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Abstract

Today, the chitinous wastes are used by several companies to produce chitin and chitosan, which are used in various
biotechnological applications, particularly in the agricultural sector which is a key sector for sustainable development. Improving
the quality of the plant production requires an improvement in its rhizospheric microbial composition , which called Plant
Growth Promoting Rhizobacteria (PGPR), the role of these microorganisms not only the improving the quality of nutrients
present in the rhizosphere, but also assure the plant protection against phytopathogenic agents.

The objective of this work is to study the effect of chitinous waste on Triticum durum (wheat) rhizospheric microflora, by mixing
(W/W) the wheat soil with chitinous waste at different concentration. Twentieth days of Monitoring, showed a significant effects
on the soil microflora and pH. The results of the first ten days of treatment revealed in elevation in bacterial number with
Bacillus genus dominance and absolute absence of fungi even saprophytic or phytopathogenic, whereas the results of the last ten
days were characterized by the diversity of wheat rhizospheric microflora with appearance of Plant Growth Promoting
Rhizobacteria such as N2 fixing bacteria and those involved in plant protection.
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1. Introduction

Chitin is the second most abundant polysaccharide exists in nature after cellulose [1]. About 1011 tons are
produced every year in only the aquatic biosphere [2, 3]. These large quantities of chitin are linked to its major role
in the terrestrial and marine ecosystems. It is the major component of fungi, insects exoskeleton and krill shellfish

[4]. Chitin’s structure reminds cellulose’s. Formally, in literature chitin indicates “animal cellulose” because of
their structural similarity; the only difference is that chitin is an amino polysaccharide having acetamide groupes in
C2 instead of hydroxyle group which is composed of N-acetylglucosamine long chains linked with § (1 —4) bonds
arranged in antiparallel (a) in parallel or (B), which make its degradation difficult [5]. Enzymes responsible of the
degradation and modification of chitin are chitinases that are produced generally by bacteria of which a small part
only is identified until today like Actinobacteria (e.g. Streptomyces sp.) [6], B-proteobacteria (e.g. Burkholderia sp.)
[7] and y-proteobacteria (e.g. Xanthomonas sp.) [8]. These bacteria are involved in the chitin degradation process in
a direct way (active agent) or indirectly (passive agent) by secreting of biofilm [4, 9].

Beside the fundamental role of chitin in ecosystems, it represents an important interest in biotechnology. Indeed,
many applications are possible; In-situ microorganisms that have a chitinolytic activity are used as antifungal
against plant pathogenic fungi. [6], while chitinous wastes can be used in enzyme and saccharide compounds
production [10, 11].

2. Material and methods
2.1. Biological material

Chitinous wastes: shrimp shells were ground using a coffee grinder.
Chitosan: was prepared according next protocol [12, 13, 14].

2.2. Chitin and chitosan extraction

[ Shrimp shells or squid bone ]

v

[ Mechanical grinding ]

v

[ Decalcification in a diluted solution of HC1 22% (1:10)/(w : v) ]

v

[ Deproteinization with an increasing concentrations of KOH; 10%, 15%, and 28% ]

[ Deacetylation with KOH at 40% (1 :10)/(w :v) ]

Fig. 1. Chitinous compounds extraction process
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2.3. Chitinous wastes biofertilizer effect

Biofertlilizer effect is defined by the influence of chitinous wastes on the pH and microphlora of wheat
rhizosphere (microflora and pH). Seven chitinous wastes mixtures were tested in pots containing 100g of soil (Table
1). All tests were repeated three times and in every pot 10 wheat caryopses were deposited. Microflora and pH
changes of rhizosphere were assessed every 5 days during 20 days.

Table 1. Chitinous waste/soil mixtures concentrations in each pot.

Testl Test2 Test3 Test4 Test5 Test6 Test7

Quantity of soil [g] 100 100 100 100 100 100 100
Quantity of Chitinous 0.6 1.2 1.8 2.4 3.0 3.6 42
waste [g]

2.4. Chitinous wastes antifungal activity

Chitinous wastes antifungal activity was performed on wheat phytopathogenic fungus Pyrenophora graminea
using two tests:

Antifungal test: infected wheat leaves by Pyrenophora graminea were put on demeniralised chintinous waste agar
(DCA medium) and others on potato dextrose agar (PDA medium) was incubated for one week at room temperature.

Antagonism test: isolated bacteria from chitinous wastes treated soil were cultivated on PDA medium with the
fungus Pyrenophora graminea and then incubated at room temperature for one week.

3. Results and discussion
3.1. Chitinous waste effect on soil microbial dynamics

During the first phase that spreads on a period of 2 weeks; three phenomena were observed: first, a total
elimination of the fungi were observed (fig 2).this result was correlated with the obtained by Abd el krim et al 2006

who reported that chitinous wastes exert an inhibitor effect on fungi [15]. The second phenomenon is bacteria
predominance. And finally, an important pH decrease were noted, in 10 days pH decreased from 8,8 to 7,6 (Fig. 3).

Fig. 2. Effect of chitinous wastes on wheat microflora number and diversity; a) Non-treated soil,
b,c,and d) were soils treated with 0,6; 1,2 and 2,4g of chitinous wastes respectively.
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Fig. 3. Soil pH variation according to the mexture (soil/chitinous wastes) concentrations.

According to Mustin et al. (1987), the first composting phase of chitinous wastes is a degradation steps, it is
charactirized by a high bacterial activity [16]. From a concentration [2,4] there is a positive correlation between
bacterial presence levels dominated by the genus Bacillus, and the concentration of chitinous wastes. Several
authors noticed that Organic fertilizer induced an important increase of bacterial existence [17, 18, 19], while the
thrust presence of Bacillus is due to its chitinoulytic power. Cody et al. (1989) reported that 78% of Bacillus bacteria
isolated from chitin enriched soil had a chitinoulytic activity [20].

Dupuy et al. noticed that the uniquity of chitinoulytic microflora in different ecosystems facilitate the composting
of chitinous residues, for that several species of Bacillus are used as biofertilizer [21]. In this context, the most
known Bacillus species to have this potential are: B.subtilis, B.liquefaciens, B.fluorescens, B.licheniformis. In 2005,
Kokalis-burelle et al. reported that Bacillus sp is involved in chitinous wastes degradation [22].

The second phase begins from the 15th day of the experience. It is characterized by two phenomena: the first is
the stabilization of pH at 7.1 (fig.3). The second is the change of the kind of the dominant microflora and the
apparition of a diversity of mucosal bacteria (fig n 4). The microscopic observation after Gram staining showed a
diversity of bacterial shaped (Fig.5).

Fig.5a shows a rod shaped bacteria named Dexia s. it has the capacity to fix atmospheric nitrogen. Fig 5b shows
another bacteria of another genus i.e. Beijerikia sp, it is bacterial cells that have a pear shape, it produces globular
lipid reserves de poly-B-hydroxybuturate. (Fig 5 d and e) shows two different forms of Azotobacter sp. (e) being the
vegetative form and (d) the cystic form. Fig 5c shows a cell of Azospirillum sp. a stringy cell characterized by it
capacity to fixe atmospheric nitrogen in a free manner.

Fig. 4. Mucoid bacteria grown on nutrient agar medium.
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Fig. 5. Microscopic aspects of some wheat rhizobacteria from chitinous wastes treated soil: Mucoid bacteria susceptible genera, a: Derxia sp.; b:
Beijerinkia sp.; c¢: Azospirillium sp.; d and e: were Azotobacter sp. cystic and vegetative forms, respectively.

According to Doroty et al. (2002) Azospirillum sp., Azotobacter sp., Beijerinkia sp. and Bacillus sp., are
classified as plant growth promoting rhizobacteria (PGPR) [23], these genera are able to fix nitrogen in a free
manner in the presence of a carbon source, like cellulomonas sp. that can ensure the nitrogen fixation by degrading
wheat straw cellulose. Keeling et al. 1998 reported that nitrogen fixation potential in diazotroph bacteria increase in
the presence of carbohydrate source [24]. In this study , by the mean of Bacillus , chitinous wastes represents an
assimilable carbon source by nitrogen fixative microorganisms such as Azospirillum sp., Azotobacter sp., Beijerikia
sp., and Derxia sp.

Steenhoudt et al. (2000) reported that among PGPR group, Azospirillum is the rhizosphere bacteria that have the
most considerable effect on plant growth [25]. It occurs frequently associated to wheat plant roots. The same author
noticed that the interaction between plant roots and Azospirillum is characterized by four aspects: natural habitat,
roots interaction, nitrogen fixation and plant growth hormones biosynthesis. Keeling et al. 1998 reported the
positive effect of nitrogen fixation on harvest [24].

Fig. 6. Chitinouse wastes biofertilizing effects: a) wheat root development; a: non-retreated soil, b: chitonous waste treated soil; b) wheat stems
development: a non-treated; b, c, treated soil with 0,6 and 3.0 g of chitnous wastes concentration.

A massive germination with an invasive and important hairy root development was noticed in Pot b, treated with
3.0 g of chitinous wastes, compared to Pot a (control) (Fig. 6a). Pot cl (Fig. 6b) showed a better growth of the
wheat plantlets characterized with deep green leaves compared with the untreated pot (al) and pot bl at 0.6 g
chitinous wastes, where the growth was low and the leaves were yellowish green.

Fraser et al. (1978) noticed the nitrogenase activity and its correlation with the biosynthesis of glutamin to obtain
a better harvest quality [26]. Margaret et al in 2002, reported that pH affects nitrogenase activity of witch optimal is
obtained at pH 7-7,5 [27]. This could have a relation with pH change noted in the study. Indeed, rhizosphere pH
varied from basic ph 8,8 to neutral pH 7,1 (Fig 3) during the second phase of composting. Other studies
demonstrated that it is not only pH that affect nitrogenase activity. According to Shekar et al. (2007) the roots
exudates of green plants affect also on the microbial composition of the rhizosphere [28].
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3.2. Chitinous wastes antifungal activity

Concerning Infected leaves by the fungus Pyrenophora Graminea, on PDA medium a propagation of the
mycelium was observed. While the propagation was totally inhibited on DCA medium Fig. 8. This confirms that
chitinous wastes have an inhibitory effect on phytopathogenic fungi.

3.3. Antifungal activity of micoid bacteria isolated from CW treated soil

Fig. 7a the total fungal growth inhibition on DCW medium chowen, it improve the effectiveness of DCW as
fungal biocontrol agent, this may be due to the presence of antifungal chitooligosaccharides.

Fig. 7b. mucoid bacteria isolated from wheat treated soil exhibit strong antagonistic effect against
phytopathogenic fungi Pyrenophora Graminea that has infected the wheat plantlet in the untreated soil. This, it may
be due to the secretion of antibiotic antifungal compounds or enzymes that attack fungal cell wall components.
Thus, chitinous wastes soil treatment stimulates the bacteria having a role in soil fertilization and inhibits plant
pathogenic fungi and this by the induction of systemic resistance (ISR) and / or systemic acquired resistance (SAR)
[29].

Fig. 7. a) Antifungal effect of chitinous wastes; al: fungal invasive growth in GN medium (control); a2: total fungal growth inhibition on DCW
medium (test); b) Antagonistic effect of micoid bacteria against phytopathogenic fungi.total fungal inhibition surrounding the mucoid colony.

4. Conclusion

Chitinous wastes present a very important biofertilizer source. In addition to their antifungal power they activity
the presence of PGPR that have a role in plant growth regulation and the plant self-defense induction. The realized
work permetted to improve that the chitinous waste addition in soil leads to a microbial dynamism by the
elimination of phytopathogenic fungi and enhance of the Bacillus bacteria presence in the first phase, followed by a
dominance of nitrogen fixating bacteria in the next phase. This change in the microbial composition of the
rhizosphere of Triticum durum wheat has meant that the quality of the plant will be better. Improving the quality of
the plant is linked to the increased accumulation of the reserves, elimination of phytopathogenic fungi, stimulation
of the secretion of growth hormone, secretion of antimicrobial metabolites and reduced phytotoxic microbial
communities in the rhizosphere.
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