
ABSTRACT
The aim of this study was to observe the effect of chemical stress induced by different salts on the soaking kinetics 
and germination indices of kidney bean. Water uptake of seed grains greatly affected by the ionic composition 
of soaking solution used. Water absorption rate and capacities were studied in relation with Peleg’s model using 
hydration data and plotting graphs at different time interval of soaking. Dimensional analysis like spherecity (Ø), 
aspect ratio (Ra), volume (V), and surface area (S) was observed using mathematical equations based on linear 
measurements like length, width and thickness. Effect of salt stress on the germination was observed using various 
parameters like germination percentage (G), vigor value, mean germination time (t¯), mean germination rate (MR), 
and coefficient of variation of germination (CV). Grains soaked in different chemicals resulted in the different 
absorption pattern and Peleg’s constants. Peleg’s rate constant was lower in NaOH (1.46×10-3) and capacity constant 
was lower in distilled water (2.94×10-2). Dimensional characteristic exhibited their dependence on water uptake 
properties and varied to some extent due to difference in absorption capacities. Germination data also varied for 
seed grains soaked under different chemical stress. Germination percentage and vigor value were greatly affected 
due to chemical stresses. Germination percentage was higher in distilled water (78%), whereas vigor value was 
higher in MgCl2 (0.5%). It was concluded that, salt stress under different chemicals greatly affected the water 
absorption pattern and as result variation in the germination pattern among different groups was observed.
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INTRODUCTION

Salt stress is the foremost abiotic stress in the agriculture. 
It induces adverse effects on the initial developmental 
stages in plant life cycle. These abiotic stresses were 
found problematic in seed germination, establishment, 
reproductive and vegetative growth (Zhu, 2016). 

Salt stresses may inhibit seed germination and post 
germinated growth. Germination is correctly defined by 
Bewley and Black (1994) as the process from imbibition to 
embryo protrusion in seed grains and post- germination 
involves the processes after embryo protrusion which 
leads to plant formation. Thus, soaking kinetics under 
different chemical stresses needed to be studied and is 
of practical importance for breeders in the development 
of salt resistant seeds. Mathematical models based on 
the theories and diffusion models (Corzo et al. 2004) 
to interpret absorption data in the form of moisture vs. 
time was studied periodically for better understanding of 
absorption behavior of seed grains. According to Rastogi 
et al. (2000), various researchers used different kind of 
mathematical models and expressions to understand the 
rehydration or absorption kinetics of different material 
(Sanju et al. 1999). Peleg (1988), observed a bivariate 
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water. The concentration of solutions was based on the 
trial work conducted to optimize the minimal effect of 
solutions on seed germination.

Soaking of seeds and collection of hydration data: 
Four sets of pre-weighed seed grains samples (10 grams 
each) (n=3) were taken and soaked in 250 ml solutions 
(NaOH-0.1%; NaHCO3-0.5%; MgCl2-0.5%; distilled 
water) each at 40±2°C in water bath. Temperature of 
soaking solution was kept constant at 40°C, which was 
observed as optimum soaking temperature to facilitate 
the water uptake without exhibiting the boiling effect  
(Turhan et al. 2002). Measurement of gain in moisture 
content was observed at different intervals until 
saturation point was achieved. The hydrated seeds 
were blotted free of excess surface moisture with tissue 
paper and then weight was determined using analytical 
weighing balance (Shimadzu-AUW-D Series). The gain 
in weight (initial moisture (db) + water uptake) gave 
the amount of water uptake at that specific time and 
graphs were plotted between time and moisture gain.  
The rate of moisture absorption at specific time was 
calculated as dM/dt i.e. rate of change of moisture at 
specific time “t”.

Peleg’s constants (K1 and K2):  Values of moisture content 
at different time period were reported as discussed above 
and then analyzed for the variables of Peleg’s equation 
in computer based statistical software (Statsoft Statistic 
ver. 10.0). Moisture content on dry basis was used for 
the calculation of Peleg’s constants K1 and K2 as per 
mathematical expression of Peleg (1988):

Where, Mt= moisture content at known time (t) (% db), 
Mo= initial moisture content (% db), t= soaking time, K1= 
Peleg’s rate constant, K2= Peleg’s capacity constant.

Dimensional analysis after soaking of seeds: Seeds from 
each soaking group were randomly measured for Length 
(L), width (W), and thickness (T). Raw (un-soaked) grains 
were also measured for dimensional analysis and were 
compared to observe the effect of soaking. Measurements 
included the morphological features of grains, which 
were measured by using digital Vernier caliper  
(Aerospace 150 mm digimatic) with 0.01 mm accuracy. 
The average of each measurement group was taken for 
further dimensional parameters like spherecity, surface 
area, aspect ratio, volume of seed. Spherecity (Ø) is the 
criteria used to describe the shape of seed. The spherecity 
was calculated using following equation:

Similar to spherecity, aspect ratio is also considered as 
important criteria to characterize shape of seed grains. 
The aspect ratio (Ra) of seed grains was calculated 

mathematical model to observe its potential implication 
in absorption data (Peleg 1988).

Mixture of salts present in the soil has cumulative effect 
on the growth of seedling. Cramer (1985) reported that 
salts affect the functioning and cell wall of seeds. Studies 
have shown that the influx and efflux of cytosolic solutes 
were greatly affected by the permeability of membranes 
which in turn affected by the presence of ions present 
around (Allen et al. 1995). Apart from permeability 
salt components could affect the hardening of cell wall 
(Neumann et al. 1994) and water conductance of plasma 
membrane (Azaizeh et al. 1992). These changes in the cell 
membrane and cell wall affect the moisture absorption 
and germination of seed by affecting the water potential 
of inner cellular material and cell extensibility (Tobe 
et al. 2004). Research has also shown the utilization 
of germinated grains in composite flours to enhance 
nutrition index of bakery products (Sibian et al. 2020).

Calculating the germination percentage and vigor is 
not enough to portray the germination profile of seed. 
Different germination parameters were required to plot 
the germination characteristic of seed. Germination and 
vigor test provide only the insight in the performance 
profile of seed lot and effects the seed storage conditions. 
Therefore, germination index has been proposed by Riss 
and Bang-Olsen (1991) to characterize the germination 
rate. Due to the differences in the germination times of 
seed among group, the concept of mean germination time 
has been introduced by Edward (1932) as the concept of 
extreme times for germination i.e. time for first and last 
seed to germinate (Tobe et al. 2004).

Prodanov et al. (2004) and Ali et al. (2009) observed the 
effect of alkalinity and salinity on the composition of 
certain grains but not much work has been done on the 
effect of different soaking solutions on the absorption 
kinetics, and the engineering aspect during soaking 
along with detailed post germination evaluation of the 
legume seed. In this research, efforts have been made to 
observe the effect of individual salts of Na+ and Mg2+ 
on the soaking kinetics and germination of kidney bean 
(Phaseolus vulgaris-Cranberry Group). To observe the 
effect in seed-water relationship, the computational 
data of different salt stresses and their interaction with 
the kidney bean was established. Three groups of salt 
stress treatments were used in comparison with distilled 
water. Research was distributed into 3 sections viz. 
soaking and absorption kinetics, dimensional analysis 
after soaking and computational analysis of germination  
(Ali et al. 2009).

MATERIAL AND METHODS

Preparation of raw material and soaking solutions: Viable 
grains of kidney bean (Phaseolus vulgaris-Cranberry 
Group) were procured from local farmer of Amritsar, 
Punjab. The age of grains were not more than 6-12 
months and were stored in appropriate environment. 
Different soaking solution groups were prepared viz. 
NaOH-0.1%; NaHCO3-0.5%; MgCl2-0.5% and distilled 
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as described by Mohsenin (1980) using following 
mathematical expression:

Surface area of seed grain was calculated using following 
equations as described by Jain and Bal (1997).

Where,

The measurement of volume and surface area of 
seed grains is an important criterion to estimate the 
permeability and moisture absorption pattern of seed. 
Surface area provide the area of contact of water 
molecules with the surface of seed grains. Length, width 
and thickness of seed grains were used as function for 
the measurement of volume of seed grains. The volume 
of seed (V) was calculated using following equations as 
described by Jain and Bal (1997):

Germination of seed grains: Kidney bean seeds were 
cleaned and soaked separately in respective solutions. 
Germination of grains was carried out as per the method 
described by Sibian et al. (2016) in double chambered 
seed germinator (Alpha chem 956) under controlled 
conditions (Temp: 28±1°C /RH: 45±5%) for 96h. Data was 
generated by repeatedly counting of seeds on different 
time intervals and emergence of plumule was taken as 
indicator of germination.

Analysis of seed germination: Germination percentage 
(G) is the measure of proportion of number of seeds 
germinated during assay. Vigor value is an important 
agronomic feature of seeds for establishment of plant 
and seed germination. Vigor value was observed using 
following formula (Bradbeer, 1988):

Where; a, b, c, d and x respectively represent the 
proportion seed germinated after 1, 2, 3 and n days 
of germination, S is the total number of germinated 
seeds. Mean germination time (t¯) is the calculation of 
average time required for the germination of seed to 
take place. Mean germination time (t¯) is the measure of 

rate and time-spread of germination. It was calculated 
by using following expression as described by Ranal et 
al. (2009):

Where, ni= number of seeds germinated in the time i, 
k= last time of germination

Mean germination rate (MR) is the reciprocal of mean 
germination time. It is widely used to describe the speed 
of germination in relation with mean germination time 
(t¯). Coefficient of variation of germination time is used 
to estimate the uniformity or variability of germination 
time. Coefficient of variation of germination time was 
calculated by Dorneles et al. (2005) using following 
relation.

Where; st= Standard deviation of germination time; 
t¯=Mean germination time.

The analysis was carried out in replicates with weighted 
average sets for all the samples. A multiple comparison 
procedure of the treatment means was performed by 
Duncan’s new multiple range test (Duncan, 1955). 
Significance of the differences was defined as (P≤0.05). 
Statistical analysis was carried out in IBM SPSS-16 
software.

RESULTS AND DISCUSSION

Soaking kinetics and Peleg’s constants: Moisture 
absorption in kidney bean was reported higher in distilled 
water-soaked grains followed by MgCl2 (0.5%). From 
the absorption data as shown in figure 1, it was also 
observed that grains soaked in NaOH (0.1%) had lesser 
absorption of moisture which was slightly lower than 
NaHCO3 (0.5%). There was lesser difference between the 
absorption curves of distilled water and MgCl2 (0.5%). 
Moisture absorption in NaHCO3 (0.5%) soaked grains was 
higher during the early stages of soaking as compared 
to NaOH (0.1%) but slightly varied at the end of soaking 
process. Saturation point or equilibrium was attained in 
lesser time in distilled water-soaked group and required 
longer time in NaOH (0.1%) group.

Rate of absorption was observed in all treatment groups 
as shown in figure 2. Distilled water showed higher 
rate of absorption and thus attained saturation point at 
earliest followed by MgCl2. Rate of hydration was lower 
in NaOH (0.1%) and NaHCO3 (0.5%) soaking group. 
Kamkar et al. (2009) and Mendoza-Sánchez et al. (2016), 
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observed the negative impact of chemical stresses on 
the common bean due to structural and compositional 
changes to the seed coats. Sibian et al. (2016) concluded 
the fact that ions dissociated in soaking solution formed 
complexes with seed coat components and obstruct the 
process of active water uptake (Sibian et al. 2016).

was lower than distilled water-soaked grains followed 
by NaHCO3 (0.5%).

Figure 1: Moisture absorption pattern in kidney bean  
(dry basis) in different soaking medium (NaOH-0.1%; 
NaHCO3-0.5%; MgCl2-0.5% and distilled water) at 
different time intervals. 

Figure 2: Rate of moisture absorption (dM/dt) during 
soaking in different soaking medium/solution (NaOH-
0.1%; NaHCO3-0.5%; MgCl2-0.5% and distilled water) at 
different time intervals in kidney bean

Further confirmation of water uptake and hydration 
pattern was analyzed in Peleg’s model equation. Peleg’s 
constant K1 & K2 conveyed the information of soaking 
kinetics in term of two parameter empirical equation. 
Kidney bean grains are larger grains among other 
legumes and provided optimum surface area for water 
absorption but lower absorption rate due to the seed 
surface composition. Peleg’s rate constant and capacity 
constant are inversely related to the rate of absorption 
and absorption capacities. Peleg’s constants were in 
inverse relationship with hydration rate and capacity 
i.e. lower value of constants corresponds to higher 
water absorption rate and water absorption capacity  
(Sibian et al. 2013). Peleg’s rate constant (K1) in kidney 
bean soaking kinetics was lower in distilled water which 
could be justified due to higher initial water absorption 
rate. NaOH (0.1%) soaking solution gave the higher value 
of Peleg’s rate constant, corresponding to its lower rate 
of absorption. Peleg’s rate constant (K1) for MgCl2 (0.5%) 

	 Rate	 Capacity	 r 2

	 Constant (K1)	 Constant (K2)

Distilled water	 1.57×10-2	 2.94×10-2	 0.98
NaOH-0.1%	 1.46×10-3	 4.29×10-2	 0.98
NaHCO3-0.5%	 2.95×10-2	 4.52×10-2	 0.98
MgCl2-0.5%	 1.86×10-2	 2.99×10-2	 0.99

Table 1. Summary of Peleg’s Constant (K1 & K2) for kidney 
bean (cranberry bean) in different medium/soaking 
solutions.

Peleg’s capacity constant (K2) was lower in distilled 
water and Mgcl2 soaked grains followed by NaOH 
(0.1%) which was slightly lower than NaHCO3 (0.5%) 
soaked kidney bean grains (Table 1). The mathematical 
expression of Peleg’s constants, justified the hydration 
pattern as observed in figure 1 and 2. Non-ionic soaking 
medium like distilled water did not participated in 
complex formations with seed coat of kidney bean. If 
rapid uptake of water occurs it correspond to the fact 
that ions facilitate the movement of water without being 
affected by nature of seed wall components otherwise the 
interaction imparts negative effect on soaking behavior 
of grains as in present case of kidney bean. Variation 
in Peleg’s constant due to chemicals were previously 
reported in pearl millet (Sibian et al. 2013) and chickpea 
(Sibian et al. 2016).

Dimensional Analysis: Dimensional analysis (Table 2) 
was done along the 3 geometric axis of seed grains to 
determine its length, width and thickness. Change in 
the length (Δl) varied insignificantly among all soaking 
solutions except NaHCO3 (0.5%) soaked grains. Variation 
in width (Δw) was observed higher in distilled water and 
MgCl2 (0.5%) soaked group (Δw=0.47±0.00 and 0.46±0.02 
respectively). Value of variation in width observed in 
NaOH (0.1%) was 0.43±0.04 which was slightly higher 
than NaHCO3 (0.5%) (Δw=0.38±0.01). Linear increase in 
the dimension was analyzed in all soaking groups during 
the soaking of grains. Bolaji et al. (2017) observed the 
similar pattern of increase in the dimensions of maize 
as a result of soaking (Bolaji et al. 2017).

Increase in thickness was uniform and ranged from 
0.54±0.01 to 0.58±0.02. Spherecity (φ) and aspect ratio 
(Ra) did not vary significantly after soaking and showed 
uniformity among all groups. Shape of kidney bean 
plays an important role in the conformational changes 
during soaking. Volume of grains varied significantly 
after soaking and ranged from 54.99±0.20 to 60.57±0.21. 
Higher variation was observed in distilled water-soaked 
groups followed be MgCl2 (0.5%), NaOH (0.1%) and 
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contrary to the observation made by Tobe et al. (2004), 
where halophytes were considered. Relative frequency 
of germination (ƒi) increases with the time period and 
is dependent on the type of soaking medium used (Tobe 
et al. 2004).

From the above calculated data, germination indices 
were prepared to observe the overall impact of soaking 
medium on germination. Relative to distilled water-
soaked grains, all other germinated groups have shown 
slightly lower value of germination indices. Vigor value 
of MgCl2 (0.5%) soaked kidney bean grains was higher 
and closely followed by distilled water and NaOH (0.1%) 
soaked grains. NaHCO3 (0.5%) soaked kidney bean grains 
has lower vigor value. The mean germination time 
(MT) for all groups was observed same (78.72 hours) 
except NaOH (0.1%) soaked grains (MT=78 hours), 
which inferred that slightly lesser time was required for 
germination in NaOH (0.1%) soaked grains.

Sibian & Riar

NaHCO3 (0.5%). Surface area (S) for the grains after 
soaking varied from 1.18±0.04 to 1.24±0.02. Higher 
variation was observed in distilled water followed by 
both MgCl2 (0.5%) and NaOH (0.1%), whereas NaHCO3 
(0.5%) showed least variation. Variation in dimensional 
attributes as a result of moisture uptake were also 
reported in cowpea (Yalcin, 2007) and popcorn kernel 
(Karababa, 2006).

Germination analysis: Computational data for germination 
analysis was generated using Microsoft excel sheet 
described by Ranal et al. (2009), to observe the relative 
frequency of germination after soaking under different 
chemical stresses. Soaking affected the total germination 
percentage of the seed. Higher germination percentage 
was observed in distilled water-soaked grains (78%), 
followed by MgCl2 -0.5% (61%), NaHCO3-0.5% (58%) and 
NaOH-0.1% (56%) as shown in table 3. The results are 

Characteristics	 Material	 Distilled water	 NaOH (0.1%)	NaHCO3 (0.5%)	MgCl2 (0.5%)

Length (l)mm	 Raw	 15.84±0.02	 15.81±0.01	 15.83±0.03	 15.82±0.03
	 Soaked 	 16.15±0.04	 16.11±0.01	 16.10±0.01	 16.13±0.02
Δl (mm)		  0.31±0.03abc	 0.30±0.01cab	 0.27±0.04d	 0.31±0.04bca

Width (w)mm	 Raw	 7.35±0.01	 7.32±0.02	 7.34±0.02	 7.33±0.02
	 Soaked 	 7.81±0.01	 7.75±0.04	 7.72±0.04	 7.79±0.01
Δw (mm)		  0.47±0.00ab	 0.43±0.04c	 0.38±0.01d	 0.46±0.02ba

Thickness (t)mm	 Raw	 4.47±0.02	 4.55±0.01	 4.52±0.01	 4.56±0.04
	 Soaked	 5.14±0.01	 5.09±0.01	 5.10±0.01	 5.12±0.01
Δt (mm)		  0.57±0.02ba	 0.54±0.01d	 0.58±0.02ab	 0.56±0.05cb

Spherecity (φ)	 Raw	 0.51±0.00	 0.51±0.00	 0.51±0.00	 0.51±0.00
	 Soaked	 0.54±0.00	 0.53±0.00	 0.53±0.00	 0.54±0.00
Δφ		  0.03±0.00ab	 0.02±0.00cd	 0.02±0.00dc	 0.03±0.00ba

Aspect ratio (Ra)	 Raw	 0.46±0.00	 0.46±0.00	 0.46±0.00	 0.46±0.00
	 Soaked 	 0.48±0.00	 0.48±0.00	 0.48±0.00	 0.48±0.00
ΔRa		  0.02±0.00abcd	 0.02±0.00bacd	 0.02±0.00cabd	 0.02±0.00dacb

Volume (V)mm3	 Raw	 294.40±0.23	 291.44±0.34	 291.38±0.21	 292.83±0.51
	 Soaked	 354.97±0.20	 347.78±0.46	 346.38±0.21	 352.23±0.45
ΔV (mm3)		  60.57±0.21ab	 56.33±0.41c	 54.99±0.20d	 59.40±0.47ba

Surface area (S) mm2	 Raw 	 11.14±0.02	 11.08±0.03	 11.05±0.01	 11.11±0.06
	 Soaked	 12.38±0.02	 12.26±0.01	 12.24±0.05	 12.33±0.04
ΔS (mm2)		  1.24±0.02a	 1.22±0.03bc	 1.18±0.04d	 1.22±0.05cb

Values are expressed as mean ± standard deviation. Means having different letters within the 
same row differ significantly at p ≤ 0.05 (n = 3). Δ denotes the differences in the respective 
dimensional parameter’s values.

Table 2. Comparison of variation in dimensions of kidney bean (cranberry bean) after soaking 
in different soaking medium/solutions (NaOH-0.1%; NaHCO3-0.5%; MgCl2-0.5% and distilled 
water)

Mean germination rate  was observed same in all cases 
( =0.30) with non-significant variation. Coefficient of 
variation of germination time (CV) was observed higher 
in MgCl2 (0.5%) soaked grains followed by distilled 
water, NaOH (0.1%) and NaHCO3 (0.5%). According to 

the seed germination studies conducted by Pereira and 
Santana (2013) on different species of same family, 
the increased coefficient of variation is not capable of 
predicting the heterogeneity of variance, but the data can 
be used to monitor the germination capability of seed 
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grains. In lab seed germination analysis also provide 
data to the various food production sections where seed 
germination is required viz breweries. Research has also 

shown the utilization of germinated grains in composite 
flours to enhance nutrition index of bakery products  
(Sibian et al. 2020).

			  NaOH (0.1%)

Time in	 No. of seed	 n*t	 t-MT	 (t-MT)2	 n(t-MT)2	  (ƒi)
days	 germinated (n)

1	 2	 2	 -1	 1	 2	 0.0204
2	 7	 14	 0	 0	 0	 0.0714
3	 22	 66	 1	 1	 22	 0.224
4	 25	 100	 2	 4	 100	 0.2551
Germination Indices
G (%)	 V	 MT	 (u)	 CV		
56	 34.08	 78	 0.31	 0.46		
			  NaHCO3 (0.5%)
1	 2	 2	 -1	 1	 2	 0.0204
2	 6	 12	 0	 0	 0	 0.0612
3	 24	 72	 1	 1	 24	 0.2449
4	 26	 104	 2	 4	 104	 0.2653
Germination Indices
G (%)	 V	 MT 	 (u)	 CV		
58	 33.62	 78.72	 0.31	 0.46		
			  MgCl2 (0.5%)
1	 4	 4	 -1	 1	 4	 0.0408
2	 6	 12	 0	 0	 0	 0.0612
3	 20	 60	 1	 1	 20	 0.2041
4	 31	 124	 2	 4	 124	 0.3163
Germination Indices
G (%)	 V	 MT 	 (u)	 CV		
61	 35.11	 78.72	 0.31	 0.48		
Distilled water
1	 5	 5	 -1	 1	 5	 0.0510
2	 4	 8	 0	 0	 0	 0.0408
3	 33	 99	 1	 1	 33	 0.3367
4	 36	 144	 2	 4	 144	 0.3673
Germination Indices
G (%)	 V	 MT 	 (u)	 CV		
78	 34.62	 78.72	 0.30	 0.47		

Where t= time between sowing and the day of observation G=germination percentage, 
V=Vigor value, MT=mean germination time in hours, u=Mean germination rate, 
CV=Coefficient of variation of germination

Table 3. Analysis of germination data and germination indices of kidney bean 
after soaking in different soaking medium/solutions (NaOH-0.1%; NaHCO3-0.5%; 
MgCl2-0.5% and distilled water).

CONCLUSION

Different chemical stresses exhibit different absorption 
and germination characteristics. The extent of soaking 
and rate of absorption can easily be estimated from 
Peleg’s mathematical equation. Ionic strength of solution 
has proven as detrimental factor to be considered 

during soaking. Soaking caused changes in the overall 
dimension of grains. Germination indices provided the 
detailed insight of germination process. It was also 
concluded from the obtained data, that germination 
indices of grains are independent from soaking kinetics. 
While the seed enables to attain saturation point by 
the uptake of optimum moisture, the seed will be 
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enabled to germinate despite of the salt stress. However, 
germination percentage is greatly affected by the 
chemical stress. Mean germination rate and coefficient 
of variation of germination were found independent from 
germination percentage and mean germination time. It 
was observed that despite having significant difference 
in the germination percentage and vigor of different 
groups, there was similarity in some germination indices, 
which stated the importance of germination index over 
germination percentage and salt stress management in 
agriculture.
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