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Abstract 

The objective of this research was to study the interaction between Ascochyta rabiei as a pathogen and its host, established through 

in vitro tissue culture using as a pathosystem chickpea Cicer arietinum callus inoculated with Ascochyta rabiei spores. A resistant 

chickpea genotype INRA 199 and a local cultivar “Zouaoui” were used.  

Murashige and Skoog, (1962) medium supplemented with 0.5 mg/l of Naphthalene Acetic Acid (NAA) and 1 mg/l of Benzyl Amino 

Purine (BAP) were used for the production of calluses used as a host. The histological study of calli inoculated with Ascocchyta 

rabiei spore suspension compared to the control showed two different reactions. In INRA199, the pathogen proliferation was slow 

and limited by the formation of an area where the cells accumulated phenolic compounds whereas in the cultivar Zouaoui the 

pathogen rapidly colonized the calli intercellular space and the number of formed pycnidia was high. 
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INTRODUCTION 

Chickpea Cicer arietinum is an important grain legume grown in 50 countries (Gupta et al., 2014) 

on an area of more than 13 million ha with an annual production more than 13 million tons (FAO, 2015). 

This plant is sensitive to several abiotic and biotic factors including ascochyta blight, a cryptogamic 

disease caused by Ascochyta rabiei (Shah et al., 2015). This disease was reported in 35 countries around 

the world, affecting seeds quality and quantity (Gan et al., 2006) and under humid wind and rain 

conditions, losses can be total. In Algeria, anthracnosis is reported in all areas where chickpea is grown. 

The undertaken investigations reveal epidemic disease presence particularly dangerous for local 

cultivars. The control is mainly based on conventional methods but these approaches remain insufficient 

and need to be assisted by biotechnological tools to facilitate resistant plants selection. Thus, tissue 

culture and callogenesis associated with phytopathological techniques facilitate the in vitro resistant 

plants screening. For Cicer arietinum, these tools were used for tolerant genotypes calli selection to 

NaCl, atrazine herbicide (Mc Phee et al., 2010) and Ascochyta rabiei (Kumar et al., 2010). It was also 

used to study and understand defence mechanisms against fusariosis (Singh et al., 2007) and 

anthracnosis (Mc Phee et al., 2010). This latest interaction is studied in this work histologically to 

evaluate the host response to the parasite. 

Material and Methods 

Calli obtaining 

INRA 199 genotype (resistant to Ascochyta rabiei) and a local chickpea cultivar “Zouaoui” seeds 

were used to produce the stem segments in vitro for tissue culture (Kadiri et al., 2013). They were 

disinfected and cultured on MS (Murashige and Skoog, 1962) medium supplemented with NAA (0.5 

mg/l) and BAP (1 mg/l).  

Calluses inoculation and histological sections preparation.  

After one month of culture, the obtained calli were inoculated with a spore suspension prepared 

from a 14 days fungal culture as described by Gustine et al. (1978). 

Under a laminar flow hood, the spores were delicately scraped from the fungal culture surface 

with a sterile spatula, then suspended in 10 ml of sterile distilled water and their concentration was 

adjusted to 106 spores/ml after counting with Malassez cell. About one cm in diameter callus pieces 

were transferred to MS medium devoid of growth regulators and then inoculated with 10μl of freshly 

prepared spore suspension, substituted by sterile distilled water in controls. To follow host and pathogen 

interaction, calli samples were taken after 24, 72, 96 hours, 7 and 14 days, and control calli were fixed 

in acetic ethanol (3: 1 v: v) for 24 hours and then dehydrated and embedded in paraffin. Eight μm 

thickness histological sections were made with a "Spencer 820" rotating microtome type. They were 

stained with a 0.05% toluidine blue O solution, prepared according to the method of O'Brien et al. 
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(1964). It is a non-specific dye which colors the pectocellulosic walls in pink, nucleic acids in blue and 

polyphenols in green or turquoise blue. 

The slides were observed under Olympus optical microscope and the photos were taken with a 

“Fuji” 16 pixels digital camera. 

Results  

Macroscopic calluses aspect 

Control (Figure 1a) and inoculated calli were checked daily to detect occurring macroscopic 

changes. During the first 48 hours, no change was visible to naked eye in all the genotypes tested (Figure 

1b). At 72 h, hyphae appear on the calli of “Zouaoui” (Figure 1c). The mycelium developed and 

completely covered them on the seventh day (Figure 1d). After 14 days, the calli showed a necrotic 

appearance (Figure 1e). However, for the INRA 199 genotype, hyphae had a slow growth and were only 

visible after 96 h. 

 

Control calli histological study 

Serial sections histological investigation showed that the calli were composed of neoformed 

tissues consisting of a fundamental parenchymatous mass (Figure 2a). It was formed of large cells often 

anucleated and small cells (Figure 2b). It was also noted the presence of small isodiametric cells with 

strongly contrasted nucleus by the TBO (Figure2b). Their cytological characteristics were as those of 

meristematic cells. In addition, the presence of polyploid cells was noted (Figure 2c). In some cases, 

clusters of cells organized in nodules appearing on the periphery of the callus were observed (Figure 

2d). These were foci of small cells with large nuclei (Figure 2e). The histological study of the different 

calluses also allowed the observation of newly formed tracheids (Figure 2f) present in abundance. 

 

Figure 1. Zouaoui cultivar control calli (a) and inoculated after 48 h (b, c), 7 days (d) and 

then 14 days macroscopic appearance. 
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Figure 2. Control callus histological appearance. Parenchymatous cells fondamental mass (a). Big 

enucleated cells and small ones with a contrasted nucleus (b). Cells polyploidy (c). Cells aggregation 

(d) consisted of isodiametric cells with big nucleus (e) Presence of tracheids (Tr) (f) 

Histological study of inoculated calli 

The histological sections of the samples taken at 12 o'clock in order to demonstrate the first 

histological interfaces of interaction between the pathogen and the host do not reveal any modifications. 

 

In calluses from the INRA 199 genotype, pathogen hyphae proliferated on callus surface of the 

after inoculation with Ascochyta rabiei spores. Several cells appeared green when stained with toluidine 

blue O, which reveals the presence of phenolic compounds (Figure 3a). It was noted that they formed 

 

Figure 3. INRA 199 callus histological aspect after inoculation with Ascochyta rabiei spore 

suspension. Phenolic compounds accumulation (a). Boundary zone formation (b). Pycidium 

formation (c). 
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an area that delimited the region where the pathogen had proliferated. The growth of the mycelium 

increased after 72 hours (Figure 3b) but remained limited to the periphery of the callus. After 7 days of 

inoculation, the pathogen formed some pycnidium which released several spores on the fourteenth day 

(Figure 3c). 

Callus from the “Zouaoui” cultivar inoculated with Ascochyta rabiei spores had a different 

profile. The callus was colonized at the periphery and deeply from the first seventy-two hours. Thus, a 

rapid and abundant hyphae development was noticed, and on the seventh day of infection (Figure 4a), 

the pathogen formed a large number of pycnidium and pycnidiospores (Figure 4b, c) released at maturity 

(Figure 4d) mostly unicellular and occasionally bicellular (Figure4e) in a fungal exudate (Figure 4f). 

 

It was noted that the mycelium only proliferates in the intercellular space of the callus (Figure 5). 

 

Figure 4. Zouaoui” cultivar histological aspect. Note pycnidium fast formation 

(a, b c) and abundant spores production (d, e) in a fungal exudat (E) 

d e f 

a b c 

E 
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Discussion 

Histological study showed that control calluses were formed of small parenchymal cells with 

contrasting nuclei, looking like meristematic cells. The culture of the explants on the media initiated a 

dedifferentiation of certain cells called cibled cells (Gueye et al., 2009). These undifferentiated cells 

proliferated in a callus heterogeneous composition (meristematic cells, parenchyma, conduction tissues, 

etc.). These formations were reported by numerous authors (Gautheret, 1959; Neumann et al., 2009). 

This study revealed the presence of newly formed tracheid. This phenomenon was reported in the case 

of Cicer arietinum (Kadiri et al., 2012) Glycine max var. Biloxi (Fosket and Torrey, 1969). The tracheids 

proliferation may be due to auxins inadequate concentration (Gautheret, 1959) and their formation 

involved vacuole lysis and cellular content degradation (Buchanan et al., 2015). Furthermore, a 

polyploidy was observed in some cases. This chromosomal abnormality was often reported in in vitro 

tissue culture (Longevialle, 1974). 

INRA 199 genotype and the local cultivar “Zouaoui” reaction expression to Ascochyta rabiei was 

evaluated in vitro. Calluses derived from tissue culture were inoculated with the parasite spore 

suspension. This interaction was followed after 12, 24, 48, 72h, 7 days and 14 days using inoculated 

calli serial sections histological study after stainning with toluidine blue O. 

Resistant plants selection through in vitro culture was a widely used procedure in phytopathology 

since Colins' first work on tomato in 1973 (Lebeda A and Švábová, 2010). Many studies on hosts and 

parasites interaction revealed that resistance and sensitivity genes can be expressed by using the whole 

 

Figure 5. Hyphea presence in callus intercellular space ( ).  
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plant as a system or only a tissue or a cell culture (Altman and Hasegawa, 2011). According to Ingram 

(1967), resistance genes to Phytophthora infestans can easily be expressed in Solamum tuberosum using 

whole plant and tubers tissue culture. This was similarly achieved for tobacco Nicotiana tabacum and 

its parasite Peronospora tabacina (Trigiano et al., 1984), as well as several herbaceous and woody plants 

(McComb et al., 1987). 

For Cicer arietinum/Ascochyta rabiei pathosystem, this work revealed that the genotypes 

sensitivity or the resistance expression through a system using calluses and spores was suitable. During 

the first 24th hours, the mycelial proliferation was relatively similar on callus from INRA 199 and 

“Zouaoui”. A clear difference appeared only during the 48 hours following the inoculation and increased 

more and more over time. According to Gallão et al. (2007), it was the time required to trigger many 

biochemical reactions in response to infection. (Kavousi et al., 2009) work showed that in Cicer 

arietinum resistant genotypes to Ascochyta rabiei resistance genes expression began only 48 hours after 

infection. These results were in agreement with those reported by Fondevilla et al.(2015) which 

indicated that during the first twelve hours, only germination of some spores can be observed and more 

than 48 hours were required for the pathogen to penetrate host tissues. Indeed, after 48 hours, INRA 199 

calluses showed a frank resistance reaction. The mycelium developed weakly in the intercellular space. 

Its presence was limited to the first three to five callus cells layers. This limited and weak parasite 

development in the callus characterized the resistance reaction in the majority of the studied 

pathosystems. This was the case of soybeans callus inoculated with Phytophthora megasperma Drechs 

(Holliday and Klarman, 1979), alfalfa/Fusarium oxysporum (Mehrotra and Aggarwal, 2013), sugar beet 

inoculated with Peronospora farinosa f.sp. betae (Ingram and Joachim, 1971), those of tobacco 

Nicotiana tabacum inoculated with the fungus Phytophthora parasitica var. nicotinae (DeZoeten et al., 

1982) and in the case of resistant calluses of Nicotiana tabacum, Zea mays and Triticum sp., inoculated 

with Phytophthora cinammomi (McComb et al., 1987). 

Hyphae proliferation in the intercellular space affirmed pathogen enzyme polygalacturonase (PG) 

and pectin methyl esterase (PME) production to degrade the pectin middle lamella cell wall main 

component. Moreover, the resistant genotypes callus reacted to infection also by de novo phenolic 

compounds formation whose role was well known in resistance (Clérivet et al., 1996; Macheix et al., 

2005). They accumulated in the cells which constituted a discontinuous intermediate layer between the 

mycelium proliferation zone and the callus bottom of. This type of substance was found in all examples 

of tissue or cell cultures of resistant type such as rice/Piricularia oryzea (Uchiyama et al., 1983) Solanum 

tuberosum/Phytophthora infestans (Ingram, 1967), Pennisetum glaucum/Sclerospora graminicola 

(Upadhyaya et al., 1992), potato tubers/Phytophthora infestans (Doke and Tomiyama, 1980) and Vitis 

venifera/Plasmopara viticola (Bruno G and Sparapano, 2006). Resistant genotypes reacted by phenolic 
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compounds accumulation in a boundary zone cells area which stopped mycelium growth (Jang and 

Tainter, 1990). 

On the seventh day, hyphae progression continued. They aggregated and formed a few pycnidium 

on resistant genotypes calli. The same observations were reported by Höhl et al. (1990), who observed 

the formation of a few Ascochyta rabiei pycnidium on chickpea resistant plant species. The fruiting 

body formation in resistant genotypes calli was reported in several cases of pathosystems such as 

Nicotiana tabacum/Phytophthora parasitica var. nicotianae (DeZoeten et al., 1982); Vitis 

spp./Plasmopara viticola (Dai et al., 1995). 

Callus from the cultivar “Zouaoui” showed a total sensitivity reaction to the fungus. After 48 

hours of inoculation, the mycelium rapidly proliferated through the intercellular spaces and formed 

pycnidium on the periphery of the callus with many spores production. Rapid callus colonization with 

massive fruiting body production was a common sensitivity characteristic reported in many studied 

pathosystems such as Triticum aestivum inoculated with Neovossia indica (Singh and Sigh, 1992). 

Some cells accumulated phenolic compounds. Nevertheless, they had not guarantee any resistance 

to the host and this can be explained either by their little amount or by the pathogen detoxifying power 

(Jayakumar et al., 2005) as in Ascochyta rabiei virulent strains able to degrade host defence polyphenols 

(Kraft and Barz, 1985). 

Conclusions 

Chosen pathosystem plant callus/ spores allowed to follow in vitro the interaction between 

Ascochyta rabiei and its specific host Cicer arietinum. Calli were obtained by tissue culture from an 

INRA 199 genotype and a local chickpea cultivar, and then inoculated with Ascochyta rabiei spores. 

They showed two distinct histological reactions. A rapid colonization was reported of calli from 

“Zouaoui” compared to INRA199. Moreover, the fungus exclusively occupied the host tissues 

intercellular space. They reacted also by the phenolic compounds accumulation  more expressed in the 

resistant genotypes. 
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