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Stability evaluation of mixtures among preparations with different biological effect on the
basis of grain yield in spring vetch
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Abstract. With the purpose to study the stability of mixtures among preparations with different biological effect on the basis the grain yield in spring vetch a
three-factor field trial was carried out during the period 2007-2009 in Institute of Forage Crops, Pleven using the split plot method. Factor A includes the three
years of the research. Factor B (preparations) includes 8 levels: untreated control, Atonic (growth stimulator) – 600 ml/ha, Masterblend (combined leaf
fertilizers) – 1.6 kg/ha, Atonic + Masterblend, Confidor (insecticide) – 150 g/ha, Confidor + Atonic, Confidor + Atonic + Masterblend, Confidor + Masterblend.
Factor C (stages of treatment) includes three levels: budding, budding + flowering, flowering. The most stable mixtures with regard to the grain yield are Atonic +
Masterblend and Confodor + Masterblend, and with single use of preparations – the insecticide Confidor. Technologically valuable mixtures which match high
stability and high productivity in the different years are all combinations with twofold application at budding and flowering and with the best parameters are
distinguished the combinations Confidor + Atonic and Confidor + Masterblend. The single treatment at flowering stage should be avoided because of reduced
productivity independently that it is characterized with high stability during the different years.

Keywords: vetch, stability, grain yield, preparations with different biological effect

Introduction
As a perspective direction for increase of crop production in
recent years the use of biostimulators (Pet et al., 2005; Hristova and
Nenkova, 2012), growth regulators (Zhelyazkova et al., 2004;
Zhelyazkova, 2007; Zhelyazkova et al., 2007; Guluoglu et al., 2006)
and leaf fertilizers (Petkova and Poryazov, 2007; Stoyanova, 2009)
has imposed. Their application allows regulation of processes
related to the growth and development of crops, formation of
generative organs, maturing and preservation of production
(Nenkova et al., 1997; Grawford, 1999; Rademacher, 2001;
Musiaka and Grigoruk, 2001). The mixed use of growth regulators,
biostimulators and leaf fertilizers with pesticides as a component of
modern technologies increases the effectiveness of the
preparations (Tsibulko et al., 2000; Georgieva and Nikolova, 2010;
Nikolova and Georgieva, 2010), allows reduction of their doses
(Stoeva and Shaban, 2001), furthers overcoming resistance acts in
some insects (Curtis, 1985) and has high economical effect saving
time, energy and costs (Sawyer, 1982; Petroff, 2008). The
widespread use of such combinations contributes to the total lower
level of pollution in crop production and environment and for
ecologisation of agriculture (Heindel et al., 1994). The investigations

on compatibility and stability of combination between preparations
with different biological effect are still in initial stage in Bulgaria
(Delchev and Nenkova, 2010; Delchev, 2012).
The purpose of the study is to evaluate the stability acts of
preparations with different biological effect and their mixtures on the
basis the grain yield in spring vetch.

Material and methods
The study is carried out during the period 2007-2009 in Institute
of Forage Crops, Pleven on slightly leached chernozem with spring
vetch variety Obrazets 666. A three-factor field trial is conducted by
the split plot method. Factor A (years) includes the three years of the
research. Factor B (preparations) includes 8 levels: B1 – untreated
control, B2 – Atonic, B3 – Masterblend, B4 – Atonic + Masterblend, B5
– Confidor, B6 – Confidor + Atonic, B7 – Confidor + Atonic +
Masterblend, B8 – Confidor + Masterblend (Table 1). Factor C
(stages of treatment) includes three levels: C1 – budding, C2 –
budding + flowering, C3 – flowering.
A statistical evaluation is made for characterization of the

Table 1. Characteristics of the used preparations

Composition

Preparation
Atonic
(growth stimulator)
Masterblend
(combined leaf fertilizer)
Confidor 70 WG
(chloronicotinyl insecticide)

0.2% sodium orthonitro-phenolate; 0.3% sodium-paranitro-phenolate;
0.1% sodium-5-nitroguaicol
20% nitrogen (6.22% nitrate + 3.88% ammonia + 9.90% urea), 20% soluble phosphorus (Р2О5),
20% soluble potassium (К2О) and minor elements (B, Cu, Fe, Mn, Mo, Zn, Mg
700 g/kg imidacloprid

Dose
600 ml/ha
1.6 kg/ha
150 g/ha

* e-mail: delchevgrd@dir.bg
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representativeness and significance influence of the grain yield by
analysis of variance and parametric criterion F of Fisher (Shanin,
1977; Barov, 1982). For calculating the analysis of variance the
programme ANOVA123 is used (Lidanski, 1988). The parameters of
stability for grain yield are calculated. The variances of stability σi2
and Si2 (Shukla, 1972) and ecovalence Wi (Wricke, 1962) show what
part of the variation related to the interaction between the
preparations and years is due to the specific variant.
By the criterion for stability (YS)i of Kang (1993) the value of
each variant is presented by simultaneously reading the worth of the
indicator and the stability of the variant. The value of this criterion is
that by using nonparametric methods and statistical significance of
the differences we get a generalized evaluation arranging the
variants in a descending order according to their economic value. To
calculate these parameters the program STABLE of Louisiana State
University Agricultural Center, Baton Rouge, USA (1993) is used.

Results and discussion
The increase of the productivity with single and combined use of
Atonic, Masterblend and Confidor as a result of their action
stimulating the growth and development of spring vetch and
regulating pest density from Homoptera, Heteroptera and

Thysanoptera order (Nikolova and Georgieva, 2010) varies within
the limits from 102.5 to 129.5 % (Table 2). The highest effect of the
use of the preparation is achieved at combination of the insecticide
Confidor with the growth stimulator Atonic.
The performed analysis of variance with regard to grain yield
(Table 3) established that years have the strongest influence on this
indicator – 86.4 % of the total variation of variants. It is conditioned by
the unequal reaction of variations to the change of the environmental
conditions. The reasons for that are the large differences in the
meteorological conditions during three years of the trial. The
strength of influence for the preparation is 5.4 % and for the stages of
treatment – 2.3 %. Nevertheless, the influence of the three factors is
significant at level of probability р≤ 0.1 %. There is significant
interaction between the preparation and treatment stages with the
conditions of years (АхВ) и (АхС). The interaction between the
preparations and treatment stages (ВхС) is not significant. This
means that the effectiveness of the preparations is equal in their
application during different stages. The interaction among the three
factors of the trial is also not significant. The lack of significant
interaction (АхВхС) shows that the conditions during the years have
no effect on the combined action of the applied preparations with
regard to the grain yield.
On the basis of the significant interactions preparation х year
(АхС) and treatment stage х year (ВхС) the stability of the

Table 2. Grain yield, kg/ha

Variants
Preparations
Control

Atonic

Masterblend
Atonic +
Masterblend
Confidor

Confidor + Atonic
Confidor + Atonic +
Masterblend
Confidor +
Masterblend

2007
kg/ha

%

kg/ha

%

kg/ha

%

budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering

905
959
890
938
1014
913
998
1132
986
1040
1151
1005
1065
1159
1031
1085
1195
1044
1045
1159
1006
1077
1190
1045

100
100
100
103.7
105.8
102.5
110.3
118.1
110.8
115.0
120.1
112.9
117.8
120.9
115.9
120.0
124.7
117.3
115.6
120.9
113.0
119.1
124.1
117.4

1693
1707
1695
1797
1875
1765
1982
2106
1924
1994
2124
1942
2047
2126
1986
2124
2211
2031
2085
2161
1988
2068
2170
2007

100
100
100
106.2
109.8
104.1
117.1
123.3
113.5
117.8
124.4
114.6
120.9
124.5
117.2
125.5
129.5
119.8
123.2
126.6
117.3
122.2
127.1
118.4

1155
1203
1111
1196
1311
1147
1311
1471
1240
1363
1488
1275
1351
1468
1304
1410
1542
1313
1375
1507
1284
1380
1517
1310

100
100
100
103.6
109.0
103.3
113.5
122.3
111.6
118.0
123.7
114.8
117.0
122.0
117.4
122.1
128.2
118.2
119.1
125.3
115.6
119.5
126.2
117.9

p≤0.01=45

p≤0.001=58

p≤0.05=55
p≤0.05=34

p≤0.01=73
p≤0.01=45

p≤0.001=94
p≤0.001=58
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2009

Stages of treatment

LSD, kg/ha:
F.A
p≤0.05=34
F.B
F.C

2008

AxB
AxC
BxC
AxBxC

p≤0.05=96
p≤0.05=59
p≤0.05=96
p≤0.05=166

p≤0.01=127
p≤0.01=77
p≤0.01=127
p≤0.01=219

p≤0.001=163
p≤0.001=100
p≤0.001=163
p≤0.001=282

Table 3. Analysis of variance for grain yield

Source of variation
Total
Tract of land
Variants
Factor А –Years
Factor В – Preparations
Factor С – Stages of treatment
AxB
AxC
BxC
AxBxC
Pooled error
*p≤5%

**p≤1%

Degrees of freedom

Sum of squares

Influence of factor, %

215
2
71
2
7
2
14
4
14
28
142

382329
799
366525
333806
20643
8876
2138
878
692
290
15004

100
0.4
95.7
86.4
5.4
2.3
0.6
0.5
0.3
0.2
3.9

Mean square
399.8*
5162.3***
166903.3***
2949.1***
4438.3***
152.7*
69.6*
49.5
3.2
105.7

***p≤0.1%

manifestations is evaluated at each variant consisting of preparation
and stage of treatment with respect to the years (Table 4). The
variances of stability σi2 and Si2 (Shukla, 1972), ecovalence Wi
(Wricke, 1962) and criterion for stability YSi of Kang are calculated.
The variances of stability (σi2 and Si2) of Shukla (1972) which render
an account of the linear and nonlinear interactions, respectively,
evaluate unidirectionally the stability of the variants. Those variants
which show lower values are estimated as more stable because they

interact more weakly with the environmental conditions. The
negative values of the indicators σi2 and Si2 are accepted as being 0.
At significantly high values of any of the two parameters (σi2 or Si2)
the variants are considered unstable. With the ecovalence Wi of
Wricke (1962), the higher the values of the indicator, the more
unstable the corresponding variant.
On that basis as these three parameters of stability are used it is
established that the most unstable are the untreated control, the

Table 4. Stability parameters of the variants for grain yield with regard to years

Variants
Preparations
Control

Atonic

Masterblend

Atonic +
Masterblend

Confidor

Confidor + Atonic

Confidor + Atonic +
Masterblend
Confidor +
Masterblend

Stages of treatment
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering
budding
budding+flowering
flowering

Mean

σ i2

1251
1289
1232
1310
1400
1275
1430
1570
1383
1466
1585
1407
1488
1584
1440
1540
1650
1463
1502
1609
1426
1508
1626
1454

199.8
325.2*
148.5*
52.9
72.2*
63.9*
12.8
17.1
11.7
5.8
11.1
1.8
18.8
3.3
6.3
79.1*
48.4
37.6
79.4*
35.6
24.0
20.1
12.9
16.1

2

Si

Wi

YSi

0.4
3.0
16.1
0.8
18.6
18.0
0.9
28.5
27.2
15.2
15.4
7.9
6.3
1.0
10.2
-0.3
20.8
27.5
0.7
29.0
13.7
-0.2
10.9
22.0

370.8
600.8
276.7
101.5
136.9
121.7
28.0
35.8
26.0
15.1
24.8
7.8
39.0
10.6
16,0
149.5
93.3
73.4
150.0
69.7
48.6
41.4
28.2
34.1

-1
-3
-2
3
6
0
9
21+
5
15+
23+
7
16+
22+
10
20+
27+
14+
17+
24+
8
18+
26+
13+
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signle use of Atonic applied once at budding stage and twice at
budding + flowering stages as well as the mixtures Confidor + Atonic
and Confidor + Atonic + Masterblend applied at budding stage. With
those variants the values of the variance of stability σi2 and
ecovalence Wi are the highest and mathematically significant, i.e.
the instability is of a linear type. The above-mentioned tank mixtures
do not show instability of nonlinear type – there is lack of significant
values of S².
That instability is due mainly to the significant
i
differences in the grain yield with those mixtures during the different
years of the trial. The meteorological conditions have the strongest
influence exactly on these variants.
To make a complete evaluation of the effectiveness of each
variant we should considered both its influence on the grain yield in
spring vetch and its stability – the reaction of the crop in different
years. Very valuable information about the technological value of the
variants gives the indicator YSi of Kang (1993) for simultaneous
evaluation of yield and stability as it is based on the significance of
the differences in yield and variance of interaction with environment.
The generalized criterion for stability YSi of Kang which renders an
account of both the stability and the value of yield gives a negative
evaluation only for the untreated control characterizing it as the most
unstable and low-yield variant. According to that criterion
technologically the most valuable are all combinations with twofold
treatment at budding and flowering stages (with the best parameters
are distinguished the combinations Confidor + Atonic and Confidor +
Masterblend) followed by the single application of the studied
preparations at the same stages. Those variants match high values
of grain yield and high stability of that indicator during the different
years.
In terms of technology of spring vetch cultivation high
evaluation receive the variants with application of Confidor and the
mixtures Confidor + Atonic, Confidor + Masterblend, Confidor +
Atonic + Masterblend and Atonic + Masterblend at budding stage.
They match good yields of grain albeit with lower stability in the
different years. The variants with single treatment at flowering stage
(except the combinations Confidor + Atonic and Confidor +
Masterblend) receive low evaluations mainly due to the lower
productivity, although they are characterized by high stability of the
indicator in the different years.

Conclusion
The use of the prepations with different biological effect Atonic,
Masterblend and Confidor influence positively the productivity of the
spring vetch. The most stable mixtures with regard to the grain yield
are Atonic + Masterblend and Confodor + Masterblend and of the
single use of preparations – the insecticide Confidor.
Technologically valuable mixtures are all combinations with twofold
treatment at budding and flowering stages (with the best parameters
are distinguished the combinations Confidor + Atonic and Confidor +
Masterblend) followed by the single application of the studied
preparations at the same stages. They match high values of grain
yield and high stability of that indicator in the different years.
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