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The effects of salinity on germination, growth and yield parameters as well as phenotypic variance and 
heritability of five groundnut genotypes (Ex-Dakar, RRB 12, RMP 12, RMP 91 and Esan Local) were 
investigated. Saline treatments were imposed by irrigating the seeds and plants with varying 
concentrations of brackish water having electrical conductivities of 0.015, 1.50, 2.60, 4.68, 8.90 and 17.0 
mS/cm. The results revealed that salinity significantly delayed germination and also reduced the final 
percentages at electrical conductivities greater than 2.60 mS/cm. Seedling emergence, radicle 
elongation, plant height and dry matter weight also tended to decrease with increasing salinity. 
Agronomic characters such as number of leaves/plant and number of branches/plant were significantly 
reduced with salinities higher than 2.60 mS/cm. The genotypes under study proved more salt tolerant 
during the germination than during the vegetative stage of growth and the result identified Esan- Local, 
Ex-Dakar and RRB 12 as being more salt tolerant than the other genotypes under study. Treated plants 
maintained high heritability and genetic advance values in characters such as 100 seed weight, 
pods/plant and seeds/pod, indicating that the characters under study were controlled by additive genes 
and could be improved by selection. Thus salt tolerant traits from the tolerant genotypes (Esan-Local, 
RRB 12 and Ex-Dakar) could be a source for developing salt tolerant variants in groundnut.  
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INTRODUCTION 
 
Large areas of saline soils and brackish water resources 
are under utilized worldwide for crop production (Oputa, 
1981). In the Niger Delta area of Southern Nigeria, 
(circa70, 000 km2), about 30% of the soils are saline with 
electrical conductivities greater than 0.5 ms/cm and 
hence unproductive. Irrigated lands in the arid northern 
parts of the country are also increasingly becoming saltier 
due to over fertilization and may soon be faced with the 
same salinity problem. One of the ways to address this 
problem is through the identification and planting of 
suitable salt tolerant crops in these seemingly 
unproductive habitats. 

Ungar et al. (1979), Swalem (2000) and Kafi and 
Goldani (2000) have earlier reported on the effects of 
saline soils on plant growth. Salinity is known to induce 
stress in plants; hence the ability of plants to tolerate and 
thrive in  saline  soils is of great importance in agriculture,  
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since it indicates that the affected plants have genetic 
potential for salt tolerance, which is a highly desirable 
trait (Francois and Maas, 1994; Mahmood et al., 2000). 
Groundnut continues to be a predominant crop in the 
agricultural system of Nigeria because it is a major 
source of dietary oil (42-52%) and protein (25-30%), and     
an important cash income for both subsistence and urban 
dwellers (Olorunju et al., 2002). Currently, Nigeria 
produces 5.9% of the world’s total production and 27.7% 
of Africa’s total production. Saline soil, which causes 
reductions in yield, is one of the important abiotic 
constraints to groundnut production. Pulses in general 
are sensitive and have inadequate control over ion 
uptake, which leads to high internal salt concentrations 
and results in plant injury. However, tremendous 
variability exists regarding salt tolerance among different 
species/cultivars in all pulses (Chauhan and Singh, 
2000). Consequently there is differential reduction in 
growth and yield when grown in salt affected soils. 

Information on salt tolerance of local groundnut 
varieties is scanty. The objective of the present study is  
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therefore to screen five genotypes commonly cultivated 
by the indigenous farmers to determine which genotypes 
can tolerate saline environments and thus help extend 
the present frontiers for their cultivation. 
 
 
MATERIALS AND METHODS 
 
This study was conducted in the laboratories and botanical gardens 
of the Department of Botany, Ambrose Alli University, Ekpoma 
(Latitude 06o 42o and Longitude 06o 08o E).  The mean annual 
rainfall is about 1760 mm with a mean temperature range of 22-
31oC, which makes it ideal for groundnut production. Seeds of four 
genotypes used in this study were obtained from the National Seed 
Service, Zaria, Nigeria, while the fifth (Esan Local), was supplied by 
local farmers through Edo State Agricultural Development 
Programme Office at Irrua, Edo state, Nigeria. The genotypes used 
in this study are RMP 91, Esan Local, Ex-Dakar, RMP 12 and RRB 
12. Saline conditions were simulated using brackish water from the 
estuarine ecosystem of the Niger Delta area of Nigeria. Saline 
water of conductivity 17.0 ms/cm was collected from the Jones 
Creek near Kokodiabone in Warri South Local Government Area of 
Delta State, Nigeria (Figure 1) and serially diluted with distilled 
water to obtain different salinities of conductivities 1.50, 2.60, 4.68, 
8.90 and 17.0 ms/cm with the aid  of a conductivity meter (Corning 
type). Fresh water from Ebiekuma River within the university 
campus, Ekpoma, with an electrical conductivity of 0.015 ms/cm 
was used for the control experiment. 
 
 
Germination studies 
 
Germination tests were carried out on two layers of Whatman No. 1 
filter papers in 9 mm diameters petri dishes containing the five 
solutions. Batches of twenty seeds of each genotype were 
germinated in the petri dishes, which were kept under plastic cover 
to reduce evaporation, and placed on the laboratory bench at room 
temperature 24-28oC. The seeds were observed daily and the test 
solutions changed on alternate days and the percentage 
germination determined (ISTA, 1976). Seeds for seedling 
emergence and radicle length determinations were sown separately 
in vermiculite chips in seed pans and measurements taken 10 days 
after planting. 
 
 
Pot experiments 
 
Seeds of the five genotypes were sown in plastic buckets of 40 cm 
height and 20 cm diameter. To ensure adequate soil fertility 
throughout the experiment period, NPK (15:15:15) was added 
during irrigation at a rate of 0.05 g in 100 ml water. The planted 
seeds were irrigated with the test solutions for the six treatments, 
replicated three times in a randomized split plot design with salinity 
as the main plots and genotypes as the sub-plots. The following 
agronomic, physiological and yield parameters were studied: plant 
height, number of leaves/plant, dry weight, number of pod/plant, 
seeds/pod, seed/plant, 100 seed weight and yield per plant. The 
physiological studies included relative water content and 
carbohydrate content of the leaves at 56 days after planting. 
 
 
Relative water content  
 
The third leaf of each selected plant was detached for Relative 
Water Content (RWC) determination. The detached leaf was weig-
hed  immediately  and  the  measurement  recorded as fresh weight 

 
 
 
 
(FW). The cut end of the leaf was placed in distilled water in a test 
tube; the tube was stopped with cotton wool and kept under light 
condition in the laboratory following the method outline by Slatyer 
(1960). After 5 h, the leaves were removed, blotted dry and re-
weighed to obtain turgid weight (TW). The leaves were then dried 
over night at 80°C and re-weighed to obtain the dry weight (DW). 
The relative water content (RWC) was calculated using the 
following formula:   
 
               (FW-DW)   X   100 
RWC =  
                      TW-DW      
  
There were three replicates for each salinity treatment. 
 
 
Carbohydrate content 
 
A total of 0.1 g blended samples were homogenised with a mortar 
and pestle and the volume made up to 50 ml with distilled water. 1 
ml portions of the resultant solution were placed in test tubes and 1 
ml of 50% phenol solution was added to each tube followed by 
rapid addition of 3 ml conc. H2S04. The tubes were cooled at room 
temperature and the absorbance read at 490 nm. The standard 
solution was prepared from 0.1 g of glucose dissolved in 100 ml 
distilled water in a standard flask. This gave a stock solution of 0.1 
mg/ml. From the stock solution, serial dilutions for standard curve 
were made and used to estimate the concentrations of 
carbohydrate in the various plant materials for the different salinity 
treatments.    
 
 
Genetic studies 
 
The genetic analysis was based on those parameters related to the 
variations in concentrations of electrical conductivity/salinity effects. 
The mean squares at the treatment levels were taken as the 
phenotypic variance (PV). To obtain the genotypic variance (GV 
which is the proportion of the phenotypic variance caused by 
variations in genes, the mean square at the error level was 
subtracted from their corresponding phenotypic variance for all the 
treatments used. The genetic parameters were as follows: 
 
(i) Heritability (Ho) according to Allard, (1999): 
 
            �2g 
Ho =             x   100 
 
            �2ph       
 
Where �2g = genotypic variance and �2ph = phenotypic variance. 
 
(ii) Genetic Advance (GA) and Genetic Gain (GG) values were 
determined following the methods of Johnson et al. (1955): 
  
             δ2g 
GA =            x   K 
             �ph     
 
Where K = 2.06 (selection differential at 10%),  �2g = genotypic 
variance and �ph = square root of phenotypic variance. 
 
The genetic gain (GG) was calculated in terms of the genetic 
advance (GA) expressed as a percentage of the population mean 
X. 
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Figure 1. Map of the Niger Delta Region showing the Jones Creek where saline water was collected for 
this study.  

 
 
RESULTS AND DISCUSSIONS 
 
The results obtained from the germination studies are 
shown in Table 1. The five genotypes responded 
differentially to the different levels of salinity. As the 

concentration increases, there were corresponding 
decreases in the percentage germination and seedling 
emergence. The most effective concentrations, which 
depressed the germination counts, were saline solutions 
with electrical conductivities of 8.90 and 17.00 ms/cm.  
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Table 1.  Effect of salinity on germination and seedling development of five groundnut genotypes from Nigeria. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

DAP = Days after planting. 
 
 
 
The cultivar, Ex-Dakar recorded the highest percentage 
germination while RMP 91 recorded the least in the 
different saline solutions. The percentage seeding emerg-
ence in the field was however lower than what was 
recorded for the germination percentages.  The ability of 
a seed to germinate and emerge under salt stress 

indicates that it has genetic potential for salt tolerance 
(Tejovathi et al., 1988). The effect of the saline conditions 
was more on number of days to achieve germination 
(speed of germination) and percentage seedling emerge-
nce than percentage germination (Table 2). The present 
result agrees with the reports of Francois et al. (1984)  

Salinity measured as electrical conductivity (mS/cm) Parameter Cultivar 

0.015 1.50 2.60 4.68 8.90 17.0 
Esan Local 70.0 68.5 55.2 50.4 48.4 46.4 

RRB 12 56.0 56.0 51.0 47.6 45.1 42.6 

RMP 91 57.0 50.0 37.0 33.7 30.8 27.8 

Ex-Dakar 80.0 80.0 75.2 70.4 67.6 64.8 

RMP 12 50.0 48.0 42.5 37.5 36.3 35.0 

 
 
 
Germination (%) 

Mean 62.6 60.0 52.1 47.9 45.6 43.3 
Esan Local 70.0 67.3 55.0 48.0 44.0 38.0 

RRB 12 55.0 54.0 49.0 45.0 41.0 36.4 
RMP 91 57.0 49.0 35.0 30.0 29.0 21.0 

Ex-Dakar 79.0 78.0 74.0 68.0 60.0 54.0 
RMP 12 50.0 48.0 40.0 36.0 35.0 30.0 

 
 
Emergence (%) 
 

Mean 62.2 59.3 50.6 45.4 41.8 34.0 
Esan Local 14.3 15.8 12.6 10.2 9.8 9.0 

RRB12 12.5 12.0 10.3 9.9 9.3 8.7 
RMP91 11.1 12.0 9.0 8.4 8.1 7.9 

Ex-Dakar 12.0 12.0 10.4 8.5 8.3 8.0 
RMP12 8.5 8.5 6.4 5.9 5.2 5.0 

 
Root length 
(mm) at 
10 DAP 

Mean 11.1 11.5 9.1 8.2 7.7 7.3 
Esan Local 32.4 34.0 27.2 24.0 22.1 20.1 

RRB12 22.6 22.2 24.2 20.9 19.2 17.4 

RMP91 22.7 23.4 19.8 18.7 16.0 13.2 

Ex-Dakar 36.8 33.7 32.4 29.1 25.6 22.0 
RMP12 23.2 23.5 16.4 14.6 13.7 12.7 

 
 
Plant height (cm) 
at 56 DAP 

Mean 27.5 27.6 24.0 21.5 19.3 17.1 

Esan local 50.3 49.4 41.5 38.5 36.4 34.3 

RRB12 43.6 43.0 40.5 33.5 32.9 32.3 

RMP91 42.7 42.0 37.0 26.5 22.9 19.3 

Ex-Darkar 42.4 40.6 35.0 31.1 29.4 27.7 

RMP12 40.1 40.2 37.2 38.1 30.5 24.9 

 
 
Number of 
Leaves/ plant 
at 56 DAP 

Mean 43.8 43.0 36.2 31.5 29.6 27.7 
Esan local 6.1 6.0 5.9 5.6 5.1 4.6 

RRB12 5.7 5.9 5.6 5.1 4.6 4.5 
RMP91 5.6 5.6 5.4 5.0 4.7 4.4 

Ex-Dakar 5.6 5.6 5.3 5.0 4.8 4.6 
RMP12 4.9 5.4 5.0 4.0 3.9 3.8 

Primary 
Branches / plant at 
56 DAP 
 

Mean 5.6 5.7 5.4 4.9 4.6 4.3 
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Table 2. Summary of the effects of saline conditions on five germination characteristics of groundnut genotypes. 
 

Germination Characteristics Conductivity of caline 
solution (mS/cm) No. of days to germination Germination (%) Emergence (%) Radicle length at 10 DAP (cm) 
0.015 
1.50 
2.60 
4.68 
8.90 
17.7 

3 
3 
3 
4 
5 

>6 

72.4 
72.0 
70.8 
70.0 
69.6 
60.8 

62.6 
60.5 
52.1 
47.9 
45.6 
40.0 

11.1 
11.5 
9.1 
8.2 
7.7 
7.3 

 
 
 

Table 3. Effects of Salinity on some physiological and yield parameters of five groundnut genotypes. 
 

Salinity measured as electrical conductivity (mS/cm) Parameter  Cultivars 

0.015 1.50 2.60 4.68 8.90 17.00 

Esan local 6.2 6.8 6.9 4.7 3.0 3.7 
RRB12 4.3 4.7 5.2 4.7 4.4 3.6 
RMP12 4.3 4.3 4.4 3.7 2.2 1.6 

Ex-Dakar 4.2 3.8 3.4 2.4 1.9 1.7 
RMP12 4.5 4.2 4.1 3.6 3.5 3.5 

 
 
Dry weight of  
vegetative parts 
at 54 DAP (g) 

Mean 4.7 4.8 4.8 3.8 3.0 2.8 
Esan local 84.26 81.14 89.53 88.28 88.45 85.00 

RRB12 84.8 83.00 85.50 84.79 81.90 79.50 

RMP91 81.60 80.80 76.70 78.50 78.00 78.50 

Ex-Dakar 78.50 76.50 74.51 70.00 70.00 70.00 

RMP12 70.28 71.44 71.32 72.50 70.00 72.50 

 
Relative 
water 
Content of 
leaves 
     (%) 

Mean 79.89 78.58 79.51 78.81 77.67 77.10 

Esan local 3.6 3.5 3.5 2.3 2.8 1.6 
RRB12 2.6 2.6 2.6 2.6 2.1 2.1 

RMP91 3.1 3.2 3.7 3.3 2.6 1.9 

Ex-Dakar 2.5 2.3 2.3 2.1 2.4 2.3 

RMP12 2.4 2.6 2.8 2.4 2.2 2.0 

 
 
 
Carbohydrates 
in leaves 
    (%) 

Mean 2.84 2.84 2.98 2.54 2.42 1.98 
Esan local 23.0 21.8 20.9 14.7 8.8 8.4 

RRB12 16.3 15.9 14.6 11.2 6.3 6.1 

RMP91 16.1 15.2 13.8 10.0 6.0 5.7 
Ex-Dakar 16.0 15.7 15.5 10.9 8.4 63 

RMP12 16.0 16.0 13.5 11.1 7.0 6.5 

 
 
Number of 
pod/plant 

Mean 17.48 16.92 15.66 11.58 7.3 6.6 

Esan local 1.8 1.9 2.1 1.71 1.6 1.50 
RRB12 1.4 1.6 1.8 1.4 1.35 1.30 

RMP91 1.4 1.7 1.7 1.38 1.35 1.30 

Ex-Dakar 15 1.8 1.8 1.5 1.4 1.3. 

 
 
Number of  
Seeds/pod 

RMP12 1.3 1.9 1.7 1.25 1.30 1.27 
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Table 3. Contd. 
 
 Mean 1.48 1.78 1.82 1.45 1.40 1.33 

Esan local 41.4 41.4 43.9 25.2 14.1 12.6 
RRB12 22.8 25.4 26.3 15.7 8.6 7.6 
RMP91 22.5 25.8 23.5 13.8 8.1 7.4 

Ex-Dakar 24.0 28.3 27.9 16.4 11.8 8.2 
RMP12 20.8 30.4 23.0 13.9 9.1 8.3 

 
 
Number of  
Seeds/plant 

Mean 26.30 30.26 28.92 17.00 10.34 8.88 
 
 
 
and Francois (1985) on sorghum and squash, respective-
ly, where they observed decreases in percentage germi-
nation and seedling emergence with increases in salinity. 

The radicle length of the five groundnut genotypes 
differed under the different salinity levels as shown in 
Table 1. The Esan Local genotype had the longest 
radicle length (9.0 mm) and hence the least affected by 
the saline conditions and this was followed by RRB 12 
(8.7 mm) while RMP12 (5.0 mm) was the most adversely 
affected by the saline solutions. The trends observed in 
the germination and shoot emergence studies as well as 
radicle length determinations were similar; that is, 
increasing salinity (measured by the electrical conductivi-
ty of the irrigation water) led to reductions in the value of 
the specific parameter under study. The present observa-
tions are in line with earlier reports in wheat (Hurd, 1974), 
goat weed (Singh and Jain, 1989) sorghum (Sullivan and 
Ross, 1979) and chickpea (Al-Mutawa, 2003) where 
increases in salinity also led to decreased radicle lengths. 

The results of the field studies revealed decreases in 
plant height and vigour with increases in salinity. How-
ever, the Esan-Local, and RRB12 genotypes showed 
slight increases in vigour under low saline concentrations 
(1.50 mS/cm). The least mean plant height under 17.0 
mS/cm salinity was recorded in RMP 12 (Table 1). 
Furthermore, there was a decrease in the mean number 
of leaves per plant with an increase in the salt concen-
tration (>2.6 mS/cm). The result agrees with the report of 
Akomeah et al. (1991) in Machaerium lunatus where it 
was observed that low salinity of 1% seawater (with 
electrical conductivity of about 0.05 mS/cm) enhanced 
the production of leaves compared to control plants 
grown in distilled water as well as plants irrigated with 
higher saline solutions. 

Generally, at high saline concentrations (8.9-17.0 
mS/cm), the dry weight of the groundnut genotypes under 
study decreased. The present result is in agreement with 
the work of Hassan et al. (1970) in Barley, Abdul-Halim et 
al. (1988) in wheat, and Al-Mutawa (2003) in chickpea, in 
which the authors observed that high saline concentra-
tions decreased the dry weights of the affected crops.   

The carbohydrate and relative water contents of the 
leaves of the groundnut genotypes followed similar trends 

as the dry weight except in RMP 91 and RMP 12, which 
showed slight increases in carbohydrate content with 
increasing salinity. This observation agrees with the ear-
lier reports of Rathert (1984) who reported that plants 
which are stressed by salinity accumulate starch and 
soluble carbohydrates in their leaves. However at higher 
concentration (8.9-17.0 mS/cm), the carbohydrate 
concentrations were lower than what was recorded in the 
control.  

Available literature (Hurd, 1974; Singh and Jain, 1989 
and Abdul-Halim et al., 1988) indicates that under salinity 
stress, plants tend to record low yields because of 
adverse effects of salinity on such parameters as relative 
water content, total dry weight, plant height and number 
of leaves per plant. This is because salinity inhibits plant 
growth by exerting low water potentials, ion toxicity and 
ion imbalance (Greenway and Munns, 1980; Sharma, 
1997). The ability of any genotype to maintain agronomic 
parameters at near control levels therefore confers salt 
tolerance. Based on the total dry weight, number of 
leaves per plant, plant height and yield per plant, the 
order of salinity tolerance of the five groundnut genotypes 
is Esan-Local> Ex-Dakar >RRB12>RMP12> >RMP 91. 

The broad based heritability estimates, genetic advan-
ce and genetic gain of the yield parameters in both the 
control and treated plants have been presented in Table 
4. The genotypic variance (GV) ranged from 0.11 to 
14.35 while the phenotypic variance (PV) ranged from 
0.12 to 26.80. Consequently, the heritability estimates of 
40.73-93.95% were moderate to high in both the control 
and treated plants. The results also show that, even 
though there were significant changes within the treat-
ment means (Table 3), genetic parameters such as 
heritability and genetic gain were not adversely affected 
by the different salinities. The possible explanation is that 
the changes in the mean values of the characters as 
observed in the present investigations are mainly 
physiological in nature and would be reversed when 
grown under environments with lower electrical conducti-
vities/salinity. 

It could therefore be inferred from the present study 
that the yield characters under investigations could 
successfully be selected among the genotypes for impro- 
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Table 4. Variations in genetic parameters due to the effects of salinity on some agronomic and yield characters among five 
genotypes of groundnut from Nigeria. 
 

Genetic Characteristics Character Treatment 
Mean Phenotypic 

Variance 
Genotypic 
Variance 

Heritability % Genetic 
advance 

Genetic 
gain 

Plant height (cm) Control 
Treated 

27.5 
21.9 

10.10 
9.91 

9.23 
9.31 

91.95 
93.95 

2.90 
3.16 

10.55 
14.41 

No of pods/plant Control 
Treated 

21.50 
18.33 

25.29 
26.80 

10.31 
10.20 

40.72 
38.06 

2.05 
1.97 

9.53 
10.74 

No of seeds/pods Control 
Treated 

1.44 
1.52 

0.12 
0.14 

0.11 
0.12 

85.71 
93.55 

0.32 
0.32 

22.47 
21.34 

No of seeds/plant Control 
Treated 

30.96 
27.86 

0.31 
0.34 

0.29 
0.28 

93.55 
82.35 

0.52 
0.58 

1.67 
2.09 

100 seed weight (g) Control 
Treated 

15.96 
14.82 

12.80 
11.90 

10.40 
10.43 

81.25 
87.65 

2.90 
3.02 

18.20 
20.40 

Yield/plant (g) Control 
Treated 

49.12 
41.90 

16.64 
17.28 

14.35 
13.88 

74.38 
80.32 

3.53 
3.34 

7.18 
7.96 

 
 
 
vement in saline environments. Since the laboratory and 
pot experiments have identified Esan-Local, Ex-Dakar 
and RRB 12 as the most salt tolerant genotype, these 
genotypes could serve as a source of genetic material for 
the development of salt tolerant variants.  
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