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ABSTRACT

Seed yield and weed infestation of pea as well as soil properties were evaluated in the systems of conven-
tional (TA) and conservation (CA) agriculture. In both agricultural systems, pea was grown in crop rotation:
potato — winter wheat — pea — winter barley. Shallow ploughing (10—12 c¢m) after previous crop harvest and
pre-winter ploughing (20-25 cm) were performed, whereas a pre-sowing cultivation set was deployed in the
springtime in TA. In CA, glyphosate was applied after previous crop harvest, and post-harvest residues were
left on the filed surface (4.5 t ha). A cultivation-sowing set was used in the springtime, and pea was sown at
the beginning of April. The study demonstrated that the agricultural systems tested had no significant effect
on pea seed yield. A higher number and air-dry weight of weeds, and a higher weed species number were
demonstrated in TA than in CA. Also, a higher number and air-dry weight of weeds were recorded in 2020
than in the other study years. Contents of organic C and total N in the soil and the number of earthworms

were higher in CA than in TA.
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INTRODUCTION

Conservation agriculture is a farming system based
on crop rotation, surface tillage and mulching [Kertész
and Madarasz 2014]. Its benefits to the natural envi-
ronment include soil protection against erosion, water
protection against eutrophication, as well as landscape
protection and enhancement of biodiversity [Smith et
al. 1998, Rasmussen 1999, Javurek et al. 2008, Kertész
et al. 2011]. This farming system is beneficial for the
biological and chemical processes in the soil as well
as for the better use of water and nutrients by crops.
Conservation agriculture also means benefits related
to agricultural production and food security [Kertész
and Madarasz 2014]. It is most effective in soils ex-
posed to erosion, but also in precipitation-deficient re-
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gions [Doring et al. 2005, Soane et al. 2012, Siddique
et al. 2012]. This mainly applies to semi-arid and
Mediterranean regions, where the retention of water in
the soil provides a certain degree of drought resistance
and an evident level of economically acceptable yields
[Lopez-Bellido et al. 1996, De Vita et al. 2007].

Plant productivity depends on many biotic and abi-
otic factors that influence each other and are difficult
to predict [Knight 2004, Jones et al. 2006]. Neverthe-
less, plants in no-till system yield lower than in the
conventional ploughing system [Morris et al. 2010,
Gruber et al. 2012, Wozniak 2013]. According to Da-
vis et al. [2005] and Peigné et al. [2007], the no-till
system and simplified crop rotations increase weed
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infestation, which in turn reduces crop yield [Fykse
and Waernhus 1999, Bilalis et al. 2001, Wozniak and
Rachon 2019]. In the no-till system, weed seeds accu-
mulate on the surface of the field and their seedlings
emerge at the same time [Torresen and Skuterud 2002,
Gruber and Claupein 2009, Wozniak 2018]. Accord-
ing to Hoffman et al. [1998] and Barberi et al. [2001],
60 to 90% of the weed seed bank is found on the soil
surface in the no-till system, and according to many
authors [Cardina and Sparrow 1996, Vanasse and Le-
roux 2000, Buhler et al. 2001, Fracchiolla et al. 2018,
Feledyn-Szewczyk et al. 2020], these seeds are the
main source of field infestation.

Post-harvest residues or intercrops left as mulch
play an important role in conservation agriculture as
they enrich the soil with organic matter, which has
a positive effect on its bioactivity, an increase in the
organic carbon content, an improvement in the struc-
ture and water absorption of the soil [Li et al. 2014].
According to Morris et al. [2010], the soil coverage
with plant residues should be at least 30% to meet
the aforementioned goals. Other benefits of leaving
plant residues on the field surface include limiting wa-
ter evaporation, increasing microbial biomass, better
availability of nutrients, maintaining the balance of or-
ganic carbon in the soil, activating soil enzymes, and
increasing the stability of soil aggregates [Wang et al.
2019, Pranagal and Wozniak 2021]. The plant residues
left on the field surface suppress weeds and create a
suitable habitat for beneficial insects [Lu et al. 2000].

Based on the literature, hypotheses were formulat-
ed in this study assuming that (a) the yields of pea seeds
in conventional and conservation farming systems will
be similar, (b) pea stand infestation in the conservation
agriculture will be lower than in the conventional till-
age system, and (c) conservation agriculture will have
a more beneficial effect on soil properties than the con-
ventional system. Given the above, this study aimed to
evaluate the impact of conventional and conservation
agriculture on the yield of pea seeds, the structure of
weed infestation and soil properties.

MATERIAL AND METHODS
Experiment design and agronomic management

A field experiment was conducted in the years
20192021 at the Uhrusk Experimental Farm be-

140

longing to the University of Life Sciences in Lublin
(51°18'N, 23°36'E). The experiment was established
with the method of randomized blocks (6 m x 25 m) in
three replications. Peas seed yield, infestation of pea
crops, and soil properties were evaluated in the sys-
tems of conventional (TA) and conservation (CA) ag-
riculture. In both agricultural systems, pea was sown
in crop rotation: potato — winter wheat — pea — win-
ter barley. In TA, shallow ploughing (10—12 c¢cm) was
performed after previous crop harvest and pre-winter
ploughing (20-22 cm) in the late autumn. A pre-sow-
ing cultivation set, consisting of a cultivator, a string
roller, and a harrow, was deployed in the springtime.
In CA, only glyphosate was applied at a dose of 4 L
ha™'(a.s. 360 g L) after previous crop harvest, where-
as a cultivation-sowing set was used in the springtime.
In both agricultural systems, pea of Tarchalska culti-
var was sown at the beginning of April, at a sowing
density of 100 seeds per m?. The same fertilization
was applied on all plots, including: 20 kg N ha™!, 17 kg
P ha!, and 66 kg K ha™! before sowing. Weed control
included twofold field harrowing: the first time — be-
fore emergence and the second time — at the third pea
leaf stage. Pest control involved the application of an
insecticide containing deltamethrin.

Soil and weather conditions

The soil the experiment was established on was
classified as Rendzic Phacozem [IUSS Working
Group WRB 2015]. It had a composition of sandy
clay and slightly alkaline pH (pH, ., = 7.1). Mineral
fraction distribution in its arable layer was as follows:
52% sand (2.0-0.05 mm), 24% dust (0.05-0.002 mm),
and 24% clay (<0.002 mm). The content of total N in
the soil was at 0.70 g kg!; contents of available forms
of P, K and Mg were at 0.13 g kg', 0.20 g kg! and
0.06 g kg!, respectively; whereas organic C content
reached 11.5 g kg™'.

On the study area, the growing season starts in the
mid-March and spans for 215 days on average. The
annual sum of precipitation in the three study years
ranged from 515 to 522 mm, with 337 to 357 mm of
rainfall recorded since April till September and from
ca. 158 to 184 mm since October till March (Tab. 1).
The highest air temperatures are recorded since June
till August, whereas the lowest ones since December
till February (Tab. 2).
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Table 1. Average monthly precipitation (mm)

Months Years
2019 2020 2021 1989-2018
January 30 25 35 30
February 13 22 66 30
March 35 30 6 37
April 12 35 40 45
May 77 57 77 68
June 41 65 37 70
July 71 73 34 83
August 90 65 96 68
September 46 52 75 60
October 31 34 14 49
November 38 34 16 38
December 37 31 23 25
Precipitation total 522 521 515 604
Table 2. Average monthly air temperature (°C)
Months Years
2019 2020 2021 1989-2018

January -33 1.2 0.0 2.2
February 2.1 2.8 -33 -1.5
March 4.8 43 -0.5 2.4
April 9.7 8.2 12.8 8.6
May 13.7 11.2 159 14.1
June 21.8 18.9 18.9 17.2
July 18.4 18.9 19.3 19.5
August 19.6 19.8 20.8 18.5
September 14.3 15.1 15.5 13.5
October 10.4 10.7 10.0 8.0
November 6.0 5.2 3.1 2.7
December 2.5 1.3 0.1 -1.0
Mean temperature 10.0 9.8 9.4 8.3

Production features and statistical analysis

The following production features were evaluat-
ed in the study: (1) seed yield and its components
(plant number per m? before harvest, pod number
per m?, weight of seeds per plant, and 1000 seed
weight), (2) structure of weed infestation of pea crop
(weed number per m?, air-dry weight of weeds, spe-

https://czasopisma.up.lublin.pl/index.php/asphc

cies composition of weeds), and (3) soil properties
(contents of organic C and total N, and number of
earthworms per m?).

Pea seeds were harvested using a plot harvester
at the full maturity stage and seed moisture content
of 14%. Plant number and pod number per m?> were
counted twice on the surface area of m? of each plot,
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seed weight per plant was determined using 30 ran-
domly selected plants, whereas 1000 seed weight was
established by measuring the weight of 2 x 500 seeds.

Weed infestation structure was evaluated with the
frame method in two terms: (1) at the third pea leaf
stage (13—14 stage in the BBCH scale — Biologische
Bundesanstalt, Bundessortenamt und Chemische In-
dustrie), and (2) at the flat pod stage (75-76 BBCH)
[Meier 2001]. This method consists in determining
the species composition and weed number per surface
area of m? of each plot. This surface area was selected
at random, twice, using a 0.5 m x 1.0 m frame. The
air-dry weight of weeds was determined at the flat pod
stage (75-79 BBCH), by picking up weeds from the
surface area marked by the frame, removing their root
system and placing their aerial parts in an airy and dry
room on openwork shelves.

The content of organic C in the soil was determined
with the Tiurin method, whereas that of total nitrogen
with the Kjeldahl method. The number of earthworms
per m? was determined in the second half of May, by
hand-picking the earthworms from 2 soil samples col-
lected from the surface area of 0.25 m x 1.0 m and
from the 0-0.25 m soil layer, and counting them.

Study results were developed statistically using the
analysis of variance (ANOVA), whereas the signifi-
cance of differences between mean values determined
for agricultural systems and study years were deter-
mined with the HSD Tukey test, at p < 0.05.

RESULTS

Seed yield and its components

Pea seed yield was differentiated only by study
years (Tab. 3). A higher seed yield was recorded in
2021 than in 2019 and 2020, with the differences
reaching 14.1% and 36.6%, respectively. Significant
differences in pea seed yield were also noticed be-
tween 2019 and 2020. The high variability of the seed
yield in particular study years was due to significant
differences in the plant number per m? before harvest
(by 5.7-58.0%), pod number per m* (by 7.4—62.7%),
seed weight per plant (by 9.7-23.2%), and 1000 seed
weight (by 2.5-9.8%). In turn, the agricultural systems
compared had no significant effect on the differences
in seed yield and its components (Tab. 4).
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Weed infestation

At the third pea leaf stage (13—14 BBCH), greater
weed density per m* occurred on TA than on CA plots
(Tab. 5). Also, a higher weed number in pea crop was
noted in 2020 than in 2019 and 2021. The ANOVA
components allow inferring that the weed number was
affected to a greater extent by study years than by the
agricultural systems (Tab. 6). At the flat pod stage (75—
76 BBCH), a higher weed number per m* was recorded
on TA than CA plots, and also in 2020 compared to the
other study years. At this developmental stage of pea,
the weed number was found to be more strongly influ-
enced by the agricultural systems than by study years.
The weed density in pea crop was also significantly
affected by the interaction of agricultural systems and
study years. In 2020 and 2021, more weeds were re-
corded in the conventional than conservation system.

The air-dry weight of weeds depended on the ag-
ricultural system, study year, and their interaction.
Nearly twofold higher air-dry weight was produced by
weeds in the TA than CA system. Also, a significant-
ly higher air-dry weight of weeds was determined in
2020 compared to the other study years. This trait was
also influenced by the interaction of agricultural sys-
tems and study years. Weeds produced a higher air-dry
weight in 2020 and 2021, and on TA than on CA plots.
The ANOVA components allowed concluding that the
air-dry weight of weeds was affected to a greater ex-
tent by the agricultural system than by the study year.

The agricultural systems and study years were also
drivers of differences in the composition of weed com-
munities infesting pea crops (Fig. 1). In 2019, at the
third pea leaf stage (13—14 BBCH), the most abun-
dant weed species found in the TA system included:
Consolida regalis, Papaver rhoeas, Avena fatua, and
Veronica persica, whereas in the CA system they in-
cluded: A. fatua, Apera spica-venti, C. regalis, and
V. persica. In 2020, the weed community on TA plots
was predominated by: A. spica-venti, Chenopodium
album, Anthemis arvensis, and P. rhoeas, whereas on
CA plots by: Capsella bursa-pastoris, A. arvensis,
A. fatua, and V. persica. In 2021, the species prevail-
ing in the TA system included: 4. fatua, A. spica-venti,
P. rhoeas, and V. persica, whereas those prevailing in
the CA system included: C. bursa-pastoris, A. fatua,
C. regalis, and A. spica-venti.
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Table 3. Yield seeds and its components

Agricultural systems (AS)

Specification Years (Y) Mean
TA? CA
2019 431 4.18 4.25
2020 3.71 3.40 3.55
Seed yield (t ha™) 2021 5.02 4.68 4.85
mean 4.35 4.09 -
HSDy s for AS —ns; Y —0.34; AS x Y —ns
2019 59.3 56.7 58.0
2020 40.0 37.7 38.8
Plant number per m’ 2021 62.3 60.3 61.3
mean 539 51.6 -
HSDg s for AS —ns; Y —6.1; AS X Y —ns
2019 276.0 287.0 281.5
2020 189.3 182.0 185.7
Pod number per m’ 2021 294.3 310.0 302.2
mean 253.2 259.7 -
HSDy s for AS —ns; Y —22.8; AS x Y —ns
2019 7.32 7.12 7.22
2020 6.79 6.08 6.43
;Y::flz;)o Fsceds per 2021 8.08 7.77 7.92
mean 7.39 6.99 -
HSDy g5ty AS —ns; Y —0.71; AS x Y —ns
2019 253 242 247
2020 225 226 225
1000 seed weight (g) 2021 238 243 241
mean 238 237 -

HSDy o5 for AS —ns; Y —10.5; AS XY —ns

TA"- conventional agriculture; CA — conservation agriculture; ns — not significant
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Table 4. Effect of agricultural systems (AS) and study year (Y) on the yield and its components

Specification Value AS Y AS xY
F 6.24 51.70 0.40
Seed yield (t ha™)
D ns <0.01 ns
F 1. 4. 1
Plant number per m’ 50 54.35 0-10
p ns <0.01 ns
F . 103. .
Pod number per m’ 083 03.90 099
p ns <0.01 ns
Weight of seeds per plant F 1.74 7.81 0.25
® )4 ns <0.05 ns
F 0.19 15.74 2.27
1000 seed weight (g)
p ns <0.01 ns
ns — not significant
Table 5. Number and air-dry weight of weeds
Agricultural systems (AS)
Specification Years (Y) Mean
TA CA
2019 17.4 114 144
2020 249 18.4 21.7
Number of weeds per m?
(13-14 BBCH of pea) 2021 17.7 12.7 15.2
mean 20.0 14.2 -
HSDg s for AS—1.5; Y - 1.8; AS XY —ns
2019 28.3 279 28.1
2020 48.7 16.7 32.7
Number of weeds per m’
(75-76 BBCH of pea) 2021 26.6 16.2 214
mean 345 20.3 -
HSDy s for AS—2.4; Y -3.6; ASxY —6.5
2019 34.6 30.2 324
2020 68.9 22.1 455
Air—dry weight of weeds
in g m? (75-76 BBCH 2021 329 19.8 26.4
of pea)
mean 45.5 24.0 -

HSDgsfor AS—1.7; Y —2.6; AS x Y — 4.6

TA®— conventional agriculture; CA — conservation agriculture; ns — not significant
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Table 6. Effect of agricultural systems (AS) and study year (Y) on the number and air-dry weight of weeds

Specification Value AS Y ASxY
Number of weeds per m2 F 546.85 355.25 341
(13-14 BBCH of pea)

<0.01 <0.01 ns
Number of weeds per m’ F 119.52 13.96 78.30
(75-76 BBCH of pea)

<0.01 <0.05 <0.01
g m2(75-76 BBCH of pea)

<0.01 <0.01 <0.01

ns — not significant

Table 7. Chemical properties of soil and the number of earthworms (in 0-25 cm soil layer)

Agricultural systems (AS)

Specification Years (Y) Mean
TA CA
2019 7.80 9.06 8.43
2020 8.07 9.13 8.60
Organic C content (gkg ™) 2021 7.81 9.24 8.52
mean 7.89 9.14 -
HSDy o5 for AS —0.13; Y —ns; AS x Y —ns
2019 0.75 0.99 0.87
2020 0.83 0.97 0.90
Total N content (g kg ) 2021 0.86 1.06 0.96
mean 0.81 1.01 -
HSD o5 for AS — 0.06; Y —ns; AS x Y —ns
2019 153 22.0 18.7
2020 14.4 19.7 17.1
;Ie‘;”r;bfr of earthworms 2021 17.0 19.6 18.3
mean 15.6 20.4 -

HSDy o5 for AS—1.42; Y —ns; AS x Y —ns

TA® - conventional agriculture; CA — conservation agriculture; ns — not significant
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At the flat pea pod stage (75—76 BBCH), the weed
community observed in 2019 on TA plots was predom-
inated by: 4. fatua, A. spica-venti, P. rhoeas, and C. re-
galis, whereas that observed on CA plots by: 4. fatua,
A. spica-venti, P. rhoeas, and Echinochloa crus-galli
(Fig. 2). In 2020, the species prevailing in the TA sys-
tem included: A. fatua, P. rhoeas, and P. convolvulus,
whereas those prevailing in the CA system included:
A. spica-venti, E. crus-galli, P. rhoeas, and A. arven-
sis. In 2021, the TA plots were most populated by:
A. fatua, E. crus-galli, Ch. album, A. spica-venti, and
P rhoeas, whereas the CA plots by: E. crus-galli,
A. fatua, and P. rhoeas.

The agricultural systems and study years were also
drivers of differences in the number of weed species in

13-14 BBCH
14 a
4 b
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§ 12 A
10
T b b
q)8
2
'466
g 4
E 2
=2
0
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pea crops (Fig. 3). In all study years, a higher number
of weed species was observed on TA than CA plots.
At the third pea leaf stage (13—14 BBCH), from 10
to 13 weed species were identified in the convention-
al agriculture system, and from 7 to 11 weed species
in the conservation agriculture system. At the flat pod
stage (75-76 BBCH), from 9 to 12 weed species were
identified on TA plots, and from 6 to 8 weed species
on CA plots.

Soil properties

The organic C content in the soil was higher by
15.8% on CA than on TA plots (Tab. 7). Also the total
N content was affected only by the agricultural sys-
tems. It was 24.7% higher in the soil from CA than

75-76 BBCH
14
8 a
S 12 :
if 10 b a
v 8 b
g b
> 6
o
S 4
Q
=
Z 0
2019 2020 2021
ETA ECA

Fig. 3. Number of weed species per m?. TA — conventional agriculture, CA — conservation agriculture. Mean values denoted

with the same letters do not differ significantly, p < 0.05

Table 8. Effect of agricultural systems (AS) and study years (Y) on soil properties and number of earthworms

Specification Value AS Y AS xY
F 460.91 2.63 3.31
Organic C content (g kg™")
p <0.01 ns ns
F 43.25 3.20 1.10
Total N content (g kg ")
p <0.05 ns ns
Number of earthworms r 55.73 2.28 3.26
2
perm p <0.05 ns ns

ns — not significant
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from TA plots. Also the number of earthworms per m?
was significantly higher (by 30.8%) in the CA than TA
system. The ANOVA results indicate that the study
years had only a negligible effect on the values of the
above-discussed features (Tab. 8).

DISCUSSION

A feature of modern agriculture is the pursuit of
high plant productivity and yield stability as well as
alleviation of the adverse impact of agriculture on the
natural environment [Jones et al. 2006, Kertész and
Madarasz 2014, Faligowska et al. 2022]. Such con-
ditions are met by conservation agriculture that is
based on crop rotation involving legume inclusion,
no-till cultivation and crop residues left on the field
surface [Doring et al. 2005, Herridge et al. 2008].
The conducted field experiment corroborated the ben-
eficial effect of conservation agriculture on the pro-
duced pea seed yield, as well as its significant impact
on the chemical and biological properties of the soil.
The contents of organic C and total N, and the number
of earthworms in the soil were significantly higher in
the conservation than in the conventional agriculture
system. As Peoples et al. [2009] and Wozniak [2021]
report, the inclusion of legumes into the crop sequence
improves the efficiency of crop rotation. This is related
to the improvement of nitrogen availability in the soil
and a beneficial effect on soil properties. According
to Byerlee and White [2000], legumes are character-
ized by high variability of yields, as well as seasonal
and annual price fluctuations, both on domestic and
international markets. In our research, the variability
of pea seed yields was influenced by study years. The
greatest decrease in the seed yield was found in 2020,
when pea crops were infested by the highest number
of weeds which produced the highest biomass, com-
pared to the other study years. In turn, the TA and CA
systems did not differentiate the seed yield and its
components. Many studies show that on soils deficient
in water, plants yield better in the no-till than in the
conventional ploughing system [Lopez-Bellido et al.
1996, Knight 2004, De Vita et al. 2007, Morris et al.
2010], whereas on moderately moist soils — in the con-
ventional tillage system [Wozniak and Gaweda 2019].
In my previous study [Wozniak 2013] conducted on
moderately moist soil, over 40% higher yields of pea
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seeds were obtained in the conventional than no-till
system. The conservation agriculture enables better
control of weed infestation of crops [Siddique et al.
2012]. According to Lu et al. [2000], in this system,
plant residues left on the field surface reduce weed
density and lower the biomass produced by weeds.
Also, in the conducted experiment, a significantly
lower density of weeds and the biomass produced by
them as well as a lower number of weed species were
found in the conservation agriculture system than in
the conventional system.

CONCLUSIONS

The agricultural systems tested had no significant
effect on pea seed yield. In contrast, this trait was dif-
ferentiated by study year. A higher number and bio-
mass of weeds, and a higher weed species number
were demonstrated in the conventional than conser-
vation agricultural system. Also, a higher number and
air-dry weight of weeds were recorded in 2020 than
in the other study years. Contents of organic C and
total N in the soil and the number of earthworms were
higher in the conservation than conventional agricul-
tural system.
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