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Abstract 

A pot experiment was conducted to study the effects of salt stress on             
physiological parameters associated to salinity tolerance in foxtail millet plant in           
the Department of Agronomy, Bangabandhu Sheikh Mujibur Rahman Agricultural         
University, Gazipur, Bangladesh during March to May, 2018. Four foxtail millet           
genotypes namely i) BD-881 ii) BD-897 iii) BD-878 and iv) BARI kaon-1 were             
grown and each pot was irrigated using three levels of saline water viz. control              
(tap water), 60 mM saline water and 120 mM saline water. Results indicated that              
genotypic variability was profound in salinity tolerance in foxtail millet. The           
leaves of BD-878 maintained higher water content, higher accumulation of          
proline, and lower accumulation of malondialdehyde (MDA) as well as less           
reduction of chlorophyll compared to other genotypes studied. BD-878 also          
showed relatively higher salinity stress tolerance, while BD-897 was susceptible          
in relation to yield. Higher salinity tolerance in BD-878 was associated with higher             
relative leaf water and chlorophylls with accumulation of higher amount of proline            
and lower accumulation of malondialdehyde content.  

 

Introduction 

The changes foreseen under climate change scenarios are the changes in the pattern of              
rainfall, rather than the quantum, leading to long spells of drought and spells of water-logging               
of the soils as well as salinity. Foxtail millet is considered to be an ideal crop for the changing                   
climate due to its short duration, high photosynthetic efficiency, nutritional richness and low             
incidence of pest and diseases (Vetriventhan ​et al​., 2012) and has been reported to have               
comparable tolerant level to drought (Doust ​et al​., 2009) and salinity (Kafi ​et al​., 2009). Foxtail                
millet can be a potential crop for salt affected soils due to its high level of tolerance to salinity                   
(Maas, 1985) and the salt ‘escape’ potential due to its short growing duration. 

Salt stress induces several morphological, physiological, biochemical and molecular         
responses in several crop plants, which would help them to adapt to such limiting              
environmental conditions (Arora ​et al., ​2002). It inhibits the photosynthesis of plants, causes             
changes of chlorophyll contents and damages the photosynthetic apparatus (Escuredo ​et al.,            
1998). Osmotic adjustment is the decrease of osmotic potential by the active accumulation of              
organic as well as inorganic solutes within the cells. High concentrations of inorganic ions              
become detrimental to cellular metabolism and must be sequestered in the vacuole. In order              
to keep osmotic balance, specific types of organic molecules (such as soluble sugars,             
betains, proline etc) are accumulated in the cytoplasm. Those compounds protect plants            
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against stresses by cellular adjustment through the protection of membranes integrity and            
enzymes stability (Farooq ​et al., ​2009). These compounds are termed as compatible solutes,             
because they can be accumulated in high concentrations without impairing normal           
physiological function. So, aiming of this research work was to analyze the changes of              
morpho-physiological parameters that are associated with the salinity tolerance in foxtail millet            
as well as  to study the effects of salinity on dry matter accumulation and yield of foxtail millet. 

 
Materials and Methods 

The experiment was conducted at the Department of Agronomy, Bangabandhu Sheikh           
Mujibur Rahman Agricultural University, Gazipur, Bangladesh. The experimental site is the           
center of Madhupur tract (AEZ 28) (24.09​ο N latitude and 90.26​ο E longitudes) at 8.4 m above                 
the mean sea level. The experiment was carried out employing 4 foxtail millet genotypes              
namely i) BD-881 ii) BD-897 iii) BD-878 and iv) BARI kaon-1. The plants were grown in plastic                 
pots of 24 cm diameter × 30 cm height in size filled with soil inside plastichouse under natural                  
light during March to May, 2018. The soil used in the pot was clay loam in texture and poor                   
fertility status. The pH of the soil was 7.1, organic carbon- 0.60%, total N- 0.05%, available P-                 
0.08 mg/100 g dry soil, exchangeable K- 0.33 cmol​c ​kg​-1 ​dry soil and CEC- 14.58 cmol​c ​kg​-1 ​dry         

       
  

soil. Compost (​1​/4 th of the soil volume) and 0.27-0.28-0.20 g of urea, triple super phosphate                
and muriate of potash per pot for supplying N, P​2​O​5 and K​2​O, respectively were incorporated               
uniformly into the soil. The compost was made mostly from cow dung which contained 0.8%               
N, 0.6% P​2​O​5 ​and 1.0% K​2​O on dry weight basis. Ten to fifteen bold seeds were sown in each                   
plastic pot containing about 12 kg air dried soil. After seedling establishment, six uniform and               
healthy plants were allowed to grow in each pot. Three levels of salt solution viz. i) Tap water                  
(control) ii) 60 mM salinity and 120 mM salinity were applied from 14 days after sowing to                 
maturity. Normal management practices were applied for all the treatments. The experiment            
was conducted with completely randomized design (CRD) with three replications. The plant            
height and total dry weight (stem +leaf) were measured at 20 and 40 days after salt imposition                 
(DASI). Leaf water content, proline, melondialdehyde (MDA) content and chlorophyll content           
were measured at flowering stage. The leaf water content (RWC) was measured using the              
formula: [(FW ​˗ DW)/(TW ​˗ DW)] × 100 where, TW = Turgid weight of the leaf, FW = Fresh                   
weight of the leaf, DW = Dry weight of the leaf. Proline, Melondialdehyde (MDA) content and                
chlorophyll content was measured according to Bates ​et al​. (1973), Health & Packer (1968)              
and Witham ​et al. (1986), respectively. At maturity two plants were collected from each pot,               
and tiller number / plant, panicle number / plant, panicle weight / plant and seed yield / plant                  
were recorded. Data of salinity stress (60 mM and 120 mM) were compared with those in                
control (non saline water) treatment in order to understand the relative growth reduction of the               
individual plant part. The recorded data on various parameters were statistically analyzed by             
“CropStat”. The treatment means were compared by Least Significance Difference (LSD) test            
at 5% level of significance (Gomez & Gomez, 1984). 

 

Results and Discussion 

Plant height  
The effect of salt stress on plant height was statistically significant at 20 and 40 days after salt                  
imposition (Table 1). At 20 days, the plant height under control condition was the highest in                
BD-897, while the lowest was in BARI Kaon-1. At 60 mM saline condition the highest plant                
height was recorded in BD-897 and the lowest was in BARI-kaon-1. Relative (per cent of               
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control) plant height of the genotypes ranged from 91.87% to 96.44%. Highest relative plant              
height was obtained from genotype BARI Kaon-1 (96.44%), followed by BD-878 (96.04%),            
and BD-897 (91.94%) and it was lowest in BD-881 (91.87%). At 120 mM saline condition the                
highest plant height was recorded with BD-897 and the lowest was in BARI-Kaon-1. Relative              
(per cent of control) plant height of the genotypes ranged from 84.88% to 87.09%. Highest               
relative plant height was obtained from genotype BD-878 (87.09%), followed by BARI-Kaon-1            
(86.67%) and BD-881 (84.98%) and it was lowest in BD-897 (84.88%). Plant height reduction              
due to salinity was lower in BD-878 (12.91%) while that was higher in BD897 (15.12%). After                
40 days, the highest plant height was recorded in BD-897 and the lowest was demonstrated               
from BARI Kaon-1 under control condition. At 60 mM saline condition the highest plant height               
was recorded with BD-878 and the lowest was in BARI Kaon-1. Relative (per cent of control)                
plant height of the genotypes ranged from 85.41% to 91.10%. Highest relative plant height              
was obtained from genotype BD-878 (91.10%), followed by BD-897 (86.90%) and BD-881            
(86.71%) and it was lowest in BARI Kaon-1 (85.51%). At 120 mM saline condition the highest                
plant height was recorded with BD-878 and the lowest was in BARI kaon-1. Relative (per cent                
of control) plant height of the genotypes ranged from 70.12% to 75.95%. Highest relative              
plant height was obtained from genotype BD-878 (75.95%), followed by BD-881 (73.08%) and             
BARI-Kaon-1 (72.22%) and it was lowest in BD-897 (70.12%). Plant height reduction due to              
salinity was lower in BD- 878 (24.05%), while that was higher in BD-897 (29.88%). Therefore,               
BD-878 showed relatively higher salinity tolerance in relation to plant height than other             
genotypes studied. The lower height in the plants under salinity occurred, probably due the              
ABA action, in which it is produced in the cells under water stress condition and this way                 
inhibit the cell division and / or DNA synthesis. Similar results on the height reduction in plant                 
under stress were described by Lacerda ​et al. ​(2003) working with genotypes of ​Sorghum              
bicolor​ under salt stress.  

 
Table 1. Plant height (cm) of foxtail millet genotypes as affected by salinity at different days                

after salt imposition (DASI) 

Genotype
s 

20 DASI 40 DASI 
Control 60 mM 

salinity 
120 mM 
salinity 

Control 60 mM 
salinity 

120 mM 
salinity 

BD- 881 135.33​±​78.13* 124.32​±​71.78 
(91.87) 

115.00​±​66.40 
(84.98) 

195.6​±​8.19 
 

169.67​±​4.67 
(86.71) 

143​±​4.93 
(73.08) 

BD- 897 136.67​±​78.90 125.65​±​72.55 
(91.94) 

116.00​±​66.97 
(84.88) 

208.67​±​2.72 
 

181.33​±​3.52 
(86.90) 

146.33​±​2.8 
(70.12) 

BD- 878 126.33​±​72.94 121.30​±​70.05 
(96.04) 

105.67​±​61.01 
(87.09) 

202.33​±​2.84 
 

184.33​±​4.48 
(91.10) 

153.67​±​2.72 
(75.95) 

BARI 
kaon-1 

75.00​±​43.30 72.33​±​41.76 
(96.44) 

65​±​37.53 
(86.67) 

96​±​2.08 
 

82​±​2.89 
(85.41) 

69.33​±​3.18 
(72.22) 

LSD​(0.05) 1.10 2.05 
CV (%) 22.86 31.12 

* Indicate SE value, values in parenthesis indicate per cent of control. 
Studies carried out by Wang (2005) revealed that the ABA induce the gene expression that codify the                 
inhibited protein of the cyclin-dependent activity (ICKl), coinciding with the results found by Jakoby ​et al.                
(2006) on extreme important of this metabolic in cell division process and consequently development              
and growth of plant. 
 
Total dry matter weight 
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The effect of salt stress on total dry weight (leaf + stem) was statistically significant at 20 and                  
40 days after salt imposition (Table 2). At 20 days, the total dry weight under control condition                 
was the highest in BD-878, while the lowest was in BARI Kaon-1. At 60 mM saline condition                 
the highest total dry weight was recorded with BD-878 and the lowest was in BARI-kaon-1.               
Relative (per cent of control) total dry weight of the genotypes ranged from 70.73% to               
82.88%. Highest relative total dry weight was obtained from genotype BD-878 (82.88%),            
followed by BD-881 (79.70%), and BD-897 (73.66%) and it was lowest in BARI Kaon-1              
(70.73%). At 120 mM saline condition the highest total dry weight was recorded with BD-897               
and the lowest was in BARI Kaon-1. Relative (per cent of control) total dry weight of the                 
genotypes ranged from 53.60% to 73.90%. Highest relative total dry weight was obtained             
from genotype BD-878 (73.90%), followed by BARI-Kaon-1 65.70%) and BD-897 (65.34%)           
and it was lowest in BD-881 (53.60%). Total dry weight reduction due to salinity was lower in                 
BD-878 (73.90%) while that was higher in BD-(881 53.60%). After 40 days, the highest total               
dry weight was recorded in BD-881 and the lowest was demonstrated from BARI Kaon-1              
under control condition. At 60 mM saline condition the highest total dry weight was recorded               
with BD-878 and the lowest was in BARI Kaon-1. Relative (per cent of control) total dry weight                 
of the genotypes ranged from (70.44% to 86.92%). Highest relative total dry weight was              
obtained from genotype BD-878 (86.92%), followed by BD-881 (78.16%) and BD-897           
(72.72%) and it was lowest in BARI Kaon-1 (70.44%). 
 
Table 2. Total dry weight (g) of Foxtail millet genotypes as affected by salinity at different days                 

after salt imposition (DASI) 

Genotypes 20 DASI 40 DASI 
Control 60 mM 

salinity 
120 mM 
salinity 

Control 60 mM 
salinity 

120 mM 
salinity 

BD- 881 11.43​±​6.60* 
 

9.11​ ±​5.26 
(79.70) 

6.13​±​3.54 

(​53.60​) 
47.01​±​8.71 

 
36.74​±​3.60 

(78.16) 
29.89​±​2.58 

(63.58) 
BD- 897 11.59​±​6.69 

 
8.54​±​4.93 

(73.66) 
7.57​±​4.37 

(​65.34​) 
45.31​±​3.15 

 
32.97​±​4.12 

(72.72) 
24.5​±​2.30 

(54.06) 
BD- 878 12.19​±​7.04 

 
10.10​±​5.83 

(82.88) 
7.47​±​4.31 

(​73.90​) 
45.21​±​8.08 

 
39.30​±​1.87 

(86.92) 
34.93​±​1.51 

(77.26) 
BARI kaon-1 8.75​±​5.05 

 
6.19​±​3.57 

(70.73) 
5.75​±​3.32 

(​65.70​) 
27.17​±​0.95 

 
19.14​±​1.50 

(70.44) 
15.78​±​1.60 

(58.06) 
LSD​(0.05) 0.15 0.10 
CV (%) 25.50 30.94 

* Indicate SE value, values in parenthesis indicate per cent of control. 
At 120 mM saline condition the highest total dry weight was recorded with BD-878 and the lowest was in                   
BARI-Kaon-1. Relative (per cent of control) total dry weight of the genotypes ranged from 54.06% to                
77.26%. Highest relative total dry weight was obtained from genotype BD-878 (77.26%), followed by              
BD-881 (63.58%) and BARI-Kaon-1 (58.06%) and it was lowest in BD-897 (54.06%). Total dry weight               
reduction due to salinity was lower in BD-897 (45.94%) while that was higher in BD-878 (22.74%).                
Stress condition caused significant decrease in plant growth. These results were in harmony with              
Abass and Mohamed (2011) who reported that the plant growth parameters of common bean (shoot and                
root length, fresh and dry weights of shoots and roots) decreased significantly with increasing              
drought stress as compared with control plants. Such decline in shoot and root growth in response to                 
stress might be due to either decrease in cell elongation, cell turgor, cell volume and eventually cell                 
growth (Banon ​et al.​, 2006), and/or due to blocking up of xylem and phloem vessels thus hindering any                  
translocation through (Lavisolo and Schuber, 1998). 
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Leaf water content  
The effect of salt stress on leaf water was statistically significant (Figure 1). At 60 mM saline                 
condition relative (per cent of control) leaf water of the genotypes ranged from 69% to 87%.                
Highest relative leaf water was obtained from genotype BD-878 (87%), followed by BARI             
Kaon-1 (79%), and BD-881 (78%) and it was lowest in BD-897 (69%). At 120 mM saline                
condition relative (per cent of control) leaf water content of the genotypes ranged from 63% to                
84%. Highest relative leaf water was obtained from genotype BD-878 (84%), followed by             
BARI-Kaon-1 (75%) and BD-881 (68%) and it was lowest in BD-897 (63%). The reduction in               
leaf RWC (%) was provoked by the water deficiency in soil, in which the water stress due to                  
salinity effect simulated artificially in this experiment cause as direct consequence changes in             
LRWC, because during the transpiration process and photosynthesis occur water loss           
through of the stomata and the assimilation / reposition rate is strongly affected, occurred              
probably decrease of the conductance stomatal for reduce the water loss to the atmosphere              
(Verslues ​et al., ​2006​). Velu and Palanisami (2001) also reported that water stress             
significantly reduced relative water content of the plant. 
 

 

Fig. 1. Relative leaf water content of four Foxtail millet genotypes as affected by salinity. 
 

Chlorophyll a 
The effect of salt stress on chlorophyll content was statistically significant (Figure 2). At 60               
mM saline condition relative (per cent of control) leaf water of the genotypes ranged from 69%                
to 85%. Highest relative chlorophyll a content was obtained from genotype BARI Kaon-1             
(85%), followed by BD-878 (82%) and BD-881 (75%) and it was lowest in BD-897 (69%). At                
120 mM saline condition relative (per cent of control) chlorophyll a content of the genotypes               
ranged from 60% to 75%. Highest relative leaf water was obtained from genotype BD-878              
(75%), followed by BARI-Kaon-1 (70%) and BD-897 (61%).and it was lowest in BD-881             
(60%). 
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Fig. 2. Relative Chlorophyll a content of four Foxtail millet genotypes as affected by salinity. 
Chlorophyll b  
The effect of salt stress on chlorophyll b was statistically significant (Figure 3). At 60 mM                
saline condition relative (per cent of control) chlorophyll b content of the genotypes ranged              
from 47% to 78%. Highest relative leaf water was obtained from genotype BD-878 (78%),              
followed by BD-881 (76%), BD-897 (60%) and it was lowest in BARI Kaon-1 (47%). At 120                
mM saline condition relative (per cent of control) chlorophyll b content of the genotypes              
ranged from 24% to 63%. Highest relative leaf water was obtained from genotype BD-878              
(63%), followed by BD-881 (57%), BD-897 (57%) and it was lowest in BARI-Kaon-1 (24%). 
 

 

Fig. 3. Relative Chlorophyll b content of four Foxtail millet genotypes as affected by salinity. 
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Total chlorophyll content 
The effect of salt stress on total chlorophyll content was statistically significant (Figure 4). At               
60 mM saline condition relative (per cent of control) total chlorophyll content of the genotypes               
ranged from 61% to 80%. Highest relative total chlorophyll was obtained from genotype             
BD-878 (80%), followed by BD-881 (75%) and BD-881 (75%) and it was lowest in BD-897               
(66%) BARI Kaon-1 (61%), At 120 mM saline condition relative (per cent of control) leaf               
chlorophyll content of the genotypes ranged from 41% to 70%. Highest relative leaf total              
chlorophyll was obtained from genotype BD-878 (70%), followed by BD-897 (60%) and            
BD-881 (59%) and it was lowest in BARI-Kaon-1 (41%). The reduction of the total chlorophyll               
due to salt stress was lower in BD-878 (30%), while that was higher in BARI Kaon-1 (59%).                 
Abass and Mohamed (2011) who reported that photosynthetic pigments contents in leaves of             
common bean plants were highly significantly decreased with increasing the level of drought             
stress. Sairam ​et al​. (2002) showed higher decrease in pigment contents of wheat genotypes              
under salinity at the three stages. The observed decrease of Chlorophyll content in the plants               
grown under saline conditions may be attributed to both of the increased degradation and the               
inhibited synthesis of that pigment (Garsia ​et al.​, 2002). The reduction in chlorophyll content              
under stress has been considered a typical symptom of oxidative stress and may be the result                
of pigment photo-oxidation and chlorophyll degradation. The decrease in the photosynthetic           
activity under stress may be due to stomatal or non-stomatal mechanisms. Stomata closure is              
one of the first responses to drought stress which result in declined rate of photosynthesis.               
The drought induced reduction in the chlorophyll content could be attributed to loss of              
chloroplast membranes, excessive swelling, and distortion of the lamellae vesiculation and           
the appearance of lipid droplets. It was also reported that this pigment was sensitive to               
increasing environmental stress (Terzi ​et al.​, 2010). The decrease in total chlorophyll content             
may have resulted from a decrease in leaf water status in the soybean. 
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Fig. 4. Relative total Chlorophyll content of four Foxtail millet genotypes as affected by 
salinity. 

 
Proline content 
The effect of salt stress on proline content was statistically significant (Figure 5). At 60 mM                
saline condition relative (per cent of control) proline content of the genotypes ranged from              
124% to 157%. Highest relative proline content was obtained from genotype BD-878 (157%),             
followed by BARI Kaon-1 (135%), and BD-897 (129%) and it was lowest in BD-881 (124%).               
At 120 mM saline condition relative (per cent of control) proline content of the genotypes               
ranged from 157% to 179%. Highest relative proline content was obtained from genotype             
BD-878 (179%), followed by BARI-Kaon-1 (164%) and BD-897 (161%) and it was lowest in              
BD-881 (157%). The proline accumulation is a metabolic response characteristic of plants            
under abiotic stresses, it being showed the increase in this experiment because the free              
proline work as osmotic adjustor that objective reduce the negative effects provoked in the              
plants under  adverse conditions  Zhu (2002).  

 

Fig. 5. Relative proline content of four Foxtail millet genotypes as affected by salinity 
 
Proline is known to play as an osmoprotectant in plants subjected to osmotic stresses              
resulted from drought and soil salinity. A positive correlation between proline accumulation            
and osmoticstress tolerance has been reported by Muthulakshmi ​et al. (2013), Abraham ​et al​.              
(2003), Abdelhamid ​et al. (2013), Khattab (2007), Amirjani (2010), Sadak and Dawood (2014)             
and Taie ​et al. (2013). Remarkable increase in proline content under stress conditions could              
be due to changes in proline metabolism profile under salinity stress, with an increased              
expression of proline synthetic enzymes and breakdown of proline-rich protein (Tewari and            
Singh, 1991). According to Kaouther ​et al​. (2012) investigations with Chili pepper (​Capsicum             
frutescens ) obtained results showing significant increase in proline in all cultivars with the              
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increase of salt concentration in irrigation water. The accumulation of osmolyte compounds is             
often proposed as a solution to overcoming the negative consequences of water deficits in              
crop production which has been proposed as an adaptive mechanism for drought and salt              
tolerance. Indeed, osmolyte accumulation (OA) in plant cell results in a decrease of the cell               
osmotic potential and help in the maintenance of water absorption and cell turgor pressure,              
which might contribute to sustaining physiological processes, such as stomatal opening,           
photosynthesis and expansion growth (Kaouther ​et al​., 2012). 
 
Malondialdehyde (MDA) content 
The effect of salt stress on melondialdehyde (MDA) content was statistically significant            
(Figure 6). At 60 mM saline condition relative (per cent of control) MDA content of the                
genotypes ranged from 106% to 116%. Highest relative MDA content was obtained from             
genotype BD-881 (116%) followed by BD-897 (114%), and BARI Kaon-1 (112%) and it was              
lowest in BD-878 (106%). At 120 mM saline condition relative (per cent of control) MDA               
content of the genotypes ranged from 107% to 119%. Highest relative MDA content was              
obtained from genotype BD-881 (119%), followed by BARI-Kaon-1 (116%), and BD-897           
(110%) and it was lowest in BD-878 (106%). The relative MDA content was significantly              
higher in saline condition than control in all the genotypes. The rise in MDA content under                
stress conditions suggests that water/saline stress could induce membrane lipid peroxidation           
by means of ROS (Sairam ​et al., 2002). ​It is also generally accepted that the accumulation of                 
MDA, a measure of lipid peroxidation, is considered a potential marker of oxidative damage              
(Jouve ​et al.​, 2003; Ashraf, 2009; Ashraf ​et al​., 2010). Generally, MDA concentration changes              
with increasing salt concentration e.g. in Limonium bicolor, it decreased at 100 mm, while              
increased at 200 mm NaCl indicating that L. bicolor plants were better protected from              
oxidative damage under saline regime (Li, 2008). In the present investigation, the lower             
relative values of MDA in BD-878 indicate that at cellular level this genotype is better               
equipped with efficient free radical quenching system that offers protection against oxidative            
stress. 
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Fig. 6. Relative melondialdehyde content of four Foxtail millet genotypes as affected by 
salinity. 

 

Effect of salt stress on yield and yield contributing characters 

Number of tiller  
The effect of salt stress on number of tiller/plant was statistically significant (Table 3). At               
control condition, the tiller number was the highest in BD-878 (12.33), followed by BD-881              
(9.33), BD-897 (9.00), while the lowest was in BARI Kaon-1 (8.67). At 60 mM saline condition                
the highest tiller number was recorded with BD-878 (10.33) and the lowest was in BBARI               
Kaon-1 (7.00). Relative (per cent of control) tiller number of the genotypes ranged from              
78.57% to 83.78%. Highest relative tiller number was obtained from genotype BD-878            
(83.78%), followed by BD-897 (81.48%), and BARI Kaon-1 (80.77%) and it was lowest in              
BD-881 (78.57%). At 120 mM saline condition the highest tiller number was recorded with              
BD-878 (7.00) and the lowest was in BD-881 (4.48)​. Relative (per cent of control) tiller               
number of the genotypes ranged from 48.01% to 67.74%. Highest relative tiller number was              
obtained from genotype BD-878 (67.74%), followed by BARI-Kaon-1 (57.69%) and BD-897           
(55.56%) and it was lowest in BD-881 (48.01%). Tiller number reduction due to salinity was               
lower in BD-881 (32.26%) while that was higher in BD-878 (51.99%). 

 
 

Table 3. Tiller number and panicle number of foxtail millet genotypes as affected by salinity 

Genotypes Tiller number plant​-1 Panicle number-plant​-1 
Control 60 mM 

salinity 
120 mM 
salinity 

Control 60 mM 
salinity 

120 mM 
salinity 

BD- 881 9.33 
 

7.33 
(78.57) 

4.48 
(48.01) 

9.33 
 

7.33 
(78.57) 

5.00 
(53.57) 
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BD- 897 9.00 
 

7.33 
(81.48) 

5.00 
(55.56) 

8.67 
 

6.33 
(73.08) 

5.00 
(57.69) 

BD- 878 12.33 
 

10.33 
(83.78) 

7.00 
(67.74) 

8.00 
 

7.00 
(87.50) 

6.00 
(85.71) 

BARI kaon-1 8.67 
 

7.00 
(80.74) 

5.00 
(57.69) 

5.67 
 

4.33 
(76.47) 

3.67 
(64.71) 

LSD​(0.05) 2.61 2.13 
CV (%) 20.0 20.0 

Values in parenthesis indicates percent of control 
 

Number of panicle  
The effect of salt stress on number of panicle/plant was statistically significant (Table 3). At               
control condition, the panicle number was the highest in BD-881 (9.33), followed by BD-897              
(8.67), BD-878 (8.00), while the lowest was in BARI Kaon-1 (5.67). At 60 mM saline condition                
the highest panicle number was recorded with BD-878 (7.33) and the lowest was in BBARI               
Kaon-1 (4.33). Relative (per cent of control) panicle number of the genotypes ranged from              
73.08% to 87.50%. Highest relative panicle number was obtained from genotype BD-878            
(87.50%), followed by BD-881 (78.57%) and BARI Kaon-1 (76.47), and the lowest was in              
BD-897(73.08). At 120 mM saline condition the highest panicle number was recorded with             
BD-878 (6.00) and the lowest was in BARI-Kaon-1 (3.67). Relative (per cent of control)              
panicle number of the genotypes ranged from 53.57% to 85.71%. Highest relative panicle             
number was obtained from genotype BD-878 (85.71%), followed by BARI-Kaon-1 (64.71%)           
and BD-897 (57.69%) and it was lowest in BD-881 (53.57%). Panicle number reduction due              
to salinity was lower in BD-881 (14.29%) while that was higher in BD-878 (46.43%). 
 
Panicle weight  
The effect of salt stress on panicle weight (g/plant) was statistically significant (Table 4). At               
control condition, the panicle weight was the highest in BARI Kaon-1 (8.00), followed by              
BD-878 (4.94), BD-897 (7.46), and the lowest was in BD-881 (4.44). At 60 mM saline               
condition the highest panicle weight was recorded with BARI Kaon-1 (5.59) and the lowest              
was in BD-881 (3.12). Relative (per cent of control) panicle weight of the genotypes ranged               
from 42.78% to 85.48%. Highest relative panicle weight was obtained from genotype BD-878             
(85.48%), followed by BD-881 (70.26%), and BARI-Kaon-1. (69.86%) and it was lowest in             
BD-897 (42.78%). At 120 mM saline condition the highest panicle weight was recorded with              
BARI-Kaon-1 (2.34) and the lowest was in BD-881 (1.92). Relative (per cent of control)              
panicle weight of the genotypes ranged from 27.71% to 54.05%. Highest relative panicle             
weight was obtained from genotype BD-878 (54.05%), followed by BD-881 (43.29%) and            
BARI-Kaon-1(29.25) and it was lowest in BD-897 (27.71%). Panicle weight reduction due to             
salinity was lower in BD-878 (45.95%) while that was higher in BD-897 (72.29%). 
 
Seed yield  
The effect of salt stress on seed yield (g/plant) was statistically significant (Table 4). At control                
condition, the seed yield was the highest in BD-897 (11.71), followed by BD-878 (9.51), BARI               
kaon-1 (9.19), and the lowest was in BD-881 (9.10). At 60 mM saline condition the highest                
seed yield was recorded with BD-878 (7.60) and the lowest was in BD-897 (3.83). Relative               
(per cent of control) seed yield of the genotypes ranged from 32.68% to 79.86%. Highest               
relative seed yield was obtained from genotype BD-878 (79.86%), followed by BARI kaon-1             
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(67.30%) and BD-881 (59.08%) and it was lowest in BD-897 (32.68%). At 120 mM saline               
condition the highest seed yield was recorded with BD-897 (3.30) and the lowest was in               
BD-881 (1.01). Relative (per cent of control) seed yield of the genotypes ranged from 11.13%               
to 28.21%. Highest relative seed yield was obtained from genotype BD-897 (28.21%),            
followed by BD-878 (20.45%) and BARI-Kaon-1 (12.77%) and it was lowest in BD-881             
(11.13%). Seed yield reduction due to salinity was lower in BD- 897 (71.79%), while that was                
higher in BD-881 (88.87%). Salinity induced yield reduction has been reported in many crop              
species, which depends upon the severity and duration of the stress period. Salinity was also               
found to reduce the shoot length, number and size of spikes and the grain yield (Hendawy ​et                 
al​., 2012).  
 
Table 4. Panicle weight and seed yield of Foxtail millet genotypes as affected by salinity 

Genotypes Panicle weight (g plant​-1​) Seed yield (g plant​-1​) 
Control 60 mM 

salinity 
120 mM 
salinity 

Control 60 mM 
salinity 

120 mM 
salinity 

BD- 881 4.44 
 

3.12 
(70.26) 

1.92 
(43.29) 

9.10 
 

5.37 
(59.08) 

1.01 
(11.13) 

BD- 897 7.46 
 

3.19 
(42.78) 

2.07 
(27.71) 

11.71 
 

3.83 
(32.68) 

3.30 
(28.21) 

BD- 878 4.94 
 

4.22 
(85.48) 

2.28 
(54.05) 

9.51 
 

7.60 
(79.86) 

1.55 
(20.45) 

BARI 
kaon-1 

8.00 
 

5.59 
(69.86) 

2.34 
(29.25) 

9.19 
 

6.19 
(67.30) 

1.17 
(12.77) 

LSD​(0.05) 2.18 4.00 
CV (%) 11.4 10.1 

Values in parenthesis indicates percent of control 

Saline water irrigations with salinity increasing from 1 to 16 dS m​-1 had been noticed to                
linearly decrease seed and straw yield, harvest index and 1000 grain weights in foxtail millet               
and the harvested seeds from these treatments were found to germinate into normal             
seedlings (Thimmaiah ​et al​., 1989). In the present study, the reduction in seed yield under salt                
stress was associated with dramatic decrease in all these yield components. 

 

Conclusion 

Based on the above results it may be concluded that BD-878 showed relatively higher salinity               
tolerance in respect of dry matter accumulation and yield compared to other genotypes             
studied. Higher salinity tolerance in BD-878 was associated with better water relations and             
osmotic adjustment with accumulation of higher amount of proline. Furthermore, under salinity            
conditions less damaged chlorophylls as well as lower accumulation of melondialdehyde           
content contributed to the higher salinity  tolerance in BD-878 compared to other genotypes.  
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