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A   B   S   T   R   A   C   T 

 

Birdsfoot trefoil (Lotus corniculatus L.); is a considerable component of natural 

meadow-rangelands and grassland, besides producing sufficient forage in 

environmentally restricted fields. In order to for increase birdsfoot trefoil 

cultivation, it is necessary to the sufficient quantity produce quality seeds. The 

information regarding the row spacing and seeding rate is important for achieving 

yield targets and better economic returns of birdsfoot trefoil. This study was 

carried out in order to determine the optimum row spacing and seeding rate for 

seed production of Sarıyıldız 60 variety that new registered in the semi-arid 

climate conditions of the Central Black Sea transition zone, where this plant was 

not grown before. The field experiment was conducted at the using a randomized 

complete block split-plot design with three replicates in 2017 to 2019 growing 

seasons. The study was tested four different (20,40, 60 and 80 cm) row spacings 

and (5, 10, 15 and 20 kg ha-1) seeding rates.  Results of connectedly analysis 

showed that row spacing and seeding rate application on that the effect of on seed 

yield and number of pods per plant, 1000 seed weight was significant statistically 

but didn’t have any significant effect on number of seed per pod and harvest 

index. The interaction between row spacing and seeding rate did not show any 

significant statistical be different on seed yield and yield components. In general 

accepted, the number of pods per plant, the number of seeds per pod, the weight 

of thousand seeds and the harvest index decreases with the increase in the seed 

rate in all row spacings. Results showed that seed yield increases with narrower 

row spacing. The mean data from the three years experimental showed that the 

highest seed yield was obtained with plants grown in 20-40 cm row spacing’s at 

a seeding rate of 10-15 kg ha-1 (248.0 and 257.0 kg ha-1).
s
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1. Introduction 

     For many crop growers, production guides are 

very important to help them be successful both 

agriculturally or economically. One of the most 

considerable the difficulty encountered in forage 

plants cultivation and meadow and pasture 

improvement is the inability to obtain sufficient 

quantity and quality seeds (Acıkgoz et al.,2002). 

     While not commonly grown in our country, 

birdsfoot trefoil produces high quality forage, that 

supports, animal performance from ruminant 

livestock, that are often superior to alfalfa or other 

forages. Birdsfoot trefoil (Lotus corniculatus L.) is 

a special perennial legume plant with a medium 

lifespan that grows in different geographical region 

of the world. It is a forage plant that is commonly 

used in different parts of the world and is mostly 

for fodder, silage and cover crop, or a managed 

pasture is grown in pure or mixed form (Hannaway 

et al., 2004; Anonymous, 2014). Birdsfoot trefoil is 

a quality forage with its high crude protein content 

(16.66-20.50 %) beside that as well low neutral 

detergent fiber (33.38-40.85 %) and acid detergent 

fiber content (28.4-38.4 %) in dry matter 

(Churkova et al., 2016). Concentrated tannins in 

the birdsfoot trefoil recude urinary N excretion and 

prevent bloat in ruminants, together with 

anthelmintic activity (Waghorn, 2008; 

Anonymous, 2014). Lotus corniculatus can tolerant 

some soil salinity,it thrives in area where alfalfa 

and other forage legumes cannot grow because of 

acid soil and humid soil (Hannaway et al., 2004; 

Anonymous, 2006; Anonymous, 2014). Birdsfoot 

trefoil is an N-fixing legume, contribute for 

wildlife, it is o good pollen plant for bees and 

bumble bees (Bush 2002; Hannaway et al.,2004). 

The difficulty of optaining consistently high yields 

of seeds has restriction the use of the birdsfoot 

trefoil importantly. The pods shattering are easily 

and the seeds often spill over (Fairey, 1994).  

Potential seed yield of the birdsfoot trefoil is 

estimated at 1200 kg ha-1 while the mean yields the 

global be below 200 kg ha-1(Turkington and 

Franco, 1980; Gullien, 2007). McGraw et al. 

(1986a) to test the plant’s seed yield have 

conducted a research in three apart geographic 

region and have determined that genotype with 

environment had important interactions between 

each other. The researchers, have concluded that 

the seeds yields test have to be conducted in the 

geographic region where the plant is trading zone 

cultivated. Brecke (1995) reported, low density or 

high-density of plant spacing may reason adverse 

influence, like diseases, weed and increased 

pressure from other plants.  

     Row spacing and seeding rates are two crucial 

factors that affect at plant production yield and 

yield components. In our country, little is known 

about the effects of interactions between these two 

factors on the amount of yield main elements and 

quality traits of birdsfoot trefoil.  

     This research, for recognize on the influence of 

plant density on the seed yield and some yields 

components of Lotus corniculatus and aims to 

determine the requsite optimum row spacing and 

seeding rate in order to obtain maximized high-

quality seed yield. The results obtained from this 

study can be used as guidelines the implementation 

to generalize Lotus corniculatus cultivation and to 

improve high-quality forage production. 

     2. Materials and Methods 

     The experiment was effected at during three 

growing seasons (2017 to 2019) at the region of 

Kazova (geographic latitude 40° 18’, longitude, 

36° 34’, altitude 585 m above sea level), to the city 

of Tokat. 

     The according to results from soil lab analysis 

the trial area soil: 

texture of medium heavy textured (clay-loam) 

structure and the total salt content of (0.028%) the 

soils is low. Soil pH (7.6) of the they are slightly 

alkaline (Anonymous, 1993). The textures of the 

soil samples are the medium-heavy (clayey-loamy) 

structure, and the total salt content of (0.028%) the 

soils is low. The plant-consumable phosphorus 

concentrations of soil samples (kg P2O5 13 ha-1) 

and organic matter content (% kg N 9 ha-1) was 

low.  Apart from this, lime content of the soil 

samples (kg CaCO3:77 ha-1) is optimum and the 

potassium content of (kg K2O: 813 ha-1) are high 

(Ulgen and Yurtsever, 1995). 

     Climate of Tokat-Kazova region; It has a 

transition climate between the Black Sea climate 

with the Central Anatolia region steppe climate. 

The spring last frost, summer and early spring 

droughts and increasing temperatures in the years 

of the experiment affect plant production 

negatively. The monthly average temperatures and 

maximum temperature averages of years in which 

the experiment was conducted, were higher than 

the temperature averages for previous years and 

were much lower in terms of minimum  
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temperatures. The field experiment had important 

less receive annual precipitation throughout the 

growing season as compared to the past. The 

experimental year and long-term average (1929-

2019) temperature, relative humidity and average 

rainfall values are shown in (Table 1). 
 

Table 1. Monthly lowest, highest and mean temperature, relative humidity and rainfallin values of the experimental 

years and long-term average (1978- 2018) * 

    Monthly mean temperature 

(˚C) 

Highest monthly temperature 

mean (°C) 

Lowest monthly temperature 

mean (°C) 

Years 
2017  2018  2019 

Long 

term 
2017 2018  2019 

Long 

term  
2017  2018 2019 

Long 

term  Months 

January  0.4 4.7 2.2 1.9 -13.5 -3.3 -14.5 -1.7 14.0 14.3 14.3 6.1 

February  2.7 7.4 5.9 3.5 -12.2 -5.2 -2.3 -0.7 21.4 21.6 16.6 8.2 

March 9.2 11.0 7.2 7.4 -4.2 -1.8 -3.5 2.4 23.8 28.1 20.4 13.0 

April 11.8 13.4 11.5 12.5 -2.7 -3.1 -0.3 6.6 29.5 30.0 27.6 19.0 

May 15.6 17.9 19.1 16.5 0.3 2.4 6.7 10.1 32.2 31.5 34.8 23.5 

June 19.8 21.3 23.1 19.9 5.4 6.4 14.9 13.1 34.3 36.7 33.5 26.8 

July 17.7 23.8 21.9 22.3 7.5 9.4 9.7 15.4 41.8 37.3 38.7 29.0 

August 24.5 22.7 22.4 22.4 12.8 9.8 12.2 15.6 39.4 36.7 38.0 29.7 

September 20.6 19.4 19.0 18.8 4.8 6.3 4.1 12.1 36.9 38.6 30.9 26.5 

October 11.9 15.7 15.9 13.7 0.2 2.8 5.9 8.1 29.3 28.3 31.3 20.7 

Novembe 6.2 9.2 7.0 7.9 -6.1 -1.7 -0.7 3.4 20.4 20.0 16.3 13.7 

December 4.8 5.1 5.3 3.8 -5.8 -8.9 1.3 0.2 17.9 15.0 10.1 7.8 

Total/ 

Mean 
12.1 14.3 14.3 12.6 -1.12 1.09 2.9 7.05 28.4 28.1 27.5 18.6 

Table 1 (continued). Monthly lowest, highest and mean temperature, relative humidity and rainfallin values of the 

experimental years and long-term average (1978- 2018) *  

 Monthly precipitation total 

(mm) 

Monthly relative humidity mean  

(%) 

Years/ 
2017 2018 2019 Long term 2017 2018 2019 

Months 

January  53.5 26.9 71.6 40.9 76.3 81.0 76.5 

February  3.3 9.9 14.7 33.8 66.2 75.6 67.0 

March 27.5 74.7 36.8 40.8 60.1 74.5 61.8 

April 32.6 4.3 63.5 54.2 58.2 63.4 65.2 

May 66.6 68.1 49.1 58.9 68.1 77.2 59.7 

June 102.4 46.6 26.2 38.2 71.3 71.3 63.4 

July 0.0 8.2 16.9 11.2 59.2 67.6 59.6 

August 0.7 4.5 52.2 5.6 62.7 63.1 63.0 

September 4.0 40.5 1.6 17.7 56.7 65.4 61.7 

October 31.3 39.6 3.7 39.3 73.3 69.3 70.6 

November 32.6 8.2 9.9 44.0 83.3 73.8 75.7 

December  44.6 49.4  47.1 86.3 80.4 82.4 

Total/ 

Mean 
399.1 380.9 346.2 431.7 68.5 71.8 65.0 

* Official climatology statistics, Directorate General of Meteorology. https://mgm.gov.tr› provinces-and-counties-

statistic

     Birdsfoot trefoil cultivar “Sarıyıldız 60” which 

was newly registered by our institute, was used as 

plant material in the field experiment. Cultivar is of 

erect or semi-erect growth characteristic. Cultivar 

has forage yield of 32.0/51.0 tons ha-1 under 

different conditions, while it has a seed yield that 

vary between 287 and 347 kg ha-1 (Karadag et al., 

2016; Çınar et al.,2016). 
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     The field experiment was conducted at using a 

randomized complete block split-plot trial design 

with three replications. In research were tested four 

different row spacing (20,40,60 with 80 cm) in the 

main plots and seeding rates (5, 10, 15 and 20 kg 

ha-1) in the subplots. 

     The field soil was applied 200 kg ha-1 

diammonium phosphate (It contains 18% nitrogen 

(N) and 46% phosphorus (P) as P2O5.) bottom 

fertilizer before sowing.  

     The birds foot trefoil “Sarıyıldız 60” cultivar 

was sowing with a in single file machine at a depth 

of 1.5-2.0 cm at 19 April 2016. Weed control was 

made hand hoe and mechanical rotary hoe during 

in the experiment. Field trials were conducted 

under precipitation dependent natural terms and 

conditions. Some components of yield were 

determined infield: number of pods per plant 

(counting on ten randomly selected plant from in 

the subplots), number of seeds per pod (was 

determined from a sample of 10 mature pods 

selected at randomized) each from in the subplots. 

The later mature pods were hand threshed and the 

seeds were cleaned, sieved and numbered in 

laboratory were determined. The seed yield was 

determined during the stage where 70 to 80% of the 

pods were return brown (Winch and Macdonald 

1960). Every sub-parcel was mowed in 5 to 7 cm 

height using a parcel weedeater. In the current 

study, twice yearly mowed were made for seed 

production in 2017 and 2019, a once cutting was 

made due to late spring frosts in if 2018. All the cut 

up plants materials were gathered by hand and 

dried exposure to natural weathering for during 4 

weeks. The air-dried haystack in sub-parcels was 

then threshing using a parcel thresher.  

     The seed yield every seed sample after was 

siffed using 11.2 and 2.5 mm siffers and cleaned 

using a portable fan set and weighed in laboratory 

were determine. The obtained seed weights were 

recorded in kg ha converted value. 

     The 1000 grain weight (g) was calculated by 

counting 4 repetitions of 100 seeds for each sub-

subject in the laboratory and multiplying by 10.  

The harvest index (%) was calculated as the 

percentage ratio of the total seed weight obtained 

from each subplot to the total dry biomass above 

ground (Garcia-Diaz and Steiner, 2014). 

     The obtained data statistical analysis was 

subjected to analysis of variance by the combined 

variance (Anova 2-Factor) analysis using. 

Resultant all significant of treatment means was 

grouped data using the Least significant difference 

test at 5% level of significance (Yurtsever, 2011). 

3. Results and Discussion 

    Seed Yield 

    When the row spacing and seeding rate were 

changed in the study, the differences between the 

seed yields were found to be significant (p<0.01) 

the experiment years. The highest seed yield 

(258.5kg ha-1) was found in 2017 and the lowest 

yield (142.6 kg ha-1) was determined in 2018 

(Table 2).  The late spring frosts in 2018 had a 

negative impact on seed yield and the yield 

components examined (Table 1). The results 

showed that both row spacing and seeding rate had 

a significant (p<0.01) influence on seed yield, and 

seed yield increases significantly with narrow row 

spacing but as row spacing increased, decreased 

yield. The highest seed yield was obtained with 

application of 20 and 40 cm row spacing (248.0 and 

257.0 kg ha-1) and 10 and 15 kg hectare seeding rate 

(230.3 and 231.0 kg ha-1) which are in the same 

group as statistically. Seed yield decreased 

significantly in 60 and 80 cm row spacings and in 

the applications of 5 kg ha-1 seed rate (183.0 and 

175.0 kg ha-1) (Table 2). The result there were no 

statistically influences of the row spacing x seeding 

rate interaction on seed yield. 

     In previous studies evaluating the response of 

the birdsfoot trefoil plant to various seed ratios and 

row spacing: 

     Seed yields of birdsfoot trefoil in USA range 

between 50 and 170 kg ha-1 (Fairey and Smith, 

(1999) in Uruguay between 120 and 150 kg ha-1 

(Garcia et al. 1991) and Argentina between 25 and 

150 kg ha-1 (Mazzanti et al., 1988).  Pankiw et al. 

(1977) found that the 'Leo' cultivar from Alberta, 

Canada produced the highest seed yield in narrow 

rows (15 cm) and at a seeding rate of 8.8 kg ha-1. 

Hare (1984) obtained maximum (86 to 88 g m²) 

seed yield in the first year of the experiment in 

populations of 22 to 33 plants/m² at row spacings 

of 0.30 or 0.45 m. It was determined that the seed 

yield decreased significantly at 66 and 133 m² 

densities and in rows with 0.15 m spacing. Vinc et 

al. (1985) noted that although seed yield could 

potentially go up to 750 kg ha-1 the average yield in 
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Ontario was about 110 kg ha-1 meaning 85% was 

lost due to seed coat fragmentation. According to 

McGraw et al. (1987) reported, the average seed 

yield of birdsfoot trefoil vary 50-175 kg ha-1 or 

about 100 kg ha-1.  Bologna et al. (1996) reported 

that the seed yield various from 45.8- 65.1 (g/m2) 

and 1000 seed weight 1.385-1.528 (mg). Vojin et 

al. (2001) obtained 272 kg ha-1 birdsfoot trefoil 

seed yield in Banja Luka region. Churkova (2006) 

reported that the seed yield varied between 185-313 

kg ha-1 and the highest seed yield (313 kg ha-1) was 

obtained from the K-30 variety. In the study by 

Stevovic et al. (2013) sowed birdsfoot trefoil 

varieties using 10 kg ha-1 seeds at 20 cm row 

spacing, Rocco variety (408.6 kg ha-1), K-37(85 kg 

ha-1) and It has been reported that it has a 

significantly higher seed yield than the Zora variety 

(54 kg ha-1). Karadag et al. (2016) reported that the 

seed yield ranged between 280-347 kg ha-1 and 

Cınar et al. (2016) reported ranged between 243-

287 kg ha-1 in their study conducted in different 

locations. Stevovic et al. (2017) reported the pre-

sowing seed inoculation of with bacteria M. loti, 

had significant influence on the seed yield and 

yield components and the seed yield ranged 

between 1186 with 1422 kg ha-1 Ozpınar et al 

(2019) determined that the seed yields ranged 

between 97-234 kg ha-1. Seaney and Henson (1970) 

reported that seed shattering pod is a be important 

problem in lotus, and the gap between theoretical 

and actual seed yield is very large and seed yield of 

Lotus corniculatus vary between 50-560 kg ha-1. 

Steiner et al. (1995) reported that the seed yield of 

perennial leguminous plants is determined firstly 

by the plant’s genetic basis, which was followed by 

ecological factors, first harvest time, presence of 

insects and pollinators and the interaction between 

genotype and environment. Basic (2014), Delic 

(2014) have reported that the ecological factors, 

plant cultivation techniques, biotic factors (host 

plant, vegetation, plant diseases and insect pest) are 

important. 

 
Table 2. Effect of years row spacing and seeding rate birdsfoot trefoil seed yield 

Years 

Row spacing (A) 

2017 

 Seed yield  

(kg ha-1) 

2018  

Seed yield 

( kg ha-1) 

2019  

 Seed yield 

( kg ha-1) 

Avarage of 3 Years 

Mean for the period (kg ha-1) 

20 cm 

40 cm 

279.4 

311.5 

164.0 

167.0 

301.0 

294.0 

248.0a 

257.0a 

60 cm 203.5 134.0 213.0 183.0b 

80 cm 239.2 106.0 179.0 175.0b 

F-test ** * ** ** 

Lsd value 2,19 4,46 1,22 3.16 

Seeding rate (B)     

5 kg ha-1 229.7 1310 181.0 181.0b 

10 kg ha-1 281.3 152.0 267.0 230.3a 

15 kg ha-1 276.0 148.0 270.0 231.0a 

20 kg ha-1 246.7 139.0 271.0 219.0a 

F test ** ns ** ** 

LSD value 1,86 2,33 1,50 1.87 

Coefficient of variation. CV(%) 11.9 19,4 21.0 18.4 

AXB ns ns ns 3.74 ns 

Years yield 258.5a 142.6b 247.7a 216.2 

Years*Row spacing: 0.05 ns, lsd: 5.47, Years*Seeding rate: 0.05** lsd:3.24, Years*Row spacing* Seeding rate: ns 

     Components of seed yield 

     The combined results obtained from the analysis 

of variance showed that the influence of year on the 

examined yield main component was statistically 

significant (P<0.01). The influence of row spacing, 

seeding rate, row spacing x seeding rate, year x row 

spacing, year x seeding rate and year x row spacing 

x seeding rate interactions on studied 

characteristics are presented in Table 3.   
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Table 3. Effects of years row spacing and seeding rate on birdsfoot trefoil seed yield components 

 Number of pods per plant Number of seeds per pod 

Years 2017 2018 2019 Mean 2017 2018 2019 Mean 

Row spacing A         

20 cm 85.70b 42.71 101.2ab 76.6b 20.7 16.2 24.1 20.3 

40 cm 122.02a 56.91 125.2a 101.3a 20.5 17.2 24.7 20.8 

60 cm 93.5b 41.79 97.9ab 77.7b 20.5 18.1 23.4 20.7 

80 cm 82.3b 44.65 82.6b 69.8b 20.1 16.1 23.4 19.9 

F-test * ns ns ** ns ns ns ns 

LSD value 22.3 17.20 34.9 12.9 1.28 2.93 2.77 1.17 

Seeding rate B         

5 kg ha-1 110.2a 53.6a 105.3a 89.7a 20.6 17.1 24.6 20.7a 

10 kg ha-1 101.7a 47.9ab 113.7a 87.8a 20.5 17.9 24.2 20.9a 

15 kg ha-1 93.3ab 44.8ab 98.8ab 79.0b 21.2 16.4 24.4 20.6a 

20 kg ha-1 78.1b 39.5b 89.1b 68.9c 19.4 16.2 22.5 19.4b 

F-test * * * ** ns ns * ns 

Lsd value 19.43 9.34 15.7 8.6 1.89 2.77 1.71 1.21 

Coefficient of variation CV (%) 24.0 23.8 18.0 22.4 10.9 10.5 8.0 12.6 

AXB ns ns ns ns ns ns ns ns 

Years 95.87a 46.52b 101.78a 81.39 20.47 16.93c 23.94a 20.44b 

 

Table 3 (continued). Effects of years row spacing and seeding rate on birdsfoot trefoil seed yield components 

 Thousand-seed weight (g) Harvest index (%) 

Years 2017 2018 2019 Mean 2017 2018 2019 Mean 

Row spacing A         

20 cm 0.96 1.04 1.25ab 1.09ab 1.80ab 4.93 2.28 3.00 

40 cm 1.08 1.13 1.29a 1.17a 1.83a 4.72 2.14 2.90 

60 cm 1.00 1.03 1.20bc 1.08ab 1.24c 4.98 1.70 2.64 

80 cm 0.96 1.01 1.15c 1.04b 1.44bc 3.92 1.47 2.27 

F test ns ns * ** * ns ns ns 

LSD value 0.10 0.19 0.07 0.06 0.37 1.13 2.30 0.73 

Seeding rate B         

5 kg ha-1 1.06a 1.08 1.23 1.11 1.44b 4.87 1.54b 2.75 

10 kg ha-1 1.00ab 1.04 1.22 1.09 1.67a 4.61 1.95a 2.83 

15 kg ha-1 0.94c 1.06 1.22 1.08 1.74a 4.68 2.06a 2.62 

20 kg ha-1 1.00bc 1.03 1.21 1.08 1.45b 4.39 2.03a 2.75 

F test ** ns ns ns ** ns * ns 

LSD value 0.05 0.06 0.05 0.03 0.17 0.70 0.37 2.26 

Coefficient of variation CV (%) 6.6 7.5 4.0 6.3 12.8 18.0 23.6 20.7 

AxB  ns ns ns ns ns ns ns  

Years 1.01b 1.06b 1.23a 1.10 1.54b 4.64a 1.90b  

*- F test significant at p<0.05;**-F test significant at p<0.01;ns-F test not significant

     

     Evaluation made; showed that the influence of 

row spacing and seeding rate on the number of pods 

per plant and 1000 seed weight was quite 

significant (P <0.01). The number of seeds per pod 

and the harvest index were not statistically affected 

by the variability in row spacing and seeding rate. 

 

     The number of pods per plant 

     The number of pods per plant studied is a trait 

directly related to seed production. In the research 

conducted, the highest number of pods per plant 

(101.8 pod/plant) was determined in 2019 and the 

lowest (46.5 pod/plant) in 2018 (Table 3)
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     The maximum number of pods per plant was 

obtained by applying 40 cm row spacing and 5-10 

kg ha-1 seeding rates, lowest pods per plant by 

applying 80 cm row spacing and 20 kg ha-1 seeding 

rates (Table 3). 

     The number of seeds per pod 

     The number of seeds per pod created 

statistically significant (p<0.01) differences 

between the experimental years. The highest (23.9 

seeds/pod) number of seeds per pod were 

determined in 2019, and the least (16.9 seeds/pod) 

in 2018. 

      In terms of the number of seeds in the pod, the 

application of row spacing and sowing rate did not 

have a statistically significant influence while the 

highest number of seeds per pod in 10 kg ha-1 

seeding rate at 40 cm row spacing and at least of 

were determined in the application of 20 kg ha-1 

seeding rate at 80 cm row spacing. (Table 3). 

     Thousand seed weight 

     Thousand seed weight is a considerable matter 

of seed quality, grain seed size and seed viability. 

The combined results obtained from the analysis of 

variance shoved that the effect of year and row 

spacing on thousand seed weight was quite 

significant (P<0.01), while the application of 

seeding rate insignificant influence.  The thousand 

seed weight highest with 1.23 g was determined in 

the last year of the experiment, while the lowest 

(1.01 g) was obtained in the first year. The highest 

thousand seed weight is obtained 40 cm row 

spacing and 5 kg ha-1 seeding rate application, 

while the lowest is obtained 80 cm and 15-20 kg ha-

1 seeding rate application determined (Table 3).  

     Harvest index  

     Harvest index (HI) is determined by interactions 

between genotypes, ecological factors and 

cultıvation techniques. The effect of row spacing 

and seeding rate applications on the harvest index 

was statistically insignificant. However, the 

differences establish between years were 

statistically significant. The highest harvest index 

(4.6%) value was determined in the second year of 

the experiment, while the lowest (1.5-1.9%) value 

was determined in the first and last years of the 

experiment. Although the application of row 

spacing and seeding rate did not have a statistically 

significant effect, the harvest index tended to be 

low except for applications with 20-40 cm row 

spacing and 10 kg ha-1 sowing ratio (Table 3). 

     Hare (1984) emphasized that the weight of pods 

per inflorescence, seeds per pod and 1000 seeds 

was not affected by row spacing and population 

density. Vınc et al. (1985) reported that the weight 

of one thousand seeds in the birdsfoot trefoil varied 

between 0.78-1.26 g. In a study by McGraw et al. 

(1986b) the harvest index decreased as the plant 

population density increased, while plant 

population densities required for optimum seed 

production (19.0 plants/m²) were required for 

optimum hay production (26.5 plants/m²). 

Therefore, it was emphasized that lower seed 

sowing rates could be used in the establishment of 

seed production fields. Chourkova (2006) reports 

have number of pods per plant range between 49.4-

172.2 number seeds per pod 15.9-25.4 varies 

between. The same study reports a high positive 

correlation were be found between the number 

racemes per plant with number of pods per plant 

and number seeds per pod in seed productivity.  

     Vuckovic et al. (2006) determined that average 

number of seeds per pod vary between 8.4-12.9 and 

18.3-25.6 in the collected populations. Ayres et al. 

(2008) determined that the average number of 

thousand seed weight vary between 0.72-1.17. 

Churkova and Lıngorskı (2011) reported that 

number of seeds per pod was least 10.8, highest 

26.4 and the weight of 1000 seeds was lowest 1.09 

and highest 1.38 g. Gataric et al. (2013) determine 

that number of pods per plant vary between 257.8-

566.6 the number of seeds per pod 12.4-20.3 the 

thousand-seed weight vary between 1.01-1.26 g. 

Stevovic et al. (2017) report that number of seed 

per pod was 22.7-24.6 piece and thousand seed 

weight was 1.16-1.27 and that seed yield was in 

positive correlation with these values. Garcia-Diaz 

and Steiner (2014) reported that the harvested seed 

yield vary between 130 and 790 kg ha-1 and the 

harvest index varies between 1.5 and 13.6% by 

applications and years. Radic et al. (2014) 

concluded that number of pods per plant varies 

between 361 with 960, one thousand seed weights 

in the plant collection samples various from 0.87 g



Turkish Journal of Range and Forage Science, 2022, 3(1): 1-10                                                                              

 

8 
 

to 1.32 g. Ozpınar et al. (2019) it was determined 

that 1000 seed weight vary between 1.04-1.21 g. 

     4. Conclusions 

     Generating reliable information on some 

agronomic practices such as appropriate row 

spacing and seeding rate is quite considerable to 

come up with profitable and sustainably birdsfoot 

trefoil production. The results of the present study 

demonstrated that birdsfoot trefoil can be 

successfully grown in the under rain-dependent 

agriculture in the Tokat-Kazova region and similar 

agro-ecological conditions, reaching yields. This 

experiment result showed:  

     1-The effects of row spacing and seeding rate on 

seed yield and number of pods per plant, thousand-

seed weight were also found to be significant of 

birdsfoot trefoil. The effects of different row 

spacing and seeding rates on number of seeds per 

pod and harvest index ratios were found to be 

insignificant. 

     2-The effect of row spacing x seeding rate 

interaction on seed yield and character traits was 

not influence significant. 

     3- Based on these data, it is recommended that 

birdsfoot trefoil Sarıyıldız 60 cultivar production in 

the Tokat-Kazova region and similar agro-

ecological conditions use 20 or 40 cm row spacing 

and seed 10 kg ha-1.  

     4- Besides that the results of this test indicate 

that narrow row spacing (20-40 cm) has positive 

effects on weed control. 

     Acknowledgments 

     The project was funded by the Ministry of Food 

Agriculture and Livestock General Directorate of 

Agricultural Research and Policies, Republic of 

Türkiye. TAGEM/TBAD/16/A03/P01/002. 

References 

Açıkgöz, E., R. Hatıpoğlu., S. Altınok., C. Sancak., A. 

Tan., D. Uraz. 2002. Forage Crops Production 

and Its Problems www. Zmo. Org. tr/ images/ 

appendix/f6caf1f0ba788cd_ek, pdf?tipi=14 

Accessed: December 10,2014 

Anonymous. 1993. Soil Survey Division Staff.  “Soil 

survey manual.” Soil Conservation Service. 

U.S. Department of Agriculture Handbook 18. 

Anonymous. 2006. Birdsfoot Trefoil. Sustainable 

Agriculture Research & Education Program 

(SEREP). A program of UC Agriculture & 

Natural Resources. Web www.feedipedia.org 

UC. Davis. https://ucanr. 

edu/sites/asi/db/covercrops.cfm cropid=7 

Accessed: December 10,2014 

Anonymous. 2014. Grassland Index. A Searchable 

Catalogue of Grass and Forage Legumes. 

Food and Agriculture Organization FAO 

Rome, Italy 

http://www.fao.org/ag/AGP/AGPC/doc/GBA

SE/commonnames/commonsearch.htm/ 

Accessed: December 10,2014 

Ayres J. F., W. M. Kelman., S. G. Wiedemann., L. A. 

Lane and B. E. Mc Corkell. 2008. Developing 

birdsfoot trefoil (Lotus corniculatus L.) 

varietieS for permanent pasture applications 

in low latitude regions of eastern Australia. 

Australian Journal of Experimental 

Agriculture, 2008, 48, 488–498 

10,1071/EA07114 0816-1089/08/40488 

www.publish.csiro.au/journals/ajea 

Basic, M. 2014. Application of pre-sowing inoculation 

of seed in the legume production, Diploma 

thesis, Faculty of Agriculture in Osijek 

(Croatia), pp. 8. 

Brecke, B.J. 1995. Management of weeds. In: Peanut 

Health Management (Plant Health 

Management Series) Paperback – August 15, 

1995 by H. A. Melouk (Author, Editor), F. M. 

Shokes (Editor) Item No. 42031 

Bologna J.J., J.S. Rowarth., T.J. Fraser and G.D. Hill. 

1996. Management of birdsfoot trefoil (Lotus 

corniculatus L.) pastures for productivity and 

persistence proceedings agronomy society of 

N.Z. 26. 1996 s:17-21 

www.agronomysociety.org.nz› uploads› files› 

1996...pdf 

Bush, T. 2002. Birdsfoot trefoil. Plant Fact Sheet. 

USDA, NRCS, Rose Lake Plant Materials 

Center, East Lansing, Michigan 

http://plants.usda.gov/factsheet/pdf/fs_loco6.

pdf   Accessed: December 10,2014 

Chourkova, B. 2006. Investigation of birdsfoot trefoil 

(Lotus corniculatus L.) populations and 

varieties grown in central northern Bulgaria. 

Bulg. J. Agric. Sci., 12: 455-460 

Churkova, B., V. Lingorski. 2011. Characterıstıcs of 

varıetıes and populatıons bırdsfoot trefoıl for 

seed yıeld under the soıl and weather growıng 

condıtıons of the Troyan regıon Banat’s 

Journal of Biotechnology 2-4 Available on-

line at http://dse.usab-tm.ro  

Churkova, B., T. Bozhanska., Y. Naydenova. 2016. 

feedıng value of bırd's–foot trefoıl (lotus 

cornıculatus l.) cultıvar under condıtıons of 

the central northern part of Bulgarıa. Banat’s 

Journal of Biotechnology. DOI: 

10.7904/2068–4738–VII(14)–38-45



Turkish Journal of Range and Forage Science, 2022, 3(1): 1-10                                                                              

 

9 
 

Çınar, S., Y. Karadağ., T. Taşyürek., S. Gökalp., M. 

Özkurt. 2016. The determination of yield and 

quality of some perennial forage cultivars 

under Sivas ecological conditions.  Research 

Instıtute for Field Crops 2016, (research 

article) volume: 25 Issue: specıal ıssue-

2):213-218. 

Delic, D. 2014. Rhizobial bacteria in agricultural 

production of legumes, publisher: ınstitute of 

soil science, Belgrade, andrejevic foundation, 

Belgrade, 100. 

Faırey, D.T. 1994. Seed production in birdsfoot trefoil, 

Lotus spp.. a review some limiting factors. p. 

81-85. In Beuselınck P.R. and Roberts C.A. 

(Ed.) Proceedings of the first ınternational 

lotus symposium. 22-24 March, 1994. 

Missouri, USA 

Faırey, D. T and R. R. Smıth. 1999. Seed production in 

birdsfoot trefoil, Lotus species. ın: trefoil: the 

science an technology in Lotus. CSSA special 

publication number 28. USA pp:145-166. 

Gatarıc, D., V. Radıc., B. Duric., M. Sarıc., Z. Colovıc 

and B. Petkovıc. 2013. Morphometric 

characteristics of lotus corniculatus L. 

genotypes. African Journal of Biotechnology 

vol. 12(35), pp. 5423-5426, 28 August.  doı: 

10,5897/ajb12.2302 ıssn 1684-5315 ©2013 

academic journals 

http://www.academicjournals.org/ajb 

Accessed: December 10,2014 

Garcia-Diaz C.A and J.J. Steiner. 2014. Seed 

physıology, productıon & technology 

birdsfoot trefoil seed production: ın. plant-

water status on reproductive development and 

seed yield. published in crop sci. 40.449–456 

(2000) www.researchgate.net› 2704. (pdf) 

Birdsfoot trefoil seed production Accessed: 

December 10,2014 

Garcıa, J., M. Rebuffo., F. Formoso and D, Astor. 1991. 

Producción de semilla forrajeras: tecnología 

en uso. [Forage seed production: tecnology in 

use] serie técnica Nº 2. Inıa, Colonia, 

Uruguay. 40 pp. [Spanish] 

Guillen, R. 2007. Considerations in Lotus spp. seed 

production. Lotus newsletter, Argentina, Vol. 

37, 47-51. 

Hannaway, D., C. Larson., D. Myers and M. Cool. 

2004. Forage fact sheet: orchard grass. forage 

ınformation system. 

http://forages.oregonstate.edu/php/fact_sheet

_print_grass.php? SpecID=5&use=Forage 

(Accessed December 10,2014). 

Hare, M. D. 1984. Grasslands Maku” Lotus (Lotus 

pedunculatus (Cav.) Seed production: 2. 

effect of row spacings and population density 

on seed yields. Journal of Applied Seed 

Production, 2, 65-68. 

Karadağ, Y., S. Çınar., T. Taşyürek., S. Gökalp., M. 

Özkurt. 2016. The determination of yield and 

quality of some perennial forage genotypes 

under Kazova-Tokat ecological conditions 

Journal of Field Crops Central Research 

Institue (special issue-2) 25: 206-212. 

Mazzantı, A., L. Montes., D. Mıñon., H. Sarlangue and 

C. Cheppı. 1988.Utilización del Lotus tenuis 

en establecimientos ganaderos de la Pampa 

Deprimida: resultados de una encuesta. 

[Utilization of Lotus tenuis in beef farms of 

Pampa Deprimida: survey results] Revista 

Argentina de Producción Animal, 8(5), 357-

376. [Spanish] 

McGraw, R. L., P. R. Beuselinck and K. T. Ingram. 

1986. plant population density effects on seed 

yield of birdsfoot trefoil. Crop Sci., 78:201-

205. 

https://doi.org/10.2134/agronj1986.00021962

007800010040xCitations: 9  

Mc Graw, L.R., R.P. Beuselinck., R.R. Smith. 1986b. 

Effect of latitude on genotype x environment 

ınteractions for seed yield in birdsfoot trefoil. 

Crop Science, 26(3), 603-605. 

McGraw, R.L and P.R. Beuselınck. 1987. Seeding rate 

effects on birdsfoot trefoil seed yields and 

plant population density. Journal of Applied 

Seed Productıon, vol. 5 41-44. 

Özpınar, H., M. Avcı., A. Acar., S. Aksu., İ. Niksarlı., 

F. İnal., E. Ay., İ.İnal., F. D. Gündel., 

A.Aktaş., R. Hatipoğlu. 2019. Determination 

of yields of bird's-foot trefoil (Lotus 

corniculatus l.) genotypes under 

mediterranean climatic conditions Anadolu, J. 

of aarı ıssn: 1300-0225 (print) e-ıssn: 2667-

6087 (online), 29 (1): 15-24 doı: 

10.18615/anadolu.568782 

Pankıw, P, S. G. Bonın., J. A. C. Lieverse. 1977. Effects 

of row spacing and seeding rates on seed yield 

in red clover, alsike clover and birdsfoot 

trefoil. Can. J. Plant Sci. 57: 413-418. 

Radıc,V., S.Vuckovıc.,D. Gatarıc., S. Prodanovıc., M. 

Drınıc., A. Kralj., D.Pajcın. 2014. 

Characterization of birdsfoot trefoil (Lotus 

corniculatus L.) genotypes from the local 

population in Bosnia and Herzegovina June 

2014 Bothalia- African Biodiversity and 

Conservation 44(6):98-105 

Seaney, R.R and P.R. Henson. 1970. Birdsfoot trefoil. 

In N.C. Brady (ed.) Advances in Agron. 22:1–

30. Acad. Press, Inc. New York. 

Steiner, J.J., J.A. Leffel., G. Gingrich., S. Aldrich-

Markham. 1995. Red clover seed production: 

ııı effect of herbage removal time under varied 

environments. Crop Science, 35, 1667-1675. 

Stevovıc, V., D. Lazarevıc., D.Tomıc., R. 

Stanısavljevıc., D. Durovıc. 2013. Seed yıeld 

of bırdsfoot trefoıl (Lotus corniculatus L.)



Turkish Journal of Range and Forage Science, 2022, 3(1): 1-10                                                                              

 

10 
 

cultıvars ın the year of establıshment. ıv 

ınternational symposium Agrosym 

2013“10.7251/agsy1303346S 346-350 

Stevovıc, V., D. Lazarevıc., D. Dalibor Tomıc., D. 

Delıc., D. Durovıc. 2017. Pre-sowıng seed 

ınoculatıon ın the bırdsfoot trefoıl seed 

productıon Agrofor ınternational journal, vol. 

2, ıssue no. 1, 2017 original scientific paper 

10,7251 /agreng1701041s udc 631.53.01/.027 

Turkington, R., G. D. Franco. 1980. The biology of 

Canadian weeds. 41 Lotus corniculatus, 

Canadian J. of plant sci.,60, pp. 965-979. 

Ülgen, N., N. Yurtsever. 1995. Türkiye fertilizer and 

fertilization guide (4th edition). T.C. Prime 

Ministry General Directorate Rural Services, 

Soil and Fertilizer Research Institue 

Publications no:209, Tecnical puplications 

no: T.66,s. 23 0, Ankara.  

Vojin, S., D. Gataric., Z. Lakic., D. Markovic. 2001. 

The yield of forage and seed varieties 

domestic foot trefoil. archive of agricultural 

sciences, 62, pp. 53-60. [in Serbian] 

Vuckovic, S., I. Stojanovic., S.Prodanovic., B.Cupina., 

T. Zivanovic., S. Vojin and S. Jelacic. 2006. 

Morphological and nutritional properties of 

birdsfoot trefoil (Lotus corniculatus L.) 

autochthonous populations in Serbia and 

Bosnia and Herzegovina genetic resources 

and crop evolution (2007) 54.421–428 

óspringer 2006.  doı 10.1007/s10722-006-

0004-6 

Waghorn, G. C. 2008. Beneficial and detrimental 

effects of dietary condensed tannins for 

sustainable sheep and goat production- 

progress and challenges. Anim. Feed Sci. 

Technol., 147 (1/3): 116-139 

https://doi.org/10.1016/j.anifeedsci.2007.09.0

13 

Winch, J.H. and H.A. Macdonald. 1961. Flower pod 

and seed development relative to the tımıng of 

the seed harvest of Vıkıng bırdsfoot trefoıl 

(Lotus corniculatus). Canadıan Journal of 

Plant Scıence Volume 41, Number 3, July 

1961 s:523-532 //cdnsciencepub.com › doi › 

pdf › cjps61-079 Accessed: 12.02.2022 

Yurtsever, N. 2011. Experimental Statistical Methods. 

The Ministry of Agriculture and Rural 

Affairs. Ankara. 

 


