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Abstract

Mixtures of annual forage legumes with winter small grains for forage are practiced traditionally in the Mediterranean countries. The
aim of the present study was to investigate the effects of variable seed mixture rates and different plant densities on the forage yield.
The study also investigated the competition effects among mixture partners in the mixture of common vetch (Vicia sativa L.) and
wheat (Triticum aestivium L.). Field trials were conducted at two locations (L1, Hatay and L2, Adana) during the 2008-09 and 2009-
10 growing seasons. Three plant densities (200, 400, 600 plants m™) and five seed mixture ratios (100 % V, 75% V + 25% W, 50%
V +50% W, 25% V + 75% W, 100 % W) of common vetch (V) and wheat (W) were used. The results of the study showed that
increased plant density in the mixture resulted in increased dry matter yield per unit area. In addition, increased seed ratio of wheat in
the mixture caused increased dry matter yield per unit area. Also, elevated dry matter yield resulted in increased crude protein yield.
Land equivalent ratio (LER), aggressivity (A) and competitive ratio (CR) indexes showed that common vetch was the dominant

species in all common vetch-wheat mixtures.
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Introduction

Common vetch (Vicia sativa L.) is very popular annual
fodder crop and common vetch - cereal mixtures are
frequently grown in the Mediterranean countries for animal
feeding (Anil et al., 1998; Lithourgidis et al., 2006; Dhima et
al., 2007). Common vetch - cereal mixtures as a hay or silage
are very important for feeding dairy livestock. Wheat —
legume mixtures grown for forage are of increased
importance in the rations of ruminant animal diet because of
improved successful silage techniques (Anil et al., 1998). It is
well known that mixture of legumes and cereals has some
advantages over pure stands. Crops within the mixtures use
the environmental resources efficiently and produce more
yield than their pure stands. Cereal crops use the nitrogen
fixed by the legume crops. Protein and carbohydrate rates of
feed originated from mixtures are balanced and the feed from
mixture has higher feeding value compared to the feed from
pure sowings of mixture components (Karadag and
Buyukburc, 2003; Tuna and Orak, 2007; Mariotti et al.,
2009). Besides advantages, the technique offers some
disadvantages over pure stands. The most important problem
of the mixed system is the managing of the crops. Different
crops within mixed growing systems are grown together and
they compete with each other for limited resources, which
results in intra-specific and inter-specific competition
between mixed crop species (Yilmaz, 2005). Plants need
some abiotic components of the ecosystem as well to survive.
The most frequent competition factors for plants are water,
nutrients, light, O, and CO,. The requirements of plants to
compensate them after competition may be different among
different plant species (Haynes, 1980). To recognize
competition among the plants, a lot of mathematical models

were suggested. These models were summarized by Weigelt
and Jolliffe (2003), which concluded that competition
experiments mainly are composed of different plant densities
and different growing patterns. They are concentrated on to
compare performance of mixed growing versus sole growing
(Connolly et al., 2001; Weigelt and Jolliffe, 2003). Land
equivalent ratio (LER), competitive ratio (CR) and
aggressivity (A) are some of the competition indexes
frequently used to compare mixture and pure stand (Bhatti et
al., 2006; Dhima et al., 2007; Yilmaz et al., 2008; Erol et al.,
2009, Wahla et al., 2009; Rahetlah et al., 2010; Pasynkova
and Zavalin, 2010). The aims of this research were (i) to
evaluate common vetch and wheat pure stands as well as
their mixtures in three plant densities (200, 400 and 600
plants m?) under five seeding ratios for forage and crude
protein yield and (ii) to estimate the effect of competition
between the two species used in the intercropping systems.

Results and discussion
Dry matter yield

Dry matter yield was significantly influenced by plant
densities during two years. The highest dry matter yield was
obtained from the plant density of 600 plants m? during two
years (Table 2). Hauggaard-Nielsen et al. (2006) reported that
mixture components may use ecological resources more
efficiently than sole crops, and available resources may
support a greater number of plants. The results of this study
confirm that regardless of mixing proportion, the highest
planting density of 600 plants m™ should be preferred for
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high dry matter yield. The effects of locations were
significant in terms of total dry matter yield during first year
but they were insignificant during second year (Table 2).
Averaged total dry mater yield in L2 (Adana) was higher
compared to L1 (Hatay). Increased seed rate of wheat in
mixtures significantly increased the hay yield of mixtures at
two locations (Table 3). This finding suggest that vetch as a
climbing plant climbed over the support plant wheat in this
experiment containing the mixture of vetch — wheat. Vetch
plant in pure stands, especially with high plant density, was
lodged, and resulted high dry matter losses. Lithourgidis et al.
(2011) reported that lodging is frequently occurred some
crops and yield can severely decrease. Vetch plants in L2
grew rapidly resulting in taller plants compared to L1 but
stems of the plants in L2 were very thin. In the mixture, the
vetch plants climbed over the wheat plants, which resulted
increased their dry matter yield. Previous research also
confirm this study and report that increased cereal sowing
rates in common vetch-cereal mixtures result in higher dry
mater or hay yield (Karadag and Buyukburc, 2003; Kokten et
al., 2003;2009; Lithourgidis et al., 2006; Dhima et al., 2007).
Total and partial dry matter yields during first year were
higher compared to dry matter yields during the second year
(Table 2, 3). Averages of total dry matter yields were 7.28 t
ha™ and 5.36 t ha™ during first and second year, respectively.
Higher dry matter yields during first year may be due to
higher rainfall (Table 1). This situation suggests that growing
performance and competition of species in the mixture
depend on ecological factors (Hauggaard-Nielsen et al., 2006;
Kokten et al., 2009).

Crude protein yield

Crude protein yield was significantly influenced by plant
densities during both years (Table 2). Although the maximum
protein yield of 904 kg ha™ and 679.4 kg ha™ were obtained
from 600 plants m? plant density during first and second
years, respectively, protein yield of 600 plants m? plant
density was not significantly different from the protein yield
of plants with density of 400 plant m? during the second
year. The trend showed an increase in plant density was
positively related with crude protein yield which suggests
that increased crude protein yields in higher plant densities
may be due to increased dry matter yield in higher plant
densities. An analysis of the two years results at both
locations further shows significant differences in crude
protein yield as the mixture rate changed (Table 4). Crude
protein yields ranged 597.5 kg ha™ (pure wheat) to 941.0 kg
ha™ (25 % V: 75 % W) during first year and 454.0 kg ha™
(pure vetch) to 723.1 kg ha™ (25 % V: 75 % W) during the
second year. Tukel et al. (1997) reported that lowest crude
protein yield from pure vetch due to lower dry matter yield of
vetch compared to vetch + ftriticale mixtures and pure
triticale. The highest protein yield was obtained from 25 %
V: 75 % W mixture rate. Despite the higher protein content
of pure vetch than mixtures and pure wheat (unpublished
data), the amount of protein produced per unit ha decreased
due to the low dry matter yield per ha. Common vetch hay
had more protein content compared to wheat hay which
affected the hay quality. The results are confirmed by the
previous studies by Karadag and Buyukburc (2003), Kokten
et al. (2009) and Lithourgidis et al. (2006). Also, protein
yield was significantly influenced by years and locations.
Protein yield during first years was less compared to the
protein yield during the second year. Obtained higher dry
matter yield during the first year may have led to such

differences resulting in variation of protein yield during two
years. The first year averaged protein yield in L2 was higher
compared to L1, the inverse situation was observed during
second year. The effect of ecological conditions on dry
matter yield, protein content and competition features of
mixture counterparts may have caused these differences.
Livestock needs protein for growth and milk production and
protein yield per ha directly are related to crude protein
contents and total forage yield. Since protein is one of most
costly supplement for livestock, the total amount of protein
produced per unit area is one of the most important quality
characteristics as suggested by Cabellero et al. (1995), Assefa
and Ledin, (2001), Lithourgidis et al. (2006) and Eskandari et
al. (2009).

Land equivalent ratio (LER)

LER verifies the effectiveness of mixtures for using available
resources of environment compared to pure cropping. For this
purpose, LER value is being used frequently to compare
effectiveness of the mixture and pure growing (Dhima et al.,
2007, Yilmaz et al., 2008; Erol et al., 2009; Rahetlah et al.,
2010). In this experiment total LER values were greater than
1 in all plant densities and mixture rates (Tables 5, 6). This
finding demonstrated that all plant densities and mixture
ratios, mixture of common vetch and wheat were
advantageous compared to their pure stands. Some
researchers emphasize on the advantages of intercropping
(Karadag and Buyukburc, 2003; Yilmaz et al.,, 2008;
Pasynkova and Zavalin, 2010; Rahetlah et al., 2010),
whereas, the others have focused disadvantages of
intercropping. Researchers concluded that disadvantages
depend on mainly species used, mixture ratios, ecological
conditions and experimental years (Lithourgidis et al., 2006;
Dhima et al., 2007; Kokten et al., 2009; Rakeih et al., 2010).
In this research the plant densities of 200 and400 plants m™
gave the maximum LER values of 1.34 and 1.52 in the first
and second year respectively. However, LER values of plant
densities were insignificant during the second year. LERq,
values increased with increase in the proportion of wheat in
the mixture during first year of the experiment. The
maximum LERy, value of 1.59 was determined from
25V:75W seed mixture during first year. The second year
LERqs Values were insignificant. All values of LERy, were
higher than 1 in all seed mixture rates. Locations were
significant in terms of LER value during the first year (Table
5). Averaged LER value in L2 (Adana) was significantly
higher compared to L1 (Hatay). As the partial LER values are
concerned, LER g, Values were greater than 0.5 in all plant
densities and seed mixture rates. LERyn Values were
generally lower than 0.5 (Tables 5, 6). These finding showed
that common vetch was the dominant species (has an
advantage) in the mixture. Some investigations showed that
common vetch was the dominant species in mixed growing
with wheat but the other cereals such as barley, oat and
triticale had the higher partial LER values compared to the
partial LER values of common vetch (Turk et al., 2002;
Dhima et al., 2007; Rahetlah et al., 2010; Rakeih et al.,
2010). Especially, Dhima et al. (2007), who studied common
vetch-oat, common vetch-barley, common vetch-triticale and
common vetch-wheat mixtures, pointed out that in wheat-
common vetch mixture, wheat had the lower LER values than
0.5. It can be concluded that wheat was the weaker
competitor than the other cereals in common vetch-cereal
mixtures. Increased rate of wheat in the mixture resulted in
the increased partial LER value of wheat.
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Table 1. Monthly mean air temperature and total rainfall during the study and long term data (means of 20 years).

Mean Monthly Temperature (°C)

Total Monthly Rainfall (mm)

Hatay Adana Hatay Adana
2008- 2009-10  Long-term 2008- 2009- Long- 2008 2009  Long- 2008- 2009 Long-term
Months 09 09 10 term -09 -10 term 09 -10
Nov 14.4 13.3 13.6 16.5 15.6 15.3 49.6 93.6 78.2 453 130.0 99.7
Dec 7.0 11.3 8.9 9.5 13.3 11.0 71.6 179.2 1041 58.2 79.5 144.4
Jan 5.8 10.2 7.5 9.4 11.9 9.5 87.4 98.2 93.8 145.7 87.9 99.7
Feb 8.7 10.7 9.0 10.6 12.6 10.4 139.2 454 89.0 130.1 66.3 99.7
Mar 11.6 145 12.8 125 185 135 92.8 322 76.8 1355 50.8 50.2
Apr 16.2 174 17.2 175 23.8 175 52.8 394 39.0 1154 58.7 56.8
Mean 10.6 12.9 115 12.7 15.9 12.9
Total 4934 488.0  480.9 630.2  473.2 550.5
Table 2. Total dry matter yields and crude protein yields in different plant densities.
Plant Dry Matter Yield Crude Protein Yield
Density (t ha (kg hal)
(plants m) Hatay Adana Mean Hatay Adana Mean
o 200 448¢" 7.94Db 6.20 C" 579.4 809.3 694.3B
=] 400 5.99d 791D 6.95B 668.7 786.7 727.7B
g 600 7.04c 1031a 8.67 A 773.8 1038.9 906.4 A
S Mean (Loc) 5.84 B™ 8.72 A 6740B 878.3 A
N Mean (Year) 728 A" 776.1 A
200 3.75 5.16 44587 504.3 488.8 496.6 B
S 400 5.25 5.30 527B 710.9 473.8 592.4 AB
8, 600 6.16 6.55 6.36 A 789.0 569.7 679.4 A
3 Mean (Loc) 5.05 5.67 668.1 A 510.8 B
N Mean (Year) 5.36 B 589.4 B

) Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.
“) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.
**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.

) Means of year values with the different capital letter are significantly different at P<0.05.

Aggressivity (A)

In our experiment Ayecn Values were positive and Ayneat
values were negative. These results showed that common
vetch was the dominant species in the mixture of common
vetch and wheat (Tables 7, 8) in agreement with Dhima et al.
(2007). On the other hand, some other researches
demonstrated that cereals, except to wheat, were the
dominant species in the intercropping of cereals with legumes
(Dhima et al., 2007; Wahla et al., 2009; Pasynkova and
Zavalin, 2010; Rahetlah et al., 2010; Rakeih et al., 2010).
Plant densities were significant for A during the first year but
were insignificant during the second year (Table 7). The
highest Ay Value was observed in 400 plants m™ plant
density. As aggressivity concerned in terms of seed mixture
rate, increasing proportion of the common vetch in mixture
Aetch Values decreased. The highest Aeen Values of 3.11 and
4.47 were observed from 25V:75W mixture rate during first
and second year, respectively. From these results, it could be
concluded that decreasing the proportion of common vetch in
the mixture decreased intra-specific competition of common
vetch, and increased number of the cereal for common vetch
to climb to catch the sunlight increased. Locations were
significant in terms of A Values during two years. Mean
Aereh Value in L2 was higher compared to L1. This suggests
that L2 (Adana) had good ecological conditions compared to
the L1 (Hatay) for common vetch growing.

Competitive Ratio (CR)

The results of CR confirmed with those of LER and
aggressivity. Common vetch was the dominant species in the

mixture of common vetch and wheat in agreement with
Dhima et al. (2007). In all plant densities and mixture ratios
studied CRyeen values were higher compared to CRypeat
values (Tables 9, 10). CR values of both species were
insignificantly influenced by plant density during both years.

The maximum CRypne Value was obtained from the plant
density of 400 plants m during first year and 200 plants m
during second year (Table 9). The maximum A, values
were recorded in the plant density of 400 plants m™ during
first year and plant density of 600 plants m? during the
second year. Seed mixture rates were significant for CRpeat
values for two years. In general, CRyecn and CRyeq Values
decreased as the proportion of species increased (except
CRyheat fOr 75V:25W plant densities of the first year). Erol et
al. (2009) reported that increased or decreased proportion of
common vetch in mixtures of vetch and oat resulted in
irregular changes in CR values, as inter-specific competition
is complex phenomenon and is variable as species compete
for so many factors. Differences in CR values for locations
were significant (Table 9). Common vetch was the dominant
species at both locations. Mean CR,c Value in L2 (Adana)
was higher compared to L1 (Hatay) while mean CR ez Value
in L1 was higher compared to L2.
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Table 3.Dry matter yields of the mixtures and pure sowings as affected by the mixture rate.

Mixture Dry Matter Yield (t ha™)

Rate Vetch Wheat Total

(v:w) Hatay Adana Mean Hatay = Adana Mean Hatay Adana Mean

Pure vetch 3.81¢c" 5.10b 4.45 - - - 3.81d 510cd 4.45C

75:25 342¢c 5.38Db 4.40 1.08 e 0.79e 0.94D" 4.49d 6.18bc 5.33C
o 50:50 3.80¢c 560ab  4.70 2.58 d 1.87de 2.23C 6.38 bc 7470 6.93B
g 2575 2.21d 6.51a 4.36 5.08 ¢ 573c 540B 7.29b 1224 a 9.76 A
g Pure wheat - - - 720b 126la 9.90A 7.20 b 12.61a 9.90 A
S Mean(Loc) 331B" 565A 399B  525A 5.84 B 8.72 A
N Mean (Year) 448 A” 462 A 7.28 A

Pure vetch 2.76 bc 2.18 cd 247 - - - 2.76 fg 2.18¢g 24TE

75:25 2.93b 2.70b-d 2.82 2.21d 069e 1.45C" 4.49 de 3.39 ef 3.94D
o 50:50 2.63b-1 3.18 ab 291 2.29d 147de 1.88C 492 cd 4.65d 478C
o 2575 2.00d 3.78a 2.89 3.96¢c 369c 382B 5.96 ¢ 747D 6.71B
; Pure wheat - - - 715b 10.66a 8.90A 7.15b 10.66 a 8.90 A
S Mean(Loc)  2.58 2.96 3.90 4.13 5.05 5.67
™ Mean (Year) 2.77B 3.93B 5.36 B

) Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.

“) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.
**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.
) Means of year values with the different capital letter are significantly different at P<0.05.

Table 4. Crude protein yields of the mixtures and pure sowings as affected by the mixture rate.

Mixture Rate (v:w)

Crude Protein Yield (kg ha™)

Hatay Adana Mean

Pure vetch 672.8 de 757.7 b-e 715.3C*

75:25 6714 e 854.8 bc 763.1BC
o 50:50 831.7 bed 883.6 b 857.7 AB
g 25:75 698.5 cde 11876 a 943.0 A
g Pure wheat 4953 f 708.0 c-e 601.7D
= Mean (Loc) 674.0B 878.3 A
o Mean (Year) 7761 A"

Pure vetch 603.5 b-d 321.0f 462.3C

75:25 664.3a-c 450.7 e 5575 B

50:50 695.1 ab 511.2 de 603.2 B
=] 25:75 738.6a 709.0 ab 7239 A
g, Pure wheat 638.6 a-C 562.0 c-e 600.3 B
3 Mean (Loc) 668.1 A 510.8 B
N Mean (Year) 589.4B

" Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.
“) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.

**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.
) Means of year values with the different capital letter are significantly different at P<0.05.

From the results mentioned above, it was concluded that
increased plant densities resulted in increased dry matter
yield. Also increased wheat proportion in the seed mixture
resulted in higher dry matter yield. For better quality
performance and higher yield, the seed mixture of 25% vetch
+ 75% wheat could be preferred. In terms of competition
features, LER, A and CR indexes showed that common vetch
was the dominant species in the mixture. L2 (Adana) had
better ecological conditions for common vetch growing
compared to L1 (Hatay).

Materials and methods
Site description

Experiments were conducted at two locations (L1 and L2)
during the 2008-09 and 2009-10 growing seasons. First
location (L1) was Research Station of Mustafa Kemal
University, Hatay located at 36° 15' N and 36° 30' E and
second location (L2) was Research Station of Cukurova
University, Adana located at 37° 23' N and 35° 22' E in the
Eastern Mediterranean regions of Turkey.
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Table 5. Land Equivalent Ratio (LER) values for the mixture of vetch and wheat as affected by plant density.

Plant LER values
Density Vetch Wheat Total
(plants m?) Hatay  Adana Mean Hatay Adana Mean Hatay  Adana Mean
o 200 0.84c" 1.14b 0.99B” 0.48 0.22 0.35 1.32b" 1.36b 1.34 AB’
g 400 0.80¢c 1.59a 1.19A 0.43 0.22 0.33 1.23b 1.81a 1.52 A
g 600 087c 09bc 091B 0.35 0.25 0.30 1.22b 1.20b 1.21B
S  Mean (Loc) 0.83B™ 1.23A 042A 0.23B 1.25A 146 B
N Mean (Year) 1.03 0.33 1.36
200 0.64 1.56 1.10 0.29 0.22 0.25 0.94 1.77 1.35
S 400 1.04 1.59 131 0.38 0.21 0.29 141 1.80 1.61
& 600 1.03 1.48 1.26 0.41 0.16 0.28 1.45 1.64 1.54
% Mean (Loc) 0.90 B 1.54 A 0.34A 0.20B 1.26 1.73
N Mean (Year) 1.22 0.28 1.50
) Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.
“) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.
**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.
Table 6. Land Equivalent Ratio (LER) values for the mixtures of vetch and wheat as affected by the mixture ratio.
Mixture LER values
Rate Vetch Wheat Total
(v:w) Hatay Adana  Mean Hatay  Adana Mean Hatay  Adana Mean
o 1525 0.89c¢* 115b  1.02 0.15d* 006e 011C 1.04c" 1.21bc 1.26 C"
g 50:50 1.03bc 1.16b 1.09 037c¢ 0.16d 0.26B 140b 131b 1.36 B
g 25:75 0.58 d 1.38a 0.98 0.74a 047b 061A 131b 185a 1.59 A
S Mean (Loc) 0.83B™ 123A 042A 0.23B 1.25B 146 A
™ Mean (Year) 1.03 0.33 1.36
o 75:25 1.03 1.31 1.17 0.21 0.07 0.14 1.24 1.37 1.31
= 50:50 0.96 151 1.23 0.32 0.14 0.23 1.28 1.65 1.46
g 25:75 0.73 1.82 1.27 0.55 0.37 0.46 1.28 2.18 1.73
S Mean (Loc) 090B 154A 0.34A 0.20B 1.26 1.73
™~ Mean (Year) 1.22 0.28 1.50
) Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.
“) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.
**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.
Table 7. Values of agressivity for the mixture components of the vetch + wheat mixture as affected by the plant density.
Plant Aggressivity
Density Vetch Wheat
(plants m?) Hatay Adana Mean Hatay Adana Mean
. 200 1.02¢* 2.53b 1778 -1.02 a" -2.53b LTTA
g 400 0.98 ¢ 3.62a 230 A -0.98 a -3.62c -2.30B
> 600 1.24c 2.04b 1.64B -1.24 a -2.04b -1.64 A
S  Mean (Loc) 1.08 B" 273 A -1.08 A -2.73B
™~ Mean (Year) 1.90 -1.90
200 0.92 3.50 2.21 -0.92 -3.50 -2.21
S 400 1.65 3.90 2.78 -1.65 -3.90 -2.78
cc\ﬁ 600 1.41 3.56 2.49 -1.41 -3.56 -2.49
% Mean (Loc) 1.33B 3.66 A -1.33A -3.66 B
™~ Mean (Year) 2.49 -2.49

) Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.
“) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.
**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.

L1 had clay soil with pH of 7.12, 6.45% CaCQOj, 74.1 kg ha™
phosphorus, and 1.93% organic matter at the depth of 30 cm.
L2 had also clay soil with pH of 7.72, 7.30% CaCOs;, 50.1 kg
ha™ phosphorus, and 1.81% organic matter at the depth of 30
cm. Climatic data of the locations during the experiment
period were summarized in Table 1.

Crop management and experimental design

Common vetch (cv. Kubilay 82) and wheat (cv. Adana 99)
were grown as sole crops and intercrops. Seed bed
preparation included ploughing, disk harrowing, and
cultivation. Sowing was performed by hand during second
week of November at both locations.
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Table 8. Values of aggressivity for the mixture components of the vetch + wheat mixture as affected by the mixture ratio

Mixture Aggressivity

Rate Vetch Wheat

(v:w) Hatay Adana Mean Hatay Adana Mean
. 1525 0.60d" 1.28¢ 0.94C" -0.60a" -1.28b -0.94 A
= 50:50 131c 2.00b 1.66 B -1.31b -2.00c -1.66 B
g 25:75 1.33¢c 491 a 311 A -1.33b -491d -3.11C
= Mean (Loc) 1.08 B** 273 A -1.08 A** -2.713B
N Mean (Year) 1.90 -1.90

75:25 0.53¢" 1.46 cd 099C -0.53a" -1.46 bc -0.99 A
9 50:50 1.28 de 2.73b 2.01B -1.28 ab -2.73d -201B
8, 25:75 2.17 bc 6.77a 4.47A -2.17 cd -6.77 ¢ -4.47 C
S _Mean (Loc) 1.33B 3.66 A -1.33A -3.66 B
N Mean (Year) 2.49 -2.49

) Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.
) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.
**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.

Table 9. Values of competitive ratio for the mixture components of the vetch + wheat mixture as affected by the plant density

Plant Competitive Ratio

Density Vetch Wheat

(plants m?) Hatay Adana Mean Hatay Adana Mean
o 200 2.56 7.66 5.11 0.45 0.14 0.29
= 400 2.23 12.38 7.30 0.52 0.10 0.31
g 600 3.78 5.62 4.70 0.35 0.21 0.28
S  Mean (Loc) 2.86 B* 8.55 A 0.44 A 0.15B
™~ Mean (Year) 5.70 0.30

200 2.55 11.15 6.85 0.51 0.15 0.33
9 400 3.33 11.38 7.36 0.36 0.15 0.26
8, 600 2.74 12.45 7.60 0.42 0.10 0.26
8 _Mean (Loc) 2.88 B 11.66 A 0.43 A 0.13B
™ Mean (Year) 7.27 0.28

) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.

Table 10. Values of competitive ratio for the mixture components of the vetch + wheat mixture as affected by the mixture ratio

Mixture Competitive Ratio

Rate Vetch Wheat

(v:w) Hatay Adana Mean Hatay Adana Mean
o 75:25 2.62 6.65 4.63 0.52 0.19 035 A
= 50:50 2.86 8.40 5.63 0.37 0.14 0.25B
g 25:75 3.09 10.61 6.85 0.44 0.12 0.28 AB
8 Mean (Loc) 2.86 B 8.55 A 0.44 A 0.15B
™~ Mean (Year) 5.70 0.30

75:25 1.68d" 7.25¢ 446 C” 0.67a" 0.21cd 0.44 A
9 50:50 3.03d 11.07b 7.05B 0.33b 0.11de 0.22B
8, 2575 3.91d 16.67 a 10.29 A 0.28 bc 0.08 e 0.18 B
% Mean (Loc) 2.87B 11.66 A 0.43 A 0.13B
™~ Mean (Year) 7.27 0.28

) Values with the different small letter in a column in a year are significantly different according to the LSD test at P<0.05.
“) Values with the different capital letter in a column in a year are significantly different according to the LSD test at P<0.05.
**) Means of location values with the different capital letter (within a line) are significantly different at P<0.05.

Fertilizer rates of 50 kg ha™ N and P,Os were applied at
sowing. The experimental design was split plot design with
three replications. The main plot treatments were plant
densities (200 plant m, 400 plant m™and 600 plant m™) and
sub-plots treatments were five seed mixture rates (pure vetch,
75% V+25%W, 50% V+50% W, 25% V+75% W and pure
wheat) based on seed number. Thousand seeds weight of
vetch was 70.0 g and the thousand kernel weight was 33.8 g.
And then, required seed numbers were used according to

mixture rate in the experiment. Experimental plots had 4
rows with row spacing of 20 cm and a row length of 5 m. In
the experiment, irrigation was not performed but weed
control was manually. All pure stands and mixture treatments
were harvested at the pod formation stage of common vetch
at both locations. 1 kg green forage sample from each
treatment was taken after harvest, species were separated by
hand and then they were dried at 65 ° C for dry matter
determinations. Nitrogen concentration in ground subsamples
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of vetch hay and wheat straw were determined by the
Kjeldahl procedure (Bulgurlu and Ergul, 1978) and crude
protein concentration was calculated by the formula of N
concentration x 6.25.

Competition indexes

The land equivalent ratio (LER) was used as index for mixed
stand advantage for both legume (common vetch) and cereal
(wheat). LER values were calculated as fallow:

LER= (LERvetch +LER wheat)u

LERvetch=(Yw/Yv)s LERwheat=(Yww/Yw)

Where Y ,, and Y ,, were the yields of common vetch and
wheat as sole crop, respectively, and Y,,, and Y,,, were yields
of common vetch and wheat in the mixture, respectively.
When LER is greater than 1, the mixed growing favors the
growth and yield of species. In contrast, when LER is lower
than 1, the mixed growing negatively affects the growth and
yield of plants grown in mixture (Caballero et al., 1995;
Dhima et al., 2007). The other index used to determine the
competitive relationship between two crops in mixtures is
aggressivity (A), (Bhatti et al., 2006). Aggressivity is
formulated by McGilchrist (1965) as below:

Aunear= LY wd (YwZuwn) 3= LYl (YvZun)}

Avetch:{Yvw/ (szvw)}' {wi/ (szwv)}v

Where, Z,,, and Z,,, were the seed rates of common vetch and
wheat in the seed mixture. If Apear = 0 both crops are equally
competitive, If Ayt IS pOsitive, then the wheat is dominant,
if Ayneat 1S Negative, then the wheat is dominated by vetch in
the mixture (Wahla et al., 2009). Competitive ratio (CR) is
another way to assess competitive ability between different
species. The CR gives more desirable competitive ability for
the crops and also advantages over other indexes. The CR
represents simply the ratio of individual LER of the two
component crops in which they are initially sown. Then, the
CR index was formulated as below;

CRueteh= (LERvetch/ LERwheat) (Zun/Zuw)

Data were analyzed by using the MSTAT-C computer
software program. The ANOVA was performed by using
split plot design with the 3 main plot treatments and 5 sub-
plot treatments replicated three times. Treatment mean
differences were separated and tested by Fisher’s protected
least significant difference (LSD) at P = 0.05 significance
level. As the analysis of variance indicated years were
significant the values were reported as means of the two
growing seasons.
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