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Effect of some agronomy factors on the cooking properties of lentil seeds (Lens culinaris 
Medic L.)

G. Milev*

Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract. A three-year trial was carried out in the trial field of Dobrudzha Agricultural Institute with lentil cultivar Elitsa. The aim of the trial was to assess the 
cooking properties of seeds according to the mineral fertilization and bacterial treatment, the sowing rates and the meteorological conditions during the period 

2of plant growth. Three sowing rates (300, 350, 400 g.s./m ) and four nitrogen fertilization norms (N ,  N ,  N , N  kg/ha) were tested against phosphorus 0 30 50 90

background of 60 kg/ha. The inoculation with the Rhizobium product Nitragin was done by pre-sowing slurry treatment of seeds. The laboratory analyses 
revealed that the cooking properties of seeds were affected most by the meteorological conditions during the growth period, followed by nitrogen fertilization 
and the sowing rate. Bacterial treatment of lentil also had a positive effect on the cooking properties of seeds.

Keywords: protein content, water absorption, cooking time, taste.
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The production potential of the cultivar was followed on four Introduction
levels of mineral fertilization (N P , N P , N P , N P , active matter 0 0 30 60 60 60 90 60

2kg/ha) and three sowing rates (300, 350, 400 germinating seeds/m ). The cooking properties of lentil depend on many factors, 
The trial was designed by the split plot method, the size of the primarily on the variety, the growing conditions (Derbyshire, 1985), 

2harvest plot being 12 m , in four replications of the variants. Lentil and naturally the agronomy practices used (Totev et al., 1983). The 
was sown with plot seeder in the middle of March, which is the number of harvested plants and mineral fertilization are among the 
optimal term for this crop in this agro-ecological region. Lentil was most important elements of the technology of lentil growing. By 
sown in narrow rows with row spacing 12 cm. The previous crop was optimizing the first factor the aim is to find the most suitable nutrition 
wheat treated with low nitrogen norms (60 kg/ha). Harvesting was areas and to create favorable phytosanitary and other conditions 
done in two stages: manual mowing followed by threshing with micro (Dimitrov, 1981; Totev et al., 1983; Ali-Khan and Kiehn, 1989; Silim еt 
combine harvester. All other agronomy practices not directly related al., 1990). Among the macro elements, nitrogen and phosphorus 
to the aim of this trial were in accordance with the technology of lentil play an essential role for formation of yield and the cooking 
cultivation adopted in this region (Totev et al., 1983). properties of seeds (Petkova, 1987). Bacterial treatment with 

For the purposes of this investigation, the following indices were Rhizobium also contributes to higher yield and protein in seeds 
read: protein content in seeds, percent of seed coat, water (Dawson, 1970). Therefore it is especially important to determine the 
absorption, cooking time and taste of seeds. Protein content was optimal quantitative norm of these two factors so that a given variety 
calculated through multiplying the nitrogen content in seeds by can fully realize its productive and quality potential. The aim of this 
coefficient 6.25. The soil in the trial field was slightly leached investigation was carried out in two stages. The first stage 
chernozem, the content of the plow layer being the following: humus determining the effect of the sowing rate, mineral fertilization and the 
3.30 % (according to Tyurin), pH - 5.55, mineral nitrogen 12.1 year conditions on seed yield (MIlev and Mihov, 2005), the second KCl 

stage determining the effect of the above factors on the cooking mg/1000 g, mobile forms of phosphorus and potassium 5.35 and 22 
properties of the seeds of the new lentil cultivar Elitsa developed at mg/100 g, respectively (according to Ivanov, 1984). The Rhizobium 
DAI under the conditions of Dobrudzha region. This paper presents bacteria on this crop (Rhizobium leguminosarum biovar. viceae) 
the results of the second stage. were widespread in the soil of the trial field and possessed very good 

nitrogen-fixation ability.
The amount of vegetation rainfalls (March – June) as a factor for 

formation of the cooking properties of seeds was close to the norm Material and methods
required by this crop during the first year. The vegetation rainfalls 
during the second year of the investigation were scarce but yields During 2002 – 2004 a field trial with the new lentil cultivar Elitsa 
were nevertheless normal due to the very good autumn-and-winter (Lens culinaris Medic L.) was carried out at DAI. The cultivar is 
moisture reserve in soil. The amount of vegetation rainfalls in 2004 medium early, with plant height 37.5 cm. Pods are short, yellow to 
exceeded the requirements of the crop (Table 1). The daily mean air brown at maturity. Seeds are small to medium large, disk-shaped, 
temperatures during flowering and pod filling averaged for the three-with diameter 5.6 mm. Seed coat is grey-brown and cotyledons are 

oyear period of study varied within narrow range: from 18.2 to 19.1  C yellow. Thousand seed weight is 38.7 g. The cooking properties of 
and did not differ significantly from the long-term values. Extreme the seeds are very good. The resistance to the important economic 
high temperatures accompanied with low atmospheric humidity diseases is high. 

* e-mail: gencho_milev@yahoo.com
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during flowering were not registered during the period of 
investigation.

The results obtained in this study were subjected to statistical 
analysis with the aim to determine the lowest significant differences 
and correlations (SPSS 13.0 for Windows).

Results and discussion

Averaged for the three-year period of investigation, the protein 
in the seeds of the lentil cultivar was 28.3 % regardless of the trial 
variant (Table 2). Protein content was highest in 2004 (30.4 %) and 
lowest in 2003 (26.8 %). The effect of the sowing rate in the range 
specified above was low and not significant (Table 3). The effect of 
fertilization was better expressed and significant in a positive 
direction in the variant with fertilization norm N P  Bacterial 90 60.

treatment had low positive effect although not statistically significant. 
Highest effect on the analyzed index had vegetation rainfalls in the 
respective year. During the third year of the trial they were highest 
(191.5 mm) and protein content was respectively highest (30.4 %). 
The correlation rainfalls: protein percent was high: r=+0.796. The 

50.4
18.8
40.4
42.0

151.6
269.4

3 years

48.2
45.4
49.6
74.1

217.3
230.8

49 years

Averaged for

103.4
36.2
9.1

25.8
174.5
237.9

23.5
17.9
18.3
29.0
88.7

295.1

24.4
2.2

93.7
71.2

191.5
275.3

Month

March
April
May
June
Sum for March - June
Autumn-and-winter rainfalls, October - March 

Year

2002 2003 2004

Table 1. Amount of vegetation rainfalls, mm

N Р90 60

N Р0 0

N Р30 60

N Р60 60

N Р90 60

N Р30 60

N Р60 60

N Р0 0

N Р0 0

N Р30 60

N Р60 60

N Р90 60

Sowing density, germinating 
2seeds/m  

Mean 
fertilization

Fertilization
 kg/ha

Table 2. Protein in the seeds of lentil cultivar Elitsa according to nitrogen fertilization, sowing rate and bacterial 
treatment with Rhizobium, % 

300

Mean density

350

Mean density

400

Mean density
Averaged for 3 years

350

Year

2003 20042002

27.0

28.3

28.5

29.0

30.4

29.9

25.9

26.8

27.0

26.1
28.230.326.328.1
27.730.726.825.7
28.531.727.326.6

30.426.526.6
28.130.026.827.6
27.830.526.026.9
28.531.126.927.4
29.530.827.730.0

30.626.827.9
28.530.126.828.5
28.229.826.128.7
28.330.027.727.2
29.230.527.829.4

30.127.128.4
27.7

28.5

-
-

Bacterial treatment with Rhizobium

Factors D ±%

2 A. Sowing rate, g.s./m
     300-check
     350
     400

27.9
28.5
28.6

-
NS+0.6
NS+0.7

B. Fertilization 
     N P check0 0 

     N Р30 60

     N Р60 60

     N Р90 60

Bacterial treatment

27.9
28.1
28.2
29.1
28.5

-
NS+0.2
NS+0.3

+1.2**
NS+0.6

C. Year
     2002 check
     2003
     2004

27.7
26.8
30.4

-
-0.9*

+2.7***

*,**,*** - LSD at p <0.05, p<0.01 and p<0.001, NS – 
not significant 

Table 3. Dispersion analysis of protein in the seeds of 
cultivar Elitsa 
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vegetation rainfalls in 2004, besides being most abundant, were also absorption of the seeds. The lower this percent, the higher the 
well distributed during the developmental stages of the crop: subjective perception of good taste is. It is also considered that 
vigorous vegetative growth in May and reproductive organ seeds with thinner seed coat have shorter cooking time (Nankova et 
development in June. Under these conditions plant nutrition was al., 1995). Water absorption on its part also affects the cooking time. 
rhythmical and facilitated formation of high protein content in seeds. The higher the water absorption, the shorter the cooking time is. The 
Similar results for the effect of vegetation rainfalls on productivity analysis of the data from Table 4 does not allow regular objective 
and seed quality have been reported in the researches of Mihov, conclusions about the effect of the sowing rate and fertilization on 
1985. the considered indices. The data on the significant effect of the 

The index “percent of seed coat” refers to the taste and water tested factors are far from the required values. At the same time low 

Table 4. Dispersion analysis on the effect of fertilization and sowing rate on water absorption and % of seed coat 

Corrected Model
Intercept
N-fertilization
Sowing rates
N-fertiliz.*sowing rates
Error
Total
Corrected Total

014(a)
234.386

0.003
0.000
0.008
0.057

239.651
0.072

11
1
3
2
6

24
36
35

Corrected Model
Intercept
N-fertilization
Sowing rates
N-fertiliz.*sowing rates
Error
Total
Corrected Total

0.204(a)
2591.400

0.054
0.033
0.116
0.423

2647.215
0.627

11
1
3
2
6

24
36
35

a  R Squared = 0,198 (Adjusted R Squared = - 0,169)

Dependent Variable: seed coat

a  R Squared = 0,326 (Adjusted R Squared = 0,017)

Source

0.001
234.386

0.001
8.70E-005

0.001
0.002

0.019
2591.400

0.018
0.016
0.019
0.018

Mean SquareType III Sum of Squares

0.856
0.000
0.725
0.964
0.744

0.435
0.000
0.404
0.409
0.392

Sig.

0.540
97887.545

0.442
0.036
0.578

1.054
147076.162

1.014
0.929
1.097

Fdf

Dependent Variable: water absorption

N P0 0

N P30 60

N P60 60

N P90 60

LSD: 5%=1.72
       1%=2.42

     0.1 %=3.46

300
350
400
300
350
400
300
350
400
300
350
400

55
55
55
55
55
55
55
55
55
55
55
55

check

55
55
55
55
55
55
55
55
55
55
55
55

NS

65
65
65
65
65
65
65
65
65
65
65
65

***

4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25
4.00+0.25

56.6
56.6
56.6
56.6
56.6
56.6
56.6
56.6
56.6
56.6
56.6
56.6

Fertilization norms, kg/ha Ranking of taste  2-6
Cooking time, min

Sowing rates g.s./m2
2003 20042002 Mean

*,**,*** - LSD at p <0.05, p <0.01 and p<0.001, NS – not significant

Table 5. Effect of fertilization and sowing rate on cooking time and taste of the seeds of lentil cultivar Elitsa
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correlation was found between seed coat and fertilization (r = -706), Science, 69, (2, 377-383.
i.e. the higher the nitrogen norm, the lower the percent of seed coat Dawson RC, 1970. Potential for increasing protein production by 
is. legume inoculation. Plant and Soil, 32, 3, 655-673.

The indices cooking time and taste of seeds show high Derbyshire E, 1985. Legume seed protein composition and the 
resistance to change under the influence of the fertilization and the effects of some environmental factors. Energy Nuclei Agriculture, 7, 
seeding rate. Only the year conditions affected significantly cooking 1, 37-44.
time together with other indices (Table 5). This index did not vary Dimitrov D, 1981. Lentil. Zemizdat, Sofia (Bg).
during the first and the second year. In the third year cooking time Ivanov P, 1984. A new acetate-lactate method for mobile PK forms. 
was highest (65 min.). The correlation of the amount of vegetation Soil science and Agrochemistry, 19, 3, 23-26 (Bg).
rainfalls with the cooking time was moderate (r=+0.751). The other Mihov M, 1985. Effect of the drought in 1983 on lentil productivity. 
probable reason for the longer cooking time during the year with Plant Breeding Sciences, 22, 8, 32-37 (Bg).
highest rainfalls (2004) is seed size. In that year 1000 seed weight Milev G and Mihov M, 2005. Effect of the sowing rate and the 
was highest (39 g), while in 2002 and 2003 it was 37 g and 35 g, mineral fertilization on the yield from a new lentil variety (Lens 
respectively. Seed taste remained constant during the years of the culinaris Medic L.). Agrarian University Plovdiv. Proceedings, 1, 4, 
trial regardless of the fertilization variants and the sowing rates used. 129-134. Jubilee conference on “Current state and problems of the 
This result gives reliable evidence that seed taste is a strongly bound agrarian science and education” (Bg).
varietal trait difficult to affect by external factors. Nankova M, Milev G and Stoyanova M, 1995. Effect of mineral 

fertilization and mineral-bacterial treatment on the yield, the 
chemical composition and the cooking properties of lentil. Plant 
Breeding Sciences, 32, 5 (Bg).

Conclusion
Petkova D, 1987. Investigation of the way of fertilization and the 
fertilization norm on lentil productivity. Plant Breeding Sciences, 24, 

Protein content in seed is mostly affected by the vegetation 
9, 44-50.

rainfalls followed by mineral fertilization with N P . Cooking time is 90 60 Silim SN, Saxena MSn and Erskine W, 1990. Seeding density and 
affected only by the year conditions. Seed taste and percent of seed row spacing for lentil rained Mediterranean environments. 
coat are highly conservative traits not easily affected by the tested Agronomy Journal, 82, 3, 927-930.
factors. SPSS 13.0 for Windows

Totev V, Palazov P, Sabev G, Klochkov B, Kontev H, Iliev V and 
Mihov M, 1983. Technology for industrial production of lentil. 

References Dobrudzha Agricultural  Institute, General Toshevo, 36 p. (Bg).
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