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Abstract 
The experiment was carried out in 2018–2021 in the Baltic Upland of the Eastern Lithuania, where the soil cover 
was very different. The objective was to determine the yield and grain quality of winter wheat (Triticum aestivum L.) 
in fields with a different soil cover, their variation and dependence on soil texture and typology. For the experiment, 
three fields with a different soil cover were selected and 30 observation sites were set up. The results showed that 
the field with light-textured soils of sand, loamy sand, and sandy loam produced a lower number of productive 
stems and a lower grain yield of winter wheat compared to the field with heavier-textured soils. The average grain 
yield in sites, where the sandy loam fraction predominated, was 7.22 t ha-1 compared with 5.55 t ha-1 for loamy sand 
and 4.33 t ha-1 for loamy sand and sand fractions. The yield and productivity of winter wheat in the experimental 
field with the heavy-textured subsoil depended on the distribution of soil particles throughout the soil profile. Eutric 
Planosol, where the sand and loamy sand fraction in the top layer, and sandy clay at 60–70 cm depth dominated, 
produced the highest grain yield of 9.20 t ha-1. The variation in winter wheat yield of the field in the hilly terrain 
was as much as 2.3 times. Winter wheat yield was higher in Gleyic Luvisol and Eutric Fluvisol in the lowlands, 
while yield was lower on the hilltops and slopes, where Haplic Luvisol predominated. Winter wheat was less fertile 
in organic soils in the lowlands due to the intensive growth and lodging of the vegetative part. The content of crude 
protein in winter wheat grains was influenced by the annual weather conditions and soil properties. In dry years, in 
the fields, where the lightest-textured loamy sand and sand, sandy loam and sandy clay loam prevailed, the grains 
were finer and at the same time had a higher level of crude protein. 
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Introduction 
Winter wheat (Triticum aestivum L.) is one 

of the main agricultural crops used for food and feed 
production (Jonathan et al., 2011; Darguza, Gaile, 2019). 
Therefore, increasing population and consumption are 
driving the pursuit of a higher productivity and a high 
yield quality of these crops (Tkaczyk et al., 2018). In 
fields with uniform soil cover and similar soil properties, 
winter wheat productivity is quite similar and allows for 
the correct planning of intensive technologies (Mažvila 
et al., 2008; Management…, 2010; Staugaitis, Vaišvila, 
2019). However, in Lithuania, for example, there are 
fields with a very different soil cover, and even more 
than 50% of the area has a low land productivity score 
of 37 or lower (Innovative Solutions..., 2015). In such 
fields, Haplic Arenosol makes up a significant part of 
the area, while in others, where the terrain is rugged, 
there are many different soil typological units such as 
Haplic Luvisol, Eutric Gleysol, Gleyic Luvisol, Eutric 
Fluvisol, Mollic Gleysol, Pachiterric Histosol, etc. Soils 
with a different texture are also prevalent in the same 

field and some of them are eroded (Juodis, 2001; The 
Productivity..., 2011). 

In Poland, the productivity of soils for agriculture 
is closely related to the soil texture (Jadczyszyn et al., 
2016), and consequently, the productivity of arable soils 
correlates strongly with crop yield. Iwańska and Stępień 
(2019) found that soil productivity had a greater influence 
on yield compared to weather conditions. Lower yields of 
winter wheat were mostly produced on soils with a lower 
productivity (when values did not exceed 70) and with 
more frequent periods of longer droughts, while higher 
yields were obtained on soils with a higher productivity 
(scores of 80 and above), where drought did not occur or 
occurred for a shorter period of time. Bird and co-authors 
(2000) also found that soil texture was a very important 
soil parameter and had a significant impact on crop 
productivity, as it was directly related to organic matter 
accumulation in soil and microbial biomass. 

The results of the experiments showed that 
different topography and variability of soil properties 
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are important for sustainable management system, crop 
productivity, and land use planning (Staugaitis, Šumskis, 
2011; Juhos et al., 2015; Žičkienė, 2016; Astrauskas, 
Staugaitis, 2022). Other researchers have found that 
soil type and its ability to accumulate moisture are very 
important for the fertility of winter wheat (He et al., 
2014). The fact that soil cover and its chemical properties 
are among the most important factors determining 
wheat yield is also emphasised by Carew et al. (2009), 
Bünemann et al. (2018), Wójcik-Gront (2018), and Káš 
et al. (2019). 

The application of intensive technologies is 
complicated by different soil cover in the same field, and 
the diverse yield and plant performance of winter wheat 
require a decision on how to take into account certain 
soil properties. Therefore, the aim of this study was to 
investigate the yield and grain quality of winter wheat 
grown in different fields in the same region, their variation 
and dependence on different soil cover properties. 

Material and methods 
Experiment location. The experiment was 

carried out in the southern part of the Baltic Upland in 
Eastern Lithuania, in the municipalities of Elektrėnai and 
Trakai. For the experiment, three fields with a different 
soil cover in the same region were selected. Drainage 
was installed in all three fields. In the 1st and 2nd fields, 
the experiment was carried out in 2018–2020, and in the 
3rd field, in 2018–2021. 

Cultivation technology. Winter wheat (Triticum 
aestivum L.) cultivar ‘Skagen’ was grown in the selected 
fields. In 2018–2019, it was grown after winter rapeseed, 
in 2019–2020, reseeded for the first year, and in 2020–
2021, reseeded for the second year in the 3rd field. Sowing 
dates for 2018–2019, 2019–2020, and 2020–2021 were 
16, 24, and 23 September, respectively, and harvesting 
dates were 14, 9, and 28 August, respectively. 

On 2 August 2018, fresh poultry manure was 
incorporated into the soil at a rate of 10 t ha-1 prior to sowing 
winter wheat together with N145P109K83 kg ha-1. Therefore, 
the plants were no longer fertilised with phosphorus and 
potassium mineral fertilisers for three years. In autumn, the 
winter wheat was also not fertilised with nitrogen (N). During 
all experimental years, the wheat crop was fertilised with 
N fertilisers in spring with three applications during the 
growing season: in 2019 – N80 (1 April), N35 (10 April), 
and N80 (1 April) at a total rate of N195 kg ha-1; in 2020 
– N80 (27 March), N50 (18 April), and N55 (17 May) at a 
total rate of N185; and in 2021 – N80 (26 March), N45 (9 
April), and N80 (15 May) at a total rate of N205 kg ha-1. The 
first and third spring N application was carried out with 
ammonium nitrate (N 34%), and for the second application, 
ammonium sulphate (N 21%) was used. Foliar fertilisation 
was used for the winter wheat crop during all years: in 
2019 – K-leaf 4.4 (52% K2O, 56% SO4), urea 9.7 (46.2% 
N, 46.2% NH2), MgSO4 7.5 kg ha-1 (16% MgO, 32% 
SO3), on 5 May; in 2020 – Speedfol balance (20-20-20) 
5.1 kg ha-1 (18% N, 18% P2O5, 20% K2O, 2% MgO, 1.8% 
SO3, 0.02% B, 0.004% Cu (EDTA), 0.1% Fe (EDTA), 
0.04% Mn (EDTA), 0.001% Mo, 0.06% Zn (EDTA)), on 
8 June; MgSO4 2.0 (16% MgO, 32% SO3), Universal Bio 
2.0 kg ha-1 (8.5% N-NH2, 3.4% P2O5, 6.0% K2O, 0.02% B, 
0.1% Cu (EDTA 70%), 0.11% Mn (EDTA 70%), 0.003% 
Mo), on 29 April; in 2021 – MgSO4 2.0 kgha-1 (16% 
MgO, 3% SO3), on 10 April; K-leaf 4.0 kg ha-1 (52% 
K2O, 56% SO4), on 20 May. In the stem elongation and 
booting stages, winter wheat was fertilised with foliar 

fertilisers. Depending on the occurrence of diseases and 
pests in the winter wheat crop, plant protection products 
were applied. Also, during the growing season of winter 
wheat, growth regulators were used depending on plant 
condition and development. 

Sites and research methods. In the fields, 30 sites 
were marked with a GPS device to study soil agrochemical 
properties in the winter wheat crop every spring and 
grain yield and productivity performance indicators at 
harvest. The size of the experimental sites was 16 m2 (4 
× 4 m), where pH, humus, available phosphorus (P2O5) 
and potassium (K2O) were determined in the 0–20 cm 
soil layer, and mineral nitrogen (Nmin) and soil texture 
(sand – 2–0.063 mm, silt – 0.063–0.002 mm, and clay – ˂  
0.002 mm particle size) were determined in the 0–30 and 
30–60 cm layers. One soil composite sample was made 
up of 20 cores from the 0–20 cm layer and 9 cores from 
the 0–30 and 30–60 cm layers. Soil pHKCl was determined 
potentiometrically in a 1M KCl extraction at a 1:5 ratio 
according to standard ISO 10390:2005, P2O5 and K2O by 
the Egner-Riehm-Domingo (A-L) method, and humus 
was determined by the dry combustion method according 
to standard ISO 10694:1995 using a carbon analyser 
(Analytic Jena AG, Germany) multiplying the resulting 
organic carbon content by a factor of 1.724. Nmin – air-
dry soil samples were extracted with 1M KCl at a 1:5 
ratio using flow injection analysis (FIA) spectrometry 
according to standard ISO 14265-2:2005. The grain 
yield from two 0.25 m2 plots was weighed, and 20 plants 
were sampled for biometric measurements: number of 
productive stems, plant height, and 1000-grain weight. The 
grain yield was expressed in moisture of 14% absolutely 
clean seed. The 1000-grain weight of winter wheat was 
determined according to standard ISO 520:2010, and the 
crude protein in the grain was determined by the Kjeldahl 
method according to standard ISO 20483:2006. 

Meteorological conditions. The autumn of the 
2018–2019 winter wheat growing season was dry and 
warm (Table 1), which resulted in good rooting and 
vigorous plants by the end of November. The winter 
was mild, and the plants overwintered well resuming 
vegetation in the third ten-day period of March. However, 
very little rainfall from April to mid-June resulted in poor 
tillering and a prolonged lack of moisture for the winter 
wheat. Although the air temperature was favourable for 
the plants afterwards and the soil moisture was sufficient, 
the dry period resulted in a season that was not favourable 
for winter wheat in the end, with fewer productive stems 
and a lower grain yield. 

The 2019–2020 season was the warmest in the 
region with no freeze in winter. In autumn, the plants 
emerged in a vigorous state, overwintered well, and 
resumed vegetation in the first days of April. During the 
spring and summer, the soil moisture was sufficient, and 
the temperature was favourable during that period, which 
resulted in good tillering, more productive stems, and 
larger grains. Therefore, the season was favourable for 
the growth and yield of winter wheat. The autumn of the 
2020–2021 season was warm with a sufficient moisture 
to allow winter wheat to germinate and take root well. 
From January onwards, temperature was slightly negative 
resulting in soil freeze of 6–13 cm by the second ten-day 
period of March. The winter wheat benefitted from this 
weather, overwintered well, and resumed growth in early 
April. April and May were cooler than normal, and the 
soil moisture was sufficient, so that the plants were able 
to tiller in the spring and grow vigorously. However, the 
heat from the second ten-day period of June onwards had 
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a severe effect on the crops during flowering, and the 
plants on the hilltops began to lose the emerging grains 
in segments due to the lack of moisture with uneven 
maturity in the field. The lowland plants looked best. 

Soil types. The 1st field was 18.5 ha in size and 
was dominated by Haplic Luvisol and Haplic Arenosol 
(WRB, 2015) that had a light texture of sand, loamy sand, 
and sandy loam (Table 2) with the predominance of sandy 
particles (2–0.063 mm) 66–94%. The relief was slightly 
undulating. In the 0–20 cm layer, the pH ranged from 5.8 
to 6.9, the humus content was from 1.1% to 2.0%, and 
the content P2O5 and K2O was very high: 259–519 and 
193–348 mg kg-1, respectively. 

The 2nd field, 19.9 ha in size, was dominated by 
Haplic Luvisol, Eutric Planosol, and, to a lesser extent, 
by Eutric Gleysol. In the deeper (>60 cm) layer, most 
of the soils had a heavy texture of clay, silty clay, sandy 
clay, and sandy clay loam, and in the upper layer, they 
had a light to moderate texture of sand, loamy sand, 

sandy loam, sandy loam, and clay loam. The relief was 
flat. The pH of the soils varied between 5.8 and 6.7 with a 
high humus content of 2.6–4.7%. The content of P2O5 and 
K2O was also abundant, 171–1025 and 204–593 mg kg-1, 
respectively. 

The 3rd field was 37.6 ha in area with a hilly 
relief. The predominant soil was Haplic Luvisol with a 
hilltop to lowland gradient, and the slopes were slightly 
eroded. The lowest parts of the field were Gleyic Luvisol, 
Eutric Fluvisol, Mollic Gleysol, Pachiterric Histosol, 
and Bathiterric Histosol. The texture was mostly sandy 
loam with sand particles (2–0.063 mm) ranging from 
53% to 76% and peat in the lowest parts of the field. The 
pH of the mineral soils varied between 5.6 and 7.4 with a 
higher pH of 7.0 in the eroded areas. The peat pH in this 
field was 5.6–6.0. The content of humus in the mineral 
soils varied between 1.3% and 4.2% with the lowest 
content in the eroded areas and the highest one in Eutric 
Fluvisol. In terms of the organic soils (sites 19, 20, and 

Table 1. Meteorological conditions during the winter wheat growing season (data of Elektrėnai Meteorological 
Station) 

Indicator
Month

09 10 11 12 01 02 03 04 05 06 07 08
Monthly average daily temperature °C

2018–2019 15.2 8.9 2.7 −1.1 −4.2 1.1 3.4 9.2 13.5 21.2 17.3 18.5
2019–2020 13.3 9.6 5.0 2.5 2.2 2.2 3.8 7.0 10.8 19.6 18.1 18.9
2020–2021 15.3 9.8 5.0 0.3 −3.7 −4.9 1.5 6.2 11.4 19.7 22.8 16.4

SCN 13.9 7.8 3.7 0.1 −3.6 −2.1 1.8 8.0 14.0 18.1 18.8 18.5
Monthly precipitation rate mm

2018–2019 22.0 27.6 12.4 40.5 31.3 20.6 31.3 0.1 10.7 25.5 44.3 56.4
2019–2020 40.5 37.0 32.8 22.3 38.6 39.5 21 6.4 60.1 79.4 54.0 76.8
2020–2021 15.0 45.0 147.9 24.7 57.5 14.6 17.4 29.0 123.1 49.4 36.9 175.7

SCN 45.4 44.8 41.8 44.7 39.6 29.6 27.5 33.1 50.7 51.2 100.4 74.3
SCN – standard climate normal during the 2010–2020 period 

Table 2. Soils of the studied fields and their agrochemical characteristics 

Site
No.

Soil 
(LTDK-

99)

Soil 
texture1 pHKCl

Nmin
0–60 cm 
mg kg-1

P2O5
mg kg-1

K2O
mg kg-1

Humus 
%

1st field
1, 8, 9 LVh LS-SL/LS-SL 6.8 9.9 462 273 1.6
2, 3, 7 LVh LS-SL/LS 6.2 4.5 300 253 1.4
4, 5, 6 ARh LS/S-LS 5.9 4.5 395 264 1.4

/median 6.3/6.2 6.3/5.1 386/411 263/254 1.5/1.4
min/max 5.8/6.9 2.3/18.6 259/519 193/348 1.1/2.0

σ/CV% 0.41/6.6 4.83/76.7 99.48/25.8 54.82/20.8 0.32/21.8
2nd field

13, 14, 15 GLe SL-SCL/SL-SCL 6.1 3.9 245 271 4.4
16, 17 PLe S-LS/SC 6.2 5.5 854 429 2.8

10, 11, 12 LVh CL/SiC 6.1 8.1 377 516 4.0
18 LVh SL/C 6.7 11.4 886 585 3.5

/median 6.2/6.2 6.5/6.0 496/342 422/395 3.8/3.9
min/max 5.8/6.7 2.4/11.5 171/1025 204/593 2.6/4.7

σ/CV% 0.29/4.7 3.11/48.1 319.75/64.5 142.26/33.7 0.72/18.7
3rd field

28, 29, 30 LVh SL/SL 6.7 6.8 342 282 2.1
26, 27 LVh2 SL/SL 7.0 4.6 156 175 1.7
24, 25 LVg SL/SL 6.7 10.0 147 252.5 1.7
22, 23 FLe SL/SL 5.7 12.4 149 297 3.5

21 GLm M/SL 6.6 47.4 542 399 38.1**
19 HSs-ph U/SL 5.9 56.1 454 527 49.6**
20 HSs-d U/U 5.8 69.5 363 568 54.7**

/median (22–30) 6.5/6.5 8.2/5.03 214/169 255/247 2.2/2.1
min/max (22–30) 5.6/7.4 2.3/21.6 114/603 148/346 1.3/4.2

σ/CV% (22–30) 0.57/8.7 6.85/82.9 149.66/69.8 59.08/23.2 0.89/40.1
1 – topsoil/subsoil; 2 – slighly eroded; LVh – Haplic Luvisol, ARh – Haplic Arenosol, GLe – Eutric Gleysol, PLe – Eutric Planosol, 
LVg – Gleyic Luvisol, FLe – Eutric Fluvisol, GLm – Mollic Gleysol, HSs-ph – Pachiterric Histosol, HSs-d – Bathiterric Histosol; 
S – sand, LS – loamy sand, SL – sandy loam, SCL – sandy clay loam, CL – clay loam, SC – sandy clay, SiC – silty clay, C – clay; 
M – mollic A horizon, umbric horizon (peat), U – peat; ** – organic matter 
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21), organic matter was found in a content ranging from 
38.1% to 54.7%. P2O5 content ranged from 114 to 603 
mg kg-1 with the lowest amount in the Gleyic Luvisol and 
Eutric Fluvisol sites and the highest one in the organic 
soils. Similarly, K2O content was found in a range of 
148–346 mg kg-1 and was more abundant in the organic 
soils as well. 

The Nmin content found in the soil in spring 
depended on the texture with a two-year median Nmin 
amount of 5.1 kg-1 in the 0–60 cm light soil layer of the 
1st field, 6.0 mg kg-1 in the 0–60 cm heavier soil layer 
of the 2nd field, and as high as 11.4 mg kg-1 in the sandy 
loam/clay layer of the same field. In addition, the lower 
area soils in the 3rd field with more humus and organic 
matter also had a significantly higher Nmin content, e.g., 
it was 12.4 mg kg-1 in Eutric Fluvisol, 47.4 mg kg-1 in 
Mollic Gleysol, 56.1 mg kg-1 in Pachiterric Histosol, and 
69.5 mg kg-1 in Bathiterric Histosol. 

Statistical analysis. The experimental data were 
processed using MO Excel. Minimal (min) and maximal 
(max) values, arithmetic means ( ), medians, and 
standard deviations (σ) were determined/calculated and 
are presented in the tables. To estimate the variance of 
the data, the coefficient of variation (CV) was calculated. 
Variation of the trait is small when the coefficient of 
variation does not exceed 10%, medium 10–20%, and 
high above 20%. The relationship between the variables 
was assessed using the correlation-regression analysis. 
For correlation coefficients and ratios and for expression 
of the relationship between the objects of the research, 
the program STATISTICA, version 9 (Sakalauskas, 2003; 
Hill, Levicki, 2005) was used. 

Results 
Winter wheat performance was influenced by 

both annual conditions and soil cover. In the dry year 
of 2019, fewer productive stems formed and grew, and 
the plant stems were shorter (Table 3). This was due to 
the very low amount of precipitation that fell from April 
to mid-June, as a result of which the winter wheat was 
poorly tillering, felt a lack of moisture for a long time, 
and formed fewer and less productive stems. In contrast, 
2020 was favourable for winter wheat, both in terms of 
temperature and moisture. The median of productive 
stems in the 1st field in 2019 was 200 units m-2, while in 
the favourable year 2020 it was 382 units m-2. The 2nd 
field demonstrated 340 and 511 units m-2, and the 3rd one 
showed 283 and 351 units m-2, respectively. In contrast, 
the highest number of grains per ear was obtained in 
2019, which was influenced by the thinner crop that 
was formed that year. Other physiological aspects of the 
plant also probably appeared – the plants formed fewer 
and shorter stems but preserved a higher number of full-
fledged grains in the ear. 

In the light-textured soils, winter wheat 
produced significantly fewer productive stems compared 
to the heavier-textured soils. While the two-year average 
for the 1st field showed a median of productive stems of 
291 units m-2, the median of productive stems in Haplic 
Arenosol was only 264 units m-2, and it was 425 units m-2 
in the 2nd field. According to the three-year average, the 
median of productive stems in the 3rd field on a rough 
terrain was 309 units m-2 with minimum and maximum 
values ranging over a wide range of 184–419 units m-2. 

Table 3. Productivity indicators of winter wheat crop 

Site
No.

Number of productive stems 
per m-2

Plant height 
cm

Number of grains 
per ear, units

2019 2020 2021 2019 2020 2021 2019 2020 2021
1st field

1, 8, 9 291 399 – 345 76 82 – 79 52 42 – 47
2, 3, 7 202 394 – 298 72 76 – 74 46 42 – 44
4, 5, 6 150 378 – 264 59 72 – 66 45 40 – 43
/median 214/200 390/382 – 302/291 69/73 77/77 – 73/75 48/47 41/42 – 45/44

min/max 130/322 341/469 – 236/409 48/84 67/84 – 5784 42/57 37/46 – 39/52
σ/CV% 68.9/32 43.5/11 – 56.2/22 11.1/16 5.4/7 – 8.3/1 5.0/11 3.0/7 – 4.0/9

2nd field
13, 14, 15 345 488 – 416 60 77 – 68 48 45 – 47

16, 17 395 579 – 487 66 82 – 74 52 45 – 48
10, 11, 12 276 498 – 387 67 85 – 76 54 41 – 48

18 370 394 – 382 63 81 – 72 48 49 – 48
/median 335/340 501/511 – 428/425 64/64 81/82 – 72/73 51/50 44/43 – 47/47

min/max 254/396 394/588 – 324/492 53/73 74/87 – 63/80 43/57 40/49 – 41/53
σ/CV% 50.7/15 57.8/12 – 54/14 5.5/9 4.4/5 – 4.9/7 4.1/8 3.4/8 – 3.8/8

3rd field
28, 29, 30 249 342 325 305 60 78 67 68 43 44 38 42

26, 27 317 348 292 319 68 74 63 68 44 44 41 43
24, 25 388 473 289 383 65 74 71 70 46 42 45 44
22, 23 385 497 323 402 67 76 80 74 38 40 38 39

21 250 353 181 261 72 63 74 69 55 43 48 49
19 106 318 188 204 66 79 77 74 46 45 42 44
20 118 288 157 187 69 78 76 74 50 44 44 46

/median 283/283 385/351 276/292 315/309 65/67 75/77 71/71 71/71 44/44 43/43 41/41 43/43
min/max 106/396 288/507 157/353 184/419 44/72 63/85 61/80 56/79 35/55 38/47 37/48 36/50
σ/CV% 99.6/35 78.5/20 67.5/25 83.6/27 7.3/11 6.3/8 6.3/9 6.6/9 6.5/15 2.8/7 3.6/9 3.6/10

The lowest number of productive stems (187–261 units 
m-2) was found in winter wheat growing in hollows and 
where humus or peat was present (sites 19, 20, and 21). In 
contrast, in the lower areas of the field with Gleyic Luvisol 
and Eutric Fluvisol predominant and the texture being 
sandy loam, the highest number of productive stems was 
produced, 383 and 402 units m-2, respectively. In 2020, 

the relationship between the humus content (%) in the 
mineral soil and the number of productive stems (units 
m-2) was confirmed by the correlation (r = 0.590*). 

The median for plant height of winter wheat 
in the fields studied was 64–82 cm for individual years 
(Table 3). In most of the fields, the plant height varied 
within the standard square deviation, and the estimated 
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coefficient of variation in the three fields in each year 
was only 5–16%. The wheat grown in Haplic Arenosol 
had the lowest plant height with a two-year average plant 
height of 66 cm. 

The number of grains per ear, based on several 
year medians, was 44 in the 1st field, 47 in the 2nd field, 
and 43 in the 3rd one (Table 3). While the number of 
grains per ear found in the 1st and 2nd fields varied 
within the standard deviation, the 3rd field had the lowest 
number (39) of grains per ear for Eutric Fluvisol and the 
highest number (49) of grains per ear for Mollic Gleysol, 
which was contrary to the density of the plants in the sites 
of these soils. 

Winter wheat grain yield varied considerably 
depending both on the conditions of the year and on the 
different soils present in individual fields (Table 4). 

In the 1st field, in the dry year 2019, the grain 
yield median of light-textured soils was 3.82 t ha-1, 
while the range between the minimum and maximum 
values at the respective sites was 2.17–7.31 t ha-1, i.e., 
a max/min difference of 3.4 times. The year 2020 was 
more favourable for wheat growth. In this field, the 
grain yield median was significantly higher (6.92), and 
the range between the minimum and maximum values 
obtained in the sites was 5.18–8.11 t ha-1 resulting in a 
significantly smaller max/min difference of 1.6 times. 

Table 4. Winter wheat grain yield and quality 

Site
No.

Grain yield t ha-1 Crude protein % 1000-grain weight g
2019 2020 2021 2019 2020 2021 2019 2020 2021

1st field
1, 8, 9 7.09 7.35 – 7.22 15.9 15.3 – 15.6 46.1 41.4 – 43.8
2, 3, 7 3.96 7.14 – 5.55 17.7 16.0 – 16.8 40.0 43.6 – 41.8
4, 5, 6 2.50 6.15 – 4.33 20.3 15.2 – 17.7 37.1 39.3 – 38.2

/median 4.52/3.82 6.88/6.92 – 5.70/5.37 17.9/17.8 15.5/15.6 – 16.7/16.7 41.1/40.1 41.4/41.6 – 41.3/40.9
min/max 2.17/7.31 5.18/8.11 – 3.68/7.71 14.3/20.8 13.9/16.7 – 14.1/18.8 34.7/54.0 35.9/47.5 – 35.3/50.8
σ/CV% 2.14/48 0.91/13 – 1.53/30 2.20/12 0.8/6 – 1.5/9 5.9/14 3.4/8 – 4.7/11

2nd field
13, 14, 15 5.72 9.11 – 7.14 19.7 13.4 – 16.6 34.4 40.3 – 37.4

16, 17 7.43 10.97 – 9.20 17.2 13.4 – 15.3 37.6 40.8 – 39.2
10, 11, 12 5.97 8.71 – 7.34 16.1 13.0 – 14.5 41.8 40.7 – 41.3

18 4.45 7.24 – 5.84 15.4 13.7 – 14.6 40.9 39.1 – 40.0
/median 6.04/6.15 9.18/9.16 – 7.61/7.66 17.5/16.9 13.3/13.3 – 15.4/15.1 38.3/38.5 40.4/40.5 – 39.4/39.5

min/max 4.45/7.75 7.24/11.19 – 5.85/9.47 15.4/20.2 12.6/14.0 – 14.0/17.1 32.1/45.5 37.2/43.2 – 34.7/44.4
σ/CV% 1.18/20 1.22/13 – 1.21/16 1.9/11 0.5/4 – 1.2/8 3.90/10 1.7/4 – 2.8/7

3rd field
28, 29, 30 4.50 7.33 5.68 5.84 18.9 13.6 15.1 15.9 40.8 46.7 39.6 42.4

26, 27 5.89 7.37 5.41 6.22 17.4 12.7 15.5 15.2 42.3 45.6 40.6 42.8
24, 25 7.58 9.54 5.56 7.56 17.2 14.3 16.0 15.8 42.5 46.5 41.4 43.5
22, 23 6.55 9.14 5.50 7.06 19.5 13.1 16.0 16.2 43.8 46.0 38.7 42.8

21 6.75 7.11 3.90 5.92 17.8 13.3 16.2 15.8 51.5 45.6 44.1 47.0
19 2.35 6.03 3.66 4.01 17.3 12.3 16.6 15.4 50.9 43.2 42.1 45.4
20 2.70 5.78 3.04 3.84 16.5 15.0 15.6 15.7 45.9 40.9 42.3 43.0

/median 5.45/5.89 7.75/7.63 5.05/5.33 6.08/6.28 18.0/17.5 13.5/13.5 15.7/15.8 15.7/15.6 44.0/43.3 45.5/46.0 40.7/40.8 43.4/43.4
min/max 2.35/8.45 5.78/10.31 3.04/6.34 3.72/8.37 16.5/21.5 11.9/15.0 14.1/16.6 14.2/17.7 40.5/51.5 40.9/48.0 38.6/44.1 40.0/47.9
σ/CV% 1.84/34 1.42/18 1.06/21 1.44/24 1.6/9 1.0/8 0.7/5 1.1/7 3.7/8 2.0/4 1.8/4 2.5/5

The highest grain yield was obtained in this field with 
a predominant sandy loam and loamy sand fraction to 
a lesser extent, where the proportions of sand particles 
(2–0.063 mm) in topsoil/subsoil were 60–75/68–80%. 
Such sites demonstrated the two-year average yield of 
7.22 t ha-1. When the loamy sand fraction was more 
predominant and sandy loam was less prevalent with 
sand of 60–80/70–80%, the grain yield was 5.55 t ha-1. 
On the other hand, the lowest grain yield was obtained 
in the loamy sand and sand fractions with sand particles 
of 80–87/87–94% resulting in a grain yield of 4.33 t ha-1. 
Thus, it can be observed that the yield of winter wheat 
decreased when the soil contained more sand particles 
and especially significantly when the soil contained more 
than 80% sand particles. Tkaczyk and co-authors (2018) 
found that winter wheat grain yield was positively but not 
always significantly related to soil texture (in particular, 
to the content of silt and clay particles). Sandy loam 
yielded 28.5% more winter wheat compared to loamy 
sand, while sandy silt yielded 33.6% more compared to 
loamy sand. The highest grain yield was obtained when 
the plants were grown in soils with a high content of silt 
particles. In this case, it was almost 70% higher than that 
obtained in loamy sand. It was observed that there was 
no statistical difference in the grain yield between the 
crops grown in loamy sand, sandy loam, and sandy silt. 

On the other hand, the effect of silt was significant when 
comparing the results with the above soil texture groups. 

In the 2nd field, where the subsoil was heavy-
textured with Eutric Gleysol in the lower areas, sandy 
loam and sandy clay loam, and with 67–74/57–70% 
sandy particles, the winter wheat yield was 5.70 t ha-1. In 
contrast, Eutric Planosol with sand and loamy sand in the 
upper layer and sandy clay at a depth of 60–70 cm, and 
with 80–92/49–51% sand particles (30–46% silt (0.063–
0.002 mm) in the subsoil) produced the highest grain 
yield of 9.20 t ha-1. It was in this soil that the winter wheat 
germinated, rooted, and established well with the highest 
number of productive stems and a sufficient moisture for 
the plants throughout the growing season due to sandy 
clay found deeper. In this field, in the Haplic Luvisol areas 
of a flat terrain with a heavy texture, where clay loam on 
silty clay loam prevailed with a slightly lower proportion 
of clay and only 18–26/4–25% sand, the average two-
year yield was 7.34 t ha-1. In contrast, the even heavier 
clay subsoil (sand-clay-silt 20–51–29%) yielded a lower 
grain yield of 5.84 t ha-1. The 2nd field produced a higher 
grain yield than the first one with two-year averages of 
5.70 and 7.61 t ha-1, respectively. 

In the 3rd field, which was predominantly hilly, 
the three-year average yield of winter wheat grain was 
6.08 t ha-1; however, there was a large variation in yield 
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from one site to another within the same field with a 
range of 3.72 to 8.37 t ha-1 between the minimum and the 
maximum values, or a 2.3-fold difference. The lowland 
soils (Gleyic Luvisol and Eutric Fluvisol) were more 
fertile with a three-year average grain yield of 7.56 and 
7.00 t ha-1, respectively. The hilltops and slopes were 
less fertile, where Haplic Luvisol predominated with an 
average grain yield of 5.84 and 6.22 t ha-1, respectively. 
In contrast, the low-lying soils rich in organic matter 
were less fertile: an average grain yield in Mollic Gleysol 
was 5.92 t ha-1, in Pachiterric Histosol 4.01 t ha-1, and in 
Bathiterric Histosol 3.84 t ha-1. The high organic matter 
content of these soils resulted in a very intensive growth 
of the vegetative part of winter wheat and increased 
plant lodging. In addition, the wheat was less vigorous 
in tillering and formed less productive stems. Studies of 
other authors (Cox et al., 2003; Cambouris et al., 2006; 
Juhos et al., 2015) also referred to differences in soil 
texture and crop yield under different terrain conditions 
indicating the need for variable rate N application. 

No correlation was found between sand particles 
in soil, agrochemical parameters, and winter wheat grain 
yield in either year. Only in 2020, a moderate correlation 
was found between the soil humus content and grain 
yield (r = 0.560; p ≤ 0.05). 

The content of crude protein in winter wheat 
grain was influenced by the annual weather conditions 
and soil properties (Table 4). During the dry and warm 
weather in the second half of spring and early summer 
in 2019, the crude protein content in grain was higher 
compared to other experimental years, e.g., the median of 
crude protein content of winter wheat grain in the 1st field 
was 17.8% in 2019 and 15.6% in 2020, in the 2nd field 
16.9% and 13.3%, respectively, in the 3rd field 17.5% 
and 13.5%, respectively, and it was 15.8% in 2021. 

In the 1st field, dominated by loamy sand and 
sand (sites 4, 5, and 6), in 2019, the grain were finer 
due to the drought in April–June, and at the same time 
had a higher level of crude protein – 20.3%. Similar 
results were obtained that year in the 2nd field, where 
the lightest-textured sandy loam and sandy clay loam 
prevailed, with a crude protein content of 19.7%. The 
differences in crude protein content between other sites 
of these fields in that year and in all the grouped sites in 
2020 were within the standard deviation. In the 3rd field, 
although the crude protein content increased in some 
years in one or other of the sites, the three-year averages 
were not different from each other. 

The 1000-grain weight in the 1st and 2nd fields 
varied within a range of 34.7–54.0 and 32.1–45.5 g, 
respectively (Table 4). Among the sites studied, a lower 
1000-grain weight was demonstrated by loamy sand and 
sand soils (sites 4, 5, and 6) in the 1st field and sandy 
loam and sandy clay loam soils (sites 13, 14, and 15) 
in the 2nd field. In these sites, the lower grain weight 
was due to the drought in 2019 and the decrease in grain 
weight also affected the results of the two-year average. 
The 1000-grain weight in other sites of these fields varied 
within the standard deviation. In the 3rd field, organic-
rich Mollic Gleysol and Pachiterric Histosol found in 
the low-lying areas were less affected by the prevailing 
drought in 2019 with a 1000-grain weight of 51.5 and 
50.9 g, respectively, compared with the field median of 
43.3 g. The 1000-grain weight of other sites in the 3rd 
field varied within the standard deviation. No correlation 
could be established in either year between soil humus 
and Nmin content and between crude protein and 1000-
grain weight. 

A 12-year study in eastern Canada (Nyiraneza 
et al., 2012) showed that both N fertilisation and different 

soil texture and different soil types had a significant effect 
on spring wheat productivity, and that their interaction 
was significant not only in terms of total yield but also 
in terms of grain quality indicators: protein, 1000-grain 
weight, and chlorophyll index. It is important to note that 
the response of wheat to N fertilisers and to different soil 
textures was also strongly influenced by the environmental 
conditions of individual years, which differed in terms of 
rainfall, air temperature, and soil moisture content. 

Discussion 
This study examined the most important soil 

properties affecting the yield and quality of winter 
wheat: different texture, prevailing soil typology, and 
hilly topography. The data obtained showed that due to 
soil cover variability in the soil zone of the Baltic Upland 
of Eastern Lithuania the yield of winter wheat could 
vary considerably from field to field as well as within 
the same one. The findings are supported by long-term 
studies conducted by He and co-authors (2014), which 
found that soil texture was an important factor that 
influenced the productivity of spring wheat crops. The 
regression analysis of the data showed that the wheat 
grown in silty loam was more sensitive to moisture 
uptake and less drought tolerant compared to the wheat 
grown in clay soil. When investigating plant productivity 
in different soil typological units, Pużyńska and co-
authors (2021) found that different soil types were also 
very important for the quantity and quality of yield. A 
higher plant yield was found in Stagnic Luvisol, whereas 
the total protein content was higher in the plants grown 
in Haplic Cambisol. Žičkienė (2016) found that the 
yield of different agricultural crops varied depending on 
topography, soil group, waterlogging, and texture. 

In light-textured soils, an important indicator is 
the proportion of sand particles (sand, loamy sand, and 
sandy loam) in soil and their distribution in the profile. In 
the subsoil of a field with a heavy texture, the distribution 
of soil particles in the soil profile is also very important; 
however, this is already in a much wider range and has 
less influence. In contrast, on a hilly terrain, it is important 
where the soil is located, whether it is on the top of a 
hill or on a slope or in the lowlands. While the mineral 
soils in the lowlands – Gleyic Luvisol and Eutric Fluvisol 
– were the most fertile for winter wheat, the organic soils 
in the lowlands – Mollic Gleysol, Pachiterric Histosol, 
and Bathiterric Histosol – were the least favourable and 
suitable for growing an optimal yield due to the intensive 
vegetative part growth and lodging. The study by Juhos 
and co-authors (2015) also showed that the influence 
of soil properties on the variability of grain yield 
depended on the weather conditions of the year and the 
topographical position. In dry years, soil texture, nutrient 
content, and salinity deterined yield, while in wet years, 
limiting factors were lower topographic position, soil 
organic matter, and nutrient conctent. The highest plant 
yield and the lowest variance were found in Chernozem, 
the medium yield and medium variance in Solonetz, and 
the lowest yield and highest variance in Gleysol. Yield 
was not significantly affected by drought, as all soil types 
had a high available water capacity. Other researchers 
also highlighted that differences in soil texture and 
topography influenced yield variability at the field spatial 
scale (Manoli et al., 2015; Hallema et al., 2016; Fang, 
Su, 2019; Neupane, Guo, 2019; Ayoubi et al., 2021), 
especially during dry years, when water reserves and 
water available to the plants were strongly influenced 
by a local soil texture. For example, Fang and Su (2019) 
reported that in dryland farming, sandy loam soils showed 
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a more significant decrease in crop productivity and an 
increase in N leaching losses compared to loamy soils. 
Similar results were obtained by Roncucci and co-authors 
(2015), where crop yield was higher in silty clay loam 
soils compared to sandy loam soils during anomalously 
dry years in the Mediterranean climate zone. Agronomic 
experience is also quite rich in examples showing the 
importance of soil structure in controlling drainage, water 
redistribution, and soil aeration, which play a direct role 
in shaping crop productivity (Travlos, Karamanos 2006; 
Obia et al., 2018). 

Depending on the soils and their properties, 
it is appropriate to map the yield of the crops grown. 
This would allow more accurate calculation of fertiliser 
application rates and application limits in the field, and 
the use of smart fertilising systems accordingly. Peralta 
and co-authors (2015) found that terrain-specific field-
specific N fertiliser management systems were an 
attractive and intuitive way to increase the efficiency of 
N fertilisers use to maximise winter wheat productivity, 
while adjusting fertiliser rates according to soil cover 
characteristics. The study captured soil spatial variability 
(terrain, soil texture, and depth), which enabled the 
application of targeted variable rate N fertilisers on 
typical Argiudoll and Petrocalcic Paleudoll, and reduced 
the risk of pollution due to over-use. 

Information on soil typology and texture at 1:10000 
scale in Lithuania can be found on the website www.zis.lt, and 
growers can use smart harvesters to obtain data in the yield 
of crops grown in the field, or use field sites to determine 
the yield of the crops grown in the field, as was done 
during current experiment. Research data is also available 
in scientific and methodological publications (Budňáková, 
Čermák, 2009; Peralta et al., 2015; Staugaitis, Vaišvila, 2019; 
Astrauskas, Staugaitis, 2022). 

Conclusions 
1. The light texture of the soils (sand, loamy 

sand, and sandy loam) had a negative effect on the 
number of productive stems and the grain yield of winter 
wheat. The yield was lower compared to that of heavier-
textured soils. The highest grain yield in that field was 
obtained with sandy loam and, to a lesser extent, loamy 
sand, i.e., 7.22 t ha-1. The grain yield in the areas with a 
loamy sand fraction with a smaller proportion of sandy 
loam was 5.55 t ha-1, while the lowest grain yield was 
obtained in the areas with loamy sand and sand fractions 
– 4.33 t ha-1. 

2. The yield of winter wheat depended on the 
distribution of soil particles in the soil profile. In Eutric 
Gleysol with sandy loam and sandy clay loam, and 67–
74/57–70% sandy particles, the wheat yield was 5.70 t ha-1. 
In Eutric Planasol, where predominant fractions were 
sand and loamy sand, in the top layer and sandy clay 
found at a depth of 60–70 cm with 80–92/49–51% sand 
particles, respectively, the highest yield obtained was 
9.20 t ha-1. 

3. The yield of winter wheat was also 
influenced by field topography. The results of the 
experiment showed that soil location – on the top of a 
hill, on a slope, or in the lowlands – was very important. 
Gleyic Luvisol and Eutric Fluvisol found in the lowlands 
gave the highest yield of 7.56 and 7.00 t ha-1. The hilltops 
and slopes, where Haplic Luvisol predominated, were 
less fertile yielding 5.84 and 6.22 t ha-1, respectively. The 
winter wheat grown in organic soils in the lowlands was 
less productive due to the intensive vegetative growth 
and lodging: the average grain yield was 5.92, 4.01, and 
3.84 t ha-1 for Mollic Gleysol, Pachiterric Histosol, and 
Bathiterric Histosol, respectively. 

4. The content of crude protein in winter wheat 
grains was influenced by the annual weather conditions 
and soil properties. During the dry and warm weather 
in the second half of spring and early summer in 2019, 
the crude protein content in grains was higher compared 
to other experimental years. In dry years, in the fields, 
where the lightest-textured loamy sand and sand, sandy 
loam and sandy clay loam prevailed, the grains were finer 
and at the same time had a higher level of crude protein. 
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Žieminių kviečių grūdų derliaus ir jo kokybės variacija  
įvairios dirvožemio dangos laukuose 
P. Astrauskas, G. Staugaitis, A. Masevičienė, L. Žičkienė 
Lietuvos agrarinių ir miškų mokslų centras 

Santrauka
Tyrimas atliktas 2018–2021 m. Rytų Lietuvos Baltijos aukštumose, kurių dirvožemio danga yra labai įvairi. Tikslas 
– nustatyti skirtingos dirvožemio dangos laukuose žieminių kviečių derlingumą ir grūdų kokybę, jų variaciją bei 
priklausomumą nuo dirvožemio granuliometrinės sudėties ir tipologijos. Eksperimentui parinkti trys skirtingos 
dirvožemio dangos laukai, kuriuose buvo įrengta 30 stebėjimo aikštelių. Tyrimo rezultatai parodė, kad lengvos 
granuliometrinės sudėties dirvožemio lauke, kuriame vyravo smėlis, rišlus smėlis ir priesmėlis, žieminių kviečių 
produktyvių stiebų skaičius ir grūdų derlius gautas mažesnis nei sunkesnės granuliometrinės sudėties lauke. 
Laukeliuose, kuriuose vyravo priesmėlio frakcija, grūdų vidutinis derlingumas siekė 7,22 t ha-1, rišlaus smėlio 
– 5,55 t ha-1, rišlaus smėlio ir smėlio frakcijos – 4,33 t ha-1. Lauke, kurio podirvio granuliomerinė sudėtis sunki, 
žieminių kviečių grūdų derlius ir produktyvumo elementai priklausė nuo dirvožemio granuliometrinės sudėties 
dalelių pasiskirstymo visame dirvožemio profilyje. Didžiausias grūdų derlius – 9,20 t ha-1 – gautas pasotintame 
palvažemyje, kurio viršutiniame sluoksnyje vyravo smėlio ir rišlaus smėlio frakcija, o nuo 60–70 cm gylio – 
smėlingas molis. Kalvoto reljefo lauke žieminių kviečių derlingumas įvairavo net 2,3 karto. Derlingesni žieminiai 
kviečiai buvo žemumose esančiuose glėjiškuose išplautžemiuose ir pasotintuose salpžemiuose, mažiau derlingi 
– kalvų viršūnėse ir šlaituose, kuriuose vyravo paprastieji išplautžemiai. Žemumose esančiuose organiniuose 
dirvožemiuose žieminiai kviečiai dėl intensyvaus vegetatyvinės dalies augimo ir išgulimo buvo mažiau derlingi. 
Žalių baltymų koncentracijai žieminių kviečių grūduose turėjo įtakos metų sąlygos ir dirvožemio savybės. 
Sausesniais ir šiltesniais metais laukuose, kuriuose vyravo lengvesnės granuliometrinės sudėties dirvožemiai, 
grūdai buvo smulkesni ir kartu juose nustatytas didesnis kiekis žalių baltymų. 

Reikšminiai žodžiai: žieminiai kviečiai, grūdų derlius, dirvožemio tipas, dirvožemio granuliometrinė sudėtis. 
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