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ABSTRACT 
Bean is a source of proteins but salinity is an agricultural limiting factor. Evaluation of the plant germplasm to identify a tolerant genotype 
is an adequate strategy. The present report is focused on the early stage of bean seed germination. Seeds of 89 cultivars were weighed 
after 5 days of growth in 0 or 270 mmol/L NaCl. The five heaviest cultivars were regarded as NaCl tolerant; and the five lighter, as 
susceptible. Ten fresh seeds per cultivar were scanned. The following indicators were measured: area, equivalent diameter, major axis 
length, minor axis length, eccentricity, convex area, solidity, and extent. The matrix obtained was used to estimate Fisher’s linear 
discriminant functions for susceptible and tolerant cultivars. Two variables were disregarded (convex area and solidity). Functions 
classified correctly 100% of tolerant or susceptible originally grouped cultivars. Fisher’s linear discriminant functions are important tools 
for bean breeders. Seeds from new bean genotypes can be scanned as described here. Data were evaluated in both discriminant functions. 
If the resulting value of the tolerant-discriminant function was statistically higher than that of the susceptible-discriminant function, then 
the new bean genotype can be regarded as putatively tolerant. In addition to the practical use of the assay described here, we reached two 
unexpected conclusions. Firstly, bean seeds were not so NaCl-sensitive during early stages of germination: we observed radical 
emergence with a high concentration (360 mmol/L). Secondly, the larger the bean seed size, the lower the sensitivity to NaCl. 
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INTRODUCTION 
 
Common bean is an important source of proteins in deve-
loping countries (Durante and Gius  1997). It is sensitive 
to salts, like many other leguminous crops (Maas and Hoff-
man 1977). Soil salinity is an increasingly severe agricul-
tural problem in several world regions (Shannon 1986), e.g. 
in a narrow island such as Cuba. The evaluation of genetic 
variability of plant germplasm to identify a tolerant geno-
type has been one of the most frequent strategies to over-
come this problem (Kingsbury and Epstein 1984). 

Characters such as yield, survival, vigour, leaf damage, 
and plant height, have been the most commonly used cri-
teria for identifying salinity tolerance (Maas and Hoffman 
1977; Shannon 1984). Other indices of tolerance have been 
proposed that are based on specific physiological character-
istics, for instance, accumulation of specific ions in shoots 
or leaves, or the production of a specific metabolite (Shan-
non 1986). 

Salinity tolerance, however, is usually assayed in terms 
of absolute or relative growth or yield (Maas and Hoffman 
1977; Shannon 1984). This is largely due to ease of mea-
surement and because, in the end, yield (both absolute and 
relative) under saline conditions is usually the ultimate goal 
(Bayuelo-Jiménez et al. 2002). 

Evaluation of salt tolerance in legumes has been 
attempted by a variety of cultural techniques with plant 
material ranging from germinating seeds to seedlings to 
mature plants (Prisco and O'Leary 1972; Keating and Fisher 
1985; Subbarao et al. 1991; Ortiz et al. 1994; Ferri et al. 
2000; Lopez et al. 2002; Jungklang et al. 2003; Aroca et al. 
2007; Murillo-Amador et al. 2007; Webber et al. 2008; 
Rogers et al. 2009; Priyanka et al. 2010). Evidence col-

lected from various species suggests that salt tolerance is a 
developmentally regulated, stage-specific phenomenon, so 

that tolerance at one stage of development may not be cor-
related with tolerance at other developmental stages 
(Shannon 1986; Bayuelo-Jiménez et al. 2002). 

The present report is only focused on the early stage of 
bean seed germination. It describes the generation of 
Fisher’s linear discriminant functions for morphological 
identification of NaCl-tolerant bean seeds. To our know-
ledge, the relationship between the bean seed size and its 
tolerance to sodium chloride has not been published to date. 

 
MATERIALS AND METHODS 
 
Seeds of 89 bean cultivars were provided by the Cuban National 
Institute for Agricultural Sciences (INCA, Havana, Cuba). One of 
these cultivars was randomly selected to test the effect of sodium 
chloride on seed germination. Petri dishes (ø: 15 cm, height: 2.5 
cm) with filter papers (Whatman, single layer) were used. Five 
concentrations dissolved in distilled water were compared (0, 90, 
180, 270, 360 mmol/L). Each dish contained 10 seeds and 15 mL 
solution. Fresh plantlet mass was recorded after 5 days of incuba-
tion in the dark. In a second experiment, the effect of two concen-
trations of NaCl (0, 270 mmol/L) on the whole bean collection 
was evaluated as described above. 

The five heaviest cultivars were regarded as NaCl-tolerant; 
and the five lighter, as susceptible. Ten fresh seeds per cultivar 
were simultaneously scanned (jpg format, 600 dpi color image, 
Cannon F189200 ImageRunner 1023N, Cannon IR Toolbox 4.9). 
The following eight indicators were measured from the scanned 
image by MATLAB (version 7.01.247014 (R14), Service pack 1; 
September 13, 2004): area, equivalent diameter, major axis length, 
minor axis length, eccentricity, convex area, solidity, and extent 
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(Mathlab help version 7.01.247014 (R14), Image Processing Tool-
box User's Guide, regionprops functions). 

Area (scalar) is the actual number of pixels in the region. 
Equivalent diameter (scalar) is the diameter of a circle with the 
same area as the region. Major axis length (scalar) is the length (in 
pixels) of the major axis of the ellipse that has the same nor-
malized second central moments as the region. Minor axis length 
(scalar) is the length (in pixels) of the minor axis of the ellipse that 
has the same normalized second central moments as the region. 

Eccentricity (scalar) is related to the eccentricity of the ellipse 
that has the same second-moments as the region. The eccentricity 
is the ratio of the distance between the foci of the ellipse and its 
major axis length. 

Convex area (scalar) is the number of pixels in convex image. 
The convex image is a binary image (logical) of the convex hull. 
The convex hull is the smallest convex polygon that can contain 
the region. 

Solidity (scalar) is the proportion of the pixels in the convex 
hull that are also in the region (computed as area/convex area). 
Extent (scalar) is the proportion of the pixels in the bounding box 
that are also in the region (computed as the area divided by the 
area of the bounding box). 

The matrix obtained (10 bean cultivars, 10 seeds/cultivar, 8 
indicators) was standardized according to Kantardzic (2003). Later, 
the matrix was used to estimate Fisher’s linear discriminant func-
tions for susceptible and tolerant cultivars. The Statistical Package 
for Social Sciences (Version 8.0 for Windows, SPSS Inc.) was 
used. 
 
RESULTS AND DISCUSSION 
 
NaCl reduced seed germination (Fig. 1). Fig. 2 shows the 
results of the most contrasting members of the germplasm 
collection. Cultivars 28, 35, 3, 69 and 64 germinated faster 
than 87, 83, 24, 82 and 84, in both NaCl-free and NaCl-
containing Petri dishes (Fig. 2A, 2B). 

The scanned image is shown in Fig. 3 and the eight 
morphological indicators measured appear in Fig. 4 and 5. 
Table 1 shows extreme values observed. 

The statistical package-generated discriminant functions 
are shown in Fig. 6. Two variables were excluded: convex 
area and solidity. Requirements of this kind of analysis 
were met. Groups of the dependent variable were mutually 
excluded: cultivars had been previously classified as toler-

ant or susceptible (Fig. 2B, 3). Therefore, the dependent 
variable was not metrical but categorical. Independent vari-
ables were all metrical. The number of cases (100) was 
higher than twice the number of variables (8). 

Repeated observations of each cultivar of the original 
matrix were evaluated in these discriminant functions to test 
the accuracy of the functions obtained (Table 2). Functions 
classified correctly 100% (10 bean cultivars) of tolerant or 
susceptible originally grouped cultivars (Fig. 2B). 

The Fisher’s linear discriminant functions shown in this 
paper (Table 3) are important tools for those bean-breeding 
programs focused on the production of salinity tolerant 
plants. Seeds from new bean genotypes can be scanned as 
described here. Data are evaluated in both discriminant 
functions. If the resulting value of the tolerant-discriminant 
function is statistically higher than that of the susceptible 
discriminant function, then the new bean genotype can be 
regarded as putatively tolerant. Although the new genotype 
tolerance still requires additional confirmation under field 
environment, the results described here allow some research 
cost reductions because there is no inclusion of a large num-
ber of susceptible cultivars. 

In addition to the practical use of the assay described 

c
c

c

b

a

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 90 180 270 360

NaCl (mmol/L)

Fr
es

h 
pl

an
tle

t m
as

s 
at

 5
 d

ay
s 

(a
ve

ra
ge

 ±
 S

E,
 

g)

Fig. 1 Effect of sodium chloride on bean seed germination. 
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Fig. 2 Been seed germination in sodium chloride-free environment or 
with 270 mmol/L. 

Table 1 Maximal and minimal values (pixels) recorded in the experiment and used for data standardization according to Kantardzic (2003). 
 Area Equivalent 

diameter 
Major axis 
length 

Minor axis 
length 

Eccentricity Convex area Solidity Extent 

Maximal value recorded 76876 312860293 433776876 231143471 0.880834 79445 0.99136 0.82889 
Minimal value recorded 20705 162365097 197904497 126049564 0.675773 21034 0.95358 0.60373 
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here, we reached two unexpected conclusions. Firstly, bean 
seeds were not so NaCl-sensitive during early stages of ger-
mination. Most experiments to screen tolerance to sodium 
chloride used < 150 mmol/L, e.g. Meloni (2003) with 

cotton and Atia et al. (2006) with Crithmum maritimum 
seeds. In contrast, we observed radical emergence with 360 
mmol/L. 

Our second and more important conclusion was: the 
larger the bean seed size, the lower the sensitivity to sodium 
chloride. Larger seeds contain more hydrophilic compounds 
to make imbibition possible (Winn 1985; Vleeshouwers et 
al. 1995; Vaughton and Ramsey 1998; Leishman et al. 
2000; Cordazzo 2002; Parciak 2002; Dyer 2004; Van 
Mölken et al. 2005). At present, bean cultivars with poten-
tial salinity tolerance are being evaluated in different margi-
nal farming communities of Ciego de Ávila (Cuba). 
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Fig. 3 Bean seeds. 

Table 2 Classification of cultivars as susceptible or tolerant made by Fisher’s linear discriminant functions. 
Bean cultivar Result of discriminant function for 

susceptible cultivars (average ± SE) 
 Result of discriminant function for 

tolerant cultivars (average ± SE) 
Classification according to the Fisher’s 
linear discriminant functions* 

35 74.27 ± 0.80 < 92.28 ± 2.00 Correct classification as tolerant 
28 81.65 ± 4.38 < 105.76 ± 3.72 Correct classification as tolerant 
3 55.57 ± 1.80 < 76.82 ± 1.51 Correct classification as tolerant 
69 58.49 ± 2.97 < 79.59 ± 1.67 Correct classification as tolerant 
64 59.55 ± 3.33 < 82.20 ± 2.06 Correct classification as tolerant 
83 63.27 ± 2.26 > 41.50 ± 3.13 Correct classification as susceptible 
24 65.95 ± 1.25 > 47.41 ± 2.77 Correct classification as susceptible 
84 56.10 ± 2.37 > 31.47 ± 3.78 Correct classification as susceptible 
87 75.19 ± 1.17 > 57.30 ± 2.88 Correct classification as susceptible 
82 73.89 ± 2.22 > 49.61 ± 4.52 Correct classification as susceptible 

* These classifications agree with Fig. 2B 
 

Table 3 Fisher’s linear discriminant functions to differentiate tolerant and susceptible bean cultivars. 
Function for susceptible 
cultivars 

S: - 186.99 * a - 1582.05 * b + 779.42 * c + 992.80 * d + 145.40 * e + 14.36 * f - 68.27 

Function for tolerant 
cultivars 

T: - 428.15 * a - 1092.89 * b + 729.82 * c + 869.63 * d + 111.29 * e + 15.13 * f - 88.72 

Legend: a: Area; b: Equivalent diameter; c: Major axis length; d: Minor axis length; e: Eccentricity; f: Extent 
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Fig. 4 Morphological indicators of bean seeds. 
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Fig. 5 Summarized morphological indicators of bean seeds. 

45



Seed Science and Biotechnology 4 (1), 41-46 ©2010 Global Science Books 

 

Plant Communities, CABI, Wallingford, pp 31-57 
Lopez CML, Takahashi H, Yamazaki S (2002) Plant/water relations of kidney 

bean plants treated with NaCl and foliarly applied glycinebetaine. Journal of 
Agronomy and Crop Science 188, 73-80 

Maas EV, Hoffman G (1977) Crop salt tolerance-current assessment. Journal 
of Irrigation and Drainage Engineering 103, 115-134 

Meloni D, Oliva M, Martinez C, Cambraia J (2003) Photosynthesis and acti-
vity of superoxide dismutase, peroxidase and glutathione reductase in cotton 
under salt stress. Environmental and Experimental Botany 49, 69-76 

Murillo-Amador B, Yamada S, Yamaguchi T, Rueda-Puente E, Ávila-
Serrano N, García-Hernández JL, López-Aguilar R, Troyo-Diéguez E, 
Nieto-Garibay A (2007) Influence of calcium silicate on growth, physiolo-
gical parameters and mineral nutrition in two legume species under salt stress. 
Journal of Agronomy and Crop Science 193, 413-421 

Ortiz A, Martínez V, Cerdá A (1994) Effects of osmotic shock and calcium on 
growth and solute composition of Phaseolus vulgaris plants. Physiologia 
Plantarum 91, 468-476 

Parciak W (2002) Environmental variation in seed number, size and dispersal 
of a �eshy-fruited plant. Ecology 83, 780-793 

Prisco JT, O'Leary JW (1972) Enhancement of intact bean leaf senescence by 
NaCl salinity. Physiologia Plantarum 27, 95-100 

Priyanka B, Sekhar K, Reddy VD, Rao KV (2010) Expression of pigeonpea 
hybrid-proline-rich protein encoding gene (CcHyPRP) in yeast and Arabi-
dopsis affords multiple abiotic stress tolerance. Plant Biotechnology Journal 
8 (1), 76-87 

Rogers ME, Colmer TD, Frost K, Henry D, Cornwall D, Hulm E, Hughes S, 

Nichols PGH, Craig AD (2009) The influence of NaCl salinity and hypoxia 
on aspects of growth in Trifolium species. Crop and Pasture Science 60 (1), 
71-82 

Shannon MC (1984) Breeding, selection, and the genetics of salt tolerance. In: 
Staples RC, Toenniessen GH (Eds) Strategies for Crop Improvement, John 
Wiley and Sons, New York, pp 231-283 

Shannon MC (1986) New insights in plant breeding efforts for improved salt 
tolerance. Horticultural Technology 6, 96-99 

Subbarao GV, Johansen C, Jana MK, Kumar Rao JVDK (1991) Compara-
tive salinity responses among pigeonpea genotypes and their relatives. Crop 
Science 31, 415-418 

Van Mölken TLD, Jorritsma-Wienk PHW, van Hoek H, de Kroon K (2005) 
Only seed size matters for germination in different populations of the dimor-
phic Tragopogon pratensis subsp. pratensis (Asteraceae). American Journal 
of Botany 92, 432-437 

Vaughton G, Ramsey M (1998) Sources and consequences of seed mass varia-
tion in Banksia marginata (Proteaceae). Journal of Ecology 86, 563-573 

Vleeshouwers LM, Bouwmeester HJ, Karssen CM (1995) Rede�ning seed 
dormancy: An attempt to integrate physiology and ecology. Journal of Ecol-
ogy 83, 1031-1037 

Webber H, Madramootoo C, Bourgault M, Horst M, Stulina G, Smith D 
(2009) Response of two legume crops to soil salinity in gypsiferous soils. 
Irrigation and Drainage 58 (5), 586-595 

Winn AA (1985) Effects of seed size and microsite on seedling emergence of 
Prunella vulgaris in 4 habitats. Journal of Ecology 73, 831-840 

 
 

46


