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ABSTRACT 
 
In the past, majority of plant breeding programmes were focused mostly on 
developing the cultivars with high yields. Recently, stable, quality and reliable 
yields under various environmental conditions have consistently gained 
importance over solely increased yield. A small-plot field trial was carried out from 
2014 to 2016 at the second experimental field of the Institute of Forage Crops, 
Pleven (43.41єN, 24.61єE), situated in the central part of the Danube hilly plain. 
Six field pea (Pisum sativum L.) genotypes were included in the trial. The ecological 
stability in the tested peas was determined in relation to seed yield components. 
Stability parameters were determined by regression analysis according to the 
methods described by Finlay and Wilkinson. The analysis of variance proved that 
the influence of the factors genotype, environment and genotype × environment 
and all traits (without seeds per pod) had a very high level of probability. An 
assessment of the adaptive potential of five hybrid lines winter forage peas was 
perfomed. Lines №6 and 14 were environmentally stable on signs of plant height 
and formation of the first beans; №12A and 9 in the number of pods per plant and 
weight of 1000 seeds; №12 in the number of seeds and the weight of seeds of a 
plant. With high overall adaptive ability and breeding value are characterized lines 
- №13 and variety Mir height of the plant and the first beans appearance; №14 in 
the number of pods per plant; №9 by number of seeds per plant; №6 by weight of 
seeds per plant and mass of 1000 seeds. Optimal balance between performance 
and stability under STSG parameter is established in line №14 for height of the 
plant and the first beans formation; №9 and 6 in other indications. Lines №14 and 
6 are promising in the direction of grain yield. 
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INTRODUCTION 
 
Peas are one of the main proteins source crops from which 
is obtained high and stable yields of both grain and green 
mass. It has many advantages such as food and forage crop 
(Naydenova et al., 2014), improves soil fertility (Pachev et 
al., 2011) and is a good precursor for other crops (Panov 
and Davletov, 2007; Zelenov, 2013). 

Important role in increasing the quantity and quality of 
production of culture plays a capability of the variety on 
adaptation to growing conditions. An important task of the 
breeders not only is to increase the productivity of the 
plant, but also acquire both combination factors of 
resistance to abiotic and biotic stress. New variety should 

provide the highest yield in favorable conditions and at the 
same time have high adaptive capacity to form stable yield 
in different growing conditions (Maksimov, 2001; 
Grigoryeva, 2013). 

When solving the problem of agricultural production 
related to the sustainable growth of plant productivity 
centerpiece is creating new varieties and hybrids with a 
broad genetic base. The selection at the most important 
cereals and pulses is directed to maximize the genetic 
potential of the species. This is closely related to the search 
for suitable donor and determining the functions of genes 
responsible     for     productivity.    The   combined   use   of  
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Figure 1: Climatic characterization of the experimental period. 

 
 
traditional methods of selection with genetic and 
bioengineering methods will contribute to the 
development breeding technologies for faster creation of 
fundamentally new morph types and varieties (Zotikov, 
2014). 

In the current climate conditions, complex assessment of 
the reaction of varieties and hybrids to changing growing 
conditions is important, not only as a key factor for the 
realization of the productive potential of plants, but also 
serves as a basis for developing a strategy for the 
development of cultures on different climatic areas 
(Lihacheva and Gimaletdinova, 2014). 

The main feature of the adaptive selection is the control 
of the ecological stability of genotypes in the selection 
process. The need for such control is due to the fact that 
the average value of the attribute and sensitivity to the 
growing environment are under separate genetic control 
and are relatively independent (Kilychevskiy and 
Hotыlеva, 1997). 

The aim of the study is to evaluate productivity in 
adaptability, stability and breeding value of hybrid lines 
winter forage peas. 
 
 
MATERIALS AND METHODS 
 
The field experiment was conducted during the period 
2014  to 2016 year. A small-plot field trial was carried out 
at the Second Experimental Field of the Institute of Forage 
Crops, Pleven (43.41єN, 24.61єE), situated in the central 
part of the Danube hilly plain. 

The study included five hybrid lines forage peas (№14, 
№12A, №13 with normal type, №6 – afila form, №9 – 
pleiofila type of the leaves) and Mir as a standard variety. 
The selection materials were sown on plots in size 
according to the quantity of seeds in individual genotypes. 
Observed were the vegetative/phenotype phases in 
varieties and lines as follows – sowing, start flowering, full 
bloom and technical maturity. Sowing of the studied 
genotypes was carried out in optimal culture periods at a 
rate of 120 seeds per m2 and sawn depth of 5 cm. 

In technical maturity are accounted traits - plant height 
(cm), height of 1st pod, (cm), number of pods and seeds in 
1 plant, number of seeds in pods, mass of seeds per plant 
(g) and mass of 1000 seeds (g). Biometric measurements 
were made on 10 plants of each hybrid and variety. The 
experimental design adopted was the randomized blocks 
in a scheme with six replications (10 m-2) for each variant 
(genotype). The sowing was done by at a depth of 5 cm and 
with a rate of 120 viable seeds m-2. All the agronomy 
practices during the trial were ordinary and officially 
approved by the Institute of Forage Crops.  

The data obtained for each trait was processed by two-
factor analysis of variance (ANOVA) to determine the effect 
of factors - environments genotypes interaction genotype - 
environment. The evaluation of the ecological stability of 
hybrid lines was carried out by regression coefficient (bi) 
according to the model by described by Finlay and 
Wilkinson (1963). As environmental conditions were used 
in the years of study, stress (S) was calculated using the 
method of Rossielle and Hamblin (1981). For determining 
of the homeostatichnost (Hom) Hangilydin’s method 
(1984) was used. Common (SAA) and the specific adaptive 
quality (CAC), the relative stability of the trait (Sg, %), the 
criterion for assessing the ability of the genotype to react 
to the environment (G × E) gi and Selection value of 
genotype (STSG) were calculated using the method of 
Kilychevskiy and Hotilev (1985a, b). The indicator of the 
level of stability of the variety “PUSS” was calculated using 
the method of Nettevich et al. (1985) and Nettevich 
(2001). Experimental data were processed using software 
MS Excel (2003) and GENES 2009.7.0 for Windows XP 
(Cruz, 2009). 
 
 
RESULTS AND DISCUSSION 
 
Alternating contrast in their appearance climatic factors 
over the years and their impact on plant development 
helps determine widely customizable forms. Greater 
rainfall and balanced temperature regime was 
characterized in 2014 (Figure 1). 2015 was characterized  
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Table 1: Analysis of variance for stability for yield components in pea genotypes (2014-2016). 
  

Source of 
variation 

DF 

Means sum of squares for the traits studied 

Plant 
height 

height of 
1st pod 

pods per 
plant 

Seeds per 
plant 

seeds 

per pod 

Seed weight 
per plant 

Weight of 
1000 seeds 

Environments (E) 2 26090.11** 6501.01** 330.66** 11424.66** 2ns 1011.64** 13272.05** 

Genotypes (G) 5 3067.03** 1874.74** 93.07** 1937.01** 1.9ns 2568.66** 9151.71** 

G × E Interactions 10 162.64** 528.21** 29.37** 984.62** 0.6ns 2687.46** 301.94** 

Total 17        
 

*; ** significant at 5 and 1% level of probability; ns – non-significant. 

 
 

 
 

Figure 2: Influence of factors – genotype, environment and genotype ×environment interaction in the total 
variation.  

 
 
by drought conditions and the amount of precipitation in 
April and May was 68.40 and 43.60 mm, respectively. 2016 
occupies an intermediate position compared to the other 
two years with temperatures for April and May close to 
normal (15 to 16°C) and rainfall between 73 and 76 mm, 
respectively. 

Application of the two-way analysis of variance (Table 1) 
on the characteristics of the hybrid lines pea and Mir 
variety showed statistically significant effects of the factors 
environments (years), genotypes and their interactions in 
all investigated parameters except for number of seeds in 
the beans. Major influence on the expression of the height 
of the plant and the first florescent of beans, number of 
pods and seeds per plant have genetic traits of genotype. 
Figure 2 shows the largest share of influence on the mass 
of 1000 seeds factors environment such that the lines 
show significant variation of this feature for years. The 

participation factor interaction genotype-environment in 
the formation of the signs is relatively at a minimum except 
for the weight of the seeds of the plant. Significantly 
smaller magnitude of this factor assumes greater stability 
of the lines in the studied indications. 

According to the indicator "bi" assessment of ecological 
stability (Table 2), the trait height of the plant variety Mir 
and line №12A came close to the ideal stable genotype. 
The values of this ratio for these samples are statistically 
unproven; therefore, the assessment of stability and 
adaptability is based on numerical expressions of other 
parameters. Table 3 shows indicators relative stability of 
the trait and genotype (Sgi (%) and PUSS) and set the same 
genotypes as the most stable of the study group hybrid 
lines in the most fully interacted with the environment (σ 
(G × E) gi) line №13 (61.81). High performance STSG 
(combination    of     greater    height  of  the s tem and good  
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Table 2: Estimates of the adaptability and stability parameters for yield components in investigated genotypes (lines). 
  

Variety bi-FW G × E gi SAA CAC S gi, % STSG 

Plant height 

Мir 0.97 41.88 10.82 37.45 24.61 83.21 
№14 0.82** 56.69 -0.41 31.30 22.21 83.31 
№12A  0.97 4.59 -28.68 36.84 32.69 44.84 
№9 1.15** 30.88 1.99 43.60 30.41 63.05 
№6 0.88** 14.98 -9.58 33.28 25.25 70.50 
№13 1.22** 61.81 25.86 46.33 27.70 81.90 

 

Height of 1st pod 

Мir 1.53** 229.02 4.19 31.13 34.99 22.35 
№14 0.29** 184.28 12.73 5.06 5.19 86.67 
№12A  0.90* -18.87 -16.14 16.20 23.61 33.96 
№9 0.88** 94.02 -15.71 19.06 27.60 28.27 
№6 0.75** 60.56 -3.57 15.28 18.81 48.51 
№13 1.65** 135.98 18.49 30.97 29.99 37.00 

 

Pods per plant 

Мir 1.42* 14.96 -3.14 24.82 93.80 13.53 
№14 0.56* 315.91 7.59 46.72 125.58 12.85 
№12A  0.91 55.09 -5.14 21.38 87.38 13.32 
№9 1.35 88.91 -1.91 19.76 71.35 17.40 
№6 0.39** -0.09 0.69 30.17 99.57 14.57 
№13 1.36 1.98 1.92 30.85 97.82 15.45 

 

Seeds per plant 

Мir 1.51** 463.65 9.68 41.63 55.45 21.69 
№14 0.72** 273.65 -15.12 23.12 45.99 20.62 
№12A  0.70** 41.53 -10.82 16.97 31.10 32.81 
№9 1.61** 200.63 23.54 39.93 44.90 37.73 
№6 0.34** 287.42 -8.92 8.16 14.44 46.01 
№13 1.13** 9.48 1.64 28.20 42.07 30.87 

 

Seed weight per plant 

Мir -0.70** 1.94 -0.26 18.09 96.77 8.34 
№14 9.12** 48.33 -4.78 10.75 75.82 8.02 
№12A  -0.68** 8.32 -1.28 13.74 77.76 9.81 
№9 -0.64** 18.37 3.26 20.68 93.09 10.38 
№6 -0.44** 5.44 4.01 18.86 82.16 12.16 
№13 -0.66** 0.73 -0.94 17.76 98.57 7.85 

 
weight of 1000 seeds 

Мir 1.03 -0.11 -30.53 27.80 19.94 53.89 
№14 1.32** 169.58 29.34 36.99 18.56 85.48 
№12A  1.01 -15.78 15.47 26.93 14.52 102.57 
№9 0.46** 203.56 -8.83 12.08 7.49 123.99 
№6 1.18** 20.97 35.74 31.92 15.52 107.48 
№13 1.01 13.91 -41.19 27.62 21.44 43.79 

 

Note: bi-FW: Regression coefficient Finlay and Wilkinson’s regression model; GAA: general adaptive ability; SAA: specific 
adaptive ability; Sgi: relative stability of the genotypes; CAC: variance of specific adaptability; Igi: organism’s reaction to the 
cultivation place, (GxE)gi: criterion for estimation of the genotype ability to enter into interaction with environment; STSG : 
selective value of genotype. *, Significant at 0.05 probability levels, respectively. 

 
 
stability) are characterized Peace (83.21) and №13 
(81.90). 

Mir and №13 form a high first beans, but the indicator 
"bi" can be attributed to environmentally fragile varieties 
as environmentally stable varieties may value №12A 

(0.90) and №9 (0.88). This interest is a sign selection of 
line №14 due to balanced values on all other parameters 
followed by №6. 

Based on the criterion of "bi" by number of seeds and 
pods of the plant lines combining a large  number  of seeds  
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Table 3: Stress resistance; homeostatic and level of stability of the genotypes. 
 

Variety/Line 
(2014-2016) Parameters of adaptability 

Хav Хopt Xlim S Hom PUSS 

Plant height 

Мir 152c 188 113 -75 8.21 937 
№14 141bc 176 115 -61 10.34 890 
№12A 113a 150 76 -74 4.64 387 
№9 143bc 191 105 -86 5.46 674 
№6 132b 168 102 -66 7.87 684 
№13 167d 217 125 -92 6.54 1007 

 

Height of 1st pod 

Мir 89ab 117.9 55 -62.9 3.96 222 
№14 98b 106.5 91 -15.5 76.28 1152 
№12A 69a 74.9 49 -25.9 10.48 186 
№9 69a 67.2 50 -17.2 13.83 164 
№6 81ab 80.6 65 -15.6 25.62 324 
№13 103b 124.8 67 -57.8 5.84 349 

 

Pods per plant 

Мir 16bc 23 9.4 -5.6 2.69 6 
№14 10a 9 6.6 -7.4 10.76 3 
№12A 14abc 17 9.4 -5.6 6.38 7 
№9 19c 23 12.1 -8.9 5.53 11 
№6 12ab 11 9.9 -6.1 42.32 6 
№13 17bc 23 10.6 -6.4 3.7 8 

 

Seeds per plant 

Мir 75ab 122 39.2 -82.8 1.6 100 
№14 50a 52 24.8 -27.2 3.77 52 
№12A 55a 64 32.7 -31.3 5.01 86 
№9 89b 127 45.8 -81.2 2.39 172 
№6 56ab 57 44.4 -12.6 21.45 152 
№13 67ab 97 38.1 -58.9 2.59 102 

 

Seed weight per plant 

Мir 10.96a 16 4.8 -11.2 0.98 2 
№14 9.91a 12 3.19 -8.81 1.12 1 
№12A 11.44a 14 5.6 -8.4 1.36 3 
№9 12.61a 17 7 -10 1.26 4 
№6 12.49a 13 8.7 -4.3 2.91 5 
№13 9.98a 14 4.2 -9.8 1.02 2 

 

Weight of 1000 seeds 

Мir 139.47a 124.4 122 -50 287.4 962 
№14 199.33cd 165 194 -45 36.75 2125 
№12A 185.47c 168.4 171 -46 484.08 2334 
№9 161.17b 155.5 152 -24 572.63 3231 
№6 205.73d 180.2 195 -47 88.65 2699 
№13 128.80a 115.4 110 -51 109.68 763 

 

Хср- average value of trait (2014-2016); Хopt – maximal value of trait (in optimal conditions); Xlim - minimal value of 
trait (in limit conditions); S – stress resistance; Hom- homeostatic; PUSS – level of stability of the genotype; a, b, c, 
d, statistical proven difference in P=0.05.  

 
 
 
and beans the stability of the trait cannot be mentioned. 
Mir, №9 and №13 form an average of 16, 13 and 17 beans 
and respectively 75, 89 and 67 seeds per plant. These are 

genotypes with predictable response to environmental 
conditions and very well respond to improvements in it. 
№9  lines  and  №12A  have  good  specific  adaptive  ability  
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and relative stability (PUSS - 11 and 7), the number of pods 
and №6 and №12A the number of seeds from the plant. 
Parameter selection value of genotype (STSG) and two 
attributes was defined as desirable №6, №9 and №12A. 

The weight of the seed of the plant is one of the 
important elements of productivity. This sign between the 
surveyed lines and variety Mir showed no statistically 
significant differences as the weight of the seeds of a plant 
of the studied forms pea does not exceed 10 to 12 g. The 
obtained parameter values (Sgi) and (CACi) give reason to 
assume that №12A and №9 exhibit good relative stability 
of the trait and specifically react to changes in the external 
environment. Complex parameter (STSG) characterized 
hybrid lines №6 (12.49), №9 (12.61) and №12A (11:44) as 
the most valuable in terms of the weight of the seed per 
plant. In indicator PUSS characterized the stability of the 
trait selection lines of interest winter forage peas are №9 
(3231) and №6 (2699), followed by №12A (2334). 

The lines show significant differences among themselves 
on the weight of 1000 seeds. Solely, line №9 is inferior to 
the standard variety Mir on this parameter. On the 
criterion "bi" line №6 is largely adapted to different 
environments of cultivation, that is, it is the most stable. 
№14 (bi = 1.32) can be represented as environmentally 
unstable, but responsive to the improvement of 
environmental conditions (G × Egi = 169.58). It is with 
balanced value of the indicator OAS (29.34) but may cede 
to others in deteriorating conditions. The mass of 1000 
seeds of plants of line №9 is relatively lower, while the 
ratio of the linear regression is smaller than 1 (bi = 0.46) 
such that he line is characterized as stable and poorly 
reactive to changing conditions. Similar results reflect data 
on the relative stability of the trait through parameters 
(Sgi), (CACi) and (STSG) for №12A, №9 and №6. 

Based on the studies, it was found that line №6 show 
better resistance to various stressors to other lines and a 
variety Mir signs - height of the plant and the first beans, 
number of pods and seed number and weight of seeds per 
plant. In the weight of 1000 seeds, №14 and №9 exhibit 
satisfactory stress followed by №12A. 

One of the most important indicators characterizing the 
resistance of plants to adverse environmental factors 
homeostasis them, which is a universal property of the 
body to minimize the adverse impact of the external 
environment and may interact with it. The criterion 
homeostatic variety can be considered as the ability to 
maintain a low variability of the trait (Kondratenko et al., 
2014). 

In plant, height and weight of seeds from plant lines are 
relatively close in its homeostasis. This criterion is the 
highest in line №6 in number beans and seeds and weight 
of the seeds of a plant, №14 height of the plant and the 
first beans, №9 variety Peace and mass of 1000 seeds. 

Among the parameters of stability, some authors 
(Nikiforova, 2015) favor the relative stability of genotype, 
as it is not linked to the overall adaptive capacity and has a 

relative character. The parameter relative stability has a 
real biological basis and can serve as a measure of 
expediency and adaptation of an individual to a variety of 
environments that can be used in selection when choosing 
a stable genotype. 

According to the report of Kilychevskiy and Hotilеv 
(1997), the selection under such conditions is realized 
where only phenotypic genetic system productivity can 
lead to random drift of genes determining the stability of 
the trait. The same authors emphasized that the selection 
of stability without use in hybridization patterns of local 
forms is practically doomed to failure. It was 
experimentally proven that adaptive gene complexes in 
local populations are 'building materials “in the 
environmental selection. 

Abrosimova and Fadeeva (2015) considered that the 
selection operation in which they used only high yielding 
genotypes may lead to the loss of their ecological stability. 
As the average value of the attribute and sensitivity to the 
environment are relatively independent and determined 
genetically by self-selection work related to ecological 
stability should be controlled independently. Prospects for 
selection are those genotypes possessing co-adaptive gene 
complexes. 

Türk et al. (2011) reported that peas half tendril 
varieties had significantly better habitat, increased 
productivity and resistance to lodging capacity compared 
to normal varieties with leaf type, but with fewer seeds in 
beans. 

Zelenov et al. (2014) reported that selection interest 
shown on pea type pleophilla is characterized by high 
intensity of photosynthesis, with balanced amino acid 
composition and productivity of green mass superior type 
peas with ordinary type leaves. The same authors found 
low homeostatic of a production process and the 
instability of grain yield in genotypes with pea pleophilla 
leaves. 
 
 
Conclusions 
 
Lines №6 and №14 are environmentally stable on signs 
height of the plant and the height of first florescent 
formation; №12A and №9 in the number of pods per plant 
and weight of 1000 seeds; №12 in the number of seeds 
and the weight of seeds per plant. 

With high overall adaptive ability and breeding value are 
characterized lines - №13 and variety Mir for height of the 
plant and the formation of first beans; №14 in the number 
of pods per plant; №9 by number of seeds per plant; №6 
by weight of seeds per plant and mass of 1000 seeds. 

Optimal balance between performance and stability 
under STSG parameter is established in line №14 height of 
the plant and the first beans; №9 №6 in other indications. 
Lines №14 and №6 are promising in the direction of grain 
yield. 
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