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SUMMARY

The spring field pea is one of the most important coarse legumes. This study was 
carried out to investigate the response of a spring field pea variety to three plant 
densities (50, 100, and 150 plant m-2) during the 2017 and 2019 growing seasons  
in eastern Croatia. The field study was set up as a Randomized Complete Block 
Design (RCBD) in four replications. The results  have demonstrated  a significant 
effect of the plant densities and the growing seasons on the seed yield and on the 
following yield components: plant height and the number of pods/plant. The effect 
of plant densities on the number of seeds/pod and the thousand-seed weight was 
not significant. As for a growing season, the highest seed yield, plant height, the 
number of pods/plant were obtained in the second growing season. Furthermore,  
a maximum seed yield was recorded at the  150-plant m-2 plant density. This study 
has demonstrated that planting the spring field pea at different plant densities sig-
nificantly modifies the spring field pea yield, plant height and number of pods/plant.

Keywords: spring field pea, plant densities, seed yield, yield components

INTRODUCTION

Among the grain legume crops, the spring field pea 
is one of the most important animal feeds in Croatia. The 
grain legumes, such as the field pea, are the important 
sources of proteins, carbohydrates, vitamins and miner-
als. According to Gatel and Grosjean (1990), Popović 
et al. (2015), and Bhat et al. (2013), the chemical 
analyses of the field pea grain compounds demonstrate 
a high content and good protein quality, within a range 
from 20-30%. Also, the authors claim that the  amino 
acid composition of soybean and cereal proteins have 
the same or very similar nutritional values as those of 
the legumes. Furthermore, Rapčan et al. (2010) and 
Marohnić (2006) have quoted some of the advantages 
of pea over the soybean (i.e., a simpler production, sim-
pler grain storage , which does not contain oils, and a 
direct consumption without any preliminary treatment). 
Because of its relatively high content of crude protein 

and starch, a legume grain is a valuable food for any 
kind of livestock. Furthermore, this crop also plays a sig-
nificant role in the soil fertility restoration as a suitable 
crop that fixes atmospheric nitrogen and also serves as 
a rotational crop that plays a great role in controlling dis-
ease epidemics and weeds (Yucel, 2013; Hoorman et al., 
2009). As indicated by Mohamed et al. (2006), the grain 
legumes can be considered  a leading candidate for the 
protein supply to the poor areas of the world, especially 
in the areas in which there is a pressing need for a high 
energy and protein. In most pea-breeding programs, the 
selection process is focused on the development of high 
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yielding and on the top-quality varieties for grain and/
or green forage production. In  Croatia, the production 
of protein-rich grain is mainly associated with spring 
varieties. The seed yield is a complex trait determined 
by other yield components. The basic components of 
a field pea yield are the plant height, the number of 
pods/plant, seeds/pod, and the thousand-seed weight. 
Among many yield-limiting factors in the field pea pro-
duction, a plant density and a planting method are the 
important ones (Bitew et al. 2015). Therefore, one of 
the main tasks in the grain legumes production is find-
ing the optimum plant density, whereby the competition 
between the plants will not result in a significant yield 
reduction. The optimum plant population has a promis-
ing impact on the improvement of legume productivity 
(Sibhatu et al., 2016). According to Sibhatu et al. (2016) 
and Rajput et al. (1984), a wider row spacing (60 and 
45 cm) resulted in a significantly higher number of 
pods/plant, as compared to a 30-cm row spacing. This 
is supported by Kakiuchi and Kobata (2004), who con-
cluded that a lower plant density increased the number 
of pods/plant, and a higher plant density decreased the 
number of pods/plant. Ibrahim at al. (2019) and Parihar 
(1996) reported that there were no significant effects 
of cultivars, plant densities, and their interaction on the 
plant height and other studied traits (i.e., the number of 
branches/plant, the number of pods/plant, the number 
of seeds/pod, the number of seeds/plant, a biological 
yield, etc.). According to Yucel (2013), a seeding rate, 
plant density, and varieties are the important factors  
affecting the yield and the quality of grain legumes. The 
same authors claim that increasing a seeding rate may 
increase the competitive ability of crops. On the other 
hand, a crop profitability  may or may not increase, 
owing to a high seed cost in pulses. This study’s objec-
tive was to estimate the impact/effect of plant density 
on the seed yield and the yield components of the spring 
field pea  variety Uran  while identifying an optimal plant-
ing spacing. 

MATERIAL AND METHODS

Field experiment and data collection 
A field trial was conducted at the Agricultural 

Institute of Osijek’s Research Station (45o32’’ N and 
18o44’’ E, 90 m altitude) during the 2017 and 2019 
growing seasons. The experimental site was a hydrome-
liorated hypogley (a silty clay, loamy soil) with the pH 
in KCl amounting to 6.6, an organic matter content 
amounting to 2.55%, with 26.4 mg/100 g of P2O5 , 29.7 
mg/100 g of K2O and 1.25% of CaCO3, a water hold-
ing capacity amounting to 36.6%, and an air capacity 
amounting to 5.3% in a 0 – 32 cm soil profile (Marković 
et al., 2015). (The plant density treatments were as 
follows: 50 plant m-2, 100 plant m-2, and 150 plant 
m-2). The treatments were arranged in a randomized 

completed block design (RCBD) in four replicates. The 
size of the experimental plots  amounted to 2 x 2.8 m. 
The spacing between the blocks and plots amounted to 
1 and 0.5 m, respectively. The standard  agrotechnical 
measures for spring field pea cultivation were applied in 
both growing seasons: an autumnal tillage at a 40-cm 
depth, fertilization (autumnal season) with 250 kg ha-1 of 
mineral fertilizer (N:P:K 7:20:30 formulations), and 100 
kg ha-1 of Urea fertilizer (46% source of N). The spring 
field pea was sown on March 27, 2017 and on  March 
30, 2019. A local variety of Uran was used as a test 
crop. Other crop management practices included weed-
ing (a chemical spraying applied uniformly to all plots) 
three weeks subsequent to the planting. All plants were 
hand-harvested at the end of June during both growing 
seasons. The following measurements were recorded 
from ten randomly selected plants from the each plot’s 
middle row: a plant height (PH – cm), a number of pods/
plant (NPPP), a number of seeds/pod (NSPP), thousand-
seed weight (TSW – gram) and seed yield (SY - t ha-1). 
After harvest, thousand-seed weight was determined 
by mixing the whole sample and then 100 seeds were 
randomly counted, weighted, and multiplied by 10. As 
for seed yield, four middle rows of each plot were har-
vested, weighed, and converted into t ha-1. 

Statistical analysis
The collected data for each tested variable were 

subjected to a variance analysis  (ANOVA). The com-
parisons between the means were  performed using 
the least significant differences (LSD) at a  5-percent 
probability level (Gomez and Gomez, 1984). A correla-
tion coefficient was used to determine the relationships 
among the tested variables. The statistical analyses 
were performed using the (STAR) – Statistical Tool for 
Agricultural Research, Version 2.0.1.

Climatic conditions
With its climatic conditions, the experimental site 

is representative of the southern part of the Pannonian 
region, which is situated in south-eastern Europe. The 
meteorological data were obtained from the National 
Meteorological Station in Osijek, located 1.5 km away 
from the Experimental Station.  A rainfall-related long-
term average (LTA) amounting to 30 years  amounts 
to 683 mm for the Osijek region, while the average air 
temperature  amounts to 11.3°C. According to  Lang’s 
climate classification, the study location’s climate is 
semi-humid. The mean air temperatures and the precipi-
tation amount  during the study period (2017 and 2019) 
are shown in Figs. 1 and  2. The average air temperature 
during the 2019 growing season  was 6.1°C higher when 
compared to that of 2017. The amount of precipitation 
during both growing seasons was unequally distributed. 
During 2017, the amount of precipitation (212.9 mm, 
Fig. 1) was 38% lower than that of the year 2019 (340.6 
mm, Fig. 2).
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Figure 1. The mean monthly air temperatures (°C) and total monthly precipitation (mm) the 2017 season 
Slika 1. Prosječne mjesečne temperature zraka (°C) i ukupne mjesečne količine oborina (mm) za 2017. godinu

     

Figure. 2. The mean monthly air temperatures (°C) and total monthly precipitation (mm) in the 2019 season 
Slika 2. Prosječne mjesečne temperature zraka (°C) i ukupne mjesečne količine oborina (mm) za 2019. godinu 

RESULTS AND DISCUSSION

The ANOVA results have  manifested a significant 
impact of planting densities on the seed yield, the num-
ber of pods/plant, and plant height. The averages across 
a plant density treatment for the plant height ranged 
from 53.9 cm (2017) to 87.6 cm (2019). Averaged 
across a growing season, the plant height ranged 
from 67.1 (50 plants m-2) to 73.2 cm (150 plants m-2) 
(Table 1). Increasing the plant density, i.e., decreasing 
a within-row sowing distance, induced a higher plant 
growth, which can be explained by a plant competition 
in higher densities—due to a limited vegetation area, 
the light requirements are higher and the plants intensify 
their growth. The similar results were reported by Yucel 
(2013), who found that the plant height increases as 
a planting density increases, from 300,000 plants ha-1

to 500,000 plants ha-1. Sibhatu et al. (2016) reported 

that the greatest plant might most probably be due 
to the availability of free access to the environmental 
resources (water, nutrients, and light) for the plants in a 
wider spacing. However, the  contrasted findings were  
presented by Inanç and Yıldırım (2007), who indicated 
that the denser pea plant population have increased a 
plant height due to a competition among the plants. The 
impact of seed density on the number of pods/plant is 
presented in Table 1. The averages across a plant den-
sity treatment and the number of pods/plant ranged from 
5.1 (2017) to 7.4 (2019). In both growing seasons, the 
plant density of 150 plants m-2 significantly (p<0.05) 
decreased the number of pods/plant (2017 = 4.3; 2019 
= 6.5).

The averages across the years (Table 1) for the 
number of pods/plant ranged from 5.4 (150 plants m-2) 
to 6.8 (50 plants m-2). The increased number of pods/
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Table 1. The effect of plant densities on the mean values of plant height, number of pods/plant, and the number of 
seeds/pod of the Uran varieties  
Tablica 1. Utjecaj gustoće sjetve na srednje vrijednosti visine biljke, broj mahuna po biljci i broj zrna po mahuni sorte Ura

Treatments
Tretmani

Plant height (cm)
Visina biljke (cm)

Number of pods/plant
Broj mahuna po biljci

Number of seeds/pod
Broj zrna po mahuni

2017 2019 Mean 2017 2019 Mean 2017 2019 Mean

Plant densities, m2 – Gustoća sjetve, m2

50 50.5b 83.7 67.1b 5.9a 7.7ab 6.8a 3.9 3.8 3.8

100 55.2a 88.7 71.9a 5.2a 8.1a 6.6a 3.8 3.5 3.7

150 56.0a 90.5 73.2a 4.3b 6.5b 5.4b 3.7 3.6 3.7

Mean/Prosjek 53.9 87.6 70.7 5.1 7.4 6.3 3.8 3.6 3.7

CV (%) 13.30 15.44 15.3 33.33 36.11 35.83 20.97 26.04 23.53

LSD0.05 3.17 n.  s. 4.44 0.75 1.18 0.92 n. s. n. s. n. s

LSD0.05  – least significant difference at p<0.05 respectively – značajna razlika na razini značajnosti p<0,05; n. s. – not significant / nema značajnosti

plant in a treatment with the lower plant densities 
occurred because the plants were growing stronger, 
and that they developed more secondary branches in 
favorable conditions, as a larger growing area provides 
less competition from the neighboring plants and a 
greater insolation. Our study results are consistent 
with the study conducted by Bitew et al. (2014), who 
reported that a reduction in the plant population (wider 
intra- and inter-row spacing) significantly increased the 
number of pods/plant. This statement is also supported 
by Sharma (2002), who found that a reduction in the 
plant population significantly increases the number of 
pods/plant. No significant differences were found for 
the number of seeds/pod (Table 1) and thousand-seed 
weight (Table 2).

Moreover, a number of seeds/pod and thousand-
seed weight were relatively constant across the plant 
densities. Also, Sibhatu et al. (2016) have reported that 
number of seeds/pod of field pea was not significantly 
influenced by the plant spacing. Rasaei et al. (2012) 
reported that the influence of plant density on the 
number of pea seeds/pod  was  insignificant. Bitew et 
al. (2014) also demonstrated that the thousand-seed 
weight was not significantly affected by an intra- and 
inter-row spacing, and there was no difference in a 
thousand-seed weight between both field pea varieties. 
Similarly, Shirtliffe and Johnston (2002) noticed that 
there were no significant differences in the row spac-
ing for a thousand-seed weight. The statistical analysis 
of field pea yields revealed that there was a significant 
(p<0.05) difference between the plant density treatment 
in both growing seasons (Table 2). Averaged across a 
plant density treatment, the pea seed yield ranged from 
4.4 t ha-1 (2017) to 4.7 t ha-1 (2019). In both growing sea-
sons, the pea seed yield was higher as the plant density 
was getting higher. Averaged across a growing season, 
the pea yield ranged from 2.71 t ha-1 (50 plants m-2) to 
6.01 t ha-1 (150 plants m-2). In the first year of the study, 
the pea seed yield  was significantly lower in 50 plant 
m-2 density treatment (p<0.05)  when compared to a 
100- and 150-plant m-2 treatment (Table 2), while there 
were no significant differences among a 100- and a 150-
plant m-2 treatment. Although the climatic conditions 

have not been analyzed in this study (e.g., the influence 
of precipitation and temperatures on the yield and yield 
components),  the environmental effects on the seed 
yield and yield component variations should still not be 
neglected. The higher amount of precipitation during the 
2019 growing season (Figs. 1 and 2) resulted in the dif-
ferences in the seed yield and yield components as well 
(Tables 1 and 2). Rapčan et al. (2010) reported that the 
air temperature, with a sufficient amount and favorable 
distribution of precipitation during the growing season, 
had a special significance the obtainment of a high grain 
yield, particularly during the pea flowering.

The highest variation coefficient among the analyzed 
variables was found for the seed yield (CV=39.41% and 
CV=37.47%) in both growing seasons (Table 2), which 
emphasizes the high variability of the seed yield—a 
phenotypic expression is considerably affected by the 
environmental effects, i.e., a genotype was affected 
by an environmental interaction (Tadesse et al., 2017; 
Iglesias-García et al., 2017). In our study, the highest 
pea seed yield in both growing seasons was obtained in 
a density treatment concerning 150 plants m-2 (Table 2). 
The yield was  by 19% higher than that for the 100-plant 
m-2  densities. This result was contrary to the research 
conducted by Sibhatu et al. (2016), who reported that 
the lowest plant density produced the highest seed yield, 
and that the lowest seed yield was produced in the high-
est density. Also, the same authors claim that the lowest 
seed yield could be achieved due to an extremely wider 
spacing at which the required population density ha-1 

could not be accommodated, and this in turn resulted in 
the production of a low seed yield because of the mini-
mum population density. The other authors figured differ-
ent results. Türk et al. (2011) reported that the dry pea 
seed yield increased with an increasing plant population 
density, from 30 to 80 plant m-2. Yucel (2013) reported 
that the dry pea seed yield increased with an increasing 
plant population densities, from 30 to 80 plant m-2, and an 
optimum plant population for maximizing the seed yield  
from 60 to 70 plant m-2 for the dry pea. The similar results  
were presented by Rasaei et al. (2012). The authors state 
that the seed field peas yield  was significantly affected 
by the population density.
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A correlation analysis for the yield and yield 
components is presented in Table 3. According to 
Pearson’s correlation analysis, a seed yield was signifi-
cantly and positively correlated to all the tested yield 
components. As presented in Table 3, the number of 
pods/plant (r=0.754**) and the number of seeds/pod 
(r=0.494**) demonstrated the strongest positive cor-
relations to the seed yield in both growing seasons. 
Furthermore, a thousand-seed weight (r=0.335**) 
and plant height (r=0.284**) were also positively 
correlated to  the seed yield (p<0.01), while the 
number of pods/plant was negatively correlated  to  
the thousand-seed weight (r=-0.125) and the number 

of seeds/pod (r=-0.008), although not significantly. 
These results are in agreement with Shirtliffe and 
Johnston (2002), who stated that a negative correla-
tion between the thousand-seed weight and the num-
ber of pods/plant, as well as a significant and positive 
correlation between the seed yield and the number of 
seeds/pod, indicate that an increase in these traits in 
pea cultivar decreases the thousand-seed weight and 
increases the seed yield of the pea cultivar. The same 
results were presented by Ibrahim et al. (2019), who 
reported that the thousand-seed weight was nega-
tively correlated to the number of pods/plant in both 
cultivars.

Table 2. The effect of plant densities on the mean values of thousand-seed weight (g) and the seed yield (kg ha-1) 
of Uran varieties
Tablica 2. Utjecaj gustoće sjetve na srednje vrijednosti mase 1000 zrna i prinosa zrna sorte Uran

Treatments
Tretmani

Thousand-seed weight (g)
Masa 1000 zrna (g)

Seed yield (t ha-1)
Prinos zrna ((t ha-1)

2017 2019 Mean 2017 2019 Mean

Plant densities, m2 – Gustoća sjetve, m2

50 234.3 186.8 210.5 2.67b 2.76c 2.71c

100 233.5 174.8 204.2 4.72a 5.13b 4.93b

150 227.0 177.1 202.1 5.80a 6.23a 6.01a

Mean 231.6 179.6 205.6 4.40 4.70 4.55

CV (%) 12.22 18.85 15.18 39.41 37.47 38.44

LSD0.05 n. s. n. s. n. s 1.08 1.05 0.75

LSD0.05  – least significant difference at p<0.05 respectively;  – značajna razlika na razini značajnosti p<0,05 / n.s. – not significant / nema značajnosti

Table 3. Pearson’s correlation between a seed yield and its components during the 2017 and 2019 growing seasons
Tablica 3. Pearsonova korelacija između prinosa zrna i komponenti prinosa tijekom 2017. i 2019. godine

PH NPPP NSPP TSW

Seed yield 0.284** 0.754**   0.494**  0.335**

Plant height - 0.519**       0.055 -0.395**

Number of pods/plant -      -0.008     -0.125

Number of seeds/pod -  0.178**

Thousand-seed weight -

 **r-value is statistically significant at 0.01 probability levels, respectively

SY, PH, NPPP, NSPP, and TSW refer to the seed yield in t ha-2 plant height in cm, the number of pods/plant, the number of seeds/pod and the thousand-
seed weight in grams, respectively

CONCLUSION

The plant densities have exerted a significant 
impact on the spring field pea yield and the following 
yield components: a plant height and the number of 
pods/plant. According to the study results, the seed 
yield and the plant height increased with the increase 
in plant density, while the number of pods/plant and 
the number of seeds/pod decreased with an increase in 
plant density. The 100 to 150 plant m-2 plant density may 
be more suitable for a pea grown in eastern Croatia. This 
study demonstrated that these factors (plant densities) 
significantly modify the spring field pea yield and the 
yield components.
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UTJECAJ GUSTO]E SJETVE NA PRINOS ZRNA 
I KOMPONENTE PRINOSA JAROGA STO^NOG GRA[KA

SAŽETAK

Jari stočni grašak jedna je od najznačajnijih krupnozrnih mahunarki. Ovo je istraživanje provedeno kako bismo 
vidjeli reakciju utjecaja različitih gustoća sjetve na jari stočni grašak tijekom dvaju vegetacijskih ciklusa 
2017. i 2019. godine u istočnome dijelu Republike Hrvatske. Pokus je postavljen po RCBD sustavu u četiri 
ponavljanja. Rezultati pokazuju značajan utjecaj gustoće sjetve i godina istraživanja na prinos zrna i većinu  
komponenata prinosa: visinu biljke i broja mahuna po biljci, osim broja zrna po mahuni i mase tisuću zrna, 
gdje gustoća sjetve nije statistički značajno utjecala na razlike u vrijednostima istraživanih svojstava. Najveće 
vrijednosti prinosa zrna, visine biljke i broja mahuna po biljci ostvarene su u drugoj godini istraživanja. Najveći 
prinos zrna  zabilježen je pri gustoći sjetve od 150 biljaka/m2. Istraživanje pokazuje da različite gustoće sjetve 
značajno modificiraju/utječu na visinu prinosa zrna i komponente prinosa jaroga stočnog graška.

Ključne riječi: jari stočni grašak, gustoća sjetve, prinos zrna, komponente prinosa
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