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Secondary Metabolite Changesin Pecan (Carya illinoensis)
Tissue Damaged by Euplatypus segnis Chapuis and Associated Fungi
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Abstract: Problem statement: The borer insedEuplatypus segnis Chapuis is associated fasarium
solani, Fusarium oxysporum, Alternariaalternata and Botryodiplodia theobromae fungi which
produce regressive death in pec&@arfa illinoensis) trees. In the Mexico northern have been
reported loses estimatesof more than 20% in proosludty the combination of insects and phyto-
pathogen organisms. It also has been observeddnat trees can survive with or without chemical
treatmentApproach: The aim of present study was to determine the lgioital changes (contained
of nitrogen, crude protein, terpen, condensed amhldtyzable tannins, cellulose, lignin and silicium
in tissue of pecan trees cv. Western colonizedAmprosia Borer Euplatypus segnis Chapuis) and
associated fungi complex. Three damaged treeshaad healthy trees were sampled in three different
plantations in each one of three Coahuila Statalibes. The responses variables were analyzed
under a nested design, Tukey s test (p<0.05) wad s compare mean treatment differences.
Results; Dataindicated that content of: terpenes, hydroligsmbannins, cellulose, lignin and silicium
increased significantly in the damaged trees inpgamison to healthy tree€onclusion: This results
allowed inferring that these components increasea eéhemical defense answer to insect invasion and
to the enzymatic action of the associated phytbgmnic fungi.

Key words: Characterization, identification, borer inse€arya illinoensis

INTRODUCTION with different colors with a diamond tip form. In
addition, other signs have been reported like
The Coahuila State Southern area  (Parradurgidityloss, yellowing, leaf drop, partial andtadb
General Cepeda and Torreoncounties), are harvestet®ath of branches and trees in relatively shorioper
19,345 tons of pecan nut per year in a populatibn o(three months to a year); however, it is important
525.060 trees. In the 20% of the pecan trees pignti mention that some of them may survive without any
area has been reported the attack of ambrosia borgeatment. This suggests that some biochemical
Euplatypus segnis, which causes a loss in production changes are occurring as treedefense mechanisms and
of 773.82 tons. This insect is associated~tsolani,  these changes may be structural or constitutiveaaad
F. oxysporum, A. alternata and B. theobromae, which  induced by the presence of pathogens (Vivagtcal .,
are plant pathogenic fungi to pecan trees cv. Weste 2005). This kind of biochemical mechanisms of
variety under greenhouse conditions. The observedefense against insect attack and pathogen infectio
symptoms in colonized field trees are; sawdust irhas been reported insome conifers (Berryman, 1972;
entry holes, brilliant reddish to brown dark and Christiansen and Fjone, 1993). Although, terpemes a
pungentliquid excretions. Removing the tree contexa most commonly associated with conifer species, have
distinguished 2 mm-diameter holes and necroticspotalso been detected in other plants, including
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angiosperms (Zwengeand Basu, 2008). Eylest al.  samples were transported in black polyethylene bégs
(2003) reported an increase of polyphenolic20 kilograms of capacity in order to avoid dehyidnat
compounds including  hydrolysable  tannins,and the dispersion of insects (larvae and adults).
proanthocyanidins (condensed tannins), flavonoidsgypsequently, the slices are peeled and drieddrcad
glycosides in Eucalyptus globulus (Labill) and  ircyjation oven at 60°C. Slices are splintered and
Eucalyptus nitens (Maiden) xylem after artificially  or0,nding in a Wiley type miller and passed throagh
injury and indicated that the diverse range OfNo 40 mesh (0.42 mm) for 48 h, immediately, the
secondary metabo_lites found in the_wound wood is aoWder was sto.red at room temr;erature in oioaque
;etfapc(l)(nsoi :ﬁe r\?vgﬁlsrtr;”dferﬂﬁ%esde :ggll:gésTfTeem;lﬁng containers to avoid direct exposure to light (Satand
Perez, 1998). Extraction of polyphenols. In Erlegere

and endurance, while lignin degradation affects avoo 1 + o
compressive strength, promoting a significant logs f1asks (1000 mL) were added 20 mLof acetone 70%

this resistance and occurs even before the wooi rot (ratio 1:4) and 5 g of powdered samples of eacltthea
detected (Muracet al. 2006). Moreover, there are and diseased wood. The flasks were covered with
not reports that cellulose has a connection witmpl aluminum foil to avoid light exposure and passing a
defense against pathogens, but the data suggesteddlux system at a temperature of 60°C for 12 HeAf
relationship. Wainhouset al. (1998) confirmed the the reflux, the solution was filtered in tulle fahyrthe
importance of lignin as a tree defense mechanicalecovered extract was centrifuged at 3500 rpm for 1
barrier, because when the borer insBehdroctonus  min. The solvent was removed with a rotary evaporat
micansattacked Norway spruces, it was observed gyamato res540) at a temperature of 60°C, avoiding
negative r_elationship between I!gnin amount andtadu exposure to light.

gallery size. Also, some biomolecules such as — qyanification of hydrolysable tannins. A standard

aldehydes, terpenes, esters monoterpenmd%urve was determinated using a solution of galtic a

gggggggﬂgﬁ‘s fﬁf;?\rssyallglz? doshgggnsﬁenzﬁiqunerpsene%t concentration 0.4 gt. Five test tubes were labeled 0
' X P to 4 and subsequently 0, 0.1, 0.2, 0.3 and 0.4'rof.

(tannins) are present naturally in plants and tsnaavn i 1
insecticidal activity or phytotoxicity during pesontrol ~ Standard solution and 0.4, 0.3, 0.2, 0.1 and 0 mL
(Vazquez-Lunaet al., 2007). The aim of this study distilled water were added to each tube respegtivel

was to determine the biochemical changes occurrinfl€xt, in others tubes was added 400 uL of the extra
in Pecan tree tissue damaged by the ambrosia boréamples recovered from healthy and diseased wood

Euplatypus segnis and the associated fungi. diluted to 1:100. The tubes with gallic acid anchpée
were added with 400 microliters of Folin Ciocalteu
MATERIALSAND METHODS commercial reagent, so was stirred and left stand f

min. Then, were added 400 uL of sodium carbonate

Diseased and healthy pecan tree tissues wei@.01 m), each tube was stirred and let stand fmirb
collected in three different Coahuila state locagio Subsequently, were added 2 thof distilled water and
Parras de la Fuente (25° 22'N 102°11'W 1520 m)the tubes were immediately read in anUV/Visible
General Cepeda (25° 22'N 101° 28 ‘W 1470 m) andspectrophotometer (Thermo Spectronic, Biomate3) at
Torre6n (25° 42 ‘N 103° 27°'W 1120 m). Three 725 nm to determine phenols. The readings obtained
orchards were sampled by location and in eactirom the samples were calculated using the follow
orchard, three healthy trees and three wounded tre@quation Y = 5.23%0.0256, obtained from the
were sampled. 20 years old-wounded trees were phosealibration curve (R=9991). The assay was performed
if they were in the of phase three of damage (50%n triplicate.
damaged leaf area, from 25-50 inlet and presence of Quantification of condensed tannins.Astandard
sawdust at the stem base). Healthy and damaged woédrve was determinate using a standard solution of
samples were taken for the chemical analysis oh eaccatechin at a concentration 1 g'LFive test tubes were
pecan tree, in this case the samples were obt&ioed labeled O to 4, then were deposited at each tube26,
a wood portion cut to 0.30 and 2.60 m from soil in0.50, 0.75 and 1 mt of standard solution, respectively
accordance to the TAPPI T 257-1 76 Norm. After eachand 1.0, 0.75, 0.50, 0.25 and 0 thbf distilled water.
portion was cut in 2 cm size slices. Wood was olei  On the other hand, 500 uL of each diluted 1:100pdam
from the center and extreme slice terminals (loamdt  was added in a test tube &I%0). All tubes contented
upper) to perform the biochemical determinations,catechin and samples was added 3~ maf HC1-
including nitrogen, crude protein, terpenes andbutanol 10% and 100 uL of ferric reagent. Thes@sub
hydrolysable tannin, cellulose, lignin and siliciufhe  were sealed to prevent evaporation of the HC1-lmlitan
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After that,the tubes were placed in a boiling wateth  washed again with 50 mt of acetone until colorless,
at 100°C for 1 h, subsequently the tubes werelebdbl removes the residual solvent and then was placed in
andreadings ~ were done in  anUV/Visible drying oven at 105°C for 12 h, then samples were
spectrophotometer (THERMO SPECTRONIC, placed in a drying hood for 30 min to obtain theidAc
Biomate3) at 460 nm absorbance. The sample dat weDetergent Fiber (ADF), which was placed on a petri
calculated using the follow equation Y = 1.6%02 dish with cold water andthen was added 25 nuf
0.329, obtained from the calibration curve’ €R9967).  potassium permanganate solution at least five times
This test was performed in triplicate. for 90 min. permanganate solution was removed after
Quantification of nitrogen and crude proteinwerefiltration using a vacuum funnel. The crucibles wer
determined using the Kjeldhal method. Digestion waslaced on Petri dishes and demineralizer solutias w
performed with one 5 g sample. In a Kjeldhal flaskadded to half the volume of the pot, letting the
was placed each sample, next were added 5 glasgution sit for 5 min; The process was repeatedeyw
beads, one selenium mixture tablespoon as catalyghtil the whitish residue, it quickly washed twiaéth
and 30 mL" concentrated pBO,. Each flask was 7094 alcohol and dried crucibles at 105°C, leaving t
placed in a digester until change in tone from dar‘(‘iool in a desiccator to obtain the weight of ligrilthe

brown to light green was observed. The obtaine o - .

: . e . - amples for the determination of lignin was burined
d'gfeStelgcseodluttr']%n dwaezggtls”oaltetqo,r:naﬁcjlzzlfjézﬁgog mLa furnace at 570°C, leaving to cool in a desiccédor
were p '9 utl obtain the weight of cellulose, which in turn was

isti I N 0,
distilled H,0, 5 zinc granules, 110 mLNaOH 45%, added to 48% boric acid and washed with acetone,

50 mL™" of HiBO;-4% and plus 5 drops mixed . o : .
indicator, it was distilled to recover 300 ML The were burned in muffle at 570°C, give yourself cool

degree took place at burette withS0, at 0.11173N. letting marke_r to obtain the weight of silicium (WVa
The quantification of nitrogen was obtained frone th S0€st and Wine, 1968).

wet organic matter digestion and ammonia produced Statistical analysis the data were analyzed under
from nitrogenwas quantified. Whereas, total nitroge @ Nested completely randomized design, where the

from protein was estimated in percentage. To géanti orchards are nested in localities, the repetitivese
the crude protein was multiplied,Mercentage times Nesting in localities by orchand, the physiological
the 6.25 protein factor. state by localities and physiological state in aruth
Quantification of Terpenes by the Soxhlet Methoghestled in Ioca.I|t|es. ANOVA Was.performed' and
with Hexane. We used 2 g of healthy or diseasedjwoomeggé gc;rgp\ilgson was done using Tukey's test
per sample. Each sample was placed in a grouncP—< 05 ( )-
necked flasks pre-weighed on electric blankets ragdi
hexane. The extraction was performed for 12 h and
afterthe solvent was removed in a crucible furnaiog
bell-shaped drying. Each flask was weighed and b 2T S .
difference between the initial and final weights tlexane }6V0°d, among localities mdpated non ggmﬁcant&iépce
extract percentage was calculated, correspondiripeto O Nitrogen, crude protein, terpenes, condensedirta
content of terpenes per sample (Munoz-Conehal., and silicium content (Table 1). Meanwhile there are
2004). Quantification of lignin, cellulose and silim  Significant differences for Hydrolysable Tannin (TH
by the permanganate method. From each sample w&§ncentration, cellulose and lignin. _ .
weight 1 g of each healthy and damaged wood ground This differences in TH content was higher in
sample, in a 600 mt Berzelius glass were added 200 Torreon (1.02me/cat), followed by General Cepedh an
mL™ of acid detergent solution and 2 mLof Parras localities respectively. Cellulose contergsw
Decahydronaphthalene and then heated to boiling ovéligher in Torreon and Parras in relation to General
grills for 1 h. The solution was filtered through a Cepeda. The lignin content (Table 1) was statiijica
crucible vacuum on tare porous layer. The solittites  higher in the General Cepeda locality (15.49%) timan
was washed twice with hot distilled water, immeeliat Parras locality (13.64%).

RESULTS

Chemical analysis from healthy and damaged pecan

Table 1: Biochemical composition of Pecan treespdedhin three different Coahuila state locations

Localities N (%) Pc (%) T (%) TC (me/ac. gal) THdfoat) C (%) L (%) S (%)

Torreén 0.55484a 3.4678a 3.8928a 0.81619a 1.01965a 62.142a 14.8311ab 1.14714a
Parras 0.52610a 3.2881a 4.9817a 0.82553a 0.87363c 61.639a 13.6483b 1.17007a
G. Cepeda 0.55537a 3.4711a 4.2272a 0.79769a 0197114 57.102b 15.4994a 1.17108a

Means with different letters in the same column diféerent (p<0.05) N = Nitrogen, Pc = Crude Protel = Terpenes, CT = Condensed
Tannins, TH = Hydrolysable Tannins, C = CelluldseLignin and S = Silicium
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Table 2: Biochemical composition of diseased aralthg walnut Pecan trees sampled in three diffdmmalities in the state of Coahuila

Physiological state N (%) Pc (%) T (%) TC (me/a)g TH me/cat) C (%) L (%) S (%)
Healthy 0.5414 a 3.384 a 2512b 0.898 a 0.847 b .808%h 10.124 b 0.784 b
Damaged 0.5494 a 3.434 a 6.222 a 0.727b 1.062 a 78B4 19.194 a 1.540 a

Means with different letters in the same columndifierent (p<0.05). N = nitrogen and PC = Crudet&in

In Table 2 is shown the resultdifferences on chamic terpenes, tannins, lignin, cellulose and silicium.
composition between diseased and healthy tree§erpenes content increased significantly in damaged
where it is observed significant differences forpecan trees attacked by the borer-fungal complex as
tannins concentration, cellulose, lignin and silmi  occurring in species of conifers (Zwenger and Basu,
content. The content of chemical compounds waf008). Trapp and Croteau (2001) found that terpene
higher in damaged wood by the complex Ambrosiacontent increases as a host response to insects whe
Borer (Euplatypus segnis Chapuis) and associated they drilled the trees. Terpenes have also beeortep
fungi, except for condensed tannins, which wasthat can inhibit development of pathogens (Klepmtig

higher in healthy trees. al., 1996). Although, there is an induced response to
insects invasion, the biosynthesis of terpenesstéikee
DISCUSSION and occurs after the borers have been transparteubt

_ wood, fungal hyphae and the pathogen is established
~The null differences between ochands fromie gistribution of terpenes can vary within a $pec
different localities for nitrogen, crude protein, (Semizet al., 2007). Thompsoet al. (2006) found in
terpenes, condensed tannins and silicium Contentree Samp]es’ h|gh terpenes concentrations |ny|mm
may be due to the same agro-ecologicaland low in the phloem, as moderate levels in the
management: such as improving soil quality bysapwood. Kessler and Baldwin (2001) demonstrated
incorporating organic matter and fertilization that herbivorous insects can induce the emission of
management. plant terpenes and also make the plant emits sigoal
Chemical composition of diseased and healthyattract predatory species. These experiments pgovid
trees indicated that Nitrogen (N) concentration was not only evidence of the powerful role of terpenes
significant, this results suggests a similar faytilevel  forplant defense, but also provide a model of co-
in the sampled orchands. In this sense, fertitirati evolution between plants, mites and insects.
practices can have indirect effects on plant rescs or In this study,condensed tanninsconcentration was
susceptibility to insect and diseases, changirg thlower in diseased than healthy trees. Aloretoal.
treenutrients composition. On the other hand, thalt (2001) reports that i€alluna vulgaris plants nitrogen
nitrogen has been considered a critical nutritidaelor ~ concentrations increase, promote a reduction ial tot
that modifies the abundance and behavior of insectghenolics, condensed tannin levels and a increése o
(Mattson, 1980). The crude Protein Content (PC) irhydrolysable tannins in diseased wood in relation t
healthy trees (3.38%) and damaged trees (3.43%) wdeealthy wood, these changes may be a response of
statistically similar. Torrest al. (2005) mentioned that plants to insect-pathogen complex attack, sincaitan
different rainfall periods increases significanttle = compounds play a significant role in the resistance
content and production of protein in the availablemechanisms to pathogenic organisms due to its
biomass (% PC /kg'h and not available; The protein- antifungal properties (Singh and Kim, 1997; Morita
based chemical defenses in trees include enzynoés sual., 2001). Eyleset al. (2003) analyzed anatomically
as chitinases and glucanases that can degradad chemically the wood produce by xylem artifigial
components of invading organisms. The enzyme amjured Eucalyptus globulus (Labill) and Eucalyptus
inhibitors interfere with the microrganism abilifty use  nitens (Maiden) trees, theses authors found an increase
as food resources the invaded tissue. Other inBlucibin polyphenolic compounds including hydrolysable
enzymes such as peroxidases and laccases can induaanins, tannins condensate, glycosides and flagdeno
harder cell walls by promoting lignification, which and mentioned that the diverse range of secondary
directly affect the invader microorganism. Proteased metabolites found in the wound wood is a repair
defenses can be highly specific to a particulaaoigm, response to pest attack. Tannins have been repiorted
but only a small subset of them can be regulatedhave an important role in the plant defense meshasi
during the attack of a specific pathogenic fungusagainst insects, decay fungi or allelopathic agemins
(Hietalaet al., 2004; Nagyet al., 2004). react quickly with other biomolecules forming coepl
Nitrogen and crude protein content may be havengproducts with proteins (structural and catalytgtgrch,
an associated response to plant defense to paskatt pectin substances and cellulose. By this way, ttaela
also, there are association between the reportdrsy fungi or bacteria metabolism can be inactivated
chemical compounds with effect in plant defensehsuc substantially decreased (Laredo, 1996). Some afethe
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bioactive compounds such as tannins and terpends attacks by insects, fungi and bacteria (Frankgnén

play an important role in natural defense mechasismand Beardmore, 2004).

of fruits and vegetables (Cowan, 1999; Howatd In this study was found that silicium increases

al., 2000; Lombardi-Bocciat al., 2004). _significantly in diseased wood compared to healthy
Cellulose content increasedin a significant way inygod. Silicium forms insoluble (phytoliths) and sble

diseased wood in comparison to healthy wood; theggregates (orthosilicic acid polymers), intertwine
cellulose polysaccharide is in greater proportionthie i coliylose and cell wall components, makingnthe
wood and is the most important substance produged bstron and flexible. thus protectin Iant, tissaaiast
trees and the main cell wall component (Goabwl., 9 ’ P 9p ge

2007). Cellulose has different physical andWater, air and microorganisms acti_on (Rodrigues_and
mechanical properties, giving plant strength andPatnoff, 2005). Vegetable physiologists consider
toughness (Chowat al., 2008). Fungal attack tocell silicium as an essential element for plants, howevas
wall cellulose reduces tree flexibility, whereagnin  been reported that the presence of silicium benefit
degradation affects compressive strength of wood, arops, by induction of resistance and protectionirass
significant loss of this resistance occurs befbeerbtis  various biotic and abiotic factors attributed inrtpt
detected in the wood (Muraeeal., 2006), there are no the accumulation and polymerization in the cell lsyal

defense against pathogens, but the data suggest gfthogens and insects (Epstein, 1999). Silicium

association. . . . activates a series of defensive genes in rice, indnac
Lignin concentration was higher in damaged PeCaNaize, it is confirmed that some insect predators
trees by insect attack. Wainhousst al. (1990) ' P

mentioned that the increase of lignin content has a(_CoIeoptera: Cocc_ingllidae) fged more on pIa.n_té_wwit
negative effect on wood boring insects, affectiayal higher levels of silicium, which means that silitiu
survival, insect weight andgrowth,there are a rédoc ~ SuPPlemented plants release volatile compounds that
of tunnels diameter and they are deformed, adultditract natural enemies of pests (Bettiol, 200@)isT
oviposit less on trees with high lignin content. leads, consequently, a decrease in the preferefice o
Lignification may be a constitutive feature in someinsects for plants (Gomes al., 2005). There are other
species, but may also occur as a process akeports that found that some biomolecules such as
strengthening the tissues when are subjected tsigaly aldehydes, terpenes, esters monoterpenoids,
damage and manifested during plant defense as locajanohydrin esters, cyanohydrins, sesquiterpenes,
accumulation of large quantities of lignin in afled  essential oils, furans, alkaloids and phenolic counmgls
tissues. Lignin is produced by the enzymatic bigdh  (tannins) occurring naturally in plants and testad

phenylpropanoid units forming long polymers that yigerent bioassays had showed phytotoxic insetdici
confer impermeability and mechanical strength; 'nactivity (Vazquez-Lunat al., 2007)

addition, lignin is resistant to degradation by man
pathogens (Nicholson and Hammerschmidt, 1992).
Wainhouseet al. (1998) confirm the importance of

lignin as a mechanical barrier developed by trees,
because when the borddendroctonus micans was P ; . X .
established in Norway spruce, there had a negativg,nd 5|I|C|umcon<_:entrat|0n .S|gn|f|cantly mcrgased i
relationship between the amount of lignin and gglle diseased trees, it can be inferred that the inereds

size, the galleries werebigger in trees with a lgmin these components is a biochemical defense resmdnse

concentration. WhenAscocalyx abietina infected ~ P€can to insect invasion and to the enzymaticractishe
naturally Norway spruce wood, phenolic compoundsfun_gall pathogens associated. The results confirat th
and lignin were accumulated in the cell wall Cvikao activation of plant defense has a complex base that
et al. (2006). WherPinus banksiana was attacked by depends on the coordinated expression of a set of
the fungus Gremmeniella abietina, the stem bark, defense mechanisms. These mechanisms respond to the
phloem cells and vascular cambiumwere invaded, ixpression or repression of genes where the preduct
response, the treeaffected tissues produced ligngarticipate in different metabolic pathways invalvie
suberized tissues confined the pathogen within th@lant defense.
affected area; this is the first demonstration @bou These genes, called defense genes, form the basis
anatomical mechanism of defense in conifer (Singard of horizontal or polygenic resistance known by plan
al., 2001). Genetically engineered trees with lowmilg  pathologists and plant breeders. The defense
increases the destruction of forests and waydefilid mechanisms of horizontal resistance, involves the
are more susceptible not only to storm damagealsot  production of phytoalexins, secondary metabolifg,
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proteins, lignin deposition, hypersensitive reattior  Epstein, E., 1999. Silicon. Ann. Rev. Plant Physiol
SAR, which are responsible for acting against Plant Mol. Biol.,, 50: 641-664. DOI:
pathogen. In other words, plants defense is largely 10.1146/annurev.arplant.50.1.641

polygenic. On the other hand, the R genes form th&yles, A., N.W. Davies and C. Mohammed, 2003.

basis of vertical resistance or monogenic or olaog. Wound wood formation inEucalyptus globulus
Despite what its name suggests, the R genes are not and Eucalyptus nitens: Anatomy and chemistry.
directly responsible for resistance, but also acsignal Can. J. Forest Res., 33: 2331-2339. DOI:

receivers (Avr proteins) that originate from the 10.1139/X03-149
pathogen. This leads to the activation of differentFrankenhuyzen, K.V. and T. Beardmore, 2004. Current

signaling cascades that ultimately initiate therespion status and environmental impact of transgenic
of genes responsible for the defense mechanisms. forest trees. Can. J. Forest Res., 34: 1163-1180.
DOI: 10.1139/X04-024
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