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Abstract: Pea is one of the most important legumes grown in the world. The seeds are used for food production and
animal feed. The problem with its cultivation is the low yield and sensitivity to the course of the weather. The important
factor is to determine the optimal sowing rate and row spacing, especially for new cultivars of pea. Therefore, research
was undertaken to assess the effect of row spacing and sowing density on selected physiological parameters, yielding,
and structural elements of peas cv. ‘Batuta’ in Poland. The results of the research showed that the row spacing and
sowing density determine the values of plant physiological parameters, yield of pea seeds and protein content. The
increase in plant density in the canopy caused a decrease in the measured parameters of chlorophyll fluorescence, such
as maximum quantum yield of photosystem II (F,/F,,) and maximum quantum yield of primary photochemistry
(F,/F,) and performance index (PI). The leaf area index (LAI) was lower with a wider row spacing. Row spacing and
plant density determined yield of pea seeds, number of pods and seeds per plant and weight of seeds per plant. Wider
row spacing resulted in a decrease in the protein content in seeds, while an increase in sowing density from 70 to
110 m? caused its increase. The course of the weather during the vegetation period of plants significantly influenced the

obtained results.
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INTRODUCTION

Legumes account for about one-third of the world’s direct protein
consumption by mankind. They are an important source of
animal feed as well as edible and industrial oils. One of the more
important characteristics of legumes is their ability to symbioti-
cally fix nitrogen, which underlines their importance as a nitrogen
source in both natural and agricultural ecosystems [KARKANIS
et al. 2016; PuiLies 1980]. One of the popular legumes is pea
(Pisum sativum L.). It is the third most important cultivated
legume in the world and a valuable source of nutrients for
humans [BARDARO et al. 2016; Karkanis 2016; TAYEH et al. 2015].
Peas play an important role in crop rotation as a plant that
interrupts the frequent succession of cereals. It is a valuable
phytosanitary plant [MALECKA-JANKOWIAK et. al. 2016; TaN et al.
2012]. Pea plantation leaves the soil with crop residues containing

about 20 kg P,Os, 25-60 kg K,0, and 50-80 kg N per 1 ha, which
results in a significant increase in the yield of succeeding crops
without additional expenditure. The short growing season makes
peas a good forecrop for winter species (rape, barley, wheat)
[Boros 2016; KARKANIS et al. 2016].

Peas are a valuable protein plant, it is characterised by
a variety of cultivars and their suitability in terms of the direction
of cultivation and use (edible, for fodder, as dry seeds, and green
fodder) [Rurkowskr et al. 2015; SMULIKOWSKA, RuTkowskr 2005].
Genotypes, agronomical management, soil, and climate factors
can affect plant growth, yield, and quality. Determining the
optimal seeding rate is an important factor. Seeding rates can
affect crop yield, competitive ability with weeds, soil surface
evaporation, and light interception [AL-RiFAEE et al. 2004;
ARMSTRONG et al. 2008; BHUTIA, SAURABH 2017; Biswas et al.
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2012. JounstoN et al. 2002; Kosev et al. 2013; MCMURRAY et al.
2011; Rasagr, GHoBADI 2012].

Chlorophyll fluorescence parameters are important tools to
study the effects of different environmental stresses on photo-
synthesis [ALLAKHVERDIEV, MURATA 2004]. It is one of the
important methods to analyses the role of photosystem II (PSII)
and its response to towards changes in the environment and
growth conditions [Kavraji, PIETKIEWICZ 2004; STRASSER et al. 2004].
The performance index (PI) and maximum quantum yield of
primary photochemistry (F,/F,) are sensitive parameters related
to PSII damage and efficiency. Photosynthesis activity can be
determined by the measurement of chlorophyll fluorescence and
the quantum yield of CO, uptake from gas exchange; however,
both of them require an accurate assessment of leaf light
absorption [BAUERLE et al. 2004; Genty et al. 1989]. In the
photosynthesis process, the photosynthetic pigments such as
chlorophyll and accessory pigments absorb strongly the light in
the visible range, minimising its reflectance. Stress factors alter
the leaf reflectance in visible wavelengths (approx. 400-700 nm)
that result in metabolic disturbance, causing a change in the leaf
chlorophyll concentration [CARTER, Knap 2001; KnipLING 1970].

Therefore, research was undertaken to assess the effect of
row spacing and sowing density on selected physiological
parameters, yielding, and structural components of peas cv.
‘Batuta’ in Poland. The research hypothesis assumes that
increasing the spacing and planting density per 1 m* will improve
the physiological parameters of plants, increase the seed yield
and have a positive effect on the chemical composition of seeds.

MATERIALS AND METHODS

The research was carried out from 2017-2019 years in
Experimental Station for Cultivar Assessment (Stacja Doswiadc-
zalna Oceny Odmian) in Przectaw (Poland 50°110' N, 21°290'" E).
The experiment was conducted as a two-factor split-plot method
with four replications (24 plots). The area of each plot for harvest
was 16.5 m”. The row spacing (15 cm and 30 cm) was the first
experimental factor and the second was the plant density (70, 90,
and 110 plants per m?). Pisum sativam cv. ‘Batuta’ as sown in
variants: row spacing (cm) / seeding density (pessm™2): 15/70,
15/90, 15/110 and 30/70, 30/90, 30/110. The forecrop of peas was:
winter wheat (2017, 2018 years) and sugar beet (2019). Before
sowing, soil mineral fertilisation was applied. Phosphorus,
potassium, and nitrogen were applied in doses 35 kg P,Os-ha™",
95 kg K,O-ha™", and 30 kg N-ha™', respectively. The sowing depth
was 3-4 cm. The agrotechnical treatments carried out during the
field experiment are presented in the Table 1.

The field research was situated in originating from clay loam
classified as Fluvic Cambisol (CMfv), according to WRB FAO
[IUSS Working Group WRB 2015]. The soil pH was slightly
acidic in the years 2018 and 2019 and neutral in 2017. The
phosphorus content and average potassium content in soil were
characterised by high (2017 and 2018) and very high (2019). The
content of magnesium was very high in 2017 and 2019, and in
2018 it was high. Micronutrients content (iron, manganese, and
copper) was average in all research years. Zinc content was
average in the years 2018-2019 and low in 2017 (Tab. 2).

The weather conditions were recorded at the Experimental
Station for Cultivar Assessment in Przectaw (Fig. 1).

Table 1. Agrotechnical treatments conducted in the experiment

Specification 2017 2018 2019
Sowing date 28.03. 09.04. 22.03
30.03. 9.04; 27.04. 26.04.
.. Afalon dispersive| Boxer 800 EC Boxer 800 EC
Herbicide .
450 SC (linuron) | (prosulfocarb) (prosulfocarb)
1 dm*ha™* 4 dm>ha™ 4 dm®ha™
5.06; 19.06 23.05. 28.05.
. Mospilan 20 SP | Mospilan 20 SP | Mospilan 20 SP
Insecticide . . o
(acetampitite) (acetampitite) (acetampitite)
0.2 kg-ha™ 0.2 kg-ha™ 0.2 kg-ha™
Harvest date 24.07. 22.07. 08.07.

Source: own elaboration.

Table 2. Chemical properties of soil prior to pea sowing

Value in the years of research
Parameter
2017 2018 2019
Trait
pHkar 6.92 6.03 7.0
Humus content (%) 1.16 L.16 1.18
Content (mgkg™)
Mg 238.1 102.3 177.1
K 196.4 154.1 170.0
P 155.2 153.0 223.1
7n 13.54 10.90 109.5
Fe 2885.3 1035.0 1079.3
Mn 370.4 116.0 119.9
Cu 11.43 3.79 7.21
Source: own elaboration.
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Fig. 1. Weather conditions during the vegetation period of plants in
2017-2019 (mean monthly); source: own elaboration

The growing seasons in terms of water and thermal
conditions were characterised on the basis of the Sielianinov (k)
hydrothermal coefficient [Skowera 2014] — Table 3, which was
calculated according to the equation: k = P/(0.1Xt); P = sum of
monthly precipitation (mm), Xt = sum of average daily air

temperatures for a given month (°C).
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Table 3. Sielianinov’s hydrothermic coefficient (k) during the field experiment

Coefficient’s value in months
Year
Apr May Jun Jul Aug mean
2017 3.79 (eh) 0.88 (d) 0.80 (d) 0.80 (d) 1.50 (o) 1.79 (rh)
2018 0.42 (vd) 1.43 (o) 0.94 (d) 1.88 (rh) 1.70 (rh) 1.27 (rd)
2019 2.93 (vh) 4.63 (eh) 0.31 (ed) 0.82 (d) 1.47 (o) 2.03 (rh)
Longterm 1.75 (rh) 1.81(rh) 1.55 (o) 1.45 (o) 1.50 (o) 1.61 (rh)

Explanations: coefficient (k) value (for temperature above 8°C): ed = extremely dry, vd = very dry, d = dry, rd = rather dry, o = optimal, rh = rather

humid, h = humid, vh = very humid, eh = extremely humid.
Source: own study.

Physiological measurements and leaf area index (LAI) on
peas plants were conducted in the morning, twice during the
growing season in phases: the beginning of flowering (BBCH'
59), the end of flowering (BBCH 69). Measurements of the
relative chlorophyll content in leaves were conducted using SPAD
502 device. SPAD measurements were conducted on 20 randomly
selected plants from each plot.

Measurements of chlorophyll a fluorescence were carried
out using a portable fluorometer (Pocket PEA). The fluorescence
signal was collected in red actinic light with a peak wavelength of
627 nm light diode source and applied for 1 s at the maximal
available intensity of 3500 pmol of photosynthetically active
radiation (PAR) m™%s™. Fluorescence measurements were carried
out on fully expanded leaves of four randomly selected plants
from each plot, after a 30 min dark adaptation, using leaf clips
that were placed on the upper part of the leaf blades away from
the main vein [MAXWELL, JoHNSON 2000].

Leaf area index (LAI) measurements were performed with
the use of an LAI 2000 device (LI-COR). In order to determine
the LAI value, one measurement over the canopy and four
measurements in the canopy were performed.

Before harvesting, a random 20 plants from each plot were
collected in order to analyse the yield structure. Plant height (cm)
was measured from the root crown to the tip of the shoot. The
number of pods and the number of seeds in the technical
maturity phase were determined. The weight of a thousand
seeds has been determined with an accuracy of 0.1 g. The pea
seeds were harvested at the full maturity phase (BBCH 89). The
seed yield was converted into the yield per 1 ha at 15% humidity.

The protein content of peas seeds was determined by using
near-infrared spectroscopy (NIRS) using an MPA FT NIR
spectrometer. Protein yield was calculated acc. to PN-EN ISO
20483: 2014-02 from the product of the seed yield and the
percentage of a protein in the seed.

The results of the study were performed using the statistical
software TIBCO Statistica 13.3.0. The analysis of variance
(ANOVA) was used to determine the significance of differences
between treatments and verified by Tukey's test, at the
significance level of p < 0.05.

1 BBCH is derived from the Biologische Bundesanstalt, Bundessorte-
namt and CHemical industry and is the system used for uniform
coding of phenologically similar growth stages of all mono- and
dicotyledonous plant species.

RESULTS AND DISCUSSION

Chlorophyll is the most important pigment in plants. Its content
is an important factor in determining the photosynthesis process
and influencing the chlorophyll fluorescence [Mao et al. 2007].
The level of irradiance in plants modulates the anatomy and
physiology of the leaf. In an environment where there is a high
level of irradiance, the leaves are often thicker and have an
increased level of mesophyll in proportion to the surface area
[TerasHIMA et al. 2006]. The content of chlorophyll in pea leaves
measured by the SPAD value was higher in the BBCH 69 phase
compared to BBCH 59 (Figs. 2, 3). A similar relationship was
obtained by HussaiN et al. [2019] who found a higher chlorophyll
content under higher sunlight conditions. The highest SPAD-
value was achieved by plants with a spacing of 15 cm and
a sowing density of 70 cm in the BBCH 69 phase. SPAD-value
was higher by 3.7% compared to the cast of 110 pcs..m™2. In the
BBCH 59 phase, the highest SPAD value was recorded in 2019
and it was higher by 4.5% compared to 2017. In turn, in 2017,
a significant increase in SPAD by 4.7% was observed between the
BBCH 59 and BBCH 69 phases (Figs. 2, 3). Many authors claim
(NEMESKERI et al. [2015], PrusiNski [2022], PrusiNski and BOROWSKA
[2022]) that the chlorophyll content in leaves is a genetic feature,
but it is also conditioned by the course of the weather during the
vegetation period and the plant density per 1 m? It is higher on
the surface with less shade, which was demonstrated in the
conducted studies. Higher chlorophyll content was observed with
a lower plant density per unit area. GRABowska and BANASZKIEWICZ
[2009], PopLesNy [2009], Turk et al. [2011], NEMESKERI et al.
[2015], PrusiNsk and Borowska [2022] also showed modification
of chlorophyll content with the stage of plant development and
abiotic factors. Drought reduces SPAD-values, which was shown
in the conducted research. Lower SPAD-values were obtained in
2017 with low rainfall compared to 2019, which was confirmed by
the performed statistical analysis (Fig. 3).

Light has a significant impact on the physiological processes
taking place in plants. The presence of adjacent plants or self-
shading within the canopy can reduce the availability of
photosynthetic active radiation (PAR) and alter the quality of
light for each plant [VALLADARES, NuNEMETS 2008]. Previous
studies have shown that shading conditions in crops belonging to
the Fabaceae family reduce the reaching of PAR run-in, which
results in a significant reduction in the efficiency of the
photosynthetic process [YaNG et al. 2014; 2018]. According to
FaN et al. [2019], shading conditions may affect the capacity
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Fig. 2. Chlorophyll content (SPAD-value) depending on phenologic
growth stages (BBCH) and row spacing (mean 2017-2019); different
letters indicate a significant difference in the row spacing and sowing
density according to ANOVA (followed by Tuckey’s HDS test, p < 0.05);
source: own study
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Fig. 3. Chlorophyll content (SPAD-value) depending on phenologic
growth stages (BBCH) over the years; different letters indicate a signi-
ficant difference in row spacing and sowing density, different lowercase
letters indicate a significant difference among the means in the
measurement phases and different capital letters indicate significant
differences among means in the years of research according to ANOVA
(followed by Tuckey’s HDS test, p < 0.05); source: own study

decline in the transport of electrons from PSII to PSI. This can be
explained by a reduction in the photosynthetic rate caused by
a decrease in the availability of light as a result of the mutual
overlapping of plants with an increased sowing density [PostmMa
et al. 2021]. As the water content of the leaf decreases, reflectance
increases and absorption decreases as a result of the radiative
attributes of water [BowmaN 1989]. MurcHIE and Lawson [2013]
and NeMESKERI et al. [2015] showed that increasing the sowing
density and row spacing causes the plants to shade each other,
which reduces the availability of light, reduces photosynthesis,
and causes a decrease in the maximum quantum vyield of
photosystem II (F,/F,,) and maximum quantum yield of primary
photochemistry (F,/F,) parameters. Similar relationships were
shown in the conducted research (Fig. 4, 5). The significantly
highest value of F,/F,, was obtained for the row spacing of 15 cm
and the density of 70 pcs..m™>. With the increase in the planting
density, the F,/F,, value decreased by an average of 8.6% (between
15/70 and 15/100 in the BBCH 59 phase) and by 10.8% (between
the 30/70 and 30/100 variant in the BBCH 69). The analysis of
variance showed significant differences (Fig. 4).

Similar relationships were obtained by analysing the F,/F,
and PI parameters (Figs. 5, 6). Along with the increase in plant
density (regardless of the row spacing), the values of both
parameters decreased in each of the analysed development stages.
A significant decrease in F,/F, was demonstrated between the 15/
70 and 15/110 and 30/110 variants in the BBCH phase, which was

0.90
c
0.85 b b
I ab ab
b b
g | a
t o8 [ I I J;
BBCH 59 BBCH 69
=15/70 =15/90 =15/110 ~30/70 =30/90 =30/110

Fig. 4. The maximum quantum yield of photosystem II (F,/F,,) in pea
leaves depending on phenologic growth stages (BBCH) and row spacing
(mean 2017-2019); explanations as in Fig. 2; source: own study
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Fig. 5. The maximum quantum yield of primary photochemistry (F,/F,)
in pea leaves depending on phenologic growth stages (BBCH) and row
spacing (mean 2017-2019 years); explanations as in Fig. 2; source: own
study
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Fig. 6. The performance index (PI) in pea leaves depending on row
spacing and plant density (mean 2017-2019 years); explanations as in
Fig. 2; source: own study

confirmed by the performed statistical analysis The PI indicator
was significantly the highest in the 30/70 variant. When assessing
the years of the study, a decrease in the analysed indicators in
2017 was shown compared to 2018 and 2019, which was caused
by the drought during the plant vegetation period in May and
June (Tab. 3). The parameter values were lower in the BBCH 69
phase compared to BBCH 59 (Figs. 7, 8, 9).

In the conducted research, the LAI field architecture index
was also analysed each year (Figs. 10, 11). A significantly higher
LAI value was demonstrated for a higher plant density and
a smaller row spacing. The significantly highest LAI parameters
were obtained in the 15/110 variant compared to the 30/70
variant. RicHARD et al. [2013] showed that a higher planting
density in a wet period causes an increase in the LAI value, which
was demonstrated in their own research. In 2019, with higher
rainfall, the LAI value was almost twice as high as in 2017, which
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Fig. 7. The maximum quantum yield of primary photochemistry (F,/F)
in pea leaves depending on phenologic growth stages (BBCH) over the
years; explanations as in Fig. 3; source: own study

Fig. 8. The maximum quantum yield of photosystem II (F,/F,,) in pea
leaves depending on phenologic growth stages (BBCH) over the years;
explanations as in Fig. 3; source: own study
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Fig. 9. Performance index (PI) in pea leaves depending on phenologic
growth stages (BBCH) over the years; explanations as in Fig. 3; source:
own study

was statistically confirmed. Pobresny [2009] indicates that in pea
plants cultivated with a larger row spacing, the LAI value was
lower, which was noted in this study, while Prusmski and
Borowska [2022] showed no effect on row spacing and sowing
density on the LAI value.

6
b
5 c ab gp ab ab
ab @ - b b & 5
4 a I
3 :
2
1
0
BBCH 59 BBCH 69

m15/70 ®m15/90 =15/110 =30/70 m30/90 =30/110

Fig. 10. The leaf area index (LAI) depending on phenologic growth stages
(BBCH) and row spacing (mean 2017-2019 years); explanations as in
Fig. 2; source: own study
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33
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m2017 m2018 =2019

Fig. 11. The leaf area index (LAI) depending on phenologic growth stages
(BBCH) of pea plants (mean 2017-2019 years); explanations as in Fig. 3;
source: own study

The study also analysed the effect of row spacing and sowing
density on plant morphological features, seed yield, and structure
(Tabs. 4, 5). PobLesny [2009] believes that reducing pea row
spacing causes an increase in the accumulation of biomass yield
and a decrease in plant height. He showed that pea plants grown
in a larger row spacing are taller and their leaf area is smaller. The
conducted research showed no effect of the row spacing on the
plant height and the height of the first pod placement. The varied
plant density did not increase the plant height, but only increased
the height of the first pod, on average by 4.97% for a density of
110 pes.-m ™ compared to the density of 70 and 90 pcs.-m™. The
highest plants were obtained in 2019, and the most favourable
height of the first pod was in 2018, which was confirmed by the
performed statistical analysis (Tab. 4).

Many authors report that the most suitable planting density
for peas is 40 pcs..m 2. A higher sowing density does not lead to
an increase in the yield. Gucara and Zarzecka [2009] and TURrk
et al. [2011] obtained the highest yield from the planting stock of
125-150 pcs.-m™2, and the lowest from the planting density of
75 pcs.-m 2. KRiZMANIC et al. [2020] found that sowing peas at
different densities significantly modified the seed yield, plant
height, and the number of pods per plant, and did not affect the
number of seeds in a pod or the weight of 1000 seeds. Spies et al.
[2012] recommended a pea sowing density in the range of 59-88
pcs..m ™2, Authors report increasing pea plant density reduces the
branching of plants. In the conducted research (Tab. 5), the row
spacing and sowing density modified the pea seed yield and its
structure. A significant increase in the yield was found by 7.8%
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Table 4. Morphology trains depending on the research factors of
pea plants in the years of experiment

Factor
Plant height | 1* pod height
row spacing plant density (cm) (cm)
(cm) (X) (pes.-m™) (Y)
70 92.1a +£21.3 70.1a +13.4
15 90 97.5a +17.0 70.0a +11.5
110 99.0a +14.1 73.2a +10.4
70 94.6a +21.7 67.6a +12.3
30 90 94.0a +17.5 68.1a £12.2
110 94.4a +18.4 71.8a £12.2
15 96.2a +17.5 71.1a +11.6
30 mean 94.4a +18.7 69.1a +12.0
70 93.4a +21.1 68.8a +12.6
Mean 90 95.8a +17.0 69.0a +11.6
110 96.7a +16.2 72.5b +11.2
2017 73.5a +7.8 56.1a +5.2
Year (Z) 2018 98.4b £7.7 81.7b 4.6
2019 113.9¢ 4.0 72.6¢ £5.3
Mean 95.3 +18.0 70.1 +11.8
X ns ns
Y ns *
7 - bk
XxY ns ns
XxZ ns ns
XXZxY ns ns

Explanations: different letters indicate a significant difference in row
spacing and sowing density according to ANOVA (followed by Tuckey’s
HDS test, p < 0.05); significance level: *** p < 0.001, ** p < 0.01, * p <0.05,
ns = not-significant.

Source: own study.

with a wider row spacing (30 cm) compared to a narrower one
(15 cm). A significantly higher yield was demonstrated for the
stocking density of 90 and 110 pcs.m™ by 2.6% on average
compared to the stocking density of 70 pcs..m™>.

The meteorological conditions during the vegetation period
influenced the size of the seed yield. In the analysed growing
seasons, favourable weather conditions prevailed in 2018 and
2019 (Tab. 3). April 2018 and June 2019 were dry. Particularly
high rainfall was recorded in May 2019, which improved the
vegetation of plants (Sielianinov’s hydrothermic coefficient -
4.63). The least favourable hydrothermal conditions were
recorded in June and July 2017. During this period, the drought
decreased the yield and the protein content of seeds. The highest
yielding peas in 2019, with well-distributed rainfall during the
growing season. Lowest in dry, 2017 year. The difference was
34.8%. PrusiNski and Borkowska [2022], as well as GrRaBowska and
Banaszkiewicz [2009], found that the air temperature and rainfall
total determined 84.5% of the pea seed yield. Therefore,
favourable rainfall conditions influenced the yield of pea seeds
more than the other yield elements, which was also demonstrated
in the conducted research. Yield structure elements (with the
exception of 1000 seeds weight) depended on the row spacing.
With a narrower row spacing (15 cm), there was a significantly
greater number of pods and seeds per plant as well as the weight
of seeds per plant than with the spacing (30 c¢m). Similarly, at
a lower plant density of 70 pcs..m™2, a significant increase in the
number of pods and seeds per plant was observed in relation to
the stocking density of 90 and 110 pcs.-m™ and the weight of
seeds per plant in relation to the stocking density of 110 pcs..m ™2,
The weight of 1000 seeds was significantly the highest in the
density of 90 pcs.-.m ™. TURK et al. [2011] showed that the number
of seeds per plant depended on the cultivar and sowing density.
The highest number of seeds was developed by plants with
a density of 75 pcs.m™>. Increasing the density reduced the
number of seeds per plant. In own research, the most seeds were
also obtained from plants at a similar plant density (70 pcs.-m™) -
Table 5. KrizmANIC et al. [2020] stated instead the planting density
per m* had no significant effect on the number of pods or the

Table 5. Pea yield and yield components depending on the research factors in the years

Tactor Seed yield Number of pods | Number of seeds Seed weight Weight of 1000

row spacing plant density (Mg-ha™") per plant (pcs.) per plant (pcs.) per plant (g) seeds (g)
(cm) (X) (pes-m™) (Y)

70 4.43abc +0.58 7.5b £2.6 32.8¢ +11.5 7.29¢d +2.51 224ab +26
15 90 4.70bc +0.64 7.1b £2.6 30.4bc £10.4 7.32d +3.76 233c £24
110 4.75c £0.58 6.4ab +1.4 27.8ab +6.6 5.71ab +1.38 208a +21
70 4.31ab +0.72 7.6b +2.4 33.2c +11.4 7.45d +2.63 222ab 17
30 90 4.24a +0.75 6.4 ab £2.0 27.5ab +8.9 6.25bc +2.32 224ab +18
110 4.26a £0.60 5.6a 1.7 23.3a £6.4 5.12a +1.46 219ab +21
15 4.63a +0.69 7.0b £2.3 30.3b +9.7 6.77b £2.76 222a +26
30 e 4.27b £0.70 6.5a 2.1 28.0a £9.8 6.27a £2.34 221a 18
70 4.37a +0.64 7.5¢c £2.4 33.0c £11.2 7.37b £2.51 223ab +22
Mean 90 4.47b £0.72 6.8b £2.3 28.9b +9.6 6.79b £3.10 228c +21
110 4.50b +0.67 6.0a 1.6 25.6a £6.8 5.42a +1.42 213a +21
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cont. Tab. 5
Factor
Seed yield Number of pods Number of seeds Seed weight Weight of 1000
row spacing plant density (Mg-ha™) per plant (pcs.) per plant (pcs.) per plant (g) seeds (g)
(cm) (X) (pes.-m™) (Y)
2017 3.84 a £0.32 56 a £1.0 24.4a £3.8 4.81a £0.98 205a +5
Year (Z) 2018 4.33 b +0.49 54a=+l4 22.8a +4.8 5.32 a+1.07 236¢ +£28
2019 5.18 ¢ £0.29 93 b 1.5 40.3b 7.7 9.44b £2.12 224b +12
Mean 4.45 0,67 6.82 £3.2 29.2 £9.7 6.52 £2.55 222 +22
X ok - * * ns
Y bk ns e —_— —
7 ok ok ok - -
XxY ek ns ns ns ns
XxZ ek ns ns ns ns
YXZ el ns ns ns ns
XXZxY ek ns ns ns ns

Explanations as in Tab. 4.
Source: own study.

number of seeds per plant; SALTER and WiLLiams [2015] observed
in their research that the weight of pea seeds systematically
decreased with increasing planting density. Similarly, in this
study, a decrease in seed weight per plant with an increase in
seeding density and row spacing was noted (Tab. 5). However, no
significant relationships were found between the elements of the
structure of the seed yield in the research years and the row
spacing and sowing density, which was also demonstrated in their
research by Prusiski and Borowska [2022].The protein content
in the seeds depended on the research factors as well as the course
of the weather during the period of seed yielding (Tab. 5). Wider
row spacing caused a decrease in the protein content in the seeds
as compared to the narrower spacing, while the increase in the
plant density resulted in an increase in the amount of protein in
the seeds as compared to the lower sowing density, which was
confirmed by the variance analysis (Tab. 6).

In 2017, with higher rainfall in June and July, pea seeds
contained less protein than in 2018 and 2019 (Tab. 6). In the
conducted research, the protein yield depended only on the row
spacing and the years of the research. In the narrower spacing
(15 cm), the protein yield was significantly higher by 9.7%
compared to the wider spacing (30 cm), which was caused by the
higher seed yield in this row spacing. The highest protein yield
was obtained in 2019 and the lowest in 2017. SHAUKAT [2012]
found no effect of row spacing on the protein content in seeds.
Similarly, PrusiNski and Borowska [2022] did not show
a significant effect of row spacing, sowing density, and their
interaction on the protein content in pea seeds. These authors,
analysing the influence of weather conditions on the seed yield
and the protein content in seeds, indicated that the decrease in
precipitation and the increase in temperature in June and July
caused a significant increase in the protein content in pea seeds
and a decrease in the seed yield, which was confirmed in the
study. In June 2019, there was a drought (0.31), which
contributed to the accumulation of more protein in pea seeds,
which resulted in a higher seed yield compared to 2017. MARTIN

Table 6. Yield and protein content depending on the research
factors across in pea in the research years

Factor
Protein content | Protein yield
row spacing plant density | (9% dry matter) (Mg-ha™")
(em) (X) (pes..m™) (Y)
70 22.0bc +2.00 98.4ab +20.3
15 90 21.9bc +2.23 104.4b +22.9
110 21.9bc +2.49 105.1b +21.6
70 21.2a £2.11 92.0a £19.1
30 90 21.7b +2.30 92.9a £22.4
110 22.2¢ £2.67 95.8ab +25.0
15 22.0b £2.19 102.7b £21.2
mean
30 21.7a £2.34 93.6a £21.7
70 21.6a £2.05 95.2a £19.6
Mean- 90 21.9b +2.22 98.7a £22.9
110 22.1c #2.53 100.5b +23.4
2017 18.8a +0.32 72.2a +6.4
Year (Z) 2018 23.5b +0.44 101.8b +11.5
2019 23.2b +0.99 120.3c +8.2
Mean 21.9 £2.25 98.1 £21.8
X ok ok
Y ok ns
7 ok -
XxY o0k ns
XXZ e ns
XxZxY ki ns

Explanations as in Tab. 4.
Source: own study.
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et al. [1993] and GraBowska and BaNaszkiewicz [2009] claim that
water stress is the key cause of a decrease in pea yield in
a temperate climate.

CONCLUSIONS

The results of the research showed that the row spacing and
sowing density determine the values of plant physiological
parameters, yield and protein content in pea seeds. The increase
in plant density in the canopy caused a decrease in the measured
parameters of chlorophyll fluorescence, such as maximum
quantum yield of photosystem II (F,/F,,) and maximum quantum
yield of primary photochemistry (F,/F,) and performance index
(PI). This relationship was observed in both development phases
in which the measurements were made. The lowest values were
recorded for the row spacing of 30 cm and the plant density of
110 pcs..m™2. The leaf area index (LAI) was lower with a wider
row spacing (30 cm). With the increase of the sowing density
from 70 to 110 pcs.-m™2, it increased. Wider row spacing (30 cm)
and increased plant density (90 and 110 pcs.-m™>) resulted in an
increase in the yield of pea seeds, while with a narrower row
spacing (15 cm), a higher number of pods and seeds per plant and
a higher weight of seeds per plant were noted. The use of sowing
density - 70 and 90 pcs..-m™> had a positive effect on the measured
features of the crop structure. Increasing the row spacing from 15
to 30 cm resulted in a decrease in the protein content in seeds,
while an increase in sowing density from 70 to 110 pcs.m™
resulted in its increase. The course of the weather during the
vegetation period of plants significantly influenced the differ-
entiation of the values of the examined parameters. The highest
yield and protein content in seeds were obtained in 2019, which
was characterised by the most favourable weather conditions
during the growing season.
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