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Abstract 
Inhibitory effects of NaCl on tracheary element (TE) differentiation in light grown callus of 

chickpea were investigated to screen salinity tolerant lines. When callus was grown in MS 

medium containing no NaCl (control medium), upto 16% of chickpea plant cells 

differentiated in to tracheary elements during in vitro culture. Among four stains used for 

staining the tracheary element and nucleus , potassium permanganate and acetocarmine gave  

the best response. Experimental results indicated that adding 1% NaCl to the control medium 

reversibly inhibited the formation of tracheary element in the cells. The rate of tracheary 

element formation increased accordingly as the rate of cell growth in control medium and 

nucleus were taken dark stain. In the presence of high salt, the degree of tracheary element 

differentiated remained low and nucleus taken light stain through the growth cycle. The 

results suggest that high salt inhibit both the biosynthesis of secondary wall components and 

cell elongation chickpea plant in vitro culture. 
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Introduction 
 

hickpea (Cicer arietinum L.) is one 

of the most important crop of India. 

Like most of the other pulses, 

chickpea is highly sensitive to salinity. 

Indiscriminate use of saline irrigation 

water of canal resulted in disappearance of 

chickpea crop from its traditionally distinct 

cultivated areas like Haryana and Punjab 

(1-2). A simple and reliable method of 

screening of land races and germplasm is 

prerequisite for genetic improvement of 

chickpea against salinity (3-5). Therefore, 

studies were conducted to developed a 

large scale .cell based diagnostic procedure 

involving staining of the salt stressed cell 

lines derived in vitro from somatic tissues 

of chickpea.  

 

Materials and Methods  
 

allus culture of chickpea genotypes 

viz., C-235, K-850 and CSG 8962 

Kernal chana-1 were initiated from 

cell suspension and aseptically grown on 

MS medium supplemented with 0.125 

mg/l, IBA+ 2.0 mg/l,BAP containing 40 

g/l sucrose and solidified with 0.8% agar. 

Twenty days old calli were subcultured to 

the same medium enriched within 0%, 

0.5% and 1.0% NaCl. The cultures were 

incubated under 8hrs photoperiod with 

cool white fluorescent at 25+ 1
0
C. After 30 

days, 1 gm of callus were placed on 70% 

C 
C 
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ethyl alcohol for 30 mins. to remove 

chlorophyll. After removing the 

chlorophyll , the tissue was redehydrated 

by placing into distilled water for 5-10 

mins and macerated gently to break down 

small pieces. Small pieces of cells were 

taken on the slide , Few drops of stains 

like 1.0% acetocrmine or 1% safranin or 

1.0% tetrazolum or 1% potassium 

permanganate were placed on cells and 

stirred well with needle. Slide was warmed 

for 1-2 minutes gently over the flame. 

Sample was washed by distaining solution 

on warm water for 2-3 times and coverslip 

was put gently. The cells (viable and non-

viable) were examined and counted using a 

hemocytometer under the low 

magnification of a light microscope. 

 

Results and Discussion 

 

icroscopic assessment of cell 

viability is based on cytoplasmic 

streaming, presence of healthy 

nucleus and treachery element. Out of four 

staining solution used, 1.0% potassium 

permanganate and acetocarmine showed 

best response for staining of viable cells. 

This was routinely used for staining of 

selected cell lines. Further, this staining 

pattern was used to identify shape and size 

of the cells and nucleus in control and 

treatments for normal and salt adapted 

/tolerant cells. The cells taking round 

shape, dark stained nucleus and presence 

of secondary cell wall (Teracheary 

element) was treated as adapted/tolerant 

cells. The numbers of such cells were more 

in adapted cell lines. 

 During the prolonged culturing of 

callus distinct morphological changes of 

cells by high salt (0.5% NaCl or higher) 

were observed. Analysis of histological 

section showed many cells with thickened 

cell wall and nucleus taking dark colour in 

control callus but a general absence of 

cells with thickened cell walls in salt 

callus. Yen et al. (6) also observed similar 

changes. When intact cells were examined 

under a light microscope, some control 

callus had differentiated into control TEs, 

showing distinctive, reticulated secondary 

cell wall thickening characteristics of the 

treachery cells of xylem. Live nucleus and 

enlarge. elongated TEs were frequently 

observed Several typed of TEs, from 

lightly, heavily lignified, were detected in 

3-week old control calli suggesting that 

cell continuously differentiated into TEs 

throughout the growth period (data not 

shown). 

 After adjusting the culture medium 

to contain 1.0% NaCl, cells proliferated 

into mostly thin walled parenchyma cells 

or its nucleus taken light stain. In 3 weeks 

old control callus, upto 16% of the cells 

were taking stain from acetocarmine and 

differentiated into TEs (Table 1). 

However, less than 5% of the cells 

differentiated into TEs in 3 weeks old salt 

exposed callus when cells were inoculated 

from control callus tissue (control     salt). 

Three weeks old salt exposed callus, 

instead of control callus, was used as 

inoculums for fresh salt medium, nearly no 

TEs were observed (salt    salt). To 

determine whether the undifferentiated 

callus retained the potential for TE 

formation, salt exposed callus tissues were 

subcultured to control medium. After 3 

weeks, the number of TE grown 

continuously and nucleus taken dark stain 

(salt      control table 1). 

 The idea indicates that high salt 

inhibits the formation of TEs and 

nucleuses were also dead. A similar cell 

was found in the green callus of soybean 

when growing in the culture medium 

containing 150mM NaCl (7). Reinhardt 

and Rost (8) also reported that high 

salinity reduces the width and length of 

vessel membranes in cotton roots. 

 An apparent influence of salt level 

on differentiation of tracheary cells in 

green callus of chickpea was observed. By 

staining with potassium permanganate and 
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acetocarmine, a dye that preferentially 

stains lignin, development of elongated, 

thick and spiral cells was clearly observed 

in cells maintained in the control medium. 

Cells grown in the presence of 0.5% or 

1.0% NaCl had no cells with differentiated 

thickened spiral cell walls.   

 

Treatment  TE/100 cells 

(100% differentiation) 

Control 16% 

Control       salt 05% 

Salt     salt 01% 

Salt     control 10% 
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