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Genetics and Breeding

Genotype x Environment Interaction and Stability Analysis of Some Narbonne Vetch (Vicia

narbonensis L.) Genotypes

A. Orak, I. Nizam*

Field Crops Department, Agricultural Faculty, Namik Kemal University, 59100 Tekirdag, Turkey

(Manuscript received 14 January 2010; accepted for publication 25 March 2010)

Abstract. The objectives of this research are to determine genotype x environment interactions and stability of seed yield and some plant characters of
Narbonne vetch (Vicia narbonensis L). Thirteen Narbonne vetch genotypes were grown at two different locations during 2000-2002 years. This research was
carried out as randomised completed block design with three replications. Significant differences were found (P<0.01) among Narbonne vetch genotypes for
plant height (57.54-77.98 cm), pod number per plant (10.97-20.09), and seed yield per plant (7.22-22.64 g). Genotype x environment interaction was found to
be significant (P<0.01) in all investigated characters. Mean values of genotypes (x), regression coefficient (b) and deviation from regression (S’d) were
evaluated as stability parameters. According to stability analyses, genotype 133 and 600 showed upper performance about seed yield per plant in two
locations. On the other hand, genotypes | would recommend for suitable locations which were loamy and limy soils and rainy and cool season climatic

conditions.

Keywords: Narbonne vetch, stability parameters, genotype x environmentinteraction.

Introduction

Narbonne vetch is a high productive forage crop except extreme
drought or rainy conditions and used for its fodder, seed, hay, silage
and as a green manure crop. Narbonne vetch is also better than the
other vetch species since it leaves enough time for planting second
crops (Cakmakci et. al, 1999). Narbonne vetch is particularly suited
for ruminant production and premise for arable farming in areas with
Mediterranean type of climate (Enneking and Maxed, 1995). The
environmental factors are the most important in determining seed
yields of Vicia species (Siddique et al., 1999). Highly significant
genotypes x environment interactions were reported for Vicia
species (Berger et al., 2002b). Berger et al. (1999) noticed that
Narbonne vetch was responsive to environmental factors.
Regression analysis revealed that mean site yields were positively
correlated to rain fall (r=0.85) and its attendant effect on growing
season length as measured by cumulative season temperature and
phenology (r=0.59-0.81) (Berger et al., 2002b). Sabanci (1991;
1996) found statistically significant differences between both
genotype x year interaction and genotype x environment interaction
in his studies and also stated that there is a relationship between the
seed yield and stability. Stability analysis is used to determine the
performance of genotypes under different conditions. One of the
most common methods used as the stability parameter is the
regression coefficient (Eberhart and Russell, 1966; Finlay and
Wilkinson, 1963).

In some adaptation researches concerning Narbonne vetch,
Iptas et al. (1996) determined that plant height, pod number per
plant, seed yield was ranged between 66.7-97.8 cm, 11.0-18.8,
127.8-224.3 kg da-1, respectively in Tokat condition. The other

* e-mail: inizam@nku.edu.tr

research which was carried out in Menemen condition, seed yield of
Narbonne vetch (316-582 kg da-1) was determined (Sabanci et al.
1996). Surmeli and Gul (2001) determined that plant height were
between 56.30 and 68.27, pod number was between 12.08 and
22.18 unit per plant, seed yield was between 210.67 and 258.70 kg
da™ under Diyarbakir province conditions of Turkey. In another study
conducted under Diyarbakir conditions by Basbag and Gul (2004)
plant height and seed yield were ranged between 48.88-56.88 cm
and 267.1-353.5kg da”, respectively. Berger et al. (2002 a) reported
that there were very large morphological differences between
varieties of V. narbonensis, with up to 3-fold differences in plant
habit, seed weight, plant and 1st pod height. In the research,
average plant height of V. narbonensis was 72.6 cm. The aim of this
paper is to evaluate plant height, pod number per plant and seed
yield per plant and stability of Narbonne vetch genotypes.

Material and methods

This research was conducted in Tekirdag province and Silivri
district of Istanbul province of Trakya Region, TURKEY during 2000-
2002 years. Thirteen Narbonne vetch genotypes (1, 20, 133, 205,
209, 281, 288, 372, 510, 562, 600, 706 and 1001) were used as
genetic material. This research was conducted to randomised block
design with three replications. Trakya Region has continental
climate, summeris dry and hot while winter is chilly and rainy. Soils of
experiment field in Tekirdag were clay loam structure with organic
matter content of 1.42 % which was considered to be low, and pH
was neutral (7.0). Soils of experiment field in Silivri were loam
structure, organic matter contentwas 1.96 % and pHwas 7.62.
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Narbonne vetch genotypes had sown 4 rows, 5 min length and
30 cm in row width in both locations. In this research, plant height,
pod number per plant, and seed yield of plant were determined.
Seed harvest was made after grain filled period with 4 or 5 pods were
turn in to brown. Plant height, pod number per plant, and seed yield
per plant measured by averaging of ten plants per plot were selected
atrandom. The research results were evaluated statistically using
TARIST statistical computer package software (Acikgdz et al.,
1984). Multiple comparisons of genotypes were determined with
least significant differences test (LSD, ;). Because of the importance
of genotype x environment interaction in measured plant characters,
stability analyses were made. Mean values of genotypes (x),
regression coefficient (b)) and deviation from regression (S’d) were
evaluated as stability parameters. A stable genotype is above the
general average, its regression coefficient is equal to 1, deviation
from regression is 0 or close to 0 (Eberthart and Russel, 1966).
Confidence limits determined with a probability of %1 for these are
determined using (Confidence limits=x +t.Sx ).

Results and discussion

Plant height

According to the results of variance analysis on the plant height
of Narbonne vetch genotypes, plant height has been found
statistically significant differences (P< 0.01) between genotype,
environment and genotype x environmental interaction (Table 1).
Among genotypes, genotype 133 (77.98 c¢cm) and 209 (76.51 cm)
have the longest plant height, but genotype 205 (57.54 cm) has the
shortest plant height (Table 1). In differences of plant height among
regions, Silivri region (86.57 cm) has longer stem compared to
Tekirdag region (53.06 cm). According to the results of the analysis
of variance, genotype x environment interaction's being important at
0.01 level shows that sequence of genotypes is changed in different
environments. Stability test is fulfilled to determine genotypes'
adaptation to regions. Inthe research, the average plant height was
determined as 69.82 cm, and genotypes 510, 288, 281, 372, 209
and 133 have exceeded the average (Table 2). Calculated
regression coefficient is between 0.37 and 1.53, and confidence

Table 1. Mean values and results of LSD 5 % test, and combined variance analysis for some plant characters of some

Narbonne vetch genotypes.

Plant height Pod number per plant Seed yield per plant
(cm) (unit/plant) (g/plant)
Genotypes
Tekirdag Silivri Mean Tekirdag Silivri Mean Tekirdag Silivri Mean
1 5167k 81.03f 66.35fgh 12.33h1 21.08f 16.71¢ 9.19 - 36.08a 2264a
20 43.00m 8850e 65.75h 10.50 1jk 2298 def 16.74c 765jn  2518bc 16.42bc
133 5367jk 102.28a 77.98a 6.83m  23.53cde 15.18d 6.52Imn  25.87b 16.19bc
205 4783Im 67249 57.541 833Im 3152a 19.92a 753jn  2242cd 14.98 bed
209 5367k 99.34ab 76.51a 10.50 )k 29.63a 20.06 a 5.02 mn 94211 7.22h
281 50.00kl  95.68bc 72.84 bc 1433h  2144ef 17.89Dbc 9.13 18.15ef 13.64 de
288 4917kl 9442cd 71.79cd 10.831jk 1746 ¢ 14.15d 8.18 j-m 9.98 h-k 9.08 gh
372 60.50 hi  90.48de 75.49ab 11721k 2243ef 17.08¢ 434n 1540fg 9.87fg
510 62.67gh 77.52f  70.09 cde 10.00 kI~ 24.63cd 17.32c 7.25kn  16.88ef 12.07 ef
562 56.671  79.20f 67.93e-h 11.001k 2520bc  18.10bc 8.25j-m 20.00de 14.12 cde
600 5217kl 80.35f  66.26 gh 11.001k 27.26b 19.13 ab 10.90 hij 22.18cd 16.54b
706 50.00kl  88.82e 69.41d-g 10.831jk  16.90 ¢ 13.87d 8.88 I-l 13.00 gh 10.94fg
1001 58.83hi  80.57f  69.70 cf 9.83kl 12.10 ] 1097 e 9.77h-l  1225ghi 11.01fg
Mean 53.06b  86.57a 1062b  22.78a 7.89b 18.99a
Genotype 3.428 Genotype 1.519 Genotype 2.408
L—SD Environment  1.345 Environment  0.596 Environment  0.945
705 Gen. x env. 4.582 Gen. x env. 2.150 Gen. x env. 3.408
Plant height Pod number per plant Seed yield per plant
Source of variation df Sum of Mean Sum of Mean Sum of Mean
square square square square square square
Genotype 12 4227.596 352.300%* 974.715 81.226™ 2375577  197.965*
Environment 1 43787517  43787.517* 5768.947 5768.947* 4798.089  4798.089**
Genotip x Environm. 12 5094.516 424 543 1268.171 105.681* 1903.976  158.665**
Error 102 1831.147 17.952 359.670 3.526 903.605 8.859

** significant at the 0.01 probability level.
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limits have been determined between 0.777 <bi<1.221 (Table 2). As
a result of the stability analysis, genotypes 209, 281, 706 and 133
are above the average in terms of plant height and they have
regression coefficient above 1 point. That shows that these
genotypes might have outstanding performance especially in
appropriate regions in terms of plant height. Genotype 372 which is
above average was determined as the most stable genotype in all
regions in terms of plant length (Figure1). This genotype is
recommended for all regions for high plant height. Because
genotype 706 has highest regression coefficient; this genotype will
show the best results in special areas. But genotypes 600 and 562
were determined as genotypes adapting better in low vyield
conditions. Our results for plant height are the same with Iptas at al.
(1996), Sumerli and Gul (2001), Berger et al. (2002a, 2002b), but
data of Basbag and Gul (2004) are bigger than our results.

Pod number per plant

The number of pods in plant has been found at statistically
significant differences (P< 0.01) with regard to genotype,
environment and genotype x environment interaction (Table1).
Among genotypes, 209 (20.06 unit/plant) and 205 (19.92 unit/plant)
have formed the highest pod number in a plant (Table 1). Genotype
600 has followed these. However, genotype 1001 formed the least
pod number. These data are similar with Iptas et al. (1996), Surmeli
and Gul (2001) data. According to the differences between the two
regions in which vetches are grown, in Silivri (22.78 unit/plant) pod
have formed more than Tekirdag (10.62 unit/plant). Average pod
number of genotypes has been stated as 16.70 number/plant and
genotypes 20, 1, 510, 562, 372, 281, 600, 205, and 209 have
exceeded this average (Table 2). Calculated regression coefficient is
between 0.11 and 1.93. Confidence limits have been calculated as
0.734<bi<1.268. With regard to the number of pod in plant,
genotypes 600, 281, 372, 20 and 1 are identified as the most stable
genotypes for the whole areas (Figure 2). Among these genotypes,
especially genotype 600's average value was a quite high result, so
this line should be suggested primarily for all regions. However,
genotype 281 because of its giving high stability in all areas and high

values over general average can be suggested to all areas.
Genotypes 706 and 288 have shown quite low response to the
changes of environmental conditions and so they remained below
the general average. On trial, genotypes 205 and 209 had the
highest regression coefficient. This result shows that pod number of
these genotypes increases in high yield conditions. For this reason,
these two genotypes should be suggested to high yield conditions
for high pod number per plant.

Seed yield perplant

According to the variance analysis; seed yield per plant has
been found statistically significant differences (P<0.01) in terms of
genotype, environment and genotype x environment interaction has
become important in the 0.01 level (Table 1). In terms of seed yield
per plant, genotype 1 (22.64 g) has the highest data and genotype
209 (7.22 g) has the lowest data (Table 1). Average plant seed yields
of genotypes are higher in Silivri location compared to Tekirdag
location. As it can be seen when analysing the Table 2 which is giving
the values of stability parameters of plant seed yield, average plant
seed yield has been 13.44 gr. Genotypes as 281, 562, 205, 20, 133,
600 and 1 exceed the average value. Calculated regression
coefficient is between 0.16 and 2.09, and accordingly confidence
limits have been between the values 0.731<bi<1.273. Genotypes
510 and 281 which have values above the average show medium
stability to all environments (Figure 3). Genotypes 133 and 600 show
the best stability to all environments. In terms of plant seed yield,
genotype 1 with the regression coefficient higher than 1.00 which is
above the average has been determined as the genotype having
high reaction to improvement in growing conditions. This genotype
should be suggested to appropriate areas of growing conditions.
Genotype 205 which is showing value above the average and having
the highest regression coefficient can give highly better results in a
location with special conditions. For this reason it should be used in
special regions. Genotypes 510, 1001, 706 which have values below
the average in terms of plant seed yield are low reactive to
improvement in growing conditions. That's why these should be
recommended to the worse conditions in the region.

Table. 2 Stability parameters for some plant characters of some Narbonne vetch genotypes.

Plant height Pod number per plant Seed yield per plant
Genotypes Mean b, S'd Mean b, S Mean b, S'd
1 66.35 0.85 15.3 16.71 0.94 15.7 22.64 1.36 300.1
20 65.75 1.20 55.0 16.74 1.04 18.8 16.42 1.28 34.5
133 77.98 1.52 10.3 15.18 1.14 15.3 16.19 1.09 114.6
205 57.54 0.76 774 19.92 1.93 320 14.98 2.09 180.1
209 76.51 1.42 12.8 20.06 1.35 8.6 7122 0.64 17.7
281 72.84 1.48 222 17.89 1.03 39.1 13.64 0.87 12.2
288 71.79 0.63 758.8 14.15 0.17 49.8 9.08 0.16 4.1
372 75.49 0.90 719 17.08 1.10 27.2 9.87 1.39 42.0
510 70.09 047 10.5 17.32 1.32 21 12.07 0.80 1.4
562 67.93 0.75 38.8 18.10 1.31 49 14.12 1.30 20.0
600 66.26 0.37 336.1 19.13 0.93 29.7 16.54 0.88 6.6
706 69.41 1.53 220.4 13.87 0.64 3.8 10.94 0.45 8.5
1001 69.70 1.11 329.1 10.97 0.11 14.6 11.01 0.7 68.3
Mean 69.82 0.999 16.70 1.001 13.44 1.002
l(iJnciirgdence X+403 b+0222 X+158  bx0.267 X+160  b0.271

(b,) - regression coefficient, (S*d) - deviation from regression
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Figure 1. Combination of stability and average plant height of some Narbonne vetch genotypes
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Figure 2. Combination of stability and average pod number per plant of some Narbonne vetch genotypes.
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Figure 3. Combination of stability and average seed yield per plant of some Narbonne vetch genotypes.

Conclusion

In terms of plant seed yield and some plant characteristics in 13
Narbonne vetch genotypes which were grown in Tekirdag and Silivri
locations; genotype, environment, and genotype x environment
interaction are found at statistically significant differences (P<0.01).
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The highest average plant seed yield is taken from the genotype 1.
When the genotypes which are used as the materials are evaluated
considering the stability parameters, it is determined that the
genotypes 133 and 600 are the most stable genotypes in all
environments, and that genotype 1 which gives the productivity over
the general average and whose regression coefficient is above 1



would give the best results in the in high yield conditions of the
region. It can be said that the genotype 205 which has the greatest
regression coefficient in the trial will give the most productivity in
specific areas of the trial regions.
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