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Abstract

Chitinase and R 1, 3 glucanase activities in susceptible and tolerant cucumber roots pre-colonized with
Funneliformis mosseae against root knot-nematode Meloidogyne incognita were studied. Mycorrhizal plants
which pre-colonized for 7 weeks inoculated with 1500 J, per 1 kg soil. The quantitative activity of chitinase and 3
1, 3 glucanase enzymes was assessed on 2, 4, 6 and 8" days after M. incognita inoculation based on split- plot in
time design. Also the results showed that AMF pre-inoculation caused a significant decrease in RKN
pathogenicity factors (number of galls, eggs, egg sacs and J,) in both tolerant and susceptible cultivars.
Inoculation of susceptible roots with AMF significantly reduced the nematode pathogenicity factors. Also the
results indicated that the activity of both enzymes increased in the plant with AMF compared with the cucumber
roots inoculated with M. incognita alone. Cucumber mycorrhizal roots showed the highest mean activity of
chitinase and B 1, 3 glucanase respectively on the 4™ and 6™ days after M.i inoculation. Preinoculation of AMF
increased significantly the activity of both enzymes in cucumber cultivars inoculated with nematode. Although,
the level of chitinase and I8 1, 3 glucanase enzymes in tolerant cucumber was significantly higher than susceptible
on different days. We concluded that ‘increasing cucumber tolerance to root-knot nematode can be related to
involvement of chitinase and beta-1,3-glucanase. So vesicular arbuscular mycorrhizae can be considered as a
suitable option for biocontrol of the root-knot nematodes.
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The cucumber (Cucumis sativus), is a widely galls and preventing root growth. RKN alter
cultivated plant in the gourd family, the vascular system and disrupt the transfer of
Cucurbitaceae which 75000 ha of Iran's food_from_ the soil (Vovlas et _al., 2005). The
agricultural land is under cultivation of physiological changes occurring throughout
cucumbers and has an average production of the host plant and it has been reported to cause
300 tons per hectare. Greenhouse production an annual loss of $ 547.5 million in cucurbits
has a total area of 5800 ha and has a total of (Jain et al., 2007). Due to the geographical
1454218 tons of production (FAO, 2015). expansion, host domain and the importance of
Root-knot nematodes (RKN), Meloidogyne RKN, their control is inevitable. Use of
spp. are one of the most important plant resistant plant prevent or restrict the
parasitic nematodes in the world which has a reproduction of the nematode by activating
wide range of hosts (Hussey & Janssen, 2002; defense mechanisms that have been able to
Oka et al., 2000). Damage caused by these restrict the penetration of the second-
pathogens includes weakening, formation of generation larvae of the nematode or prevent
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the formation of a nutrition site for the
nematode and its reproduction (Silva et al.,
2013). Recently the use of biological agents
for control of plant-parasitic nematodes has
been investigated (Nguyen et al., 2007). The
use of biocontrol organisms, such as
arbuscular mycorrhizal fungi (AMF) is an
environmentally favorable alternative to
manage plant parasitic nematodes (Bajaj et al.,
2015; 2017). AMFs are principal elements of
the soil microflora which form a mutualistic
symbiosis with most plant species. AMFs have
been involved in increasing the availability
and uptake of soil phosphorus and trace
elements, therewith elevating host plant
growth (Ceballos et al., 2013; Hart et al.,
2014). They directly limit the growth of the
pathogen by creating a physical barrier on the
root or producing substances, such as
antibiotics and other compounds, and thus
increase plant resistance. AMFs increase the
antioxidant activity in plants (Baslam &
Goicoechea, 2012). AMFs and RKN compete
with each other for the same site in
rhizosphere of host plants (Elsen et al., 2003;
De la Pena et al., 2006). Reduce the severity
of disease caused by Pratylenchus and
Meloidogyne is reported by the mycorrhiza
symbiosis (Li et al., 2006; De la Pena et al.,
2006). Studies have shown that among
arbuscular  mycorrhizal ~ fungi,  Glomus
intraradices, G. etunicatum and Funneliformis
mosseae are able to reduce root-knot
nematodes damage (Hol & Cook, 2005).
Zhang et al., (2008) observed that inoculation
cucumber plants with three species of AMF,
Glomus mosseae, Glomus intraradices and
Glomus versiforme were reduced number of
galls and eggs in roots. Also Elsen et al.,
(2003a, b) reported that arbuscular
mycorrhizal fungi decreased Radopholus
similis populations in roots of different
genotypes of banana. Tomato roots inoculated
with Funneliformis coronatus stimulates plant
growth and significantly reduced root-knot
nematode infection (Diedhiou et al., 2003).
Studies showed that the populations of
Radopholus similis were reduced in soils with
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mycorrhizal fungi (Elsen et al.,, 2001).
Reduced nematode disease because of
mycorrhizal fungi has been shown in many
studies (Elsen et al., 2001; Li et al., 2006; De
la Pena et al., 2006; Rumbos et al., 2009).
Hence, AM fungi can be used as biocontrol
agents to reduce infestation by root-knot
nematodes (Wani et al., 2017). AMF
colonized plants show enhanced production of
defence-compounds such as phenolics (L6pez-
Réez et al., 2010), B-1, 3-glucanase (Pozo et
al., 1999) and chitinolytic enzymes
(Benhamou et al., 1994). In various studies it
has been referred to increase chitinase level in
AMF plants (Lambais & Mehdy, 1995; Pozo
et al., 1996; 2002; Spanu et al., 1989). This
issue has been confirmed in the control of M.
incognita nematode by the Glomus versiforme
in grapevine (Li et al., 2006). Chitinases,
glucanase and protease are considered as the
most important enzymes for biological control
of plant parasitic nematodes (PPN) (Sharon et
al., 2001; Safari-Motlagh & Samimi, 2013).
Chitinase was an important toxicity factor in
biological management  of  root-knot
nematodes, because the nematode eggshell and
the cuticle are composed of a chitin layer, and
can be degraded by chitinases (Chen et al.,
2015; Jung et al., 2002). Greenhouse and field
experiments demonstrated defensive effects
against PPN by AMF in plants such as banana,
coffee and tomato (Calvet et al., 2001; Vos et
al., 2012; Alban et al., 2013; Koffi et al.,
2013). In view of the above studies, the aim of
this study was to evaluate chitinase and 8 1, 3
glucanase activities in susceptible and tolerant
cucumber roots pre-colonized with
Funneliformis mosseae against root-knot
nematode Meloidogyne incognita.

Materials and Methods

Preparation of Nematode and VAM
inoculum: A pure isolate M. incognita race 1
was obtained from the Department of Plant
Protection, Guilan University. In order to
replicate the nematode population, a susceptible
tomato cultivar (Early Urbana Y) were prepared
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from Falat agricultural company in Iran. Tomato
seeds were surface-sterilized in 10% sodium
hypochlorite (NaOCI) for 2 minutes and then
washed several times with distilled water. Then
the seeds were cultured in pots with a mixture of
soil and sand (2:1) and were irrigated every day.
After four leaflets 4 holes to a depth of
approximately 3 cm created around the plant
crown then 4 egg sacs placed in the holes and
were covered with soil and then watered. Pots
were kept for 2 months in ideal greenhouse
conditions (temperature 25-27 ° C). Inoculum of
F. mosseae which consisted of spores, hyphae,
colonized root fragments and potting soil was
obtained from Zist Fanavar Tooran Company in
Shahrood, Iran.

Evaluation of enzyme activity: In this assay
we used of tolerance (Superdominos) and
susceptible (Danito) cultivars to M. incognita
which has been studied in previous research
(Sadegh Mousavi et al., 2006). Cucumber seeds
were cultured as described above in 2.1
sections. This experiment was performed in a
split-plot in time design with four treatments
and four replications for each treatment.
Treatments were as follows: plants without F.
mosseae and M. incognita (control), plants
inoculated with M. incognita (Mi), plants
inoculated with F. mosseae and plants
inoculated with M. incognita + F. mosseae (Mi
+ Fm). Mycorrhizal plants were mixed with 75
g (3750 spores) of the Fm inoculum per kg soil.
The twice autoclaved inoculum of Fm was
added into non-mycorrhizal plants. After one
month, 1500 J, of M. incognita, per kg soil
were inoculated in nematode treatment. Plants
were uprooted in 2, 4, 6 and 8 days after
inoculation (DAI) with nematodes.

Evaluation of reproductive factors of M.
incognita: Plants were uprooted 28 days after
inoculation (DAI) with nematodes. The average
number of galls and egg sacs on roots was
evaluated. For this purpose, in the nematode
treatments, from each treatment 3 samples (one
gram of root) were prepared. And after counting

the number of galls by stereomicroscope, the
mean was calculated. And by multiplying the
average root galls per one gram on total weight
of roots, the number of galls in total roots was
calculated. Similarly, the average number of egg
sac per one gram root and total root system were
counted. Five egg-masses per plant were
randomly taken using forceps. The egg-masses
were obtained based on the procedure of Hussey
& Barker (1973). From the total suspension, 1
ml suspension was pippeted on counting slide.
The numbers of eggs were counted using
stereomicroscope at magnification of 50x. The
number of eggs/egg-mass was evaluated. Final
nematode population/pot was extracted from soil
using a modified Jenkins (1964) technique and
from roots by using Hussey & Barker method
(1973). From each soil sample, approximately
100 g of soil and 3 g of cucumber roots were
used. Oostenbrink's (1966) reproduction factor
(R = final nematode population/initial nematode
population) is used to measure the reproductive
capacity of nematodes Nematode suspensions
were adjusted to 10 ml by withdrawing water
and then agitated by blowing through a pipette.
Immediately, a 1ml of sub sample was
transferred to a counting slide. Nematodes
enumerated under a microscope then returned to
suspension and the process was repeated five
times. All counts were multiplied by 10 and
averaged to estimate the number of M. incognita
per gram of roots and 100 g of soil. Data were
analyzed by using SAS 9.4 software. Mean
comparison of all factors was performed by least
significant difference (LSD) at 1% probability
level (Table 1).

Preparation of chitinase enzyme extract:
Samples (0.5 g) of cucumber root tissue were
collected at various times after nematode
inoculation and immediately squeezed and
crushed using liquid nitrogen. Then, 1 ml of
0.1% sodium phosphate buffer was added and
mixed thoroughly. The resulting mixture was
immediately transferred to 2 ml microtube and
centrifuged at 13000 rpm at 4'C for 20 minutes.
The supernatant was kept separate for testing at -
20°C (Reuveni, 1995).
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Table 1. Mean comparison of pathogenicity factors changes in the susceptible and tolerant roots at
28 days after inoculation with M. incognita.

No. of nodes/g No. of egg No. of eggs/g Number of RF=Pf/Pi

Treatment of root sacs/g of root  of root J,/100g of soil
é M. incognita 8.75a 7.5a 3068.5 a 235.7 a 1.02 a
é M. incognita+ F. mosseae 4.00b 3.5b 1452.5b 940D 047D
;‘)‘ LSD 3.01 1.29 176.22 49.8 0.92
. M. incognita 36.25 a 325a 8347.3 a 4875 a 28a
% M. incognita + F. mosseae 155D 10.0b 3031.3b 207.0b 10b
- LSD 9.35 9.08 5591.5 292.67 1.93

Data are means of four replications. Data followed by the same letter are not significantly different according to
least significant difference (LSD) at 1% probability level

Chitinase assay: One gr of cucumber root tissue
was mixed with 3 ml of 1 M sodium acetate
buffer (pH 6) and centrifuged at 13000 rpm at
4°C for 15 minutes. The supernatant containing
chitinase enzyme was stored at -20° C before
testing. 0.3 pl of 1 M sodium acetate buffer (pH
4.7), 1 ml of enzyme solution and 0.2 ml of
colloidal chitin were pipetted into eppendorf
tubes. After incubation for 2h at 37° C the
solution was centrifuged at 12225 g at 6° C for 5
minutes. After centrifugation, 0.75 ml of
supernatant and 0.25 ml of nitric salicylic acid
solution mixed with 0.7% NaOH and 0.1 ml of
10 M NaOH and were placed for 5 minutes at
100° C (Jin et al., 2005). N-acetyl glucosamine
(GlcNac) was used as a standard and then the
light absorption at 582 nm is measured (Miller,
1959). The enzyme activity was expressed as U
mol of N acyl glu min™ mg™ of protein.

Preparation of B-1, 3- glucanase enzyme
extract: The total activity of Bl, 3 glucanase
was assayed by Abels and Forrence (1970)
method with a few changes. Some 0.75 ¢
cucumber root tissue was collected at the above
mentioned times after nematode inoculation and
the samples were immediately extracted with 1.5
ml of 0.05 M sodium acetate (pH 5.0) buffer by
grinding at 4° C using a pestle and mortar. The
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enzyme extract was dialyzed against two
changes of water and then two changes of 0.01
M sodium acetate (pH 5.0) buffer overnight.
These extracts were used as crude enzyme.

R-1, 3- glucanase assay: A 30 pl enzyme
extract was added to 30 pl 4% laminarin and
incubated at 40°C for 10 min. The reaction was
stopped by adding 187 ul of dinitrosalicylic
reagent (Miller, 1959) and heating for 5 min in
a boiling water bath. The resulting colored
solution was diluted with 4.5 ml of water
vortexes and its absorbance at 500 nm was
determined. The blank was the crude enzyme
preparation mixed with laminarin with zero
time incubation. Enzyme activity was
expressed as pmol of equivalent glucose
released h™ mg™ of protein.

Results and Discussion

The effect of F. mosseae on nematode
pathogenicity factors: In present study, pre-
inoculation of AMF fungus (F. mosseae)
decreased the number of galls, eggs and egg sacs
compared to non mycorrhizal treatments in both
cultivars. The results indicate that AMF fungus
can increase tolerance of susceptible cultivar to
nematode. Zhang et al., (2008) observed that
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inoculation cucumber plants with three species of
AMF, G. mosseae, G. intraradices and G.
versiforme were reduced number of galls and eggs
in roots. Also Elsen et al., (2003 a, b) reported that
AMF fungi decreased Radopholus similis
populations in roots of different genotypes of
banana. Tomato roots inoculated with F.
coronatus  stimulates plant growth and
significantly ~ reduced  root-knot  nematode
infection (Diedhiou et al., 2003). In this study
number of J, in soils were lower in the treatment
with M. incognita added with G. mosseae
compared to M. incognita alone treatment. Dos
Anjos et al., (2010) found that prior inoculation of
AMF before adding nematode inoculum reduced
soil infection. Studies showed that the populations
of R. similis reduced in soils with AMF (Elsen et
al., 2008). Reduced nematode disease because of
mycorrhizal fungi has been shown in many
studies (Elsen et al., 2001; Li et al., 2006; De la
Pena et al., 2006; Rumbos et al., 2009).

Results of Sequential Changes of Chitinase
Enzyme: Changes in Chitinase activity in
resistant and susceptible cucumber cultivar pre
inoculated with F. mosseae were studied in
response to M. incognita race 1. In the roots of
tolerant cucumber, the maximum percentage
increase of chitinase activity was recorded in
plants inoculated with AMF fungus F. mosseae
(Fm) than uninoculated Fm. In plants inoculated
with root-knot nematode (M. incognita) alone, the
activity of chitinase increased from the 4™ day
after inoculation (DAI) of nematode and peaked
on the 6™ DAI and then decreased at 8" DAI so
that its amount reached the control plant (Fig.
1A). In tolerant plants (susceptibe) the most level
of chitinase was reported in Mi+ Fm, Fm alone,
Mi alone and control (without Fm and Mi) plants
respectively (Fig. 1A). In the roots of susceptible
cucumber, the highest percentage increase of
chitinase activity was observed respectively in
plants inoculated with both Mi + Fm and plants
inoculated with Fm alone. Overall, the highest
level of chitinase was reported in Mi+ Fm, Fm
alone, Mi alone and control (without Fm and Mi)
plants respectively (Fig. 1B). The results showed
that plants inoculated with Fm alone, the highest

level of enzyme activity was observed at 4 days
after inoculation and a decrease was recorded at 6
and 8 days after inoculation. Sequential
development of chitinase enzyme in nematode
inoculated (Mi alone) susceptible and tolerant
cucumber cultivar was similar to control plants
(without Mi and Fm). The maximum percentage
increase of chitinase activity in AMF plants was
observed at 4™ days after inoculation and then
decreased (Fig. 1A, B). Our results are similar to
the results of previous researchers. They
demonstrated  that  mycorrhizal  tomatoes,
inoculated with M. javanica chitinase activity had
the highest amount at 4" days after inoculation
and had a significant difference with other
measurement times (Sohrabi et al., 2012). The
maximum percentage of chitinase activity was
recorded in the Fm inoculated resistant and
susceptible cucumber when compared to
uninoculated with Fm (Fig. 1A, B). These are in
accordance with Sohrabi et al., (2012) who stated
that the percentage of chitinase enzyme in the
control plant (without G. mosseae and G.
intraradices and M. javanica) and the inoculated
plant with the nematode alone was not significant
at all measuring time, and the nematode could not
stimulate the chitinase activity alone, but when
the G. mosseae and G. intraradices was present,
activation of chitinase significantly increased in
the early stages of nematode attack. The previous
studies have proven that application of AMF, G.
mosseae, increase systemic resistance to tomatoes
against M. incognita and Pratylenchus penetrans
(Vos et al., 2012). It has proved that chitinase
enzymes can play a very important role in
resistance against pathogens. Chitinase gene is a
group of genes responsible for defense responses,
and usually after the pathogens attack, the level of
gene expression in the plant cells increases
(Ahangar et al., 2015). The role of chitinase
enzyme in controlling pathogens has been shown
(Li et al., 2006). Chitinase was an important
toxicity factor in biocontrol of nematodes, since
the nematode eggshell and the cuticle is
composed of a chitin layer, and can be degraded
by chitinases (Chen et al., 2015; Jung et al., 2002;
2006).
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Fig. 1. Changes of chitinase activity at different days after nematode (M. incognita) inoculation in roots
of cucumber A: tolerant (superdominos) B: susceptible (danito). Each number is mean of 4
replications.
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Fig. 2. Changes of -1, 3- glucanase activity at different days after nematode (M. incognita) inoculation in
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replications.
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Results of Sequential Changes of p-1, 3-
glucanase Enzyme: Changes in R-1, 3-
glucanase activity was studied after inoculation
with M. incognita race 1 in resistant and
susceptible cucumber pre inoculated with F.
mosseae as shown in Fig. 2. The highest
percentage of RB-1, 3-glucanase activity was
found on 6" day after inoculation in all
treatments (Fig. 2A, B). R-1, 3-glucanase
activity in both tolerant and susceptible
cucumber inoculated with Mi alone, increased
gradually and reaching its peak on the sixth day
and then declining (Fig. 2A). The maximum
percentage of RB-1, 3-glucanase activity in
susceptible and tolerant cucumber was recorded
on the 6" day after inoculation in Mi+Fm
inoculated plants (Fig. 2A, B). In the control
treatment (without Fm and Mi), the enzyme
activity did not change much and was the same
as the 2" day after inoculation (Fig. 2A, B). The
activity of [ 1-3 glucanase in nematode-
inoculated plants were less than plants
inoculated with Fm alone (Fig. 2B). Studies
have shown that -1, 3 glucanase enzyme are
inducible protein that are produced by the plant
in response to pathogens (Kini et al., 2000). A
study was conducted on resistance and
susceptible Alfalfa (Medicago sativa L.) to the
root-lesion nematode, Pratylenchus penetrans
and the results showed that the levels of mMRNA
of B-1, 3 glucanase enzyme were similar in the
roots of both susceptible and resistant cultivars,
but in the roots of the resistant plant the
accumulation of nematodes was much faster
than susceptible plants after inoculation
(Baldridge et al., 1998). -1, 3 glucanase is able
to break down the pathogenic cell walls. - 1, 3
glucanase causes hydrolysis of related
substrates, then releases active biological
oligosaccharides (elicitors and suppressors),
which regulates the safety of plant tissues
(Zinoveva et al., 2001). Recently in one study,
induction of chitinase and B-1, 3 glucanase
activity in resistant and susceptible clones of
sugar beet inoculated with P. zeae was
investigated and the results showed that in
resistant clones inoculated with a nematode,
chitinase and -1, 3 glucanase activity increased
but in non-inoculated clones decreased
(Sundararaj & Kathiresan, 2012).
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Conclusion

Our results indicated that pre-colonized roots
with F. mosseae increased the activity of the f -
1, 3 glucanase and chitinase enzyme
significantly and also reduced nematode
pathogenicity factors. This confirms the
positive effect of F. mosseae on decreasing
nematode damage and increasing tolerance of
susceptible plants through activation of
defensive enzymes. Comparison of tolerant and
susceptible cultivars showed that probably the
rate of accumulation of defense enzymes in
tolerant cultivar was higher than susceptible
cultivar. Therefore, current study implies that
control of plant nematodes with the help of
AMF will be a safe method for human and
environment for managing the root-knot
nematode. Overall, AMFs increase tolerance of
crops by combined action of defense enzymes
against plant parasitic nematodes and can be as
a bio protector agent may replace pesticides
and fertilizers in the near future.
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