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Abstract: The study for assessment of genetic diversity and viability characteristics of 
pea seeds (Pisum sativum L.) stored in genebank is carried out in genebank laboratory 
and Experimental field of Agricultural University of Tirana, during three years. The 
aim of the study was evaluation of the seed viability characteristics of pea accessions as 
part of legume germplasm collection in laboratory and field conditions. Twelve local 
forms of pea were analyzed for germination energy, germination ability, and 
percentage of germination in the field conditions. Principal Components Analysis 
(PCA) identified the variances of the principal components (PC) and the proportion of 
the total variance each factor accounts for. Cluster analysis range pea genotypes into 
two different cluster groups. There were all pea genotypes with germination ability in 
laboratory more than 80% (Standard level) included into the first group-cluster and all 
other pea genotypes with germination ability in laboratory less than 80% on the second 
group-cluster. PCA results show that there are two principal components PC1 and PC2 
that account for 85.0% of the total variation are retained for further analysis. The 
percentages of total variation accounted for by each of the first two PCs were 62.1% 
for PC1 and 22.9% for PC2. Regression analysis show that the of germination ability 
loss of twelve pea genotypes in the field conditions range from 2% to 27%. 

Keywords: Seed viability, Pisum sativum L., Principal components, cluster analysis. 
 



Assessment…                                                                                                               Hobdari et al. 

745 IJGHC, March 2014- May 2014; Sec. B, Vol.3, No.2, 744-751. 
 

 

INTRODUCTION 

Plant genetic resources have the main contribution to the development of agriculture to increase 
food agricultural products. Today the preservation of genetic resources is considered vital and 
necessary for human society. Gene banks provide the main means of preserving genetic resources 
and serve as a safe reserve of base materials required in the genetic improvement of plants1.   

Peas (Pisum sativum L.) are one of the earliest plants cultivated by human. There are different 
opinions regarding the origin of pea (P. sativum L). According to Vavilov2 reported as centres of 
origin of pea (P. sativum L) Ethiopia, Mediterranean, and Central Asia, with a secondary centre in 
the Middle East. Gritton3reports as origin of peas’ four centres: Central Asia, Middle East, 
Abyssinia, and the Mediterranean. It is thought that people may have consumed peas around 9500 
years ago and have cultivated it about 8,500 year’s ago4. 

The pea (P. sativum L.) is grain legume widespread in Europe and is the second in the world5 that 
constitutes the main source of protein with lower cost for animal feed. The main producers and 
exporters in the world are Canada, France, China, Russia, India, Ukraine, and the US6,7. In world 
demand for food, including legumes are greater than the offer8,9. Grain legumes provide about a 
third of all protein products for consumption10, significant amounts of nitrogen11, 12. Bourdillion13, 
Acikgoz14 and Santalla et al.15 report the use of peas as alternative protein source in animal feed 
industry in Europe. 

Agriculture research traditionally is focused on species and products that are used more by people, 
and care for the plants which are  little  used where  are included   forage grain legumes  like garden 
pea and grass pea  has been very  little16-19.  Pea (P. sativum L) is cultivated for a long time, but on 
improving their data is scarce. Greek and Roman writers mentioned peas in their works but there 
were not   descriptions of species until the sixteenth century20. 

In Albania there is no accurate data for pea (P. sativum L.) and grass pea (L. sativus L), but used 
mostly for animal forage those were cultivated in limited areas. Although with limited spread in 
many countries, it is reported that pea is important for human consumption and animals21, 22. The 
collection of legumes in Gene bank contains over 200 local forms, lines and improved cultivars with 
known and unknown origin, but only 20 to 30 plants are those that meet the daily nutritional needs 
of livestock. The forage pea collection in Albanian genebank is represented by 31 accessions.  

Seeds are the principal means of conservation, regeneration, and distribution of most field plants. 
They serve as the delivery system for the transfer of genetic materials from one generation to the 
next. Possibility of collecting wild relatives as potential plant breeding material is limited by the fast 
degradation of ecosystems and the high rate of erosion, resulting in the extinction of plant forms and 
the reduced genetic variability. Buildings extending on arable land supported by foreign introduction 
varieties are doing irreversible damage to many native species. To prevent genetic erosion genebank 
has taken the initiative to inventory, to regenerate and evaluate the genetic variability of 
underestimated legumes and their wild relatives including pea (P. sativum L.). As a result, a series of 
field and laboratory tests to identify, characterize, and evaluate the underutilized legume plants and 
their potential for further breeding, were realized.  

The aim of the study was evaluation of the seed viability characteristics of pea accessions as part of 
legume germplasm collection in laboratory and field conditions, and identification of similarities or 
distances among pea genotypes with known and unknown origin, to aid in the selection and more 
efficient use of this germplasm in breeding programs. 
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MATERIALS AND METHODS 

Plant materials: Plant materials are represented by 12 pea (Pisum sativum L.) genotypes. Three pea 
genotypes (BGjR5, BGjR10 and BGjR12) were from Albania, one from Germany (BGj137), one 
from Sweden (BGj2507), two from Russia (BGj1590 and BGj1589), and five other genotypes 
(BGj1583, BGj1585, BGj1586, BGj1587 and BGj1588) were recorded in pea database with 
unknown origin. 

Seed viability characteristic assessment: Germination energy (GE) and germination ability (GA) in 
laboratory conditions, and percentage of germination in the field conditions (GF), and losses of 
germination ability (LGA) under field conditions ore field effects were analysed to assess the seed 
viability characteristics of Pea genotypes.  Two other variables as weight of 1000 seeds (SW) and 
diameter of seeds (SD) were also included in correlation analysis. Germination energy and 
germination ability were analysed in two different periods: in February (before sowing in the field) 
and in October (before conservation in genebank). Germination energy (GE) in percentage is 
measured by the quantity of seeds germinated after five days of time23, 24 and is expressed in percent. 
Germination ability (GA) is measured by the number of seeds that have sprouted after eight days25 
and is expressed in percent. 

Viability tests for the germination energy and germination ability were conducted in the germination 
laboratory of genebank implementing the standards set by International rules for seed testing23,26. 
The method used is the placement of the 100 seeds per replication under blotting paper suitable for 
species with small seeds (2-5 mm) as vegetables, fodder, etc., and replicated four times23,27. 
Percentage of germination in the field conditions or germination in the field (GF) is calculated as 
percentage of seeds which germinate in the field by total seeds planted in one replication. Losses of 
germination ability (LGA) under field conditions ore field effects are calculated as the difference 
between GA and GF.  

The experimental design: The experimental site was carried out in the Agricultural University 
Experimental Field situated in northern part of Tirana (Valias: latitude: 402405N; longitude: 
0194108E; elevation: 40m) during two growing seasons (2011 and 2012). Soils were loamy sand, 
well drained, with a pH ranging from 6.0-7.0 and the land surface flat (0 - 0.5%).  

Growing conditions were the same for each genotype and consistent with established farming 
practices of the area and with the variety used.  Experimental design, were carried out in a 
Randomized Block Design in four replication per genotype and 10 m2 each plot. Plants belonging to 
species other than legumes planted around the entire field served as a buffer protective zone. Field 
observations and measurements were realized on 20 plants selected from the two middle rows of 
each plot.  

Statistical Analysis: The differences between peas genotypes for the mean values of the viability 
characteristics observed and measured were compared using one-way variance analysis (ANOVA). 
Verification of hypotheses and comparisons of means between pea genotypes is carried out by 
Students test28.  Analysis (PCA) on correlation according to viability tests results were used to 
identify pea genotypes of relatively similar characteristics. 

 The number of principal components to be retained in the analysis was determined using the 
minimum eigenvalue (mineigen) criterion proposed by Kaiser29. The distances and similarity 
between pea genotypes were determined using cluster analysis (Ward) method30. All the statistical 
data processing was done using the statistical program SAS-JMP31. 
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RESULTS AND DISCUTION 

ANOVA analysis shows the presence of an important variability in the study materials and the F 
ratio values, significant at the P0.05 and P0.01 levels of the probability, proved the presence of 
significant differences between pea genotypes for seed viability characteristics. There were 
significant differences between pea genotypes related to germination energy and germination ability 
tests realized in February (before sowing in the field) and in October (before conservation in 
genebank). GE results were higher in February tests (test average of 70 %) and lower in October 
tests (test average of 50 %). A higher variability of results  is obtained in February tests                             
(GE maximum  93 %, minimum 43 %, difference  max – min  50 %) and the lowest one in October    
( GE maximum 66 %, minimum 28 %, difference 39 %).  GA results in laboratory conditions were 
higher and significant at the P0.05 level of the probability in February tests (GA maximum 94%, 
minimum 64 %, difference max – min 30 %). There were not significant differences for GA results 
tests in October (GA maximum 83%, minimum 63%, difference 21%) (Table 1). 

Table-1: Pea genotypes and pair means comparisons using Student test (t = 2.0639, α = 0.05) 

 
Genotype GE (Febr) GE (Oct) GE (mean) GA (Febr) GA (Oct) GA (mean) 
BGJ1583 88.3±7.1ab 59.3±6.5ab 73.8±6.8ab 91.3±5.7ab 79.0±3.6a 85.2±4.0a 
BGJ1585 78.3±7.8bc 44.7±6.5c 61.5±7.1cdef 80.7±6.5bc 62.7±17.2b 71.7±10.0cd 
BGJ1586 78.7±6.1bc 45.7±7.6c 62.2±6.0bcde 87.3±5.5ab 79.7±2.1a 83.5±3.5a 
BGJ1587 83.3±8.5ab 51.3±8.5bc 67.3±8.5bc 89.3±5.5ab 79.0±1.7a 84.2±3.3a 
BGJ1588 68.3±5.5cd 61.7±9.1ab 65.0±6.5bcd 84.7±1.2ab 83.3±6.4a 84.0±3.6a 
BGJ1589 56.7±6.1def 42.7±5.9c 49.7±5.8fg 66.7±9.9d 72.7±6.4ab 69.7±7.5d 
BGJ1590 68.3±5.7cd 27.7±5.9d 48.0±5.6g 83.0±6.9abc 71.7±17.6ab 77.3±9.1abcd 
BGJ137 75.3±14.6bc 54.7±7.0abc 65.0±10.4bcd 86.7±6.1ab 64.0±2.0b 75.3±2.1abcd 
BGJ2507 57.3±7.1de 51.7±6.1bc 54.5±6.5defg 86.3±8.5ab 76.7±9.1ab 81.5±7.1abc 
BGJR5 42.7±14.2f 43.3±5.7c 43.0±9.2g 70.7±7.0cd 72.7±5.9ab 71.7±6.0cd 
BGJR10 46.3±5.7ef 53.7±9.1bc 50.0±7.1efg 64.3±17.4d 80.7±6.5a 72.5±8.8bcd 
BGJR12 93.3±5.7a 66.3±7.1a 79.8±6.3a 94.3±5.5a 70.7±5.8ab 82.5±8.8ab 
Fcalculated 11.0949** 6.2140** 7.0384** 4.4307** 1.6832 2.4982* 
Prob>F <0001* <0001* <0001* <0001* 0.1383 0.0294* 

Levels not connected by same letter are significantly different. 
 

Comparisons of means for each pair using Students test (t = 2.0639, α = 0.05) show the significant 
differences between and within pea genotypes at the P0.05 and P0.01 levels of the probability (Table 1) 
and range pea genotypes at the different levels (show in the study by alphabetic letters). Genotypes 
which have a GE over the average 60 % were BGJR12 (79.8 ± 6.3a), BGJ1583 (73.8 ± 6.8ab) 
followed by BGJ1587 (67.3 ± 8.5bc), BGJ1588 (65.0 ± 6.5bcd) and V8 - B11 (65.0 ± 10.4bcd), 
while other genotypes are below average. Pea genotypes with high GA were BGJ1583 (85.2 ± 4.0a), 
BGJ1587 (84.2 ± 3.3ã), BGJ1588 (84.0 ± 3.6a), BGJ1586 (83.5 ± 3.5a) and BGJR12. 

Principal Components Analysis: Principal Components Analysis on Correlations identified the 
variances of the principal components and the proportion of the total variance each factor accounts 
for. Eigenvalues and percent of variances each factor accounts for are given in table 2. Based on the 
mineigen criterion29 two principal components that account for 90.1% of the total variation are 
retained for further analysis. PCA results show that the major sources of variation in the 
measurements are given by the first two PCs. All variables contribute in the total source 100% of 
variance.  The percentages of total variation accounted for by each of the first two PCs are 63% and 
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27.1% respectively (Table 2). The proportion of total variation equal to 90.1% is acceptable in this 
kind of studies32-34.  

Table-2: Eigenvalues matrix of Principal Components for 12 pea genotypes  
 

Number Eigenvalue Percent Cum Percent ChiSquare DF Prob>ChiSq 
1 3.7803 63.006 63.006 340.357 12.397 <.0001 
2 1.6275 27.124 90.13 292.394 12.678 <.0001 
3 0.4292 7.153 97.283 245.229 9.206 <.0001 
4 0.163 2.717 100 210.438 5.279 <.0001 

 
Cluster analysis: The standard of genebank for long-term storage requires that seeds should have the 
ability of laboratory germination of above 80 %. Two dimensional analyses based on PCA and 
cluster analysis (Ward method) clearly separate the genotypes of peas (P. sativum L.) in two 
different clusters groups. The first of cluster group include all genotypes that have GA equal or 
higher than 80 %. There were six pea genotypes (BGj1583, BGj1586, BGj1587, BGj1588, 
BGj2507, and BGjR12) that accounts for 63% of PC1 variance. In the second cluster group were 
included the six other pea genotypes (BGj1585, BG1589, BG1590, BGj137, BGR5, and BGR10) 
with GA lower than 80 % and that accounts for 27.1% of PC2 variance (Figure 1). 
 

 

Fig. 1: Dimensional relationships among pea genotypes and seed viability characteristics 

 

Loss of germination ability of peas in field conditions: Study results show presence of differences 
between pea genotypes for GA and GF. Under the field conditions GA drops from 78% to 66%, 
showing a loss of 12%. The losses of GA for 12 pea genotypes in the field conditions during three 
years of study range from 2% to 27%. Regression analysis shows that GA has a positive impact on 
the GF values. This is proved by the positive correlation coefficient value (r = 0.465) and significant 
at P0.0043 level of probability. Linear relationship among field germination (GF) and germination 
ability (GA) is given by the equation: 

GF = - 0.118279 + 0.9907274*GA 
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Regression line gives 22% chance of predicting the field germination when GA in laboratory 
condition is known (Graphic on the left, Figure 2).  

The analysis shows that field conditions have a negative influence on germination ability resulting in 
reduction of pea seed germination in the field. This is confirmed by the size of the negative 
correlation coefficient (r = -0.88295) significant at P0.0001 probability level. Linear relationship 
between field germination (GF) as resultant interaction (GA x Field effects) is given by the 
equation: 

GF = 0.7843948 - 0.9973922*Field Effects 

Regression line gives 78% chance of predicting the negative impact of environmental effects (Field 
effects) on field germination percentage (GF) (Graphic on the right, Figure 2)  

 

 
Fig. 2: Linear relationships among field germination (GF) of 12 pea genotypes and germination 

ability (GA) and Field effects 

 
Correlation analysis: There were strong positive and significant correlation between GE and GA (r 
= 0.68), and positive correlation with GF (r = 0:31), and diameter of seeds (r = 0.37). Germination 
ability (GA) show strong positive relation with field germination (GF) (r = 0.58) and positive 
correlation with seed diameter (r = 0.36). Field germination (GF) show strong positive correlation 
with seed diameter (SD) (r = 0.53) and positive correlation with the weight of 1000 seeds (SW) (r = 
0.37). In this study there were strong positive correlations between diameter of seeds and the weight 
of 1000 seeds (Table 3). 
 
Table -3: Correlation coefficients between viability characters and to quantitative characters 
 
Variables GE GF SD SW 
Germination energy (GE) 0.6773 0.3114 0.3662 0.0737 
Germination ability (GA) 1.0000 0.5790 0.3609 0.0144 
Field germination    (GF)  1.0000 0.5254 0.3671 
Diameter of seed     (SD)   1.0000 0.7350 
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CONCLUSION 

The laboratory test and field trials accomplished in this study permitted the evaluation of the seed 
viability characteristics of pea accessions, and identification of similarities or distances among pea 
genotypes with known and unknown origin stored in genebank. PCA results show that the first two 
PCs account for a substantial proportion of total variation, 90.1%. The percentages of total variation 
accounted for by each of the first two PCs are 63% and 27.1% respectively. Analyses based on PCA 
and cluster analysis (Ward method) clearly separate the genotypes of peas (P. sativum L.) in two 
different clusters groups where the first of cluster group include pea genotypes that have GA higher 
than 80 %.  

Regression analysis shows that GA has a positive impact (22%) on the GF values, and field 
conditions have a negative influence (> 70%) on germination ability of pea seeds. There were strong 
positive and significant correlation between GE and GA (r = 0.68). Germination ability (GA) show 
strong positive relation with field germination (GF) (r = 0.58) and positive correlation with seed 
diameter (r = 0.36). 
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