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Root nodule initiation in leguminous plants is intimately related to the entry of   
rhizobia from rhizophere into cortical cells of the root, which then become, meristematic 
(Brewin ,2004). Three modes of entry of rhizobia into roots have been described. The 
first and most widely studied method is via root hairs, with the formation of a definite 
tube- like structure (the infection thread) which enclose the bacteria as they pass through 
cells towards the adjacent root cortex (Dart, 1977; Newcomb et al., 1981; Brewin, 2004). 
Second method is where bacteria enter through wounds at the place of lateral roots 
emergence (Chandler, 1978; Chandler et al., 1982; Mathesius et al., 2000; Uheda et al., 
2001), without the formation of infection threads. In a third method where rhizobia 
colonize the surface of the primary root, penetrate through mucilage and primary layers 
of radial walls of epidermal cells.  Further penetration may take place through primary 
wall layers and intercellular air spaces with occasional intracellular penetration of 
epidermal and cortical cells, always occurring from a boundary between the two 
neighbouring cells (Faria et al., 1988). In the fourth method  rhizobia induce root hair 
deformations and penetrate root hair cell wall, where instead of forming infection thread, 
bacteria colonize the space between the cell wall and plasma membrane. There are no 
intracellular or transcellular infection threads and bacteria are released directly from 
infection droplets into the cytoplasm of cells in the root cortex, which then become 
meristematic (Lotocka et al., 2000). 

Hilaire et al., (2001) while studying vascular defence responses in rice have shown 
beautiful scanning and transmission electronmicrographs of the rice bacterial blight 
pathogen Xanthomonas oryzae pv oryzae passing through the pits on the xylem vessels 
into adjacent parenchyma cells. Inspired by these pictures we scanned the external 
surface of the epidermal cells of the roots of A. lebbeck plants. A. lebbeck is a 
multipurpose woody legume that forms symbiotic relationship with Rhizobium and fix 
atmospheric nitrogen that is used for its growth and for the enrichment of the rhizophere  
( Qadri & Mahmood ,2005). 

For scanning electron microscopy small pieces of roots (1-2mm) were cut 
longitudinally and fixed in 2% gluteraldehyde in 0.1M phosphate buffer (pH 7) for 4h 
and then transferred in 1% aqueous osmium tetroxide for 2-4 h at room temperature. Root 
segments were dehydrated in 100% ethanol followed by an ethanol: acetone series to 
100% acetone (Faria et al., 1986). The specimens were then dried using a Polaron critical 
point drier (BIO-RAD), coated with gold in coating unit (JFC-1100) and examined under 
(Jeol T-20) scanning electron microscope.  

Fig. 1 shows pits on the epidermis of roots of A. lebbeck . Rhizobia are seen adhering 
the root surface. Both regular and pleomorphic forms are visible. Some of them can be 
seen inside the pits while a few are entering into the pits. In this method root hairs, 
wounds or direct entry through mucigel and primary walls are not involved. The bacteria 
can directly enter from the rhizosphere into the parenchyma cells of the root cortex. The 
entry of rhizobia into the epidermal cells of the root through pits does not appear to have 
been reported before. 
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Fig. 1. Scanning electron micrograph of external surface of epidermal cell of root of A. lebbeck 
Note the movement of bacteria into the root through pits (P) (arrow head). Some of them can be 
seen inside the pits (↑) while a few are entering into the pits (↑↑)  Both the normal and pleomorphic 
forms (PL) of rhizobia are visible × 3750.  

 
On critical examination of the known mechanisms of rhizobial entry into host tissue 

two features appear to be common. Firstly the host cells undergo specific modifications at 
the site of bacterial entry to facilitate infection. This is formation of an infection thread 
during root hair infections as observed in majority of legumes (Dart, 1977; Brewin, 
2004), presence of large basal cells at the base of root hairs in Arachis hypogea L. 
(Chandler, 1978), direct invasion of rhizobia through space between epidermal cells 
(wound infection) coupled with early collapse of invaded cells in Stylosanthes species 
(Chandler et al., 1982) and entry of rhizobia between the epidermal cells of root in 
Mimosa scabrella Benth. (Faria et al., 1988). Secondly during the passage of bacteria 
from epidermal or cortical cells of the root , they often penetrate a rigid cell wall made up 
of cellulose fibrils that is normally completely impermeable to microorganisms. Bacterial 
penetration involves remodeling and restructuring of cell wall (Nutman, 1956; Napoli & 
Hubbell, 1975; Vessey et al., 2004; Brewin, 2004). Bacteria were never seen to enter the 
secondary layer (Foster, 1986; Faria et al., 1988). It may be stated that in the case of pits, 
secondary walls are completely absent from pit field area (Esau, 1965).  Thus bacteria 
entering through pits will have to cross the pit membrane in order to land in the 
neighboring cell. Structural alterations of the primary wall at these sites may occur 
similar to other modes of infection described earlier in the text. 
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