compared to 3.53 £ 0.13 moving to-
ward old leaves. When comparing middle-aged leaves
to old leaves, more psyllids were attracted to the
odor of old leaves (5.67 & 0.16), while only 2.13 *
0.19 moved to the middle-aged leaves. Similar re-
sults were found with white guava leaves: more
psyllids were attracted to old leaves (6.07 £ 0.18)
than young leaves (2.67 = 0.25). Additionally, old
leaves were more preferred (4.67 + 0.25) than mid-
dle leaves (3.33 £ 0.25), and middle leaves were pre-
ferred (5.33 % 0.13) over young leaves (2.33 £ 0.33).
The same pattern was observed in seedless guava,
where old leaves were generally the most attractive,
followed by middle-aged leaves, with young leaves
being the least attractive.

This suggests that the volatile compound con-
tent in guava leaves changes with age. There may
also be differences in the composition of volatile
compounds between young, middle, and old leaves.
In eucalypts, the type and intensity of volatile emis-
sions were species-specific and depended on plant
tissues (Serensen e# al., 2020). Similarly, the release
of volatile organic compounds (VOCs) from apple
and peach leaves gradually decreased as the plant
develops (Li e al., 2021). Corn leaves also showed
varying levels of VOCs emissions at different
stages of leaf development, with older leaves emit-
ting lower intensities than younger ones (Mozaffar
et al., 2018).
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Table 2. Comparison of adult Diaphorina citri attraction to odour of citrus leaves compared to leaf extracts from

different species and ages

Odor sources

Leaf age . . No attraction P
Citrus Citrus + guava
Red Guava
Young 7.00 + 0.32 233 £0.16 0.67 £ 0.23 < 0.001
Medium 7.20 + 0.28 233 £0.16 0.53 £ 0.19 < 0.001
Old 7.80 = 0.17 213 £0.19 0.07 £ 0.07 < 0.001
White Guava
Young 5.73 + 0.36 2.73 £0.23 1.53 £ 0.46 < 0.001
Medium 6.00 = 0.39 247 £0.17 1.52 £ 0.45 < 0.001
Old 6.47 £ 0.21 2.33£0.16 1.20 £ 0.29 < 0.001
Non-seed Guava

Young 6.73 = 0.25 2.73 £0.31 0.53 £0.24 < 0.001
Medium 6.93 + 0.22 2.60 £0.29 0.47 £0.22 < 0.001
Old 7.67 £ 0.25 1.87 £ 0.26 0.47 £0.22 < 0.001

Note: Means £ SE followed by different lowercase letters within a row were significantly different at P < 0.05 according

to Duncan’s Multiple Range Test (IN = 30).

Table 3. Number of adult Dzaphorina citri attraction to odour from different guava varieties and ages

Odor sources

Variety of guava Not move p
Young Middle Old

307 £0.07 a - 353+ 0.13b 340+ 0.13a <0.001
Red - 213+0.19p 5.67+0.16q 220+ 031p <0.001
1.80 £ 0.11 x 440+ 0.26y - 3.80 £ 0.14 z 0.002
2.67 0252 - 6.07 £0.18 b 1.33+0.27 ¢ <0.001
White - 333£025p 4.67+0.25q 200+ 044 r <0.001
2.33 £0.33 x 533+ 0.13y - 233+ 045x <0.001
2.67+039a - 393+023b 340+ 043 a <0.001
Non-seed - 2931027 p 7.07+0.27 q 0.00 £ 0.00 r <0.001
4.47 £0.19 x 5.07+0.18y - 0.47 £0.17 2z <0.001

Note: Means £ SE followed by different lowercase letters within a row were significantly different at P < 0.05 according

to Duncan’s Multiple Range Test (IN = 30).

It is suspected that sulfur-based volatile com-
pounds, including dimethyl disulfide (DMDS) pro-
duced by guava leaves, play a role in reducing D.
citri's attraction to host plant volatiles. However,
other sulfur compounds, such as dipropyl disulfide,
ethyl-1-propyl disulfide, and diethyl disulfide, did
not reduce the attraction (Onagbola ez al., 2011).
DMDS was a volatile sulfur compound that peaks
within 10 minutes of guava leaf damage but quickly
decreased and degraded into other sulfur com-
pounds (Rouseff e al, 2008). However, Silva ez al.
(2016) found that although guava oil extracts ex-
hibited repellent properties against D. ¢itri, none
contained sulfur compounds. Their tests on oil ex-
tracts from immature and mature guava leaves
showed that immature leaves were more attractive

to D. ¢itri. This indicated that other compounds be-
side DMDS may also have repelled properties, and
their concentration inversely correlated with leaf
age, being more abundant in older leaves.

Psyllids Response to Different Ratio of Mixture
of Citrus Leaves and Guava Leaves

The ratio of citrus and guava leaf mixtures as
odor sources significantly influenced the psyllids re-
sponses. The presence of guava leaf odor reduced
psyllid attraction. A 1:1 ratio of guava to citrus leaf
powder significantly decreased the number of psyl-
lids moving toward the odor source (2.67 £ 0.09),
whereas most psyllids were attracted to the odor of
citrus leaves alone (5.67 = 0.08). A small number
(1.67 £ 0.18) remained stationary, not responding
to either the citrus or mixed odor source (Figure 1).
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When the amount of citrus powder was doubled
to a 1:2 ratio (guava:citrus), the number of psyllids
attracted to the mixed odor increased (3.67 + 0.09),
matching the number attracted to citrus alone
(Figure 2). However, increasing guava leaf ratio to 2:1
(guava:citrus) significantly reduced psyllid attraction
to the mixture (2.33 £ 0.08), while 5.00 * 0.26 psyl-
lids still moved toward the citrus odor source. The
number of psyllids that also did not move increased
(2.67 £ 0.32) (Figure 3).

79 P<0.001

Number of psyllids

0:3 1:1 NM

Proportion of guava:citrus
as odour source

Figure 1. Mean * SE of adult Diaphorina citri attraction
to odour sources to different red guava young
leaves : citrus leaves 0:3 vs 1:1 proportions (IN
= 30)

71 P<0.001

Number of psyllids

0:3 1:2 NM

Proportion of guava:citrus
as odour source

Figure 2. Mean £ SE of adult Diaphorina citri attraction
to odour sources to different red guava young
leaves : citrus leaves 0:3 vs 1:2 proportions (IN
= 30)
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The response was even more pronounced when
comparing pure citrus and guava odors without
mixing (Figure 4). The number of immobile psyl-
lids rose to 3.6 £ 0.10, while fewer psyllids moved
toward the citrus odor (4.17 * 0.07), and the num-
ber attracted to the guava odor remained low (2.23
+ 0.11).

It is suggested that there may be allelopathic in-
teractions between the volatile compounds of
guava and citrus leaves in the air, reducing the host

7 - P<0.001

a
37 a
2_
1_
0 T T
0:3 2:1 NM

Proportion of guava:citrus
as odour source

Number of psyllids

Figure 3. Mean * SE of adult Diaphorina citri attraction
to odour sources to different red guava young
leaves : citrus leaves 0:3 vs 2:1 proportions (IN
= 30)

77 P<0.001

Number of psyllids

0:3 3:0 NM

Proportion of guava:citrus
as odour source

Figure 4. Mean * SE of adult Diaphorina citri attraction
to odour sources to different red guava young
leaves : citrus leaves 0:3 vs 3:0 proportions (IN
= 30)
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plant's attractiveness (Barman ez a/., 2016). Another
possibility is that guava volatiles masks or over-
shadows attractive volatiles from citrus leaves (Poer-
wanto ef al., 2012). The psyllid's attraction is influ-
enced by the intensity of volatile emissions, with
their response being dose-dependent (Onagbola ez
al., 2011). Similar findings were observed when in-
tercropping apple plants with aromatic plants,
which reduced the attraction of Lyonetia prunifoliella
by altering the insect's ability to recognize host plants
through volatile signals (Huang ez a/., 2020).

The optimal ratio that significantly reduces the
number of psyllids can serve as a foundation for
using guava plants in managing Candidatus Liberi-
bacter asiaticns (CLas), which causes Citrus Vein
Phloem Degeneration (CVPD). This approach can
inform the number of guava trees required to be
interplanted with citrus, as well as the appropriate
dose or concentration of guava leaf extract to repel

psyllids.

Ladybird Response to Guava Leaves

Guava leaves did not diminish the attraction of
M. sexcmaculatus. In fact, the number of ladybird re-
sponding to the odor of guava leaves was signifi-
cantly greater than that to citrus leaves. Young,
middle-aged, and old leaves of both red and white
guava were markedly more appealing to ladybird
compared to citrus leaves The response to young
and middle-aged of red guava leaves was notably

lower compared to the control, but the highest at-
traction was observed with old red guava leaves.
Similarly, most adult predators reacted to the odor
of young and middle-aged white guava leaves.
However, old guava leaves elicited a different re-
sponse, with most predators showing no reaction
to their odor. A similar pattern was observed with
non-seed guava leaves, where the odor was less at-
tractive compared to citrus leaves (Table 4), and the
majority of predators did not respond.

While existing research indicates that guava
plants or compounds extracted from guava leaves
can repel or reduce the attractiveness of D. citrz,
there is no current evidence regarding guava leaves'
capacity to attract predatory insects targeting D.
citri.

Plant volatiles, including those from non-host
plants, can significantly impact the behavior of nat-
ural enemies and their prey (Glinwood ez a/., 2009;
Ninkovic & Ahman, 2009). Predators and para-
sitoids use these volatiles to locate the habitat and
presence of their prey. For example, volatiles re-
leased by plants infested by herbivores serve as at-
tractants for predators, such as the predatory mite
Neoseinlus longispinosus which then attack the red
spider mite Oligonychus coffeae (Rahman & Babu,
2021). Predators responses are influenced by the
type and intensity of the volatile substances re-
leased by host plants. Variations in volatile intensity

Table 4. Comparison of adult Menochilus sexmaculatus attraction to odour of citrus leaves compared to leaf extracts

from different species and ages

Odor sources

Age of leaves . . Not move P
Citrus Citrus + guava
Red Guava
Young 0.00 = 0.00 4.80 + 0.56 5.20 £ 0.56 < 0.001
Medium 1.20 £ 0.30 3.00 = 0.28 520 £ 0.18 < 0.001
Old 1.20 = 1.90 5.20 £ 0.18 3.60 £ 0.36 < 0.001
White Guava
Young 0.40 £ 0.15 5.60 = 0.49 4.00 £ 0.53 < 0.001
Medium 0.80 £ 0.18 5.60 = 0.28 3.60 £ 0.36 < 0.001
Old 1.60 £ 0.15 3.60 £ 0.43 4.80 + 0.45 < 0.001
Non-seed Guava
Young 2.00 £ 0.23 0.40 £ 0.15 7.60 £ 0.15 < 0.001
Medium 1.60 £ 0.28 4.40 + 0.36 4.00 £ 0.33 < 0.001
Old 3.20 £ 0.56 0.80 £ 0.14 6.00 £ 0.69 < 0.001

Note: Means + SE followed by different lowercase letters within a row were significantly different at P < 0.05 according

to Duncan’s Multiple Range Test (IN = 30).
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among different tomato varieties have been shown
to affect the attractiveness of Nesidiocoris tenuis to
prey-infested plants (Abdollahipour ez al, 2020).
Additionally, predators use plant volatiles as habitat
markers to locate their prey. For instance, adults of
Harmonia axyridis are more attracted to both
healthy and aphid-infested plants compared to con-
trol plants (Cai ez al., 2020). Similarly, larval para-
sitoids of Lepidoptera, such as Microplitis croceipes
and Cotesia marginiventris, rely on volatile cues from
host plants to locate their prey (Das e al., 2017).
The parasitoid Anagyrus dactylopii has also shown
increased attraction to a blend of volatile organic
compounds from aromatic and apple plants (Huang
et al., 2020).

Guava leaf extract has potential as a manage-
ment method for D. ¢#ri without diminishing the
appeal to its natural predators. Management strate-
gies for D. ¢itri can be achieved through several ap-
proaches: utilizing the repellent properties of guava
leaves, leveraging the predatory activities of M. sex-
maculatus, a generalist predator, and enhancing
repellent effects through the presence of these
predators. Studies have shown that D. ci#ri avoids
plants with traces of the predator Hippodamia con-
vergens for feeding and oviposition (Seo ¢z al., 2018).
Additionally, guava leaves may attract other preda-
tory species, warranting further investigation into
various predator species. Other potential biological
controls include green lacewings such as Chrysoperla
rufilabris and C. comanche, as well as the brown
lacewing Sympherobins barberi, and coccinellids like
Diomus pumilio and Rhyzobius lophanthae, all of
which have been effective in reducing psyllid pop-
ulations (Gémez-Marco e¢f al., 2022). Observations
by Rugno ez al. (2021) revealed that lacewings in-
cluding Ceraeochrysa cincta, Ceraeochrysa cubana,
Ceraeochrysa paragnaria, Chrysoperla externa, and
Chrysoperla defraetata were abundant in citrus ot-
chards and thrive on D. ¢/itri nymphs. Additionally,
planting insectary plants like Lobularia maritine and
Fagopyrum esculentum, which produce plentiful flow-
ers, can attract 10-20 times more syrphids such as
Allorapta obligna, leading to a 3.5-fold increase in
egg laying and a 2.5-fold increase in predator abun-
dance (Irvin ez al., 2021). For optimal management
of D. citri, integrating guava leaf extract with phy-
toene desaturase-silenced citrus as trap plants
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around orchards, which provide visual, olfactory,
and gustatory cues, could enhance control efforts
(Killiny ez al., 2021).

CONCLUSION

Guava leaves demonstrated repellent effects
against D. ¢/#ri but not against M. sexmaculatus. This
repellent effects was more pronounced from young
guava leaves compared to medium and older leaves.
Red guava leaves have the highest repellant effects
than white guava and non-seed guava leaves. Guava
leaf extract was an alternative to manage D. citri.
However, identifying volatile compounds that func-
tion as repellants requires further investigation.
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