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Abstract
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Screening for leaf pubescence in sugarcane (Saccharum officinarum L.) varieties against yellow sugarcane aphid (YSA) (Sipha flava)
remains unexplored in the sugar industry of Zimbabwe. Field trials were undertaken to investigate the interaction between leaf pubescence and
YSA. A 7*2*3 factorial complete randomized block design (CRBD) replicated four times was used, under two aphid treatments (Acetamiprid
pesticide sprayed (control) and YSA infested). The first factor was varieties (96-1107, 00-1165, ZN 10, ZN 8, ZN 9, ZN 3L, and N14), aphid
treatment was the second factor at two levels (sprayed and infested), and leaf position was the third factor (leaf position-1, leaf position-2 and
leaf position-3). Quantitative data on trichome density (mm?) was measured using a light microscope, and aphids were physically counted to
determine their number. The trichome density (mm?) and aphid number in the control varied greatly (p<0.001), showing prominent variation
depending on the leaf position (p<0.001), and the variety (p<0.001). In aphid-infested plots, ZN 10 had the lowest trichome density (30.9;
41.27; 56.72/mm?) for leaf-1, leaf-2, and leaf-3, respectively, whereas the sugarcane variety 00-1165 had the highest trichome density for all
three leaf positions (105.7, 115.7 and 131/mm?), respectively. Linear regression analysis confirmed a significant (p<0.001) negative correlation
between the number of aphids for different varieties and trichome density. Resistance to YSA feeding on different sugarcane varieties is
mediated by leaf pubescence, or dense trichomes. Farmers in the sugar industry should integrate pubescent (high-density trichome) sugarcane

varieties into their existing YSA management strategies.
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Introduction

Yellow sugarcane aphid (YSA), Sipha flava is a piercing,
sap-sucking pest that feeds primarily on the underside of
leaves along the parallel veins of the sugarcane crop (Way
et al., 2015). This aphid is a major sugarcane pest causing
yellowing and reddening of leaves, followed by early
senescence of the leaves and stem death (Nuessly & Hentz,
2002; Wilson, 2019). According to Hall (2001), early-
stage plant damage is a major factor in both yield and
tillering loss in sugarcane. Studies of the Zimbabwe Sugar
Association Experiment Station (ZSAES) has estimated
annual yield losses of 5.4-7.2% in Zimbabwe during the
period 2019-2023 due to infestation with S. flava.

Leaf pubescence plays an important role in plant
growth, development and adaptation to the environment. It is
defined as the presence of trichomes, which are ubiquitous
in plants and comprise unicellular or multicellular
outgrowths from the epidermis (Wood et al.,2017; Xie et al.,
2020). In terms of biotic stress resistance, leaf pubescence
can improve plant resistance to insects by influencing the
preference and behavior of various insects (Nawab et al.,
2011), such as bird cherry oat aphid in wheat (Roberts &
Foster, 1983). Roberts & Foster (1983) and de Correa et al.
(2020) showed out that trichome density is ecologically
significant as its indelibly affect insect feeding behavior. In
support of this, Singh et al. (2021) pointed out that feeding
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herbivores causes the subsequently formed leaves to produce
higher trichome densities. This study aimed to assess the
contribution of leaf position, accession (genotype) and
treatment (sprayed and infested) on trichome density and
aphid number. Furthermore, previous studies indicated that
trichomes are usually more evident in young tissues than in
older ones (Valkama et al., 2004; McCall and Fordyce,
2010). Additionally, Brunissen et al. (2009) and
Chandrasekhar et al. (2018) highlighted that defense
mechanisms can also be dynamic and affected at different
levels depending on herbivore attack, plant age, insect
developmental stage, and genetic background of the crop.
Trichomes are the first plant structures that insects come into
contact with during the initial stages of host acceptance
(Moghadam et al., 2013). Nevertheless, the effect of leaf
pubescence on herbivorous insects such as polyphagous
aphids can be positive or neutral (Moghadam et al., 2013).
Various studies (Gallun et al., 1966; Roberts et al., 1979;
Roberts & Foster, 1983; Sosa, 1991; Webster et al., 1994;
White, 1990) have reported the contribution of pubescent
wheat and sorghum cultivars in reducing the effects of aphids
in general. However, hardly any study has determined the
density of pubescence in sugarcane varieties against YSA in
Zimbabwe. Moreover, the relationship between pubescence
density and aphid infestation in sugarcane crop has been
scarcely reported in the literature.
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At present, the most widely employed YSA control
approach registered for use in the Zimbabwe Sugar Industry
(ZSI) is the chemical approach, utilizing neonicotinoids,
Acetamiprid and Actara (thiamethoxam). Synthetic pesticide
use over an extended period of time has a number of
detrimental effects. Sugarcane growers are advised to switch
to leaf pubescence (dense trichomes) sugarcane varieties in
order to prevent the emergence of YSA resistant biotypes.
Leaf pubescence resistance mechanism is a long-term,
sustainable priority that is both environmentally benign and
compatible with other integrated pest management (IPM)
strategies. Variation of these mechanisms at individual parts
within a plant may be one of the key elements of pest
reproduction and feeding behavior (Jakobs & Miiller, 2018).
However, these variations have been reported in other aphid
species and cereals at the expense of YSA. Therefore, the
objective of this study is to investigate the role of leaf
pubescence in mediating resistance to YSA in selected
sugarcane varieties.

Materials and Methods

Study Site

The research was carried out during the 2023 season at the
ZSAES which is owned by Tongaat Hullets in Chiredzi
district, Masvingo Province in the southeast Lowveld. The
ZSAES is found in agro-ecological region V which is
characterized by very low and erratic rainfall of less than 500
mm per annum. ZSAES is situated on a 99 km peg along the
Ngundu-Tanganda road. It is located 430 m above sea level
at latitude of 20° 01° S and longitude 28° 38 E. Heavy
rainfall is not usually experienced in summer which can help
to wash YSA on leaves, thereby reducing infestations. The
temperatures are high especially during the summer season,
particularly in the months of September, October and
November with an average temperature of 34°C. Low
temperatures are recorded between May to July with the
daily mean temperature of 25°C. These climatic conditions
allow the YSA to exhibit two modes of reproduction;
through non-mating (parthenogenetically) in warmer
climates (Halbert ef al., 2013) and through mating, where
live individuals are produced and females mate with males
in cold winters as low temperatures induce ovivipary
(Nuessly, 2005; Way et al., 2015). This has allowed the YSA
to be a resident pest in the Lowveld.

Agronomic practices

All agronomic practices were done according to the
sugarcane production manual (Clowes & Breakwell, 1998).
For YSA treatment comparisons, Acetamiprid pesticide
(300g/250 liters water) was applied after every two weeks in
the control plots (Acetamiprid sprayed), whereas infested
plots were not sprayed.

Leaf surface pubescence trials

Seven sugarcane varieties were selected by considering
moderate level of resistance, susceptibility, cane yield and
estimated recoverable crystal rate (ERC %) based on
recommendations from the Plant Breeding and Entomology
Departments. Two preleased varieties namely 00-1165 (low
susceptibility) and 96-1107 (high susceptibility) were

selected. Moderately resistant varieties based on visual
assessments (ZN 8, ZN 9 and ZN 3L) in addition to ZN 8 and
ZN 9 that have the ability to recover from damage inflicted
by YSA, were also selected. Lastly, ZN 10 and N14 were
chosen despite being susceptible because of their high
biomass and high ERC rate (%). The seven sugarcane
varieties were examined for trichomes per mm? on the
abaxial surfaces. Abaxial surfaces were used because YSA
resides under the leaf during feeding. In support of this, Sosa
(1991) suggested that YSA are more commonly found on the
underside of leaves. Leaf sections were cleared of
chlorophyll by treating the leaf sections with 80% ethanol at
85°C for 15 min, and rinsed with distilled water four times
for three min each time at 45°C (Batyrshina et al., 2020;
Singh et al., 2021).

Experimental design

A Tx2x3 factorial complete randomized block design
(CRBD) replicated four times was used, under two
treatments of aphid infestation (Acetamiprid sprayed
(control) and YSA infested). Variety was the first factor
under seven levels (96-1107, 00-1165, ZN 10, ZN 8, ZN 9,
ZN 3L and N14), second factor was aphid treatment under
two levels (Acetamiprid sprayed (control) ) and YSA
infested), and leaf position was the third factor under three
levels (leaf position-1, leaf position-2 and leaf position-3).

Data collection

Trichomes density- Trichome density was determined
under a light microscope using the protocols by Batyrshina
et al. (2020) and Singh et al. (2021). Non-glandular trichome
density analysis was performed on the middle sections of
leaf-1, leaf-2, and leaf-3, from untreated and aphid-infested
plants. The tissue segment was placed on glass microscope
slides facing the abaxial side, and the total number of non-
glandular trichomes were counted (Batyrshina et al., 2020;
Singh et al., 2021). The numbers of trichomes were
determined on an area covering 1 cm? with light microscope
using the 10 x objective and 10 x ocular lenses following the
protocol by Moghadam et al. (2013). The units used for
measuring trichome density were number per square
millimeters (mm?).

Aphids count- Aphids were physically counted once on each
sampled leaf position when the sugarcane crop had reached
the three-leaf stage after natural aphid infestation. Since
resource allocation, developmental programming, epigenetic
regulation, hormone regulation, and genetic predisposition
are all at their peak during early growth stages, the three-leaf
stage (one to two weeks following germination) was crucial.
Furthermore, early determination paves the way for the
coordinated and effective development of trichomes in
sugarcane crops, which in turn supports their overall growth
and survival. Moreover, the study was restricted to sugarcane
of < three months old. However, YSA are found at every
growth stage of sugarcane if conditions are favorable and are
reduced when the crop has reached physiological maturity.

Data analysis

A two-way analysis of variance (ANOVA) was used to test
the effects of leaf position, genotype, aphid treatment, and
their interaction (leaf position x genotype x aphid treatment).
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Fishers Least Significant Difference (LSD) test (p<0.05) was
used in a one-way ANOVA to test for differences between
genotypes. Using Fisher’s least significant difference
(p<0.05), the statistical differences between the aphid-
infested plants and the control (sprayed with Acetamiprid
pesticide) were assessed for each sugarcane variety. General
linear regression model was used to determine the correlation
between aphid number and trichome density, trichome
density and leaf position, and aphid number and leaf
position.

Results

Effect of leaf position and genotype on aphid number
and leaf pubescence (trichome density)

Aphid behavior on younger leaves (leaf-3) differed from that
on older leaves (leaf-1), which led to the measurement of
non-glandular  trichomes as a physical defense.
The constitutive density (per mm?) of trichomes was highest
in leaf 3 (90.11), followed by leaf 2 (75.74), and lowest in
leaf 1 (62.1) (Figure 1), and an increase in trichome density
resulted in reduced aphids number. ZN 10 variety scored the
lowest trichome density (30.9, 41.27, 56.72/mm?) for leaf-1,
leaf-2, and leaf-3, respectively, and the 00-1165 sugarcane
variety recorded the highest trichome density (mm?) across
all three leaf positions (leaf-1, leaf-2, leaf-3) (105.7, 115.7,
131.0/mm?), respectively, in aphid-infested plots.
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Figure 1. Trichome density on sprayed and infested leaf
positions of sugarcane varieties.

The three leaf positions and sugarcane varieties showed
significant differences (p<0.001), on trichome density
(Figure 2). ZNI10 variety recorded the lowest trichome
density 0f20.97, 35.85, 50.97/mm?, on leaf 1, leaf 2 and leaf
3, respectively, whereas the 00-1165 sugarcane variety
recorded the highest trichome density across all leaf
positions (93.07, 111.15, 124.9/mm?, respectively).

The contribution of genotype, leaf position, and aphid
treatment (Acetamiprid sprayed (control) and aphid-
infested) was then determined by using a two-way ANOVA.
The trichome density in the control plants showed notable
variation depending on the leaf position (p<0.001), the seven
genotypes (p<0.001). However, there was no significant
interaction (p>0.05) between genotype and leaf position. The
trichomes density increased significantly by 3.75-5.66%
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upon aphid feeding, based on the results of aphid infestation.
The interaction between genotype and treatment of aphid
infestation and the relationship between genotype and leaf
position and treatment of aphid infestation were not
statistically significant (p>0.05). Ranking of resistance of
sugarcane varieties to YSA was done according to leaf
pubescence (trichome density) from low to high
susceptibility as follows: 00-1165>ZN 8 > ZN 9 >ZN 3L >
96-1107 > N14 > ZN 10.
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Figure 2. Trichome density at (A) leaf position one, (B) leaf
position two, (C) leaf position three for tested sugarcane
varieties.

Effect of leaf pubescence (trichome density) on the YSA
number on sugarcane varieties

Aphid counts on leaf-1, leaf-2, and leaf-3 showed significant
differences (p<0.001) amongst the seven sugarcane varieties
(Figure 3). Leaf position had a significant impact (p<0.001)
on the number of aphids per unit of leafarea, as
demonstrated by a two-way ANOVA. Furthermore, the
results indicated that there were significant differences
(p<0.001) amongst the different sugarcane varieties in terms
of aphid number. In the control (Acetamiprid sprayed plants)
aphid treatment, ZN 10 variety had the highest aphid number
(46.5, 39.8 and 37.5) for leaf-1, leaf-2, leaf-3, respectively,
whereas 00-1165 sugarcane variety had lower aphid number
across three leaf positions of 16.5, 12.5, and 6.5,
respectively. In aphid infested treatments, ZN 10 variety had
the highest aphid population across the three leaf positions)
(156, 97, 42, respectively), whereas 00-1165 variety had the
least number of aphids of 53.0, 32.5 and 16.5 for leaf-1, leaf-
2, and leaf-3, respectively. There was also no significant
interaction (p> 0.05) between genotype, aphid number and



leaf position. Overall, this indicates that there is an impact of
genetic background and leaf position on the dynamics of the
aphid population in sugarcane.
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Figure 3. Effect of trichome density on YSA number at (A)
leaf position one, (B) leaf position two, (C) leaf position
three for tested sugarcane varieties.

Relationship between the number of YSA present on
plants and the trichome density of sugarcane cultivars
The results of the linear regression analysis showed a
significant strong negative correlation between the number
of aphids and trichome density after natural infestation on
various sugarcane varieties (Figure 4, ¥ = -0.64X + 96.6,
p<0.001, r=0.52).

Relationship between trichomes density and leaf position
of sugarcane cultivars

The linear regression analysis demonstrated a significant
weak positive correlation between the trichome density for
various sugarcane cultivars and leaf position after natural
infestation (Figure 5, Y= 6.33X + 50.97, p<0.001, r= 0.45).

Relationship between the number of YSA and leaf
position of different sugarcane cultivars

Linear regression analysis confirmed a significant weak
negative correlation between the number of aphids for
various sugarcane varieties and trichome density after
natural infestation (Figure 6, ¥ = -24.8X + 82.11, p< 0.001,
r=0.48).
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Figure 4. Relationship between aphid number and trichome
density (number/mm?) on different sugarcane varieties.
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Figure 5. Relationship between leaf position and trichome
density for different sugarcane varieties.
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Figure 6. Relationship between leaf position and aphid
number on tested sugarcane varieties.

Discussion

The results obtained from the present study indicated that
leaf pubescence (trichome density) differed significantly
among sugarcane varieties and that aphid infestation resulted
in increased trichome density. Additionally, significant
differences were obtained for all three leaf positions (leaf-1,
leaf-2 and leaf-3). The 00-1165 sugarcane variety had the
highest trichome density and low aphid number when
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compared with the susceptible ZN 10 genotype. Results of
variation in trichome density on different leaf positions
confirmed the increase in the trichomes density on newly
sprouting leaves (Traw & Bergelson, 2003). Additionally,
YSA-infested sugarcane relatively increased trichome
density as an induced defense strategy to reduce the damage
caused by YSA. It has been reported earlier that
environmental conditions and biotic stresses influence
trichome density (Nawab ef al., 2011). This study supports
the hypothesis that the physical barrier created by non-
glandular trichomes in sugarcane can restrict insect
movement and prevent phloem feeders from inserting their
stylets as supported by earlier studies (Sato and Kudoh,
2015; Singh et al., 2021). Moreover, the findings of this
study showed that trichomes density differed according to
leaf position. These results are consistent with those of Gyan
et al. (2020) and Singh et al. (2021) who emphasized how
different leaf positions, development stages, genetic
backgrounds, and even insect attack can affect trichome
density. Furthermore, results corroborate the findings of
Sosa (1991) who reported that leaf surface pubescence may
be a key morphological trait for resistance to YSA. In
contrast to this, Starks & Merkle (1977) reported that some
wheat cultivars with pubescence may be slightly resistant to
greenbugs, but the resistance is most likely not caused by
pubescence. However, Roberts & Foster (1983)
demonstrated that dense leaf pubescence in wheat confers
resistance to the grain aphid, Rhopalosiphum padi L.

The trichome density of the sugarcane varieties was
found to be between 20.97 and +121/mm? which is
comparable to the results obtained by Ferreira et al. (2007).
This confirms a variation of trichome density among
different sugarcane varieties which might be genetically
controlled. In support of these findings, comparable patterns
of trichomes presence were observed on the leaves of other
cereals such as barley and wheat (Correa ef al., 2020;
Batyrshina ef al., 2020). Furthermore, trichome density was
significantly negatively correlated with aphid number. This
relationship might be a result of other factors which
influence trichome density. Results obtained in this study
concurred the findings of Batyrshina et al. (2020) who
suggested that aphid number and constitutive levels of
trichome density are inversely correlated. Similar results
were also reported by Amin et al. (2017) who indicated a
significant negative correlation between the number of

aphids for various cotton cultivars and trichome density after
natural infestation. Additionally, Batyrshina et al. (2020)
reported similar results in wheat pertaining to reduced aphid
reproduction. Furthermore, a significant weak positive
correlation was observed between trichome density and leaf
position. This might be an indication that there are other
external variables acting on the leaf resulting in variation in
trichome density which requires further studies. Older leaves
(leaf-1) had low trichome density when compared to younger
leaves (leaf-3). This study findings validate research
conducted by Singh et al. (2021) who noted that feeding of
herbivores increases leaves trichome’s density that are
subsequently formed after feeding. In support of this,
Chandrasekhar et al. (2018) pointed out that, depending on
the plant's age, developmental stage, and genetic make-up,
defense mechanisms can also be dynamic and induced in
response to herbivore attack (Gyan et al., 2020; McCall and
Fordyce, 2010; Singh et al., 2021; Valkama et al., 2004). The
functioning of non-glandular trichomes, or leaf pubescence,
as a partial defense mechanism against YSA on sugarcane
leaves was highlighted in this study at early stages of growth.
These results will open the door for breeding YSA resistance
sugarcane varieties as a long-term, environmentally friendly,
and sustainable solution.

It can be concluded from this study that leaf pubescence
(trichome density) differs among the sugarcane varieties in
relation to leaf position and aphid infestation. On different
sugarcane varieties, resistance to YSA feeding is mediated
by leaf pubescence, or dense trichomes. Level of resistance
of sugarcane varieties to YSA was ranked from low to high
susceptibility based on trichome density as follows: 00-1165
>7ZN8>Z7ZN9>ZN3L>96-1107 > N14 > ZN 10. Farmers
in the sugar industry should use pubescent (high dense
trichome) sugarcane varieties in order to curb YSA
infestations. There is need to integrate leaf pubescence in
existing integrated pest management (IPM) strategies as it
confers resistance to YSA in sugarcane.

Acknowledgements

We thank Zimbabwe Sugar Experiment Association for
allowing us to conduct experiments in their experimental
fields and provision of material used during experiments.

gdlal)
61-55:(1)44 dwal) lil) 4Gy s . (Saccharum officinarum L.) jSel) cuad (e 8)lida ilial ga (Sipha flava) Sl

https://doi.org/10.22268/AJPP-001377

2 (Sipha flava) Y] ol (e Byial daglie 4K (Saccharum officinarum L.) Sl cuad calial & s dygl) Ladazall Ay JI Y

JUEESECIPUPUIS. JURES W YOS, | RV 99 GLOU Ayl Adaxill o Jolial) A Cangs Aulks ol Q_JP}\ gnha) (B Sl delia b AiiSi.
OIS (Siaa) ol s ZLaYly LS "Alice” s () Gl il (yilalas ind ey e danls (3 X 2 X 7) D6 alas (CRBD) JalS Jlpiic
Lisdpe) Calls dlalaall sa ) Jalally N14 5 ZN 3L ZN 9 ZN 8 (ZN 10 ¢1165-00 <96-1107 :ilinal dasus Jadiy cciiall sa I alal
e 35l s Bangs (trichomes) sl 351s 50 Aussal FESH Ll 5 (3 pasall 2 pmpall ¢1 pcmpall) A5l e sgd ) Jalad) Ll ¢(2liaas
DR 3say (i (p<0.001) 2 Lal Alelaa & Gall Cydia sae g Lyl g5 ABS 3 € W) ilil) cujglal Lo Gall clyia 3o 3 WS ¢ Jigun

59 Arab J. PL Prot. Vol. 44, No. 1 (2026)


https://doi.org/10.22268/AJPP-001377

41.27 <30.9) Gopgll g3l BES G5 ZN 10 Chiseal) o ¢Syalls dliaall wlaill 3. (p<0.001) Sill ciiaally (p<0.001) sl pmase cones rcaly
(s e an 131 (115.7 €105.7) Gl D aalgal) & BES el 1165700 ciall Jaes ety o( sl e 3«2 ¢] 8,0 2aa 56.72
bl el Ll GlaY) & Gall @lyia ey dupgll B3l AU s (p<0.001) Ablas) AN @l e Ao 35ay hdll laady) Jilas
Calial ey aagh ey Ayl 30 Alal) A 5 (350U Auyusll Adasall Alalusgy o5 jeaY) el (o Epdaal Sl il Cilial daglae of )
Sl Aol gl el ] e Bydial ALISE) A8SA) a3 2RSS Ayl Ldasnl] 3 S Cacad

Sipha flava « Sl b Aaysl) aase Ayl g3l 3 Ayl Aodaall: dalide cilals

SN (5 ey Anala bl Ay il ale and (1) A pdismse s dstile () Sl Gup dlogiise o 215008 epialdl cpglis
2ol ey s oeiad b sl i (5 geiadt Amala el lad Hall g Sigadll Ay j03e (4) fsbie) s iud (sl B S

References

Amin, M.R., R. Afrin, M.Z. Alam, M.M. Hossain and Y.J.
Kwon. 2017. Effect of leaf trichomes and
meteorological parameters on population dynamics of
aphid and jassid in cotton. Bangladesh Journal of
Agricultural Research, 42(1):13-25.
https://doi.org/10.3329/bjar.v42i1.31969

Batyrshina, Z.S., B. Yaakov, R. Shavit, A. Singh and V.
Tzin. 2020. Comparative transcriptomic and metabolic
analysis of wild and domesticated wheat genotypes
reveals differences in chemical and physical defense
responses against aphids. BMC Plant Biology, 20:19.
https://doi.org/10.1186/s12870-019-2214-7

Brunissen, L., A. Cherqui, Y. Pelletier, C. Vincent and P.
Giordanengo. 2009. Host-plant mediated interactions
between two  aphid  species.  Entomologia
Experimentalis et Applicata, 132:30-38.
https://doi.org/10.1111/j.1570-7458.2009.00862.x

Chandrasekhar, K., R. Shavit, A. Distelfeld, S.
Christensen and V. Tzin. 2018. Exploring the
metabolic variation between domesticated and wild
tetraploid wheat genotypes in response to corn leaf
aphid infestation. Plant Signaling and Behavior,
13:¢1486148.
https://doi.org/10.1080/15592324.2018.1486148

Clowes, M.J. and W.L. Breakwell. 1998. Zimbabwe
Sugarcane Production Manual. Zimbabwe Sugar
Association Experiment Station, Chiredzi, Zimbabwe.

de Correa, L.J., O.V.B. Maciel, L. Biicker-Neto, L. Pilati,
A.M. Morozini, M.V. Faria and P.R. Da-Silva. 2020.
A comprehensive analysis of wheat resistance to
Rhopalosiphum padi (Hemiptera: Aphididae) in
Brazilian wheat cultivars. Journal of Economic
Entomology, 113:1493-1503.
https://doi.org/10.1093/jee/toaa059

Ferreira, E.A., M.C. Ventrella, J.B. Santos, M.H.P.
Barbosa, A.A. Silva, S.0. Procépio and E.A.M.
Silva. 2007. Leaf blade quantitative anatomy of
sugarcane cultivars and clones. Planta Daninha, 25:25-
34.
https://doi.org/10.1590/S0100-83582007000100003

Gallun, R.L., R. Ruppel and E.H. Everson. 1966.
Resistance of small grains to the cereal leaf beetle.
Journal of Economic Entomology, 59(4):827-829.
https://doi.org/10.1093/jee/59.4.827

nsakadzo87@gmail.com :Ju el Caalall i g 5iSIY)

Gyan, N.M., B. Yaakov, N. Weinblum, A. Singh, A.
Cna’ani, S. Ben-Zeev, Y. Saranga and V. Tzin. 2020.
Variation between three Eragrostis tef accessions in
defense responses to Rhopalosiphum padi aphid
infestation. Frontiers in Plant Science, 11:598483.
https://doi.org/10.3389/fpls.2020.598483

Halbert, S.E., G.L. Miller and L.M. Ames. 2013. The
genus Sipha Passerini (Hemiptera: Aphididae) in North
America. Insecta Mundi, 326:1-6.
https://doi.org/10.5281/zenodo.5178363

Hall, D.G. 2001. Notes on the yellow sugarcane aphid Sipha
flava (Homoptera: Aphididae) and the lady beetle
Diomus terminatus (Coleoptera: Coccinellidae) in
Florida. Journal of the American Society of Sugar Cane
Technologists, 21:21-29.

Jakobs, R. and C. Miiller. 2018. Effects of intraspecific and
intra-individual differences in plant quality on
preference and performance of monophagous aphid
species. Oecologia, 186:173-184.
https://doi.org/10.1007/s00442-017-3998-x

McCall, A.C. and J.A. Fordyce. 2010. Can optimal defence
theory be used to predict the distribution of plant
chemical defences? Journal of Ecology, 98:985-992.
https://doi.org/10.1111/1.1365-2745.2010.01693.x

Moghadam, S.G., M. Hosseini and M.M. Awal. 2013.
Does leaf pubescence of wheat affect host selection and
life table parameters of Sipha maydis (Hemiptera:
Aphididae)?. Journal of Crop Protection, 2(1):81-92.
https://doi.org/10.48311/jcp.2013.1072

Nawab, N.N., LA. Khan, A.A. Khan and M. Amjad. 2011.
Characterization and inheritance of cotton leaf
pubescence. Pakistan Journal of Botany, 43:649-658.

Nuessly, G.S. 2005. Yellow sugarcane aphid (Featured
Creatures), publication EENY-354. University of
Florida (IFAS Extension), Gainesville, FL, USA.
http://entnemdept.ufl.edu/creatures/field/bugs/yellow

Nuessly, G.S. and M.G. Hentz. 2002. Feeding effects of
yellow sugarcane aphid on sugarcane. Journal of the
American Society of Sugar Cane Technologists,
22:126-127.

Roberts, J.J. and J.E. Foster. 1983. Effect of leaf
pubescence in wheat on the bird cherry-oat aphid
(Homoptera: Aphididae). Journal of Economic

(2026) 1 23 <44 aa Ay ol L) L Aaa 60


https://doi.org/10.3329/bjar.v42i1.31969
https://doi.org/10.1186/s12870-019-2214-z
https://doi.org/10.1111/j.1570-7458.2009.00862.x
https://doi.org/10.1080/15592324.2018.1486148
https://doi.org/10.1093/jee/toaa059
https://doi.org/10.1590/S0100-83582007000100003
https://doi.org/10.1093/jee/59.4.827
https://doi.org/10.3389/fpls.2020.598483
https://doi.org/10.5281/zenodo.5178363
https://doi.org/10.1007/s00442-017-3998-x
https://doi.org/10.1111/j.1365-2745.2010.01693.x
https://doi.org/10.48311/jcp.2013.1072
http://entnemdept.ufl.edu/creatures/field/bugs/yellow

Entomology, 76(1):1320-1322.
https://doi.org/10.1093/jee/76.6.1320

Roberts, J.J., R.L. Gallun, F.L. Patterson and J.E. Foster.
1979. Effects of wheat leaf pubescence on the Hessian
fly. Journal of Economic Entomology, 72(1):211-214.
https://doi.org/10.1093/jee/72.2.211

Starks, K.J. and O.G. Merkle. 1977. Low level resistance
in wheat to greenbugl2. Journal of Economic
Entomology, 70(3):305-306.
https://doi.org/10.1093/jee/70.3.305

Sato, Y. and H. Kudoh. 2015. Tests of associational defence
provided by hairy plants for glabrous plants of
Arabidopsis halleri subsp. gemmifera against insect
herbivores. Ecological Entomology, 40(3):269-279.
https://doi.org/10.1111/een.12179

Singh, A., B. Dilkes, H. Sela and V. Tzin. 2021. The
effectiveness of physical and chemical defense
responses of wild emmer wheat against aphids depends
on leaf position and genotype. Frontiers in Plant
Science, 12:667820.
https://doi.org/10.3389/fpls.2021.667820

Sosa, O.Jr. 1991. Pubescence in sugarcane as an obstacle to
yellow sugarcane aphid establishment. Sugar y Azlcar,
85:30.

Traw, M.B. and J. Bergelson. 2003. Interactive effects of
jasmonic acid, salicylic acid and gibberellin on
induction of trichomes in Arabidopsis. Plant
Physiology, 133(3):1367-1375.
https://doi.org/10.1104/pp.103.027086

Valkama, E., J.-P. Salminen, J. Koricheva and K.
Pihlaja. 2004. Changes in leaf trichomes and

Received: May 22, 2024; Accepted: November 5, 2024

61 Arab J. PL Prot. Vol. 44, No. 1 (2026)

epicuticular flavonoids during leaf development in
three birch taxa. Annals of Botany, 94(2):233-242.
https://doi.org/10.1093/aob/mch131

Way, M.J., D.E. Conlong, L.A. Martin, S.A. McFarlane,
R. Stranack, M.G. Keeping and R.S. Rutherford.
2015. First record of yellow sugarcane aphid, Sipha
flava (Homoptera: Aphididae), in the South African
sugarcane industry. International Sugar Journal
117(1401):654-656

Webster, J.A., C. Inayatullah, M. Hamissou and K.A.
Mirkes. 1994. Leaf pubescence effects in wheat on
yellow sugarcane aphids and greenbugs (Homoptera:
Aphididae). Journal of Economic Entomology,
87(1):231-240. https://doi.org/10.1093/jee/87.1.231

White, W.H. 1990. Yellow sugarcane aphid (Homoptera:
Aphididae) resistance mechanisms in selected
sugarcane cultivars. Journal of Economic Entomology,
83(5):2111-2114.

Wilson, B.E. 2019. Hemipteran pests of sugarcane in North
America. Insects, 10(107):1-15.
https://doi.org/10.3390/insects10040107

Wood, W., J. Gore, A. Catchot, D. Cook, D. Dodds and J.
Krutz. 2017. Effect of leaf pubescence on tarnished
plant bug (Hemiptera: Miridae) ability to cause damage
and yield loss in cotton. Journal of Cotton Science,
21:122-127.

Xie, Y., X. Yu, S. Jiang, K. Xiao, Y. Wang, L. Li, F. Wang,
W. He, Q. Cai, H. Xie and J. Zhang. 2020. OsGL6, a
conserved AP2 domain protein, promotes leaf trichome
initiation in rice. Biochemical and Biophysical
Research Communications, 522(2):448-455.
https://doi.org/10.1016/j.bbrc.2019.11.125

2024/11/5 : 48 o 488) gal) f U €2024/5/22 1pdiud) f b


https://doi.org/10.1093/jee/76.6.1320
https://doi.org/10.1093/jee/72.2.211
https://doi.org/10.1093/jee/70.3.305
https://doi.org/10.1111/een.12179
https://doi.org/10.3389/fpls.2021.667820
https://doi.org/10.1104/pp.103.027086
https://doi.org/10.1093/aob/mch131
https://doi.org/10.1093/jee/87.1.231
https://doi.org/10.3390/insects10040107
https://doi.org/10.1016/j.bbrc.2019.11.125

