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Abstract: The aim of this study was to determine the impact of different crop production systems
(organic, integrated, and conventional) on the yields of several spring wheat (Triticum aestivum L.)
cultivars. A field experiment was carried out at the Agricultural Experimental Station of the Insti-
tute of Soil Science and Plant Cultivation in Osiny (Poland) in three consecutive growing seasons
(2014, 2015, and 2016). Two factors were included in the experiment: the crop production system
(organic, integrated, and conventional) and spring wheat cultivars (Kandela, Izera, Ostka Smolicka,
and Waluta). The crop production system significantly differentiated the yield, health, and weed
infestation of the spring wheat. Wheat yield in the conventional system (6.12 t-ha~!) was higher than
in the organic system (3.68 tha™1) by 67%, whereas, in the integrated system (7.61 t-ha—1), it was
greater than in the organic system by 109%. The lower yields in the organic system were mainly due
to fewer ears per m? and a smaller 1000-grain weight. In the organic system, we also observed a
higher infestation of wheat by foliar fungal pathogens and weeds compared with the conventional
and integrated systems. The spring wheat cultivars differed in yield structure and resistance to
infestation by fungal pathogens. The Waluta and Izera cultivars performed well in all systems but
yielded the best in the integrated and conventional ones. The Kandela cultivar was the most suitable
for the organic system, as it achieved the highest yield (4.16 t-ha—1). This was mainly due to its ability
to form a compact canopy with relatively high ear density, a large 1000-grain weight, and the highest
resistance to fungal pathogens. The results for cultivars’ performance in the organic system may be
useful for farmers in decreasing yield gaps in relation to integrated and conventional systems.

Keywords: spring wheat; cultivar; organic system; conventional system; integrated system; grain
yield; weeds; resistance to fungal pathogens

1. Introduction

Wheat is one of the most widespread crops in most parts of the world, from near-arctic
to near-equatorial latitudes [1]. It is the most important species among the cereals by area
planted and is followed in importance by maize, barley, and sorghum. The amount of
wheat on the global market exceeds that of all other cereals [1]. In 2023, the world wheat
grain harvest was 0.8 billion tonnes. The top producers of wheat are China (18% of world
production) and India (15%) [2]. About 95% of the wheat produced worldwide is common
wheat (Triticum aestivum L.). The importance of wheat in crop production is due to its ability
to be grown in different climatic zones, its high yield potential, the chemical composition
of the grain, and its technological properties, which allow for a wide range of consumer,
feed, and industrial uses [3,4].

In addition to soil and climatic conditions, wheat yields are influenced by genetic
factors and the applied crop management system (high-input conventional, low-input
conventional (integrated), or organic) [5-7]. Conventional wheat cultivation based on the
high consumption of synthetic mineral fertilisers and chemical plant protection products
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is widely used in many, mainly developed, countries. Such a system ensures high yields
but is also associated with many environmental and consumer health safety risks [8,9].
High-input conventional agriculture is largely responsible for the degradation of the natural
environment, the overproduction of food, and a decline in consumer confidence in food
quality [8]. Consequently, recent years have seen the development of more environmentally
friendly systems, such as conventional low-input (integrated) and organic systems [10-12].
In the integrated system, the application of nitrogen fertilisation is usually reduced by
30—40% compared with the high-input conventional system, and the doses are adjusted
to the needs of crops. Crop protection treatments are applied depending on the action
threshold for particular pathogens [7].

Organic farming is a system aimed at producing food with minimal harm to ecosys-
tems, animals, and humans [13]. It uses only natural production methods and inputs in
order to produce high-quality food while maintaining biological balance in the environ-
ment [14]. The European Union Field to Fork strategy has set the goal of increasing the area
of organic farming to 25% by 2030 [15]. However, critics argue that organic agriculture may
have lower yields, and therefore, we would need more land to produce the same amount
of food as conventional farms, resulting in more widespread deforestation and biodiversity
loss, thus undermining the environmental benefits of organic practices [13]. A key issue in
the debate on the contribution of organic agriculture to the future of world agriculture is
whether organic agriculture can produce sufficient food to feed the world. Comparisons of
organic and conventional production systems in the context of crop yielding play a central
role in this debate [16].

Another important factor influencing grain yield is the selection of the proper cultivar,
which is particularly important in the organic system. Cereal cultivars differ in terms of
their genetic yield potential and other traits, such as resistance to pathogens and pests,
competitiveness against weeds, and nutrient uptake efficiency [6,7,17,18]. This enables
farmers to select a wheat cultivar adapted to the climatic and soil conditions, the intensity
of crop management, the expected yield, and its functional type [3,4,7,19,20]. For the last
50 years, as conventional agriculture has developed, cereal breeding has focused on the
selection of cultivars with a high yielding potential in conditions involving the high use
of pesticides and synthetic fertilizers. Cereal cultivars that are useful for organic systems
where pesticides are forbidden should have, however, other traits, i.e., the significant
ability to compete with weeds, resistance to fungal pathogens, and a good ability to uptake
nutrients [18-20]. According to Ponti et al. [16], the factors limiting organic yields need to
be more fully understood while also taking into account the social, environmental, and
economic benefits of organic farming.

The aim of this study was to determine the impact of different crop production systems
on the performance of selected cultivars of spring common wheat (Triticum aestivum L.).

2. Materials and Methods
2.1. Characteristics of the Field Experiment

This study was conducted in 2014-2016 at the Agricultural Research Station of the
Institute of Soil Science and Plant Cultivation—State Research Institute (IUNG-PIB) in
Osiny (Poland, Lublin Voivodeship; N: 51°28', E: 22°30) in a long-term experiment (since
1994) comparing different crop production systems: organic, integrated, and conventional
(Scheme 1). The soil was Haplic Luvisol with a loamy sand texture. It was characterised by a
slightly acidic reaction (pHgc; = 5.6) and an average phosphorus and potassium content.
The humus content in the soil was 1.5%.

The concept of this experiment follows the methodology proposed in other research
centres and has been described in earlier publications [21,22]. The experiment was divided
into separate fields representing particular crop production systems. The size of each crop
field in the rotation was 1 ha, which reflects the real crop production conditions. The
experiment was carried out with all crops cultivated at the same time, which made it
possible to obtain full information from all fields in each year.
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Scheme 1. Scheme of the experiment with different crop production systems. Source: own figure.

The compared systems differed in crop rotation; organic and mineral fertilisation; and
crop protection against weeds, diseases, and pests (Tables 1 and 2). In each crop production
system (organic, conventional, and integrated), spring wheat was cultivated every year
(Table 1). Within each field of spring wheat, a split-plot experiment with four cultivars
was established in four blocks with treatments randomized. The following four spring
wheat cultivars were selected from the Common Catalogue of Cultivars of Agricultural
Plant Species [23]: 1zera, Kandela, Ostka Smolicka, and Waluta were cultivated in each
system in four replications. The area of each plot of replication was 30 m? at sowing and
25 m? during harvest. Sowing was performed in accordance with good agricultural practice
at the optimum time for the region. Traditional soil tillage based on ploughing was applied
in all systems. The sowing period was the first decade of April, and the sowing rates
were the same for each cultivar—450 grains per m 2. The row spacing was 12 cm, and
the planting depth was 3.5 cm. Harvests took place in the first decade of August using
a plot harvester.

Table 1. Management of spring wheat in different crop production systems in 2014-2016.

Crop Production System

Specification Organic Integrated Conventional
1. Potato
2. Spring wheat + clovers and L POt?tO
D 2. Spring wheat + .
grasses undersown catch oron 1. Winter rape
Crop rotation 3. Clovers and grasses 3 (I:‘atlf grop 2. Winter wheat
(1st year) - rababean 3. Spring wheat
4. Clovers and grasses 4. Winter wheat +
(2nd year) catch crop

5. Winter wheat + catch crop

Compost (30 t-ha™1)
to potato
2 x catch crop

Compost (30 t-ha™!) to potato
catch crop

Rape straw

rganic fertilisation .
Organic fertilisatio winter wheat straw

According to the results of soil

Mineral fertilization analysis and crop needs, N (65) + P (32) N (110) + P (35)
NPK (kg-ha™1) natural P + K fertilisers + K (60) + K (70)

(42 + 60) in 2013
Herbicides - 1 2-3
Fungicides - 2 3
Insecticides - 1 1-2

Harrowing - 2x 0
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Table 2. Plant protection products used in different crop production systems in 2014-2016.
Crop Production Plant Protection Products
System Herbicides Fungicides Insecticides
2014
Organic - - -
Seguris 215 SC
1.0Lha™!
Integrated Mustang Forte 195 SE OLha Fury 100 E}/\f
0.8Lha™" Amistar 250 SC 0.1Lha~
0.6 Lha™!
Mustang Forte 195 SE Seguris 215 SC
0.8Lha™! 1.0Lha™!
Conventional Amistar 250 5C Fury 100 F}/\/
Puma Uniwersal 0.6Lha~! + 0.1L ha
1.0 Lha™! Artea 330 EC
04Lha!
2015
Organic - - -
Tilt Turbo 575 EC
-1
Integrated Mustang Forte 1195 SE 1.0Lha Fury 100 E}N
0.8 Lha~ Amistar 250 SC 0.1Lha~
0.6 Lha™!
Mustang Forte 195 SE Tilt Turbo 575 EC
0.8Lha™! 1.0Lha™!
Conventional Olympus 480 SC Furry 100EW
Puma Uniwersal 20Lha"!+ 0.1L ha
1.0Lha™! Artea 330EC
04Lha™!
2016
Organic - - -
Tilt Turbo 575 EC
-1
Integrated Mustang Fortfi 1195 SE 1.0Lha Furry 100EW
0.8 Lha Menara 410 EC 0.1Lha
04Lha!
Mustang Forte 195 SE Tilt Turbo 575 EC Decis Mega
0.8 L ha™! 1.0Lha™! 0.125Lha"!
. Axial 100 EC Menara 410 EC
Conventional 04Lha !+ 04Lha 1+ Furry 100 EW
Agritox Turbo 750 SL Amistar 250 SC 0.1Lha™!
1OLha™! 0.6Lha™!
Seguris 215 SC:
isopyrazam—125 g-1.71,
epoxiconazole
Mustang Forte 195 SE: —90gL;
aminopyralid—10 g~L’1, Amistar 250 SC:
florasulam—>5 g-L~1, azoxystrobin—250 g-L~1;
2.4D—180 g-L’l; Artea 330 EC: Furry 100 EW:
Active ineredients Puma Uniwersal: propiconazole—250 g-L 1, zeta-cypermethrin—
of plant ‘(’; otection fenoxaprop-P-ethyl— cyproconazole—80 g-L1; 100 g- LY
rpd tp 4 69 gL Tilt Turbo 575 EC: Decis Mega:
products tised: Axial 100EC: propiconazole—125 g-L 7}, deltamethrin—
pinoxaden—100 g-L~1; fenpropidine—450 g-L.~1; 50 g- L1
Agritox Turbo 750 SL: Olympus 480SC:

MCPA—660 g-L 71,
dicamba—90 g-L 1.

azoxystrobin—80 g-L~1,
chlorothalonil—400 g-L~1;
Menara 410 EC:
propiconazole 250 g-L 7,

cyproconazole—160 g-L~1.
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2.2. Weather Conditions

The weather conditions during the growing seasons of 2014-2016 are presented in
Table 3. In 2014, high precipitation occurred in May, more than 3 times higher than the
multi-annual average. In 2015, from June to August, a severe drought occurred, with
temperatures higher than the long-term average. The 2016 growing season was warm and
dry. The temperature from March to August exceeded the long-term average, and the
amount of precipitation was below the mean (Table 3).

Table 3. Total precipitation and average monthly temperatures during the growing seasons
of 2014-2016.

Temperature (°C)

Month Long-term average
2014 2015 2016 (1950-2013)
March 6.4 52 41 1.9
April 9.8 8.6 10.2 8.1
May 13.6 13.0 15.0 13.8
June 15.7 17.3 20.7 17.1
July 20.7 20.1 19.5 18.6
August 18.3 224 18.3 17.8
Precipitation (mm)
Month Long-term average
2014 2015 2016 (1950-2013)
March 42.7 49.0 25.1 28.1
April 729 29.0 19.9 42.0
May 188.9 109.0 38.5 55.0
June 118.1 29.0 15.4 71.0
July 65.8 52.0 67.9 78.2
August 119.0 4.0 93.5 67.3

2.3. Assessment of Leaf Infestation by Fungal Pathogens

The three uppermost leaves were scored for infestation rate with the following fungal
pathogens: Puccinia recondita Dietel and Holw. (brown rust), Puccinia striiformis Schwein.
(yellow rust), Drechslera tritici-repentis (Died.) Shoem. (wheat tan spot), Septoria sp. (sep-
toriosis), and Blumeria graminis (DC.) Speer (powdery mildew). The observations were
performed at the milk—dough stage (BBCH 77-83). For the phytopathological analysis, three
upper leaves were taken from 10 plants in four repetitions. The percentage of leaf-blade
surface damaged by fungal pathogens was then determined. The sum of infections by
particular pathogens was used as the variable characterizing infection. The method of
assessment of leaf infestation was in line with EPPO recommendations [24].

2.4. Assessment of Weed Infestation

The number of weeds and their dry matter were analysed at the dough stage of spring
wheat (BBCH 85-87) using the weight-counting method in an area of 0.5 X 1 m at each plot
of replication. Dry matter of weeds was determined after drying at 40 °C for 7 days.

2.5. Determination of the Grain Yield

Grain yield was determined after harvest using a special small harvester for the plot
area of 25 m? and then converted per t ha~! at 15% moisture content. Ear density was
determined from an area of 0.5 m? and then converted per 1 m?.

2.6. Statistical Analysis

The results were statistically analysed using STATISTICA ver. 13.1 (StatSoft, Inc.,
Tulsa, OK, USA). In order to compare the influence of crop production systems (n = 3),
cultivars (n = 4), and their interaction effects on wheat performance, a two-way analysis
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of variance ANOVA was used. The significance of the mean differences of the study
factors was evaluated using a post hoc Tukey’s test at a significance level of « = 0.05. The
assumption of normality of the layouts was checked, and the homogeneity of variances was
checked using Levene’s test. All study traits met the above assumptions for the ANOVA
and Tukey’s test.

3. Results

The grain yield was significantly influenced by the year, genotype (cultivar), and
crop production system (Table 4). The lowest spring wheat yields were obtained in 2016
(5.50 t-ha—!), and the highest yields were obtained in 2015 (6.11 t-ha~!). The limiting factor
for wheat growth in 2016 was the rainfall deficit from April to July (Table 3), which had an
impact leading to lower ear density and poorer grain maturity (Table 4).

Table 4. The impact of year, production system, and cultivar on grain yield, yield structure, and
coefficient of variations (in brackets).

Yield Structure

Factors of Experiment Gl[':.il?;—{il(;ld Ear Density 1000-Grain Weight
[pes-m~—2] [g]

Year * * *

2014 5.82 b* (22.0%) 453 ab (15.4%) 41.9b (9.9%)
2015 6.11 ¢ (23.4%) 470 b (15.9%) 42.3 b (9.5%)
2016 5.50 a (22.1%) 422 a (15.7%) 40.1 a (10.0%)
Production system * * *

Organic 3.68 a (28.4%) 349 a (17.7%) 36.3 a (10.1%)
Conventional 6.12 b (20.2%) 503 b (15.1%) 40.9b (9.8%)
Integrated 7.61 ¢ (19.9%) 492 b (14.2%) 44.6 ¢ (9.9%)
Cultivar * * *

Kandela 5.68 ab (24.1%) 425 a (14.9%) 41.5b (10.1%)
Izera 5.79 ab (21.3%) 462 ab (17.4%) 39.1 a (9.9%)
Ostka Smolicka 5.45 a (24.2%) 415 be (14.9%) 42.1 be (9.7%)
Waluta 6.11b (18.8%) 492 ¢ (14.7%) 43.1 ¢ (9.5%)

* Significance of differences between means according to Tukey’s test at p < 0.05. Different letters in columns
correspond to significant differences between objects; interactions: system X cultivar, year x system and
year x cultivar non-significant at p < 0.05.

The highest grain yield was obtained in the integrated system (7.61 t-ha™!). and the
lowest was obtained under organic production conditions (3.68 t-ha™!) (Table 4). Wheat
yield in the conventional system was higher than in the organic system by 67%, whereas, in
the integrated system, it was higher by 109% (Figure 1).

The wheat canopy in the organic system was characterised by lower ear density and
grain weight compared with the other systems and the highest coefficient of variations of
these traits (Table 4). Ear density was 42—44% higher in the integrated and conventional
systems (Figure 2), while 1000-grain weights were, respectively, 13% and 23% higher
compared with the organic system (Figure 3). The highest 1000-grain weight was recorded
in the integrated system (Table 4). A poor nitrogen pool in the soil (Table 1), leaf fungal
diseases, and weed infestation (Table 5) had limiting effects on wheat tillering; growth and
development; photosynthesis; and, consequently, grain yield (Table 4).

Analysis of the data on grain yield and grain structure elements showed no signif-
icant interaction between the production systems and cultivars (Table 4), meaning that
the response of all wheat cultivars to cultivation under the compared production systems
was similar (Figures 1-3). The cultivars yielded the best under the integrated production
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system. Of all the cultivars, Waluta and Izera yielded the best both in the integrated
and conventional systems, respectively, 7.82 and 7.85 t-ha~! (integrated) and 6.48 and
6.13 t-ha~! (conventional). Under the organic system, Kandela (4.16 t-ha~!) and Waluta
(4.04 t-ha™!) yielded the best. Waluta and Izera had a higher tolerance to cultivation in
different production systems, while Kandela performed the best in the organic system.
The higher productivity of the Waluta and Izera cultivars in the integrated and conven-
tional systems was probably associated with a high ear density of 510-568 pcs-m~2 and,
additionally, in the case of Waluta, a high 1000-grain weight (42.8-45.6 g) (Figures 2 and 3).

9
C c
8 C T ; T
~ 7 . : b b
! b
26
"E 5 a a
Q
sy 4 a a
c
g 3
—
i)
0
cultivars: Kandela Izera Ostka Smolicka Waluta
B Organic W Conventional Integrated

Figure 1. Impact of crop production system on the grain yield of 4 spring wheat cultivars (bars
represent standard errors). Different letters correspond to significant differences between systems
according to Tukey’s test at p < 0.05.

700
—~ 600 b b
g b b ] ]
& i I a
o 400 a a
H a
[«F]
- 300
2
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S 100

0
Cultivars: Kandela Izera Ostka Smolicka Waluta

B Organic W Conventional Integrated

Figure 2. Impact of crop production system on the ear density of 4 spring wheat cultivars (bars
represent standard errors). Different letters correspond to significant differences between systems
according to Tukey’s test at p < 0.05.
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Figure 3. Impact of crop production system on the 1000-grain weight of 4 spring wheat cultivars (bars
represent standard errors). Different letters correspond to significant differences between systems
according to Tukey’s test at p < 0.05.

Table 5. The impact of year, production system, and cultivar on wheat infestation by fungal pathogens
and weeds (coefficient of variations in brackets).

Factors Infestation by Fungal Pathogens = Weed Dry Matter in Dough Stage

(% of Leaf Blade Infected) (gm32)

Year * n.s.

2014 15.6 a (41.1%) 14.4 a (25.5%)
2015 27.4 b (38.8%) 20.0 a (22.4%)
2016 16.9 a (39.7%) 10.5 a (24.6%)
Production system * *
Organic 51.6 b (51.7%) 33.5b (37.4%)
Conventional 3.7 a (35.5%) 6.4 a (20.6%)
Integrated 3.3 a (34.5%) 4.8 a (15.0%)
Cultivar * n.s.
Kandela 13.4 a (50.1%) 15.3 a (27.0%)
Izera 21.2b (33.4%) 15.4 a (29.8%)
Ostka Smolicka 23.1b (29.1%) 15.7 a (24.0%)
Waluta 20.5b (47.2%) 13.4 a (30.6%)

* Significance of differences between means according to Tukey’s test at p < 0.05. Different letters in columns corre-
spond to significant differences between objects; interactions: system x cultivar, year x system and year X cultivar
non-significant at p < 0.05.

The cultivar Kandela, which obtained the highest yields in the organic system
(416 tha~!), was able to form a compact canopy with a relatively high ear
density—357 pcs-m~?—and a high 1000-grain weight (37.3 g). In addition, Kandela turned
out to have the highest resistance to fungal pathogens (Table 5), which is a very important
trait in the conditions of an organic system. Kandela proved to be adapted to extensive
farming systems, as it reacted with the smallest yield increase to more intensive cultivation
conditions (the smallest yield difference between the organic and conventional and inte-
grated systems—46% and 76%, respectively) (Figure 1). Ostka Smolicka and Izera reacted
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with the highest yield increase in the conventional and integrated systems compared with
the organic system, which means that the yield potential of these cultivars is better revealed
under more intensive crop production systems (Figure 1).

The highest severity of yield-limiting agrophages in spring wheat was observed in the
organic system, both for leaf fungal pathogens (Table 5; Figure 4) and for weed infestation
(Table 5; Figure 5).

80

=~ 70 4

s a a

o 60

.8

"§ 50

135 a

E 40

g 30

=

w5 20

Y
10 b b b b b b b b
0 - | e e [ e
cultivars: Kandela Izera Ostka Smolicka Waluta

m Organic ® Conventional Integrated

Figure 4. Impact of crop production system on infestation by fungal pathogens in 4 spring wheat
cultivars (bars represent standard errors). Different letters correspond to significant differences
between systems according to Tukey’s test at p < 0.05.
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cultivars: Kandela Izera Ostka Smolicka Waluta
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Figure 5. Impact of crop production system on weed dry matter in 4 spring wheat cultivars (bars
represent standard errors). Different letters correspond to significant differences between systems
according to Tukey’s test at p < 0.05.

The occurrence of fungal pathogens in the wheat was influenced by the crop produc-
tion system and the cultivar. Indeed, the highest leaf area infestation (51.5% of the leaf
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blade) was found in the organic system compared with the other systems, in which leaf
infestation was negligible and did not exceed 4% of leaf area (Table 5). The low level of leaf
infestation by fungal pathogens in these systems was determined by the use of chemical
fungicide treatments (2-3 times per season) (Table 2). Of the cultivars tested, Kandela
stood out as having the highest resistance to fungal pathogens, which was particularly
evident in the organic system with the higher pathogen pressure (Table 5). Next in the
resistance ranking was the cultivar Waluta. The latter and Kandela were, at the same time,
characterised by the highest yields in the organic system, which makes them useful for this
system (Figure 1).

Similarly, the intensity of weed infestation was the highest in the organic system, as
evidenced by the several times higher dry matter of weeds (33.5 g-m~2) compared with
the conventional (6.4 g'-m~2) and integrated systems (4.8 g:-m~2). The low level of weed
infestation in these systems was due to the effectiveness of the herbicides applied (Table 2).
Waluta was the most competitive cultivar against weeds, but the differences between
cultivars were not statistically significant (Table 5).

There were no significant differences in weed severity and pathogen infestation be-
tween the integrated and conventional systems (Table 5).

The predominant spring wheat pathogens in the organic system were Puccinia stri-
iformis, Drechslera tritici-repentis, Septoria sp., Puccinia recondita, and Blumeria graminis
(Table 6). Only traces of Puccinia striiformis and Blumeria graminis occurred in wheat leaves
in the conventional and integrated systems. The weed communities in the organic system
were dominated by common species, such as Chenopodium album, Vicia sp., Stellaria media,
and Fallopia convolvulus. In addition to weeds with low competitiveness against wheat,
nuisance species—such as Cirsium arvense and Equisetum arvense, with high competition
against the crop for nutrients, water, and space, whose presence even at low intensity
causes a significant yield reduction [25]—were observed in the organic system. At the same
time, weed communities in the organic system were characterised by the highest species
biodiversity among the compared systems (Table 6).

Table 6. Occurrence of fungal pathogens and weed species in spring wheat in different crop
production systems.

Crop Production System

Fungal Pathogens Dominant Weed Species
(% Leaf Infestation) (Plants-m~—2)

Organic

Chenopodium album—6.0

Stellaria media—>5.0

Fallopia convolvulus—3.0

Viola arvensis—3.0

Vicia sp.—2.5

Capsella bursa-pastoris—2.5

Apera spica-venti —2.0 Cirsium arvense—2.0
Elymus repens —1.5

Puccinia striiformis (16.0%), Lapsana communis—1.5
Drechslera tritici-repentis (14.3%) Tripleurospermum inodorum—1.5
Septoria sp. (13.8%) Galinsoga parviflora—1.0
Puccinia recondita (4.7%) Convolvulus arvensis—1.0
Blumaria graminis (2.8%) Sonchus arvense—1.0

Polygonum arvense—1.0 Lamium purpureum—1.0
Polygonum maculata—1.0

Myosotis arvensis—1.0

Papaver rhoeas—1.0

Equisetum arvense—1.0

Total species richness in the canopy
(2014-2016) = 33




Agriculture 2024, 14, 625

11 of 16

Table 6. Cont.

Crop Production System

Fungal Pathogens
(% Leaf Infestation)

Dominant Weed Species
(Plants-m~—2)

Integrated

Puccinia striiformis (2.0%),
Blumeria graminis (1.3%)

Viola arvensis—2.5
Galium aparine—1.0
Lamium purpureum—1.0
Erodium cicutarium—1.0
Stellaria media—1.0

Total species richness in the canopy
(2014-2016) =9

Conventional

Puccinia striiformis (2.4%),
Blumeria graminis (1.3%)

Viola arvensis—2.0
Galium aparine—1.5
Equisetum arvense—1.0
Echinochloa crus-galli—1.0

Total species richness in the canopy
(2014-2016) =8

4. Discussion

from 5 to 80% [16,18,19,26-28] (Table 7).

Organic yields are usually lower than conventional ones, with the yield gap ranging

Table 7. Yield gap in organic vs. conventional and integrated systems on the basis of a review of

the literature.

Crop/Type of Comparison

Organic vs. Conventional

Organic vs. Integrated

Literature Citation

Spring wheat . 10% higher yields in conventional .38 ‘o higher yields in .
Long-term experiment system (2019-2021) integrated system Mitura et al. [7]
Poland 4 (2019-2021)
Spring wheat N .
. Yield in organic system ,
Il;gi;gn—;erm experiment 35% lower (2008-2010) Kus et al. [18]

Winter wheat
Long-term experiment
Poland

Yield in organic system 45% lower
(2008-2010)

Feledyn-Szewczyk
etal. [19]

Winter wheat
Long-term experiment
Switzerland

Yields in organic system 64% of
conventional systems

Mayer et al. [27]

Winter wheat
Poland

Yield in conventional system
31% higher

Tyburski and Rychcik [29]

Oats (pure sowing stands and
mixed stands of oats, spring
barley, triticale, and spring)
Poland

Yields in organic system lower
by 12%

Klima and Labza [30]

Wheat

Comparison of 960 conventional
farms and 58 organic farms
Ohio, USA

Organic yields 70% of
conventional ones

Batte et al. [26]

Cereals
England

Grain production per unit area
54% lower in organic system

Doreen et al. [31]

Crops, including cereals
Argentina

Yields under organic farming on
average 25% lower

Alvares [32]
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Table 7. Cont.

Crop/Type of Comparison

Organic vs. Conventional Organic vs. Integrated Literature Citation

Different crops
Long-term farm analysis
(2003-2016)

Austria

Organic cereals achieved on average

35% lower crop yields Bruckler et al. [33]

Different crops

62 published organic—conventional
comparative crop yields; data
covering 43 countries worldwide
(85% of data from Europe and
North America)

Organic yields on average 80% of
conventional ones Ponti [16]

Different crops
13-year period analysis
Netherlands

Mean yield in organic system

13% lower Schrama et al. [34]

Different crops
Meta-analysis of different
research results

Yield from 5% to 34% lower in organic

Seufert et al. [35]
system

In several studies, wheat grain yields in the conventional intensive system have
been reported to be three times higher compared with the organic system (3.05 t-ha~! in
the organic system vs. 9.50 t-ha~! in the conventional system). Such high yields in the
conventional system are mainly due to intensive mineral fertilisation and chemical plant
protection in addition to a genetic factor [36]. Our results showed that spring wheat yields in
the conventional system were higher by 67%, whereas, in the integrated system, they were
109% higher than in the organic one. A study conducted in the same experiment in other
years found 10-62% higher wheat yields in the conventional system and 34-75% higher
yields in the integrated system than in the organic one (Table 7). The larger yield gap
between the organic and conventional/integrated systems revealed in our own studies
may be due to the higher disease pressure and specific weather patterns in 2014-2016.

The yield difference between the organic and conventional systems depends on the
organisation of crop production; the intensity of fertilization and crop protection in the con-
ventional system, cultivar selection; and soil quality. According to some authors [35,37,38],
under certain conditions (good management practices, appropriate crop selection, and
growing conditions), organic systems can match conventional yields. Ponti et al. [16]
showed that the organic yield gap significantly differed between crop groups and regions,
and this gap increases as conventional yields increase. The authors hypothesized that “due
to challenges in the maintenance of nutrient availability in organic systems at crop rotation, farm
and regional level, the average yield gap between conventional and organic systems may be larger
than 20%. This relates, in particular, to the role of lequmes in the rotation and farming systems
and to the availability of manure at the farm and regional levels”. The importance of rotations
involving legumes was also demonstrated in our research. Higher yields in the integrated
system (7.61 t-ha~!) than in the conventional one (6.12 t-ha~!) were due to a better rotation
in this system (four-field rotation with grain legumes) compared with the conventional one
(three-field simplified rotation dominated by cereals).

According to Mayer et al. [27], a reduction in the number of ears per m? and lower
1000-grain weights are the main driving factors of lower yields in organic systems. This
is consistent with our results, in which the ear density in the integrated and conventional
systems was 42-44% higher compared with the organic system. Moreover, the 1000-grain
weight was 13% higher in the conventional system and 23% higher in the integrated system
compared with the organic one. Also, in our previous study, smaller yields in the organic
farming system were caused by a lower ear density and 1000-grain weight (both showing a
reduction of approximately 16%) [19].

The following yield-limiting factors in the organic system can be distinguished: worse
nitrogen nutrition status in crops, lower soil nitrogen availability, weed infestation, and fun-
gal diseases [16]. Some authors indicate that, of the factors mentioned, nitrogen deficiency
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limiting tillering and grain development is essential [16,27,39]. Ponti et al. [16] suggested
that “future research should pay particular attention to nutrient availability in both organic and
conventional agriculture”. According to Watson et al. [4], nutrient supply to crops depends
on the use of legumes that add nitrogen to the system and limited inputs from supplemen-
tary nutrients, added in acceptable forms. The authors noted that “fertility management in
organic farming relies on a long-term integrated approach rather than the short-term very targeted
solutions common in conventional agriculture”. Interesting results were provided in the study
by Schrama et al. [34], who, by comparing organic and conventional systems over a 13-year
period in the Netherlands, found that the yield gap between these systems diminished over
time. This coincided with higher nutrient use efficiency and spatial stability in the organic
system, as well as an improved soil structure with higher organic matter concentrations
and fewer plant-parasitic nematodes [34].

Yield differences between organic and conventional crops may be due to weeds,
pathogens, and pest pressure [19]. According to Posner et al. [38], a wet spring reduced the
effectiveness of mechanical weed control techniques such that the relative yields of corn
and soybeans in the organic system were only 74% of conventional systems. However, in
the other 66% of the cases, where mechanical weed control was effective, the relative yield
of the low-input crops was 99% of conventional systems. In our study, the effectiveness of
weed management in spring wheat in the organic system was lower, as the dry matter of
weeds in this case was 33.5 g'm~2 and 6.4 and 4.8 g'm~2 in the conventional and integrated
systems, respectively. Despite the dry matter of weeds being several times higher in the
organic system compared with the other systems, it did not significantly affect wheat yield.
In the organic system, the high biodiversity of segetal flora, with its low mass in the canopy,
is noteworthy and was confirmed in our previous study [19]. In the conventional and
integrated systems, the domination of some weed species was observed (Viola arvensis,
Fallopia convolvulus, Equisetum arvense, Echinochloa crus-galli, and Elymus repens). This could
be a result of species compensation due to the inappropriate selection of herbicides or the
low effectiveness or resistance of certain weed biotypes to herbicide-active substances.

The cultivars tested did not differ significantly in terms of competition with weeds,
but they differed in terms of resistance to fungal pathogens. The most resistant cultivar
to infestation by fungal pathogens was Kandela, whose leaf blade in the organic system
was infested by up to 34%, and it was almost twice as low as the leaf infestation in Ostka
Smolicka (62%); for this reason, the Kandela cultivar can be recommended for organic
farming. In a study conducted by Radzikowski et al. [40] on 41 winter wheat cultivars in
the organic system, brown rust (Puccinia recondita) was found to be the disease that caused
the highest infestation, often exceeding 80% of the flag leaf area. However, yield reduction
was mainly related to the severe occurrence of leaf Septoria. Other leaf diseases such as tan
spot (Drechslera tritici-repentis), yellow rust (Puccinia striiformis), powdery mildew (Erisyphe
graminis), and fusariosis were of little importance and only occurred at low infestation with
Septoria and brown rust. According to Watson et al. [41], carefully planned diverse rotations
can help reduce the incidence of pests and diseases and allow for cultural methods of
weed control.

Despite the fact that no significant interaction between production systems and culti-
vars was found, the results obtained indicate that the selection of cultivars, especially in
the organic production system, impacts crop yields and quality traits, which has also been
shown in other studies [17,19,39,42]. The lack of significant interaction between crop pro-
duction systems and cultivars may have been due to the relatively low pressure from foliar
fungal pathogens during the analysed period and the low weed infestation in both systems
where chemical crop protection was applied (conventional; integrated) and in the organic
system. Studies on the responses of cultivars to cultivation in different production systems
reveal that spring cereals show less variation in yields than winter cereals [19]. In previous
research conducted on a wider range of cereal cultivars, groups of cultivars more and
less suitable for organic farming were distinguished. They were characterised by greater
competitiveness against weeds and higher resistance to infection by fungal pathogens [20].
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Smith et al. [28] pointed out that organic farms had greater yield variability in compar-
ison with conventional farms, whereas, despite lower yields, organic farms successfully
support reliable environmental benefits, but greater reliance on ecological processes may
reduce the predictability of crop production. According to Doreen et al. [31], biodiversity
conservation and food production need to be balanced: production needs to be sustainable,
while conservation cannot be totally at the expense of crop yield. Of the eight species
groups examined, five (farmland plants, bumblebees, butterflies, solitary bees, and epigeal
arthropods) were negatively associated with crop yield. Although organic farms produce
lower yields than comparable conventional farms [35], they are more profitable, more
friendly to pollinators and the environment, and deliver equally or more nutritious foods
with fewer pesticide residues [28,31,43-45].

5. Conclusions

The compared crop production systems significantly differentiated the yield, health
status, and weed infestation of selected spring wheat cultivars. On average, grain yield in
the conventional system was 67%, and in the integrated system, it was 109% higher than in
the organic system. The main factor of lower yields in the organic system was a reduction
in the number of ears per m? and the 1000-grain weight. Of the cultivars tested, Kandela
proved to be the most suitable for the organic system due to its high yielding potential
and resistance to fungal pathogens. The cultivars Waluta and Izera performed well in all
the production systems but yielded the best in the conventional and integrated systems.
The information on cultivar performance and yielding under the organic system may be
useful for farmers and advisors in decreasing the yield gap and increasing agricultural
incomes. The organic system produces lower yields than the comparable conventional and
integrated systems (although, in some cases, organic yields can match conventional yields),
but it is more friendly to the environment and delivers equally or more nutritious foods
with fewer pesticide residues.
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