REVISTA
*“*.FACULTAD

DEL ZULIA e e, ey | Repositorio Académico 2\ AGRONOMIA

{ UNIVERSIDAD Serbiluz Biblioteca Digital éf)

FTIR-ATR for the identification of Psidium guajava plants infested with Meloidogyne
enterolobii

FTIR-ATR para la identificaciéon de plantas de Psidium guajava infestadas con Meloidogyne
enterolobii

FTIR-ATR para identificagdo de plantas de Psidium guajava infestado com Meloidogyne

enterolobii

Ana Maria Casassa-Padron'?* "Universidad del Zulia, Facultad de Agronomia, Departamento

Edgar Portillo® Fitosanitario, Maracaibo, Venezuela.

Cesar Gonzalez* “Doctorado en Ciencias Agrarias. Maracaibo, Venezuela.
Instituto Venezolano Investigaciones Cientificas, Centro de

Rev. Fac. Agron. (LUZ). 2022, 39(3): 223937 Estudios Botanicos y Agroforestales. Maracaibo, Venezuela.

ISSN 2477-9407 “Centro Socialista de Investigacion y Desarrollo Fruticola y

DOI: https://doi.org/10.47280/RevFacAgron(LUZ).v39.n3.03 Apicola de CORPOZULIA. Municipio Mara, Venezuela.
Received: 03-06-2022

Crop Production Accepted: 04-07-2022

Associate editor: Dr. Jorge Vilchez-Perozo Published: 03-08-2022

University of Zulia, Faculty of Agronomy
Bolivarian Republic of Venezuela

Keywords: Abstract
Fourier transform infrared spectroscopy
Guava The Meloidogyne enterolobii Yang and Eisenback nematode represents
Guava root-knot nematode one of the most devastating pests in guava cultivation in Venezuela and the
Diagnosis world. The diagnosis of this parasite requires specialized knowledge and

very laborious procedures. The objective of this research was to identify
the infrared spectra of guava plants, in the nursery phase, infested with
M. enterolobii using Fourier-transform infrared spectroscopy coupled to
attenuated total reflectance (FTIR-ATR). Leaves from healthy and infested
plants were taken 60 days after nematode inoculation and analyzed in a
FTIR-ATR spectrometer. The main spectral bands corresponding to the
chemical compounds (lipids, proteins and carbohydrates) produced by plant
metabolism as a result of nematode infestation were characterized. These
results represent the starting point to determine the potential of this rapid and
non-destructive technique for the early diagnosis of plants infested by the
“guava root-knot nematode”.
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Resumen

El nematodo Meloidogyne enterolobii Yang y Eisenback
representa una de la plagas mas devastadora en el cultivo del guayabo
en Venezuela y el mundo. Para el diagndstico de este parasito se
requieren conocimientos especializados y procedimientos muy
laboriosos. El objetivo de esta investigacion consistio en identificar
los espectros infrarrojos de plantas de guayabo, en fase de vivero,
infestadas con M. enterolobii empleando la espectroscopia infrarroja
con transformada de Fourier acoplada a reflectancia total atenuada
(FTIR-ATR). Se tomaron hojas de plantas sanas e infestadas, 60
dias luego de la inoculacion del nematodo y se analizaron en un
espectrometro FTIR-ATR. Se caracterizaron las principales bandas
espectrales, correspondientes a los compuestos quimicos de las
regiones de lipidos, proteinas y carbohidratos producidos por el
metabolismo de las plantas a consecuencia de la infestacion por
el nematodo. Estos resultados representan el punto de partida para
determinar el potencial de esta técnica rapida y no destructiva para
el diagnéstico temprano de plantas infestadas por el “nematodo
agallador del guayabo”.

Palabras clave: Espectroscopia infrarroja transformada de Fourier,
guayabo, nematodo agallador del guayabo, diagndstico.

Resumo

O nematdide Meloidogyne enterolobii Yang e Eisenback
representa uma das pragas mais devastadoras no cultivo de goiabeira
na Venezuela e no mundo. O diagnostico deste parasita requer
conhecimento especializado e procedimentos muito laboriosos. O
objetivo desta pesquisa foi identificar os espectros de infravermelho de
plantas de goiabeira, em fase de viveiro, infestadas com M. enterolobii
utilizando espectroscopia de infravermelho com transformada de
Fourier acoplada a refletancia total atenuada (FTIR-ATR). Folhas de
plantas sadias e infestadas foram retiradas 60 dias ap6s a inoculagio
do nematoide e analisadas em espectrometro FTIR-ATR. Foram
caracterizadas as principais bandas espectrais correspondentes aos
compostos quimicos (lipidios, proteinas e carboidratos) produzidos
pelo metabolismo da planta como resultado da infestacdo de
nematoides. Esses resultados representam o ponto de partida para
determinar o potencial desta técnica rapida e ndo destrutiva para o
diagnostico precoce de plantas infestadas pelo “nematodide das galhas
da goiaba”.

Palabras-chave: Espectroscopia de infravermelho com transformada
de Fourier, goiabeira, nematoide das galhas da goiaba, diagnostico.

Introduction

Meloidogyne enterolobii Yang and Eisenback represents one
of the most important root-knot nematodes in the world due to its
aggressive pathogenicity, wide geographical distribution, and host
plant range (Castagnone-Sereno, 2012). In Psidium guajava L. this
nematode is the cause of “guava dieback”, representing one of the
most devastating pests in Venezuela (Crozzoli & Casassa, 1998;
Perichi & Crozzoli, 2010) and the world (Ashokkumar & Poornima,
2019).

In this sense, early detection of this pest is the key to its control,
and it is mainly limited by its characteristic of being a parasite of the
guava tree, therefore the diagnostic process in the analysis of soil and

root samples requires time, and the acute expertise of specialists in
the area.

Since 1990, the characterization of various biological tissues
began using Fourier-transform infrared spectroscopy (FTIR), based
on the vibration and rotation of molecules in the infrared region of
the electromagnetic spectrum, allowing the different components of
a sample to be identified (Baker ef al., 2014). The main advantage
of this technique is the ease and speed with which data can be
obtained and the precision of the analysis of spectral bands in the
characterization of the different tissue components (lipids, proteins,
and carbohydrates); however, its application in studies of plant
diseases and pathogens is scarce and recent (Gandolfo et al., 2016;
Huleihel et al., 2018; San Blas et al., 2011).

Therefore, in this research it was established to identify the
infrared spectra present in guava plants, in the nursery phase, healthy
and infested with M. enterolobii, using Fourier-transform infrared
spectroscopy coupled to attenuated total reflectance (FTIR-ATR).

Materials and methods

Location of the research

It was carried out in the shade-house of The Socialist Center for
Fruit and Beekeeping Research and Development (CESID Fruit and
Beekeeping-CORPOZULIA) 10°49°46.6” LN, 71°46°29.2” LO),
located in the Mara municipality of Zulia state, Venezuela.

Plant material

A seedbed was prepared with a sterilized substrate composed
of goat manure and sand in a 1:2 ratio and seeds of “Criolla Roja”
type guava, susceptible to Meloidogyne spp. were sown (Crozzoli &
Casassa, 1998). Thirty days after germination they were transplanted
into plastic containers (500 cm?).

Obtaining the inoculum

A population of M. enterolobii (Perichi & Crozzoli, 2010) from
guava trees grown in the CESID-CORPOZULIA field was used.
Females with egg masses were extracted from the roots and placed
in Petri dishes, and a hole (1.5 cm deep) was opened in the substrate
of 20 guava plants (3 months old), and an egg mass (containing
800 to 3,000 eggs) was carefully placed in the substrate. The plants
were placed on plateaus in the greenhouse (28 + 2 °C, 70% relative
humidity, and 12 h of light) and watered by hand every other day.
These plants served as an inoculum source for the investigation.

It should be noted that 45 days after inoculation, five plants were
randomly selected and 20 individual females were extracted from
the roots and sent to Dr. Regina Carneiro, a specialist researcher in
the identification of phytoparasitic nematode species, assigned to the
Center for Genetic Resources and Biotechnology, belonging to the
Brazilian Agricultural Research Company (EMBRAPA), located in
the city of Brasilia DF, Brazil, with whom we obtained confirmation
of the identification indicated by Perichi and Crozzolli (2010) as M.
enterolobii.

Experimental phase

Forty 30-day-old guava plants were inoculated with 10 g of
roots from the inoculum source plants (described above) and ten
were used as a control treatment (healthy plants). These were placed
in the greenhouse. Sixty days after inoculation, the second pair of
leaves (Butler ef al., 2015) was taken from each healthy and infested
plant and transferred to the laboratory where they were dried at room
temperature (25 °C) for 24 h and ground in an agate mortar to a fine
powder.
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Acquisition of spectra

Each powder sample was placed in a Shimadzu® Prestige model
21 FTIR spectrophotometer with a DLATGS detector, to which
was attached a MIRacle™ brand attenuated total reflectance (ATR)
accessory with a 6 mm tri-reflecting diamond/ZnSe crystal with high
pressure (200 psi) in the wave number range from 4,000 to 500 cm’!,
with a spectral resolution of 4 cm™, scanning 150 (measurements) per
sample, following the procedure described by San Blas et al. (2011).
The resulting spectra were coded and analyzed. The experiment was
performed in triplicate.

Spectral data analysis

A completely randomized experimental design was used with two
treatments: 10 healthy plants (PgS) and 40 infested plants (PgMe).
Each plant represented the experimental unit. Prior to the statistical
analyses, the ATR correction function was applied to the spectra
obtained to eliminate the absorption of atmospheric water vapor and
CO,. Also, the baseline was corrected and the absorbance data were
normalized (between 0 and 1). This processing was performed using
the IRSolution software included in the spectrometer.

Then, the spectral region corresponding to the mid-infrared (4,000
and 500 cm™) was selected, the section with the greatest utility and
precision in the analysis of plants (Gandolfo ef al., 2016) and in the
identification of entomopathogenic nematodes (San Blas et al., 2011).
Finally, the characterization of bands was carried out from a visual
differentiation of the spectra of healthy plants and those infested with
the nematode.

Results and discussion

Characterization of healthy and infested guava plants with
Meloidogyne enterolobii by FTIR-ATR infrared spectroscopy

Figure 1 shows the absorption bands obtained in the region of
the infrared spectrum between 4,000 and 500 cm' that identify the
vibrational modes of the different functional groups that constitute
the biomolecules of the PgS and PgMe plants analyzed.

The characterization of the absorption bands in PgS and PgMe
leaves is presented in table 1. The hydroxyl group O-H bond stretching
or N-H group stretching vibration bands corresponding to the lipid
region were assigned to ~3273 and ~3229 cm™. Bands equivalent to
this region have been identified in various plant tissues (leaves, stems,
and seeds, among others) (Kumar et al., 2016; Tiirker-Kaya & Huck,
2017).

Healthy Psidium guajava plants
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Table 1. Characterization of absorption bands from infrared
spectra with attenuated total reflectance in leaves of
healthy guava plants (PgS) and infested (PgMe) with
Meloidogyne enterolobii, in the region between 4000

and 500 cm™.
Pg% Pgl\/ie Region and Vibration Mode
(em™)  (cm™)
Lipid region.
3273 3229  Stretching of the O-H bond of the hydroxyl group or N-H
stretching.
2920 2922 Asymmetric C-H stretching of methylene groups (CH,) of
acyl lipid chains.
2857 2857  Symmetric C-H stretching of methylene groups (CH,) of acyl
lipid chains.
Carbohydrate region.
1728 1724  Stretching of the C-H bond and C=0 double bond of saturated
esters of cellulose, hemicellulose, pectin, lignin, cutin.
Protein region.
1695 1694  Amide I: B-turns and B-folded leaves, antiparallel and B-folds.
1616 1622
1545 1549 Amide II: N-H and C-N bending stretching of the protein
1518 1516  chain.
Mixed region: proteins and carbohydrates.
1445 1449  C-C: aromatic compounds -phenols-.
1371 1368  Symmetric bending in CH, and CH, (polysaccharides: cellu-
lose, hemicellulose).
Protein region.
1314 1298  Amide III: C-N and N-H stretching of proteins (symmetric
bending in CH,).
1234 1231  C-O stretching: lignin and xylan.
Carbohydrate region.
1169 1161  C-O-C symmetric stretching: cutin.
1099 1092  Asymmetric stretching of pectic substances.
1038 1034  O-H stretching and C-O bending of the C-O-H group of cell
wall carbohydrates (cellulose, hemicellulose, pectins, lignin).
Carbohydrate region.
878 --- Stretching in CH.
824 - CH, group of fatty acids.

For the following bands at ~2920, ~2922, and ~2857 cm’' (table
1), intense asymmetric and symmetric C-H (-CH,-) stretching
vibrations were observed, respectively, corresponding to acyl chains
of lipids with a contribution of proteins, carbohydrates, and nucleic
acids. Similarly, these bands were also characterized by Kumar et al.

Infested Psidium guajava plants
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Figure 1. Average infrared spectra in leaves of healthy guava plants () and plants infested (o) with Meloidogyne enterolobii, by means
of infrared spectroscopy (region between 4000 and 500 cm™).
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(2016) and Tiirker-Kaya and Huck (2017) in plant tissue analysis.
Eloh et al. (2016) in physiological studies found a reduction in fatty
acids and lipids (glycerol, myristic acid, and palmitic acid) in plants
infested with nematodes.

On the other hand, the bands ~1728 and ~1724 cm™ (figure
1 and table 1) were attributed to the stretching vibration of the
C-H bond and C=0 double bond of saturated esters of cellulose,
hemicellulose, pectin, lignin, and cutin, corresponding to the
carbohydrate region. Equivalent bands have been assigned in
several studies of the chemical constitution of leaves of different
plant species (Liu et al., 2014; Suresh et al., 2016). Gandolfo et al.
(2016) point to this region in studies of the “dieback” of Japanese
pine (Larix kaempferi (Lamb.) Carr.) caused by the Phytophthora
ramorum Werres fungus.

The following identified bands belong to the protein region,
specifically, ~1695 and ~1694 cm™' (table 1) and the bands ~1622
and ~1616 cm™! (table 1) assigned to the Amide I region (proteins)
in B-fold vibrations, B-turns, B-folded leaves, antiparallel. Likewise,
the bands ~1549 and ~1545 cm™ and around ~1518 and ~1516 cm’!
(table 1) which correspond to the Amide II region (proteins) in N-H
and C-N bending stretching vibrations of the main protein chain.
These protein regions were reported by Heredia et al. (2014), Jiang
et al. (2015), Kim et al. (2016), Kumar et al. (2016), Tiirker-Kaya
and Huck (2017) in various studies of plant tissues (leaves, flowers,
fruits, among others).

Subsequently, a mixed region (1500-1200 cm™"), which contains
proteins and carbohydrates, was characterized. Starting from bands
~1449 and ~1445 cm! to ~1234 and ~1231 cm™, in PgS and PgMe
respectively (table 1). The bands ~1449 and ~1445 cm™ assigned
to aromatic compounds (phenols) and ~1371 and ~1368 cm™ of
symmetric bending vibration in CH, (polysaccharides: cellulose,
hemicellulose). Likewise, the bands ~1314 and ~1298 cm’,
corresponding to the Amide III region (proteins), with C-N and
N-H stretching vibrations of proteins and the bands at ~1234 and
~1231 cm™ correspond to C-O stretching vibrational modes (lignin
and xylan).

Studies carried out by San Blas et al. (2011) report these
protein bands (amide I and amide III) in the differentiation of
entomopathogenic nematode species (Steinernema glaseri Gerdin
and Bedding and Heterorhabditis indica Karunakar and David).
Gandolfo et al. (2016) and Hawkins et al. (2010), found protein
bands with absorption peaks with lower intensity (content decrease)
in leaves of citrus plants (Citrus sp.) infested with the Candidatus
liberibacter bacterium, the cause of the Huanglongbing or “Yellow
Dragon” disease, in contrast to healthy plants. Likewise, Huleihel et
al. (2018) determined this region for the identification of different
genera of phytopathogenic fungi (Rhizoctonia, Colletotrichum,
Verticillium, and Fusarium). Also, this region has been characterized
in the analysis of leaves of “Navel” orange plants (Citrus sinensis
L.) with and without boron deficiency (Liu et al, 2014), in the
variation of biochemical components (proteins and carbohydrates)
in leaves of different plant species: peanut (Arachis hypogaea L.)
(Suresh et al., 2016), artichoke (Cynara cardunculus var. scolymus
L.) (Kim et al., 2016). Also, in the characterization of proteins
(amide III region) in soybean, quinoa, and rice (Cordoba et al.,
2020).

Similar results to this research have been reported in
physiological studies on roots of aubergine (Solanum melogena
L.), papaya (Carica papaya L.), jasmine (Jasminum sp.) (Farahat

et al., 2013), okra (Abelmoschus esculentus (L.) Moench) (Sharma
et al., 2018), where a decrease in protein content was determined
after infestation caused by M. incognita. Similarly, Lobna et al.
(2017), determined biochemical alterations in the amount of protein
in tomato roots induced by M. javanica-Fusarium oxysporum
interaction. Eloh et al. (2016) and Sharma and Sharma (2017) found
a reduction in protein content in leaves of tomato plants infested
with M. incognita. These low protein levels occur during the later
phases of infection and suggest that the multiplying nematodes
continuously extract significant amounts of nutrients from the
giant cells causing a decrease in nutrient and water uptake and
consequently stunted growth.

In this spectral region, the band interval ~1449 and ~1445 cm!
stands out, which represents bands of phenolic compounds that
are characterized by increasing in plants with the advance of the
infestation caused by nematodes, as pointed out by Pérez-Pérez et
al. (2014), who carried out chemical analysis and determined an
increase in the content of phenolic compounds in guava leaves
grown in afield infested with M. enterolobii. Similarly, Rahman et al.
(2018) using high-performance liquid chromatography reported the
presence of phenolic compounds (catechin, epicatechin, and ellagic
acid) in extracts (powder) of guava leaves. Similarly, Kesba and El-
Beltagi (2012), determined an increase in the content of total phenols
in rootstocks of grapevine (Vitis vinifera L.) plants infested with
M. incognita and Rotylenchulus reniformis Linford and Oliveira.
Also, Lobna et al. (2017), correlated variations in total phenol
content with co-infection caused by M. javanica and F. oxysporum
in tomato roots. Sharma and Sharma (2017) determined an increase
(66 %) of phenols in tomato plants attacked by M. incognita. In this
regard, Dhakshinamoorthy et al. (2014) showed that phenols and
lignin play an important role in the defense mechanisms of Musa
sp. against Radopholus similis Thorne infestation, highlighting
the increase of the biosynthesis and/or accumulation of secondary
metabolites such as phenolic phytoalexins at the sites of infection
by this nematode.

After, the spectral region corresponding to carbohydrates
(1200-900 cm™) (polysaccharide fingerprints) is presented (figure
1 and table 1). The absorption bands ~1169 and ~1161 cm'
correspond to C-O-C (cutin) symmetric stretching vibrations. At
~1099 and ~1092, they were assigned to asymmetric stretching
of pectic substances. Also, bands ~1038 and ~1034 cm™ were
identified as O-H stretching and C-O bending of the C-O-H
group of carbohydrates and cell wall polysaccharides (cellulose,
hemicellulose, lignin, pectins, cutin). This carbohydrate spectral
region has allowed discriminating healthy Pinus spp. plants from
those infested with the nematode Bursaphelenchus xylophilus
Steiner and Buhrer (Gandolfo et al., 2016). San Blas ef al. (2011)
were able to differentiate entopathogenic nematode species (S.
glaseri and H. indica) in this region. Also, Gandolfo et al. (2016)
and Hawkins et al. (2010) established carbohydrate bands for
differentiation between healthy and infested citrus plants with
C. liberibacter. Also, corresponding to the above, physiological
studies by Arce-Leal et al. (2019) determined that as this bacterial
disease progresses in Mexican lemon (Citrus aurantifolia Christm
(Swingle) plants, the starch content increases in relation to healthy
plants, associated with phloem plugging by photoassimilates.

Likewise, in the analysis of leaves with FTIR, Buitrago et al.
(2018) established the differences between 19 plant species by
determining cellulose and lignin. Topald et al. (2017) pointed to
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this region for the diagnosis of viral diseases in grapevine (Vitis spp.)
cultivars. Also, Huleihel et al. (2018) reported it, for the identification
of several genera of phytopathogenic fungi (Rhizoctonia,
Colletotrichum, Verticillium, and Fusarium). It has also been used
for the characterization of leaf tissue in tomato (Butler et al., 2015),
artichoke (Kim et al., 2016), peanut (Suresh et al., 2016), and in
studies of sugars in mango pulp (Olale ez al., 2017), in the composition
(cellulose, B-glucopyranose) of sugarcane bagasse (Zara et al., 2017),
in the composition of pea seeds, Pisum sativum L. (Jiang et al., 2015),
in the compounds of various plants (Heredia et al., 2014).

Studies of biochemical alterations in tomato roots caused by
M. javanica-F. oxysporum interaction indicate an increase in the
concentration of carbohydrates in infested plants (Lobna et al.,
2017). Similarly, Eloh ef al. (2016) in metabolic studies on leaves
of tomato plants infested with M. incognita determined, through
gas chromatography and mass spectrometry analysis, an increase in
carbohydrate content.

Finally, a region with bands below ~900 cm™ was identified
(figure 1 and table 1) which exhibit a very low (weak) spectral
resolution, making it difficult to characterize, however, the ~878 cm’!
band can be identified with a stretching vibrational mode in CH of
carbohydrates (Butler et al., 2015; Heredia et al., 2014; Kumar ef al.,
2016, Tirker-Kaya & Huck, 2017). Also, the ~824 cm™' band has been
pointed out with vibrational modes of oscillation of the CH, group of
fatty acids in analyses of microorganisms (Neugebauer et al., 2007).

Conclusions

The application of Fourier-transform infrared spectroscopy
(FTIR-ATR) allowed to identify the bands present in the different
regions of the infrared spectrum (4,000 and 500 cm™) (lipids, proteins,
and carbohydrates) that constitute the biomolecules of guava plants
in the nursery phase, healthy and infested with the M. enterolobi
nematode, establishing the basis for generating a simple, fast, non-
destructive and efficient diagnostic protocol. The next phase of this
research includes the analysis of the second derivative of the infrared
spectrum in the “fingerprint region” (1800 and 900 cm-1) that will
reveal the biochemical changes (specific bands of phenols, proteins,
and carbohydrates) in the physiology of guava plants to discriminate
between healthy and infested guava plants, in order to design
phytosanitary strategies for the management of these plant parasites.
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