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Abstract 

Acidic, class II chitinases are pathogenesis-related proteins, synthesized as part of the induced 
systemic resistance in plants. Expression of such a chitinases was assessed by Real-Time quantitative 
PCR, in tomatoes roots, in the middle and late stages of interaction with Trichoderma harzianum and 
arbuscular mycorrhizal (AM) fungus Glomus intraradices. Pot experiments were carried out in 
sterilized sand, treated from the sowing time with one or both fungi. Specific messengers were 
quantified after 14, 21, 28  and 35 days, comparing to the untreated controls. 

Chitinase expression was slightly elevated in single fungus treatments, except for the age of 28 
days when a general decrease was observed. The expression was always higher in Trichoderma treated 
than in mycorrhized plants, with a remarkably increase in the Trichoderma treated at 35 days age. 

Results confirm that acidic class II chitinases are involved in the systemic induced resistance 
and suggest that Trichoderma acts like a bioprotector not only through mycoparasitic mechanisms, but 
also by inducing a defence reaction in plant. Also, since in combined treatment expression was mostly 
decreasing, our results suggest that, when present, arbuscular mycorrhiza exerts somehow a control 
over the general plant defense reaction, regardless to the Trichoderma presence. 
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Introduction 
 

Cultural practices and biological control of pathogens, using bacteria or fungal 
antagonists, are promising alternatives to reduce or replace chemical treatment for disease 
control. 

Trichoderma spp. are amongst the most studied fungal control agents. They are 
opportunistic, avirulent plant symbionts, normaly occurring in rhizosphere. Trichoderma 
function as parasites and antagonists of many phytopathogenic fungi, thus protecting plant 
from disease [1; 38]. Specific strains of fungi in the genus Trichoderma colonize and 
penetrate plant root tissues and initiate a series of morphological and biochemical changes in 
the plant, considered to be part of the plant defense response, which in the end leads to 
induced systemic resistance (ISR) in the entire plant. 

Arbuscular Mycorrhizal (AM) Fungi are obligate symbiothrophic microorganisms, 
prevalent in almost 90% of the higher plants. The beneficial role in plant development make 
them suitable for including in bioinoculans for agriculture, either alone or combined with 
different other type of microorganisms. 

While the mechanisms involved in the biocontrol exerted by arbuscular mycorrhizal 
symbiosis in the root are not clear, localized and systemic induced resistances [ISR] [6] as 
well as increase in plant phosphorus status [33; 35] appear to be involved. Parallel to ISR, 
mycorrhizal fungi interact with the host plant`s roots and influence the whole plant, including 
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the above ground parts. This effect resembles the rhizobacteria-mediated, induced systemic 
resistance that is also effective against necrotrophic pathogens [18]. The AMF is also likely to 
have role in induction of hydrolytic enzymes [25] and enhanced levels of pathogenesis-related 
(PR) proteins [10]. 

Both Trichoderma [9] and mycorrhizal fungi [37] contain chitin in their cell walls  and 
may, therefore, be influenced by the chitinases produced in the root of the host plant, 
especially in the early stages of AM infection. However, plant chitinases do not appear to 
come into direct contact with or bind to external mycorrhizal hyphae [32], while Trichoderma 
doesn’t even penetrate plant tissue. 

Chitinases (EC 3.2.1.14) are enzymes that hydrolyse chitin, a linear homopolymer of β-
1,4 linked N-acetylglucosamine (GlcNAc), which is one of the major cell wall components of 
most fungi. In plants, they can be differentially regulated, playing different roles. Chitinase 
induction is apparently elicited in higher plants in response to physiological and 
environmental stress [4; 8; 16], being important part of hipersensitive response. Although no 
substrate for this enzyme has been described in plants, it has been suggested that chitinases 
have a role in plant growth and developmental processes [36] and in defence mechanisms 
which are triggered in response to attack [14]. Chitinases are organized in five classes 
numbered from I to V [15]. Chitinases from classes I, II and IV are of plant origin and belong 
to glycoside hydrolase family 19, whereas classes III and V are comprised of glycoside 
hydrolase family 18 chitinases [30].  

All plant chitinases are relatively small proteins with molecular weights ranging from 25 
to 40 kDa. The optimal pH for chitinase activity varies depending on the species but is usually 
acidic. Studies of immunocytochemitry as well as cell fractionation methods indicated that 
chitinases could be deposited either in vacuoles or in the apoplast [42; 43]. Class II chitinases 
are generally acidic and homologous to the class I chitinases within the catalytic domain but 
lack the N-terminal, cysteine-rich domain and the C-terminal extension. Not all class II 
chitinases are acidic. Most plant chitinases isolated to date are endochitinases.  
   In several studies, a generally rising tendency of chitinases synthesis was shown in 
different plant, after treatment with Trichoderma inoculants [11; 23]. These studies, however, 
reported endochitinase activation in early (48 – 72 h) and mid (7 days) stages of the infection, 
respectively. A further evolution pattern would help understand if the reaction is an acute 
response to a fungal invader or a continuous ready-steady status of the plant in front of potential 
pathogens.  
         Although some works reported the use of Trichoderma and AM fungi as combined 
biofertilizer in tomato (Lycopersicon esculentum Mill.), most of them referred to growth 
parameters of the host or the symptoms of the protective effect [24; 26; 5]. None of them so 
far, analyzed the influence of this combination over plant hidrolases and chitinase in 
particular. The reaction of chitinase synthesis is part of the complex hypersensitive response 
(HR) that triggers systemic responses to prevent subsequent pathogen attacks [12].  
         It was our goal to make a fine measurement of:  
I) the acidic chitinase profile in the late stages of the infection with arbuscular mycorhhizal or 
Trichoderma fungi; 
II)  how the presence of mycorrhizal symbiosis regulates the synthesis of this endo-chitinase 
in plant, in the presence and in the absence of Trichoderma cohabitant.  

The second aim helps us understand if the combination between the two fungi has 
synergistic effect on the plant defense reaction. 

In order to evaluate the chitinase synthesis after Trichoderma and / or mycorrhizal 
treatment of tomato plant, in this work we analyzed the expression of an acidic extracellular 
chitinase, having the accession no. AB110610 in NCBI database. Originally sequence was 
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deposited by Wada et al. [44], who called it CHI3. The sequence represent genomic DNA 
corresponding to the cDNA of the chitinase Z15141, previously deposited by Danhash et al. 
[27], encoding an acidic extracellular 26 kDa chitinase. These authors showed that it has 85% 
peptide sequence similarity with class II chitinases. The mRNA encoding the 26 kDa acidic 
extracellular chitinase is induced more rapidly during an incompatible Cladosporium fulvum-
tomato interaction than during a compatible interaction [27]. 

We measured the expression of endochitinase AB110610 after 14, 21, 28 and 35 days of 
interaction, comparing to a non-treated control. Q-Real-Time PCR method was applied for 
relative gene expression quantification.  

This method requires that the quantity of transcript should be normalized against stable 
genes, commonly referred to as internal control genes. More than one gene is recommended, 
since the combination of several references genes smoothes normalization error due to the 
small variation in expression of a single reference gene [1]. 
 
Materials and Methods 

 
Biological Material 
Tomatoes seeds, Heinz 2274 variety, were placed in pots with autoclaved sand (121o C, 

15 min), homogenously mixed with fungal inoculum. 
Four different experimental variants were assessed: three treatments [tomatoes treated 

with Trichoderma, treated with Mycorrhizae and with both fungi, versus a non-treated 
control. 

For the mycorrhizal inoculum, a product containing Glomus intraradices, developed by 
Volcani Center – Israel was used, after a 10 times dilution, according to manufacturer 
recommendation, reaching a final concentration of approx 20-22 propagules / ml of substrate. 

Trichoderma harzianum Rifai, MUCL 29416 strain (Mycotheque de l`Universite 
Catholique de Louvain), was cultured on PDA medium for 7 days, until a highly sporulated 
culture was obtained. A suspension in buffered saline water was prepared, using sterilized 
glass beads to remove the conidia from the culture surface. The final concentration of 
Trichoderma in the substrate reached 5x105 CFU / ml, checked by surface plating on the same 
medium. 

Tomatoes cultures were maintained for 14, 21, 28 and 35 days from sowing date, at 22-
24o C, under a natural photoperiod alternance, between December and January (2010-2011). 
Sterile Hoagland solution with half concentration of phosphorus was applied once per week, 
completed with daily sterile water, as needed. For each treatment, three pots were prepared as 
biological replicates, each pot containing 5 - 7 plants. At the end of this period, roots were 
subjected to RNA extraction or staining for microscopy. 

Staining procedure and microscopical observation 
Fresh roots were harvested, cleaned in tap running water, rinsed in distilled water and 

drained on sterile Watman paper. Approximately half of the roots, randomly chosen, were put 
apart for microscopy; the others were immediately deepen in liquid nitrogen and crushed in a 
mortal, in the presence of the extraction buffer, for RNA extraction.  

Roots for microscopy were kept for 2 days in the refrigerator (at 6-8oC), in 10% (w/v) 
KOH, then cleared by heating to 90oC for ~10 min, in an water bath, followed by a whitening 
step in peroxide solution (5%), rinsing and acidifying with few drops of 2N HCl. A staining 
solution of Cotton Blue in Lactophenol, prepared according to Grace and Sttribley [7] was 
added, and the vessel was kept for another 10 min at 90o C in the water bath; roots were 
destained over night in 1:1 lactic acid: distilled water (vol:vol). Microscopical observations 
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were conducted in a Zeiss Axio Imager D1.m Microscope, on squash preparates. Pictures 
were taken with a Canon MCD 20 camera and processed with AxioVision Rel. 4.6 software. 

 
RNA extraction 
A kit from Ambion (RNAqueous) was used for total RNA isolation. The purified RNA 

was finally treated in one step with DNA-free DNase Treatment & Removal (Ambion) 
according to manufacturer instructions, in order to remove any genomic DNA accidentally co-
extracted.  

 
Reverse transcription 
RNA was reverse-transcribed to cDNA, using a High Capacity RNA-to-cDNA Master 

Mix (Applied Biosystems). All procedures for RNA extraction, removing the residual DNA and 
reverse-transcription were conducted in sterile conditions, under a vertical laminar flow hood. 

Primer design  
For tomato class II acidic chitinase, the nucleotidic sequences were obtained from the 

GenBank database; Primer 3 software was used for designing all the primers used in this 
work, using design criteria for Real-Time PCR. Primer sequences used are according to Table 
1. In the set-up step, primers forming dimmers were excluded after testing in control 
reactions, after conventional PCR and electrophoresis (results not presented here). 

 
Table 1. Primer sequences used in this assessment (*oligomer that spans intron-exon boundary; **size if no 
intron is amplified) 

Target gene (in 
tomato) 

Primer sequence  Accession 
no. 

Amplicon 
length 

Acidic extracellular  
26 kDa chitinase  

(Fw)* CGAAACTAATGGTGGTAGTGC AB110610 185 bp 
(Rw) TCGCAACTAAATCAGGGTTG 

Elongation factor 1 
alfa (EF1α) 

(Fw) AGCCCAAGAGGCCATCAGACAA X53043 200 bp 
(Rw) GAGTGCCTCCTGGAGAGCTTCG 

Ribosomal Protein 
R2 (Rib PR L2) 

(Fw) AGCTCGAATGGCTTCATCTT AY044159 187 bp**  

(Rw) TCCGATTCGCATCATACCTA 
 
Real-Time PCR amplification 
Real-Time quantitative PCRs were carried out in a Rotor-Gene 6000 machine (Corbett 

Research), using SensiMix SYBR No-ROX Kit (Bio-Line). The thermal profile that worked 
satisfactory for all three fragments were as follows: 95o C – 10` (enzyme activation), followed 
by 49 cycles of 95o C – 15`` (denaturation), 60o - 15`` (annealing), 72o C – 15`` (elongation), 
so the three amplifications (for one target and two reference genes) were run simultaneously, 
in distinct tubes.  

Stability of reference genes 
The analysis of gene expression requires sensitive, precise, and reproducible 

measurements for specific mRNA sequences. To avoid bias, real-time PCR is referred to one 
or several internal control genes, which should not fluctuate during treatments [28]. 

In order to choose two most suitable reference genes, four house-keeping genes, 
commonly used for normalization of Q-PCR data, namely: Elongation Factor 1 alfa  - EF1α 
[3; 39; 40], Ribosomal Protein L2 – Rib PR L2, Beta-tubulin – ß-Tub [20; 28; 40], and 
Polyubiquitin [2; 40], were tested for stability in the conditions of our experiment. The 
relative expression values for each cDNA sample were used as input for calculation of the 
stability of each reference gene. The gene expression stability (M) was calculated using 
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geNorm programme (http://medgen.ugent.be/~jvdesomp/geNorm): genes with the lowest M-
value are the most stably expressed [13; 1].  

Calculation algorithm 
The three biological replicates of each treatment were run in three technical (PCR) 

replicates each, following the Relative Standard-Curve strategy for treshold setting and inter-
runs comparations. 

For the quantification of mRNA molecules we used REST (2005) software (version 
1.9.12); it is a standalone software tool to estimate up and down-regulation for gene 
expression studies. The software addresses issues surrounding the measurement of uncertainty 
for expression ratios, by using randomisation and bootstrapping techniques. Through 
Hypothesis Test, the algoritm determines whether there is a significant difference between 
samples and controls, while taking into account issues of reaction efficiency and reference 
gene normalisation. The hypothesis test performs up to 50,000 random reallocations of 
samples and controls between the groups, and counts the number of times the relative 
expression of the randomly assigned group is greater than the sample data. The results are 
generated in the form of wisker plots, accurately representing distribution of data, even if it is 
skewed, or non-linear, or if the tails of the data are assymetrical. 

 
Results and discussions 
 

Microscopy for infection confirmation 
Intraradical spores (Fig.1), internal and external hyphae (Fig. 2) and interactions between the 

two fungi were observed under transmitted light microscope, after cotton-blue staining. Intensive 
typical sporulation and extraradical mycelium were the main indications of each association. Very 
rare direct, mycoparasitic-like interactions, comprising in week coiling behavior, were 
encountered between extraradical, but not intraradical hyphae of the two fungi (Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Mycorrhizal symbiosis: intraradical spores (left) and hypha penetrating the 
tomato root (right) 

Fig. 2. Intraradical spores agregates (left) and external hypha (right) of 
Trichoderma harzianum 
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Primers and SybrGreen Real-Time PCR amplification 
For quantifying mRNA molecules using SybrGreen chemistry, generation of single 

amplification product, of expected size is needed. Melt curves were run at the end of each 
amplification cycle, to ensure this condition was met. Examples of such curves are given in 
figure 4, for each gene.  

 
 
 
 
 
 
 
 

 
Selection of the reference genes for normalization 
The purpose of normalization is to correct for variability associated with the various 

steps of the experimental procedure, such as differences in initial sample amount, RNA 
recovery, RNA integrity, efficiency of cDNA synthesis, and differences in the overall 
transcriptional activity of the tissues or cells analyzed. Internal controls or reference genes 
potentially account for all the above-mentioned sources of variability. Since the internal 
control and target sequences are naturally present in the biological sample, both will undergo 
the same type of variation throughout the assay. In recent years, it has become clear that it is 
necessary to validate the expression stability of a candidate control gene in each experimental 
system prior to its use for normalization [17].  

Expression stability of candidate reference genes was tested during treatment with 
mycorrhizal and / or Trichoderma fungi. In order to determine the most two stable reference 
genes out of four commonly used, we applied the GeNorm algorithm [13]. The analysis of M 
value (stability) of the four reference genes was performed on four samples, in triplicate, 
belonging to the four experimental variants (three treatments with fungi and one non-treated 
control), after 35 days of interaction. 

The geNorm algorithm uses reciprocal cross-validation among a larger group of 
candidate references [40]. The data provide expression stability values and gene rankings for 
the three treatment type and different sample subsets. The M value reflects the expression 
stability of a gene compared to other reference genes; a lower M-value means more stable 
gene expression and is basis for ranking of the genes in order of their expression stability [1].  

Fig. 3. Interaction between Trichoderma hypha and mycorrhizal fungi in the root 
proximity (right - detail) 

Fig. 4.  Melting curve of specific amplicon for target - Chitinase AB110610 (a), Reference genes – EF1α 
(b) and Rib PR L2 (c). 

 

a. b.

 

c.
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Subsequently, we chose Ribosomal Protein L2 (Rib PR L2) – M = 383 and Elongation 
Factor 1 alfa (EF1α) - M = 0.278 as the most stable gene to normalize against and having an 
acceptable M value, for our particular experiment (fig. 5). 

 
Fig. 5. Average expression stability values and ranking of control genes 

 
Chitinase expression profile 
To assess the transcriptional activation of class II acidic, 26 kDa chitinase in tomatoes 

treated with either alone or combined treatment with Trichoderma harzianum and mycorrhizal 
fungus Glomus intraradices, Real-Time quantitative PCR technology was applied, using 
relative standard-curve method.  

Results, analised by REST (2005, version 1.9.12) software, are presented in figures 6, 7 
and 8. 

Each box present the inter-quartile range (middle 50% of observations), with the dotted 
line showing the median of the values. Each gene (target and references), from 3 distinct 
biological replicates, analyzed in 3 technical replicates, belonging to ages of 14, 21, 28 and 35 
days, is distinctly presented. Whiskers shows the outer 50% of observations, presenting also 
the skewed or non-linear distributions, when the upper or bottom 25% of observations are 
highely variable, forming a tail. 

Boxes are plotted on a graph where 1 represents the calibrator (the untreated control). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. b

c. d.

Fig. 6. Relative expression of chitinase gene of tomato plants treated with Trichoderma harzianum 
comparing with Control (non-treated): a) 14 days old; b) 21 days old; c) 28 days old; d) 35 days old. 
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A rising trend was observed in the evolution of plant chitinase in singal fungal treatment, 

except for the age of 4 weeks, when a transient decrease was observed in all treatments.  
Modification less than 2 fold differences, namely 1.67, 1.37 and 1.47 fold, were 

encountered at age of 14 days (fig. 6a., 7a and 8a), in Trichoderma, mycorrhizal and 
combined treatment, respectively. A slight, yet significant increase in expression was noticed 
at age of 21 days in case of Trichoderma treatment (3.36), while the mycorrhizal treatment 

Fig. 7. Relative expression of chitinase gene of tomato plants treated with mycorrhizal fungus 
Glomus intraradices comparing with Control (non-treated): a) 14 days old; b) 21 days old; c) 28 
days old; d) 35 days old. 

a. 

c. d. 

b. 

Fig. 8. Relative expression of chitinase gene of tomato plants treated with T. harzianum and 
mycorrhizal fungus G. intraradices comparing with Control (non-treated): a) 14 days old; b) 21 days 
old; c) 28 days old; d) 35 days old. 

a. 

c. d.

 b.
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remained constant (1.03) and the combined treatment encounter a slight decrease (0.8), 
comparing to the untreated control. 

Interestingly, at 28 days, the chitinase profile showed a general decrease, with values ranging 
from 0.91 in combined to 0.66 in mycorrhizal and to 0.58 in Trichoderma treatment. Significant 
differences were observed at age of 35 days, in case of each separate treatment, with a tremendous 
increase of 31.85 times in case of Trichoderma alone treatment (fig. 6d), comparing to the 7.34 
time increase for mycorrhizal infection (7d), while combined treatment (fig. 8d) elicited a 
decrease to around half of the value of the untreated control (expression value: 0.5).  

As observable, in late stages, Trichoderma treatment triggers a more intense response in 
term of chitinase synthesis pathway activation than any of the other treatments, while in 
combined treatment, interestingly, reaction is almost absent or even below the endogenous 
level – see evolution graph (Fig. 9). At the age of 28 days, the response shows that the host 
plant is crossing a physiological adaptation to the infected status. 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
Reference genes for Q-Real Time PCR 
Reliable Real-Time PCR quantification of gene expression relies on trustworthy 

normalization of Q Real-Time PCR data. The best normalization is obtained using internal 
reference genes because it takes into consideration variation introduced by RNA sample 
quality, RNA input quantity and enzymatic efficiency in reverse transcription [1]. 

In an experiment similar to ours, on potato plants, treated with Trichoderma spp. and / or 
Rhizoctonia spp. under in vitro conditions, 96 hours post infection, Gallou et al. [1] also 
found EF1-α among the most two stable reference genes, in a trial of four tested. Like in our 
case, in both treatments of these authors, ß-tub gene was also ranked on the third position for 
stability. Also, Nicot et al. [28], found EF1-α to be the most stable among seven reference 
genes tested during biotic (late blight) and abiotic stresses (cold and salt stress) in potato. 

Chitinase expression regulation in single or combined treatment 
 For assessing the suitability of combined Trichoderma sp. and mycorrhizal treatment, 
many experiments have been conducted throughout the time, on tomato [24] or other hosts 
[29]. Although some of them also refered to chitinase synthesis [11], most of them addressed 
the general spectra of these hidrolases, but none in particular.  

While pathogenesis-related class II, III-1 and IV chitinase genes are weakly up-regulated 
at early mycorrhizal stages [31], little is currently known about the evolution of these 
chitinases in later stages of the interaction.  

Moreover, the present assess of regulation of these enzymes in combined mycorrhiza-
Trichoderma co-infection of plants is a premier.  

Fig. 9. Expresssion profile of chitinase AB110610. Gray columns represent down regulation. 
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According to our results, the behavior of plant defense system in term of acidic chitinase 
synthesis shows a first slight up-regulation or even transient decrease, probably due to an 
adaptation mechanism, followed by a strong response in late stage (5 weeks) of the infection 
with the biological control agent Trichoderma harzianum, thus confirming the hypothesized 
mechanism of ISR activation.  

On the other hand, we show here that the presence of mycorrhizal symbiosis, as 
mediators of defense, appear to somehow control the general response of host-plant, 
regardless to Trichoderma presence, thus infirming the mycoparasitic effect of Trichoderma 
harzianum over Glomus intraradices hyphae. Although the mycoparasitic effect was 
previously described by many authors, in different tripartite interactions, a general rule of 
behavior cannot be establish, since stimulative, as well as indifferent interactions [19] have 
been reported. Thus, regarding the mycoparasitic effect, our conclusion is that it cannot be 
anticipated for a particular interaction and that the biological material (species and even 
strains) is crucial in constructing the compatibility phenomenon. If direct interaction and 
mycoparasitic behavior of Trichoderma over AMF would probably impair the conditioning of 
a combined biofertilizer in a single bag, simultaneous administration of the two in the plant 
rhizosphaere is most likely to be beneficially for the most cultivated plants. Positive effect can 
go from increase vegetal biomass or crop to enhanced resistance to various pathogens and 
herbivores and good agricultural practices. 

Since, in mycorrhizal symbiosis, the host plant does not afford to increase chitinase 
synthesis above a certain level, the involvement of this class II acidic chitinase in the internal 
hyphal penetration and spreading could be concluded.  

This permissive behavior is not uncommon for mycorrhizal symbiosis formation. Many 
examples of other class of chitinases decrease during mycorrhizal symbiosis can also be found 
in the literature. David et al. [34] reported the suppression of tobacco basic chitinase (32-kDa) 
expression in mycorrhizal roots, as identified by differential-display assay, and analyses of the 
mRNA steady state level and protein level. Moreover, chemical induction of the 32-kDa basic 
chitinase gene by (1,2,3)-thiadiazole-7-carbothioic acid S-methyl ester (BTH) was suppressed 
in mycorrhizal roots but not in non-mycorrhizal controls, suggesting that AM fungi down-
regulate transcription of the 32-kDa basic chitinase.  Lambais and Mehdy [21] showed that 
endochitinase activities were suppressed approximative twofold throughout the time-course in 
soybean roots colonized by the Glomus intraradices strain 26, but not strain 25, compared 
with uninfected controls, proving that several plant defence-related genes are differentially 
regulated in AM roots and some of these genes might be involved in controlling intraradical 
fungal growth. Same authors reported transient induction followed by down-regulation of 
endochitinase activity and the steady-state level of mRNAs encoding basic and acidic 
chitinases in mycorrhizal fungus infected Phaseolus vulgaris [22]. 

 
Conclusions 

 
Our results somehow reinforce the expectations of a direct connection between the 

chitinases synthesis and arbuscular mycorrhizal colonization: in a very recent paper, Schäfer 
T. et al. [41], showed in two transgenic apple lines constitutively expressing an endochitinase 
gene, that the expression level is conversely affecting the AM fungi colonization rate. 

We conclude that the defense response is one very refined by the evolution itself. If we 
would have all the knowledge of the phenomenon, a very specific management and 
coordination of biological control agents against pathogens could be applied, thus eliminating 
the need for chemical pesticides. 
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