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The Effects of Different Row Spaces and Seeding Rates on the
Hay and Crude Protein Yields of Sainfoin (Onobrychis sativa
Lam.)*
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Abstract: The study was carried out to investigate the effects of different row spaces (15, 30, 45, 60 and
75 cm) and seeding rates (40, 80, 120, 160 and 200 kg ha'1) on the hay and crude protein yields of sainfoin at
the Agricultural Research and Experiment Center of Agriculture Faculty, Uludag University in 1999-2002. The
field experiments were established in a split plot design with four replications. Plant height, stem number per m?,
green matter yield, hay yield and crude protein yields were determined. The results suggested that sainfoin
should be planted with 15-30 cm row spaces and at 160-200 kg ha seeding rate for hay production in Southern
Marmara Region or in regions with similar ecological conditions.
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Farkli Sira Araliklari ve Tohum Miktarlarinin Korunganin (Onobrychis
sativa Lam.) Kuru Ot ve Ham Protein Verimi Uzerine Etkileri

Oz: Bu arastirma, korungaya uygulanan degisik sira araliklari (15, 30, 45, 60 ve 75 cm) ve tohumluk
miktarlarinin (40, 80, 120, 160 ve 200 kg ha™) kuru ot ve ham protein verimine etkilerini belirlemek amaciyla
Uludag Universitesi Ziraat Fakiiltesi Tarimsal Aragtirma ve Uygulama Merkezinde 1999-2002 yillari arasinda
yuratilmustir. Arastirma tesaduf bloklarinda boliinmus parseller deneme desenine gore dort tekrarlamali olarak
kurulmustur. Arastirmada bitki boyu, m*de sap sayisi, yesil ot verimi, kuru ot verimi ve ham protein verimi tespit
edilmistir. Elde edilen sonuglara gore, Giuney Marmara Bolgesi'nde korungada ot uretimi igin 15-30 cm sira

aralig1 ve 160-200 kg ha™ tohum miktarinin kullaniimasi gerekmektedir.

Anahtar Kelimeler: Korunga, sira araligi, tohum miktari, kuru ot verimi, ham protein verimi

Introduction

Turkey shows a great inadequacy in terms of
animal feed. Sainfoin (Onobrychis sativa L.) is an
important forage legume for Turkey. It is a native,
widely grown perennial legume well adapted to the
highland farming system under the dryland conditions
of Central and Eastern Anatolia. Sainfoin is a very
palatable forage plant, and has the advantage of not
inducing bloating as an animal feed over alfalfa.
Therefore, it renders green forage suitable for strip
grazing. It is capable of improving soil organic matter
and nitrogen content by fixing nitrogen in the root
system of the plant through Rhizobium bacteria. It has
the advantage of root growth to a greater depth than
most annual legumes. The roots penetrate through the
deeper layers of the soil and supply a great amount of
organic matter when plants are under the soil. This

*This study was part of Ph D thesis.

organic matter is very important, particularly under
dryland conditions due to the difficult of producing
large amounts of vegetation. Moreover, sainfoin is
beneficial in agricultural rotations under Anatolian
conditions. It is valuable for erosion control and grows
well in intercropping systems with forage grasses.
Honey bees visit sainfoin flowers very frequently,
collecting pollen grains and nectar, producing honey
with special aroma and taste. Additionally, sainfoin
flowers set large numbers of seeds (El¢i et al. 1995).

Sainfoin is a perennial forage legume
characterized by a high competition index. This crop’s
competitiveness is manifested both in its competition
for vegetative space with other crop species (when
grown as a mixed crop)and competition within the
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species itself (when grown as a pure crop). These are
particularly pronounced when sainfoin is grown in a
dense stand. Thin stands, on the other hand, result in
yield losses. Thus it is of particular importance to
determine optimum row space and seeding rate as this
is a prerequisite for a high, stable and profitable
sainfoin production (Cupina and Eric 1999).

Recommendations in the literature for optimum
row space and seeding rate ranges from 15 to 60 cm
and from 15 kg ha" to 200 kg ha’ respectively
depending on whether seeds or single-seed pods are
used for sowing. It is reported that, sainfoin produces
the largest hay yield when row spaces are 15-30 cm
(Cupina et al. 1998, Serin and Tan 1997, Soya et al.
1997, Tuna 1994, Akdeniz and Andi¢ 1998, Andi¢
1995). However, Hanna et al. (1972), Altin (1982),
Kantar et al. (2000), Kadioglu (1977), Agikgdz (2001)
report that the largest sainfoin hay yields are produced
from plants with a row space of 30-60 cm. Depending
on whether the seed or fruit (a single-seeded pod) is
used for sowing, different seeding rates are also
recommended in the literature: 15-20 kg ha” of seed
(Hanna et al. 1972) 30-40 kg ha™ of seed (Glover and
Melton 1991, Cash et al. 1993), 79-100 kg ha™ of fruit
(lvanovski et al. 1998, Serin and Tan 1997,
Malanusenko et al. 1974, Kasymov and Khodzhaev
1977) and 100-200 kg ha™ of fruit (Erag and Ekiz 1985,
Jensen and Sharp 1968, Hakyemez 2000). In practice,
however, it is the fruit that is most often used for
sowing, since under favourable conditions the seeds
germinate and emerge from the fruit coating
unimpeded. In sainfoin, therefore, what is botanically
the fruit actually represents the seed in agricultural
terms. The seeding rate in this crop species is also
significantly affected by agroecological growing
conditions (Cupina and Eric 1999).

The objective of our study was to monitor the
effects of different row spaces and seeding rates on
yields of hay and crude protein in sainfoin.

Materials and Methods

The research was performed at the Agricultural
Research and Experiment Station of Agriculture
Faculty, Uludag University in 1999-2002. Sainfoin
seeds used in the research was obtained from the
Agriculture Faculty of Suleyman Demirel University.

The experimental soil was clayey, non saline,
poor in lime and organic matter, rich in potassium and
had a neutral pH (Anonymous 1999). Average
temperature, relative humidity and precipitation were
14.6 °C, 68.4 % and 706.3 mm in 2000; 15.9 °C, 53.7
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% and 649.2 mm in 2001; 12.5 °C, 68.3% and 395.1
mm in 2002 (January-June); 14.8 °C, 68.9% and 698.9
mm in long term (1928-1999) averages, respectively
(Anonymous 2002).

The field experiments were established in a split
plot design with four replications on 02.11.1999. Five
different row spaces (15, 30, 45, 60 and 75 cm) and
five different seeding rates (40, 80, 120, 160 and 200
kg ha™') were used in the experiment. Row spaces and
seeding rates were main plots and subplots
respectively. Plot length was 5 m, plot width ranged
from 2.4 to 3 m according to row spaces. In 1999, 60
kg ha™ nitrogen and 60 kg ha™ phosphorus was
applied at the November. In 2000 and 2001 only
phosphorus (60 kg ha'1) was applied.

In the first year of the study a standard cutting
was applied on June 21 2000. Therefore,
measurements were not taken in 2000. In 2001, first
and second cuttings were performed on May 1% and
July 3 respectively. On the other hand, in 2002, first
and second cuttings were done on May 8" and June
17" respectively. The cutting was performed with a
scythe at the 10 % flowering period of sainfoin plants.

After harvest, plant samples were dried in an
oven at 70 °C to a constant weight for dry matter
content. Dried samples were grounded and the amount
of N was determined using kjehldal method. Crude
protein content was calculated by multiplying the
amount of N from each sample by 6.25.

Plant height, number of stems per square,
green matter yield, hay yield and crude protein yields
were determined in this research. The data obtained
over 2 years (2001 and 2002) were combined and
subjected to variance analyses. The data were
analysed using Minitab Programs.

Results and Discussion

Plant height: The effects of row spaces,
seeding rates and their interactions on plant height
were statistically significant (Table 1). The tallest plants
were obtained from 15 and 30 cm row spaces (79.10
and 77.47 cm, respectively) while the shortest plants
were obtained from 45, 60 and 75 cm row spaces
(74.34, 72.54 and 71.92 cm, respectively) in averages
of two years. This can be explained by the fact that
plants has to grow longitudionally to benefit from
sunlight in conditions of the availability of adequate
plant nutrients, since there are more plants per unit
area in narrow row spaces. In wise row spaces, the
number of plants per unit area is less and plants grow
horizontally and develop more branches. Our results
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are in agreement with Hakyemez (2000), Turk (2005)
but not with Andig (1995).

As shown in Table 1, the tallest plants were
obtained with 40 and 80 kg ha™ seeding rates (80.81
and 79.18 cm, respectively) while the shortest plants
were obtained from 160 and 200 kg ha™ seeding rates
(70.16 and 69.78 cm, respectively). These results are
not in agreement with the findings previous (Hakyemez
2000, Tuna 1994, Tosun 1971). As seed rates
increased, plant height declined due to increased plant
density in a row, decreased plant growth space and
increased competition among plants. The seeding rate
in sainfoin is also significantly affected by
agroecological growing conditions (Cupina and Eric
1999).

The effect of row spacing x seeding rates
interaction on plant height was statistically significant
(Table 1). The tallest plants were obtained from 30 cm
row spacing and 40 kg ha™ seeding rates combination
(85.25 cm).

Number of stem per square: The effects of row
spaces, seeding rates and row spaces x seeding rates
interactions on stem number per m? in averages of two
years were statistically significant (Table 2). The
highest stem number per m? was obtained from 15 cm
row spaces (372.0). The increase in row sg)aces
resulted in a decrease in stem number per m°. The
lowest stem number per m? was determined in 75 cm
row spaces (149.3). In wide-row space sowings with
the same seeding rates, the competition among plants
increases due to high plant densities on rows and thus
natural eliminations are observed. This reduces the
number of plants at wide-row spaces. Our results are
in agreement with the findings of Hakyemez (2000).

The highest stem number per m? was achieved
with 200 kg ha™ seeding rate (251.2) while the lowest
stem number per m? was obtained from 40 kg ha™
seeding rate (205.4) in averages of two years (Table
2), possibly due to the increase in seedling number per
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unit area. Our results are in agreement with Hakyemez
(2000) but not with Jusupov (1972).

The effect of row spacing x seeding rates
interaction on number of stem per square was
statistically si%nificant (Table 2). The highest stem
number per m“ was obtained from 15 cm row spacing
and 80 kg ha™' seeding rates combination (428.2 cm).

Green matter yield: The effects of row spaces,
seeding rates and their interactions on green matter
yield were statistically significant (Table 3). The highest
average green matter yield were achieved with 15 cm
row spaces (45.55 t ha'1), while the lowest green
matter yields were obtained from 60 and 75 cm row
spaces (31.29 and 29.17 t ha'1). Results of the present
study are in general agreement with the results of
several previous studies (Grosew 1959, Jargiello 1964,
Zatko 1969, Akdeniz and Andi¢ 1998, Tosun 1988,
Tosun et al. 1988, Tuna 1994, Andi¢ 1995, Cupina et
al. 1998, Hakyemez 2000).

The increase in seeding rates resulted in an
increase in green matter yield. The highest green
matter yield was obtained from 200 kg ha” seeding
rate (39.53 t ha'1). The differences among 40, 80, 120
and 160 kg ha” seeding rates were not statistically
significant (Table 3). These results were in accordance
with the results reported by Maslinkov and Kostov
(1967), Ivanovski et al. (1998), Cupina and Eric (1999),
Hakyemez (2000). On the other hand, Kadioglu
(1977), Glover and Melton (1991), Cash et al. (1993)
proposed lower seeding rates for the highest green
matter yield. Tosun (1971) reported that effect of
seeding rates on green matter yield was not significant.

The effect of row spacing x seeding rates
interaction on green matter yield was statistically
significant in average of two years (Table 3). The
highest green matter yield was obtained from 15 cm
row spacing 200 kg ha seeding rates combination
(52.28tha").

Table 1. Average values of plant heights in sainfoin planted in different row spaces and seeding rates (cm)

Row Spaces Seeding Rates (kg ha™)
(cm) 40 80 120 160 200 Means
15 80.97 ad 81.44 ad 77.67 c-f 79.28 c-e 76.16 d-g 79.10 a
30 85.25a 81.25 ad 77.45 cf 67.39 jk 76.00 d-g 7747 a
45 80.62 b-d 76.14 d-g 76.53 d-g 67.55 i-k 71.13 g+ 74.34 b
60 78.09 c-f 82.96 a-c 72.61 1 66.51 j-k 62.50 k 72.54b
75 79.13 c-e 74.10 e-h 7347 f-i 70.07 h+j 63.12 k 71.92b
Means 80.81 a 79.18 a 75.48 b 70.16 c 69.78 c

Different letters indicate the significant differences at p <0.01 in LSD test.

LSD (0.01): Row spaces: 2.936, Seeding rates: 2.518, Row spaces x Seeding rates:5.630



178

TARIM BILIMLERI DERGISI 20086, Cilt 12, Say 2

Table 2. Average values of number of stem per square in sainfoin planted in different row spaces and seeding rates.

Row Spaces Seeding Rates (kg ha™)

(cm) 40 80 120 160 200 Means
15 336.2 cd 428.2a 354.2¢c 3926 b 348.8¢c 372.0a
30 204.8 h-k 255.9 ef 245.0 eg 260.7 e 308.4d 255.0b
45 185.6 j-m 189.7 i-m 222.6 h-k 2214 g-i 223.9 f-h 208.7 ¢

60 161.7 m-o 174.2 k-n 197.6 h-l 181.5 k-n 218.4 g 186.6d

75 138.6 0 136.3 0 149.5 no 165.5 l-o 156.6 m-o 1493 e

Means 205.4c 236.9 ab 233.8b 244.3 ab 2512 a

Different letters indicate the significant differences at p <0.01 in LSD test.
LSD (0.01): Row spaces:19.25, Seeding rates:16.52, Row spaces x Seeding rates:29.46

Table 3. Average values of green matter yields in sainfoin planted in different row spaces and seeding rates (t ha™)

Row Spaces Seeding Rates (kg ha™')

(cm) 40 80 120 160 200 Means
15 37.09 e-h 42.95 cd 46.10 bc 49.84 ab 52.28 a 45.55 a
30 50.65 ab 35.52 fj 41.86 c-e 36.14 f-k 49.78 ab 42.79b
45 32.60 g-I 33.52 f-k 37.51eg 37.96 d-f 37.62 e-g 35.87 ¢

60 27.13m 35.97 f-I 29.74 k-m 32.26 h-l 31.37 i-m 31.29d

75 30.82 j-m 29.03 k-m 26.71m 31.70 i-m 27.65Im 29.17d

Means 35.66 b 35.40 b 36.41 b 37.68 b 39.53 a

Different letters indicate the significant differences at p <0.01 in LSD test.
LSD (0.01): Row spaces: 2.687, Seeding rates: 2.272, Row spaces x Seeding rates:5.079

Hay yield: The effects of row spaces, seeding
rates and their interaction on hay yield were highly
significant (Table 4). As shown in Table 2, the increase
in row spaces caused decreases in hay yield. The
highest hay yields were obtained from 15 and 30 cm
row spaces (11.82 and 11.15 t ha™), while the lowest
hay yields were obtained from 60 and 75 cm row
spaces with 8.27 and 7.62 t ha” in averages of two
years. Hay yields obtained from 15 cm row spaces
increased 55.1 % in averages of two years to the
compared to that obtained from 75 cm row space. A
number of studies (Tuna 1994, Serin and Tan 1997,
Akdeniz and Andig 1998, Andi¢ 1995, Soya et al.
1997, Cupina et al. 1998, Hakyemez 2000, Tirk 2005)
recommended narrow row spaces (15-30 cm) for the
highest hay vyield in agreement with our findings. On
the other hand, Hanna et al. (1972), Altin (1982),
Kantar et al. (2000), Kadioglu (1977) proposed wider
rows (30-60 cm) for the highest hay yield.

The increase in seeding rates resulted in an
increase in hay yield. The highest hay yield was

achieved with 200 kg ha seedlng rate in average of
two years (10.50 t ha™ ). 40 kg ha” seedlng rate gave
the lowest hay vyield (8.76 t ha’ ). The difference
between the lowest and the highest seeding rates was
19.8 % in terms of hay yield (Table 4).

Depending on whether seed or fruit used for
sowing, dn‘ferent seeding rates were recommended
15-20 kg ha” of seed (Hanna et al., 1972), 30 kg ha
of seed (Glover and Melton, 1991) 40 kg ha™ of seed
(Cash et al. 1993) 79 kg ha™ of fruit (lvanovski et al.
1998) 80 kg ha™ of fruit (Serin and Tan 1997), 100 kg
ha” of fruit (Malanusenko et al. 1974 Kasymov and
Khodzhaev 1977), 100 150 kg ha™ of fruit (Erag and
Ekiz 1985), 165 kg ha of fruit (Jensen and Sharp,
1968) and 200 kg ha™ of fruit (Hakyemez 2000). The
variability observed from these studies suggests that
the seeding rate in this crop species is significantly
affected by agroecological growing conditions.

The effect of row spaces x seeding rates
interaction on hay yield was statistically significant in

Table 4. Average hay yields of sainfoin planted in different row spaces and seeding rates (t ha'1)

Row Spaces Seeding Rates (kg.ha™)
(cm) 40 80 120 160 200 Means
15 9.74 f-i 10.74 d-f 12.13 be 13.26 ab 13.23 ab 11.82a
30 1149 c-e 9.11 gl 11.56 cd 9.94 f-h 13.66 a 11.15a
45 8.62i-n 8.89 h-m 9.76 f-i 10.31 e-g 9.44 g 9.40b
60 6.96 q 9.41 g-k 7.75 m-q 8.37 j-0 8.86 h-m 8.27c
75 7.01pq 8.06 I-q 7.50 nq 8.21 k-p 7.32 0q 7.62c
Means 8.76 d 9.24 cd 9.74 bc 10.02 ab 10.50 a

Different letters indicate the significant differences at p <0.01 in LSD test.
LSD (0.01): Row spaces: 0.765, Seeding rates: 0.542, Row spaces x Seeding rates:1.213
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average of two years (Table 4). While there were no
statlstlcally significant difference between 160 and 200
kg ha” seeding rates in 15, 45, 60 and 75 cm row
spaces, there was a significant difference between 160
and 200 kg ha™ seeding rates in 30 cm row space.

Crude protein yields: The crude protein yields
exhibited a similar trend to hay yields. The increase in
row space caused a decrease in crude protein yield.
While the highest crude protein yield was obtalned
from 15 and 30 cm row spaces (1.73 and 1.70 t ha’ )
the lowest crude protein yield was obtained from 60
and 75 cm row spaces (1.20 and 1.13 t ha™) in
averages of two years (Table 5).

Crude protein vyield increased 53.4 % in
averages of two years as the row space decreased
from 75 cm to 15 cm. Our results are in agreement
with the findings of Akdeniz and Andi¢ (1998), Tosun
(1988), Altin and Tuna (1996), Andic and Ginel
(1996), Cupina et al. (1998), Cupina and Eric (1999),
Hakyemez (2000), Tirk (2005). On the other hand,
Serin and Tan (1997) reported that while the highest
crude protein yield (0.72 t ha ) was obtained in 48 cm
row spacing, the lowest crude protein yield (0.60 t. ha )
was produced in 12 cm row spacing in Erzurum
conditions.

In averag‘;es of two years, the lowest seeding
rate (40 kg ha™') gave the lowest crude protein yleld
(1.35tha™'), and the highest seeding rate (200 kq ha
gave the maximum crude protein yield (1. 55 tha”)

In a study performed in Yugoslavia Cupina and
Eric (1999) reported that the hlghest crude protein
yield was obtained from 180 kg ha treatment in 1995
and 1996 and from 140 kg ha” in 1997. Results of
another study carried out with four seeding rates (40,
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80, 120 and 160 kg ha”) in Erzurum conditions,
showed that while the Iowest crude protein yield was
obtained from 40 kg ha” treatment, the hlghest crude
protein yield was obtained from 80 kg ha" treatment
(Serin and Tan 1997).

The results of a research conducted with 100,
150 and 200 kg ha™ seeding rates, showed that the
hlghest crude protein yield was achieved W|th 150 kg
ha” treatment in first year, and 200 kg ha” treatment
in second year (Hakyemez 2000), confirming our
findings.

The effects of row space x seeding rate
interaction on crude protein yields were statistically
significant in averages of two years. The reason for the
significance of interaction is that while there were not
significant differences between 160 and 200 kg ha
treatments in other row spaces, there were hlghly
significant differences between 160 and 200 kg ha™
treatments in 30 cm row spacing (Table 5).

Correlation coefficients among characters in
sainfoin: Simple correlation coefficients among the
examined characters are shown in Table 6. Positive
and significant relationships existed between hay yield
and all its components. Similar results were reported
by other researchers (Tuna 1994, Andi¢ 1995, Cupina
and Eric 1999, Hakyemez 2000).

Conclusion

In conclusion, the results suggest that sainfoin
should be planted with 15-30 cm row spaces and at
160-200 kg ha™ seeding rate for hay production in
Southern Marmara Region or in regions having similar
ecological conditions.

Table 5. Average values of crude protein yields in sainfoin planted in different row spaces and seeding rates (t ha'1).

3 Seeding Rates (kg.ha™)
40 80 120 160 200 Means
15 1.40 f-i 1.64 de 1.72 cd 1.96 ab 1.95 ab 1.73 a
30 1.92 a-c 1.47 e-h 1.76 b-d 1.33 gl 2.03a 1.70a
45 1.34 g-l 1.34 g-k 1.41 i 1.55 d-f 1.49 e-g 1.43b
60 0.94 0 1.36 f+j 1.15k-n 1.27 h-m 1.30 gl 1.20c
75 1.15j-n 1.13 -0 1.07 m-o 1.25i-m 1.03 no 1.13c
Means 1.35c¢ 1.39 be 1.42 bc 1.47 ab 1.55a
Different letters indicate the significant differences at p <0.01 in LSD test.
LSD (0.01): Row spaces: 0.122, Seeding rates: 0.914, Row spaces x seeding rates:0.204
Table 6. Phenotypic Correlation Coefficients of Hay Yield Components in the Sainfoin
HY GMY CPY PH SN per m?
Hay Yield 1.000
Green Matter Yield 0.889* 1.000
Crude Protein Yield 0.888** 0.771** 1.000
Plant Height 0.539** 0.532** 0.735** 1.000
Stem Number per m? 0.662** 0.639** 0.612** 0.436™* 1.000

**Significant at 1% level of P
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