
Abstract
Due to the rapid shrinking of supply of mineral nutrients as

well as observed weather fluctuations in throughout Europe in
recent ten years, sustainable phosphorus fertilisation has become
an important aspect of legume cultivation. There is a lack of
knowledge about the effect of phosphorus (P) nutrition on the pea
seed yield and quality in water poor conditions. This study was
conducted to evaluate the seed yield and seed chemical composi-
tion of selected pea cultivars in response to the level of P fertilisa-
tion and weather conditions across three consecutive years.
Redundancy analysis (RDA) was used to assess the proportion of
variability of tested variables (seed quality traits) that could be
explained by explanatory variables (year, cultivar, fertilisation).
Temporary soil drought during flowering stage resulted in a sig-
nificant increase in yield only after high level of phosphorus appli-
cation (140 kg ha–1). This indicates that phosphorus significantly
mitigated the effect of water shortage. In a dry year, pea had high
concentration of fat and fibre in seeds, while in very humid year
the opposite response was observed. RDA analysis proved that
year effect explained over 50% variability, whereas cultivar and P
fertilisation explained only 14.2% of variability. The effect of P
fertilisation was only marginal (1.6%) in comparison with cultivar
selection (12.6%). Interaction of pea cultivars with fertilisation
shows a consistent tendency towards increase of crude protein
under higher phosphorus doses for cultivars ‘Tarchalska’ and
‘Protecta’ whereas opposite tendency was observed for ‘Batuta’

and ‘Tinker’. It can be concluded that suitable cultivar selection
gives a much greater opportunity to affect pea chemical composi-
tion than P fertilisation.

Introduction
Deficit of high-quality protein fodder for livestock has been

increasing significantly in Europe over the last decade
(Annicchiarico, 2017; Watson et al., 2017). This deficit has been
associated with unpredictable weather conditions, which consti-
tutes as the important environmental factor limiting the yield of
legumes family (Annicchiarico and Iannucci 2008; Farooq et al.,
2017). Water deficit impedes the legume growth at all stages, but
the flowering and seeds maturity stages are the most sensitive
(Barnabas et al., 2008; Samarah et al., 2009). For instance,
Klimek-Kopyra et al. (2017) indicated that low temperatures dur-
ing the first stage of plant development-seedling stage have a great
impact on pea productivity. Reports presented by Alqudah et al.
(2011) indicate that the reproductive stage is the most critical
phase of the plants development as it strongly influences the qual-
ity and quantity of the final yield. Authors proved that drought has
a significant effect on the chemical composition of cowpea
(Farooq et al., 2017), soybean (Bellaloui et al., 2013), common
bean (Ghanbari et al., 2013). In soybean severe drought stress dur-
ing grain filling reduced oil content by up to 12.4% with a simul-
taneous decrease in oleic acid content (Farooq et al., 2017).
Moreover, drought altered fatty acid composition in soybean,
which affected total oil levels, stability of oil and oil composition,
especially during seed filling (Bellaloui et al., 2013). Drought
induced inhibition of protein biosynthesis is responsible for the
loss in quality of grain legume seeds (Farooq et al., 2017).
Drought increased acid detergent fibre and neutral detergent fibre
concentrations in a forage legumes, but decreased crude protein
(CP) concentrations (Liu et al., 2018). Environmental factors alter
the composition of legume seeds and only adoption of suitable
crop husbandry practices can assist mitigating the changes in qual-
ity of seeds. For instance, mineral fertilisation influences the con-
centration of protein, oil and fatty acid (Israel et al., 2007;
Piergiovanni et al., 2017). According to Klimek-Kopyra et al.
(2016), the low phosphorus application is a limiting factor in pea
plant production. The authors proved that in a dry year an increase
of the phosphorus fertilisation rate up to 140 kg ha–1 improved the
physiological processes resulting in better pea yield. Jin et al.
(2014) also demonstrated that water use efficiency with adequate
phosphorus fertilisation increased the concentration of soluble
sugar and phosphorus in drought stresses plants. Although a fair
amount of studies reported the impact of drought on various phys-
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iological and biochemical parameters in legumes crops (Farooq et
al., 2017; Liu et al., 2018), the influence of weather conditions in
interaction with phosphorus application on the pea yield and qual-
ity has been rarely evaluated. Therefore, this field study was con-
ducted over 3-year period to evaluate the seed yield and seed
chemical composition of pea cultivars in response to level of P fer-
tilisation and weather across three consecutive years.

Materials and methods

Experimental locality
A 3-year field experiment (2013-2015) was conducted on

Haplic Phaeozem in the Experimental station of Agriculture
University in Prusy, near Kraków (47°24ʹ N lat., 7°19ʹ E long., 300
m a.s.l.). The soil characteristics were as follows: pH 5.6, content
of P2O5 9.4 mg 100 g–1, K2O 11.1 mg 100 g–1. A two-factor field
experiment was established in a randomised block design. The first
factor was the level of phosphorus application with simple super
phosphate 18% in three different levels (P0 = 0 kg ha–1 P2O5; P70
= 70 kg ha–1 P2O5; P140 = 140 kg ha–1 P2O5). The second factor
was the cultivars. Six different cultivars viz. ‘Protecta’,
‘Tarchalska’, ‘Batuta’, ‘Mecenas’, ‘Tinker’ and ‘Model’ were used
in the study. The plot size was 10 m2. The pre-crop each year was
a winter wheat. Before sowing, mineral fertilisers were applied and
the soil was treated with cultivator. The nitrogen, as a fertiliser in
ammonium nitrate form (34%) was applied at the starter rate of 30
kg ha–1, 100 kg of potassium (potassium salt - 57%). Sowing was
carried out in the first decade (10th and 12th) of April in 2013 and
2014 years, and in last decade (21st) of March in 2015 year. Weeds
were controlled twice using linuron at 1.25 L ha–1 at the seedling
stage and bentazon at 3 L ha–1 and flowering stage of plant devel-
opment. Bifentryna 0.2 L at ha–1 was applied against pea aphid.
The harvest was carried out in the first decade (7th, 5th, 10th) of
August each year. 

Weather conditions
The weather data were collected from the Weather Station

located in the Experimental Station in Prusy, near Kraków (47°24ʹ
N lat., 7°19ʹ E long., 300 m a.s.l.) (Table 1). The analysis of weath-
er conditions was based on the monthly air temperatures and total
precipitation during the growth and development of the plants. In
2013, March was humid, April was dry (seed sowing), June (bud
formation-flowering) was extremely wet, while July and august
were extremely dry (seeds setting). In 2014 April and may
(seedling stage) were wet with frequent rainfall. June was optimal
for plant (buds formation). July and August (flowering and seeds
setting) were very wet. In 2015 April and May were wet whilst
June, July were very dry. In 2013 and 2015 drought was recorded
during the seed setting and maturity stage (July-August).

Sampling and measurement
The yield was assessed in the senescence stage from whole

plot in each year. After the harvest, seed samples from each plot
were collected, dried at 70°C for 48 hs, and weighed. The dried
samples were reassembled and ground to pass through a 1-mm
screen. Crude nutrients and crude fibre contents were determined
by the Weende method (AOAC, 1995) and acid detergent fibre
(ADF) and neutral detergent fibre (NDF) concentrations were
measured according to standard laboratory procedures for forage
quality analysis (Van Soest, 1991). The crude protein (CP) content

was determined with using Kjeltec 2300 (Foss, Denmark) and the
crude fibre (CF) content was determined by using fibre analyser
(ANKOM, USA). The Fat content was determined Soxhlet
(AOAC, 1995). 

Statistical analysis
Effect of year, cultivar and P fertilisation was evaluated by

three-way ANOVA with interaction. Significant differences
between means were reported using the Tukey HSD test at α =
0.05. All these analyses were carried out using the software
Statistica 10 (Statsoft). Redundancy analysis (RDA) was used to
perform three main analyses (A1–3) for the variance partitioning
procedure (Ter Braak and Šmilauer, 2002), with assessment of the
proportion of variability of tested variables (seed quality traits) that
could be explained by explanatory variables (year, cultivar, fertili-
sation). The option of ‘centre and standardise’ by dependent vari-
ables was used in RDA. The statistical significance of the first and
all of the other constrained canonical axes was determined by the
Monte Carlo permutation test (499 permutations). All ordination
analyses were performed in the program CANOCO 4.5 (Ter Braak
and Šmilauer, 2002). An ordination biplot of redundancy analysis
(RDA) was created in CanoDraw (Microcomputer Power, USA)
for graphical visualisation of the relationship between seed chem-
ical composition (dependent variables) and cultivar × P fertilisa-
tion interaction (explanatory variables) where year was used as
covariate. 

Results
Based on the statistical analysis, significant impact of weather

conditions, phosphorus fertilisation and type of cultivars on seed
yield was found (Table 2). The highest yield of seeds (412.3 g m–2)
was gained in the wet year of vegetation (2014), while water short-
age during maturity stage in 2013 and 2015 significantly decreased
yielding (by 12.4% and 11.7%, respectively). The level of phos-
phorus application had an impact on seed yield, since significantly
higher yield (406.5 g m–2) was obtained after phosphorus applica-
tion. However, the application of the highest dose of phosphorus
(140 kg ha–1) was justified in drought years (2015), which was
confirmed by significant interaction between years and fertilisa-
tion. 

The crude protein was influenced by weather conditions and
cultivars. Phosphorus had a limited effect on this parameter. The
course of the weather in 2014 negatively affected protein concen-
tration, resulting in a very low protein accumulation in seeds
(207.6 g kg–1 DM). Among the cultivars, particularly edible culti-
vars varied in crude protein concentration. The cultivar
‘Tarchalska’ had the lowest crude protein concentration (208.8 g

                                                                                                                                 Article

Table 1. Weather conditions in successive months of the growing
season in each year. 

Years             March        April          May      June     July    August

Temperature (°C)
2013                       −0.9                8.9                14.2           17.5          19.5          19.0
2014                        6.5                 10.3               13.9           16.3          20.4          17.5
2015                        4.6                  8.7                13.0           17.5          20.6          21.5
Rainfall (mm)
2013                       32.3                20.1               98.8          213.1         27.2          25.7
2014                       47.0                43.0               107            80.0          183           142
2015                       36.3                42.2              103.8          35.8          42.4          69.1
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kg–1 DM), while cultivar ‘Protecta’ gained the highest amount of
crude protein (221 g kg–1 DM). 

Fat concentration in pea were significantly affected by weather
conditions, cultivar type and phosphorus fertilisation (Table 2).
Indeed, a higher concentration of fat was found in the wet year of
vegetation period (2014). Among the compared cultivars, the high-
est concentration of fat (12.8 g kg–1 DM) was obtained by the cul-
tivar ‘Model’, while the lowest level had cultivar ‘Mecenas’ (10.8
g kg–1 DM). In the dry year, during maturity stage, significant
effect of phosphorus fertilisation on fat concentration in seeds was
observed. Simultaneously with increasing of fertilisation, the con-
centration of fat in ‘Batuta’ and ‘Mecena’ cultivars increased. 

Crude fibre concentration in pea were hardly affected by
weather conditions, fertilisation and cultivar type. The highest
crude fibre values in pea seeds were achieved in very dry year
(2015), while lover value was observed in very wet year (2014).
Higher concentration of crude fibre was gained in treatments with
phosphorus application. Among the cultivars, ‘Mecenas’ in partic-
ular had significantly lower crude fibre concentration in seeds. For
this cultivar, crude fibre values ranged from 54.9 g kg–1 DM. 

Acid detergent fibre (ADF) content in seeds was significantly
dependent on weather conditions and cultivars type, while phos-
phorus fertilisation had a significant and strong impact on the acid
detergent fibre content in weather-varying years. In years charac-
terised by dry periods during maturity stage (2013 and 2015), high
phosphorus fertilisation significantly increased acid detergent fibre

concentration in most tested cultivars. Reverse phenomena were
observed in the wet year (2014), where phosphorus fertilisation
resulted in a significant reduction of this parameter. The average
content of acid detergent fibre ranged between 74–91 g kg–1 DM.
The highest value of acid detergent fibre was obtained in the dry
year (2015), the lowest in the very wet year (2014). Among the
compared cultivars, the fodder cultivar cumulated the higher
amount of acid detergent fibre. 

The neutral detergent fibre (NDF) content in seeds was signif-
icantly dependent on all testing factors. In the dry year, during
maturity stages (2015), the highest level of phosphorus fertilisation
significantly increased neutral detergent fibre concentration in
seeds of the mostly tested cultivars. It has been observed that the
efficiency of phosphorus fertilisation was related to the duration of
the drought. In 2013 short-term drought, which was observed
mainly during seed maturity, resulted in a significant increasing of
neutral detergent fibre concentration in seeds after the lower phos-
phorus application. On the other hand, in 2015, when the water
shortage was observed from flowering stage till seeds maturity
stage, the application of a higher dose of phosphorus resulted in a
significant increase of neutral detergent fibre. The average value of
neutral detergent fibre ranged between 165-219 g kg–1 DM.
Among the compared cultivars, the edible pea cultivar
‘Tarchalska’ cumulated the highest amount of neutral detergent
fibre in seeds. 

The contribution of tested factors to total variability of seed

                   Article

Table 2. Analysis of variance of the effect of year, cultivar and fertilisation on the qualitative traits and seed yield. 

Factor                                                                   Pea qualitative traits (g kg–1 DM)                                                                     Seed yield
                                                       CP                fat                   CF                  ADF                NDF                  Ash                                g m–2

Year (df=2.90)                                

2013                                                            221.3a                 9.8a                       56.0b                      76.1a                     146.5b                       30.3a                                         361.1a

2014                                                            207.6b                14.9b                      54.5a                      75.3a                      130.6                       30.3a                                         412.3b

2015                                                            219.8a                10.1a                      74.0c                      93.8b                     348.8                       31.8b                                         364.2a

P-value                                                     <0.0001            <0.0001                <0.0001                <0.0001                <0.0001                  <0.0001                                       0.003
Cultivar (df=5.90)

Mecenas                                                   216.4ab                10.8a                      54.9b                      74.4b                     175.5b                      30.6ab                                         398.6b

Tinker                                                        212.3bc               11.4ab                     60.9a                      80.7a                     202.3a                       31.2b                                         416.6ab

Protecta                                                     221.1a               11.9abc                     60.2a                      80.0a                    187.5ab                      29.6a                                         332.7a

Tarchalska                                                 208.8c                12.5bc                     60.9a                     77.9ab                    202.6a                       29.6a                                         364.9b

Batuta                                                        216.5ab               11.5ab                     60.9a                      80.2a                    192.3ab                     29.9ab                                         339.0a

Model                                                         219.5a                12.8c                      61.9a                      88.2c                    186.6ab                      33.1c                                         423.5ab

P-value                                                     <0.0001            <0.0001                <0.0001                <0.0001                 <0.001                   <0.0001                                     <0.0001
Fertilisation (df=2.90)

P0                                                                 215.5                 11.9a                      58.5b                       80.6                      182.6a                       29.9a                                         353.9a

P1                                                                 216.8                 11.4a                      60.5a                       79.3                     188.3b                      31.1ab                                        377.2ab

P2                                                                 214.9                 12.2b                      60.9a                       80.7                      202.5c                       30.9b                                         406.5b

P-value                                                        0.383                 0.013                   <0.0001                   0.633                   <0.0001                    0.002                                          0.007
Interaction                                                                                                                                                                                                  

Y×C                                                             0.508                 0.078                   <0.0001                   0.228                   <0.0001                  <0.0001                                       0.027
Y×F                                                             0.898                 0.011                      0.002                   <0.0001                <0.0001                    0.915                                       <0.0001
C×F                                                             0.075                 0.067                      0.254                     0.653                     0.099                       0.870                                          0.900
Letters express statistical differences among years, cultivars and phosphorus fertilisation treatments (Tukey test, α=0.05); P0=0 kg ha–1 P2O5; P70=70 kg ha–1 P2O5; P140=140 kg ha–1 P2O5. DM, dry matter; CP, crude
protein; CF, crude fibre; ADF, acid detergent fibre; NDF, neutral detergent fibre. 
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chemical composition was investigated and the results of RDA are
summarised in Table 3. First, the multivariate analysis (A1) inves-
tigated the contribution of year, cultivar and P fertilisation to pea
seed quality. In the analysis, the tested factors explained 69.7% of
the variability of seed quality (all canonical axes). After separation
of year effect, variation in cultivar and P fertilisation explained
14.2% whilst interaction cultivar × P fertilisation explained 16.5%
of variability (A2). All of these analyses were statistically signifi-
cant (P=0.002). In the third analysis (A3), cultivar and P fertilisa-
tion separately explained 12.6 and 1.6% of the variability, respec-
tively. As with A1 and A2, all these analyses were statistically sig-
nificant (P<0.042). 

The relationship among seed chemical traits and external fac-
tors are illustrated in the ordination biplot of RDA (Figure 1). The
most important first (horizontal) canonical axis represents the
higher content of ash, ADF, and CP on right side where fodder cul-
tivar ‘Model’ is clearly separated from other cultivars. The second
(vertical) axis represents mainly an inverse relationship between
crude protein and fat where cultivars ‘Mecenas’ and ‘Protecta’
were separated from ‘Tinker’ and ‘Tarchalska’. Interaction with
fertilisation shows consistent tendency towards increase of crude
protein under higher phosphorus doses for cultivars ‘Tarchalska’
and ‘Protecta’ whereas a contrasting tendency was observed for
‘Batuta’ and ‘Tinker’. ‘Model’ and ‘Mecenas’ show inconsistent
trend. This interaction was independent on ash and acid detergent
fibre (ADF) content. 

Discussion
In the present experiment, year was found to be the most

important factor, explaining 50% of variability of seed chemical
composition. In the absence of sufficient knowledge of pea from
previous literature the results are considered in relation to factors
affecting the seed yield and quality of other legume seed crops,
e.g., soybean. Appearance of water stress during ripening stage
(2013 and 2015) had relevant impact on crude protein and crude
fibre (acid detergent fibre, neutral detergent fibre) content in seed,
since increases were observed in both these parameters. 

Our findings are partly confirmed by Farooq et al. (2017), who
suggested that in control conditions during early vegetation stage
and maturity, the phospholipid fraction of lipids in soybean shoots
and roots is significantly lowered by drought stress. In an experi-
ment conducted by Ghanbari et al. (2013a), drought reduced N
content in seeds and hence total protein in seeds of common bean.

A considerable reduction in seed N and protein content was noted
in bean cultivars subjected to drought during pod filling (Ghanbari
et al., 2013b). Our research shows different results. In dry years,
drought contributed to a significant increase of the protein content
in seeds. This finding has an explanation in He and Dijkstra (2014)
research, whose findings of negative relationships between effect
sizes of above-ground biomass and plant nitrogen suggest that with
large reductions in plant biomass, plant nitrogen may increase in
response to drought stress. The authors suggest that with less soil
moisture, plants respond by growing more root biomass (and roots’
absorptive surface) relative to shoot biomass (Lambers et al.,
2008; He et al., 2017), which in combination with more concen-
trated available forms of N in the soil may result in higher above-
ground (N) under severe drought stress. In our study we observed
that water shortage at the beginning of plant growth significantly
decrease fat content. 

Bellaloui et al. (2013) partly confirmed our study, with the
finding that drought altered fatty acid composition in soybean,
which in turn affected total oil levels, stability of oil and oil com-
position especially during seed filling. Similar findings presented
Nikolopolou et al. (2007). The authors have shown that the fat con-
tent was higher under well distributing the re-wetting cycle. 

Küchenmeistera et al. (2013), proved that duration of drought
stress decided the nutritive value of perennial legumes. Moderate
stress has no impact on crude protein, crude fibre fractions (NDF
and ADF), while strong drought stress significantly reduces these
nutrients in legumes fodder. Fibre concentration is generally influ-
enced by many interacting factors such as genotypes, environmen-
tal conditions (drought, temperature, photoperiod, etc.) or avail-
ability of nutrients (Fulkerson et al., 2007). These results are in
agreement with our own findings. The highest value of ADF was
obtained in the dry year (2015), while the lowest was obtained in
the very wet year (2014). Farooq et al. (2017) partly confirmed our
findings since they demonstrated that hemicellulose contents of
soybean shoots or roots rose under drought levels. 

There were also differences among cultivars, because our
results show that cultivars contributed to 13% of explained vari-
ability response in seed quality. The crude protein, fat, crude fibre
fractions varied within cultivars. Among edible pea cultivars
(‘Tarchalska’, ‘Protecta’, ‘Mecenas’ and ‘Batuta’) the difference
was from 2.8 to 2.2 g kg–1 DM, for fat difference was from 10.8 to
12.5 g kg–1 DM, while for crude fibre the difference was from 60.6
to 54.9 g kg–1. However, Turk and Albayrak (2012) did not confirm
that cultivars differed in soil content. Semi-leafless as well as
leafed cultivars obtained similar value of crude fibre and crude
protein. 
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Table 3. Results of redundancy analyses investigating effect of explanatory variables on pea seed chemical composition.

Analysis     Explanatory variables                Covariate                      % ax.1 (all)                        F 1 (all)                               P 1 (all)

A1                     Year, cultivar,                                                     –                                              45.3                                             110.9                                                 0.002
                        P-fertilisation                                                                                                   (69.7)                                          (34.3)                                              (0.002)
A2                     Cultivar,                                                            Year                                             8.3                                                8.7                                                   0.002
                        P-fertilisation                                                                                                   (14.2)                                           (9.0)                                               (0.002)
                        Cultivar ×                                                        Year                                             9.0                                               31.4                                                  0.002
                        P-fertilisation                                                                                                   (16.5)                                           (4.3)                                               (0.002)
A3                    P-fertilisation                                                 Year                                             1.1                                                3.7                                                   0.042
                                                                                                                                                      (1.6)                                            (2.6)                                               (0.012)
                        Cultivar                                                             Year                                             7.7                                               28.4                                                  0.002
                                                                                                                                                     (12.6)                                          (10.7)                                              (0.002)
% ax.1 (all), variability of pea seed quality explained by canonical axis 1 or by all axes in brackets; F 1 (all), F statistics for the test of axis 1 or all axes in brackets; P 1 (all), corresponding probability value obtained by
the Monte Carlo permutation test (499 permutations) for the test of axis 1 or all axes in brackets. 
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The results of redundancy analyses investigated the hypothesis
that fertilisation represents only 2% of explained variability
response in seed quality. Phosphorus fertilisation had a significant
effect only on crude fibre concentration in the seeds. Higher con-
centration of crude fibre was gained in treatments with phosphorus
application. Increase of phosphorus level simultaneously increase
crude fibre concentration. 

Significant interaction between years and fertilisation was
found. This indicates that phosphorus significantly mitigated the
effect of water shortage. In dry years, the pea achieved a high con-
centration of fat and fibre in seeds, while in very humid years the
opposite reaction was observed. The use of a high level of phos-
phorus (140 kg ha–1) significantly increased the concentration of
fat and fibre in the seeds of all tested cultivars, except the fodder
one. These findings were also confirmed by Yamane and Skjelvåg
(2003), whose showed that phosphorus fertilisation significantly
influenced the increase of fat accumulation in pea seeds. He et al.
(2017) studied the interactive effects of P fertilisation and drought
stress on seed yield and protein concentration in soybean. The
authors found that drought stress increased the concentration of N
in shoot and protein in grain. Additionally P alleviated the effect of
drought stress on plant growth, P accumulation and yield. They
suggest that application of P mitigated the adverse effect of
drought stress resulting in yield losses and improved grain quality
of soybean. Our findings confirmed above scientific suggestion,
because the increase of phosphorus application significantly
increased yield quality, mainly in dry years. 

Conclusions
Results show that pea chemical composition was significantly

influenced by all tested factors, however in different intensity.
Year-weather conditions effect explained over 50% variability
where drought stress in year reduced fat and increase protein in
seed. Cultivar and P fertilisation explained only 14.2% of variabil-
ity. The effect of P fertilisation was only marginal (1.6%) in com-
parison with cultivar selection (12.6%). P fertilisation increased
crude fibre (CF) and slightly increased fat content.

Interaction of fertilisation with cultivars shows tendency in
increase of crude protein under higher phosphorus doses for select-
ed cultivars such as ‘Tarchalska’ and ‘Protecta’ whereas a contrast-
ing tendency was observed for ‘Batuta’ and ‘Tinker’ It can be con-
cluded that suitable cultivar selection gave a much greater oppor-
tunity to affect pea chemical composition than P fertilisation.
However, interaction between cultivars and P-fertilisation indicate
different response of cultivars to P application. 
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