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Abstract
The literature contains few studies on the effect of temporary soil drought on the 
development and productivity of pea (Pisum sativum L.) pods in relation to their 
position in the fruiting part of the stem. The aim of this study was to evaluate pod 
productivity of various pea cultivars in relation to varied weather conditions. Dif-
ferences in precipitation during two growing seasons resulted in a decrease in yield 
of 0.62 t ha−1 in a dry year in comparison to a year with better water availability. 
Pisum sativum ‘Tarchalska’ proved to be the most stable in terms of the number of 
pods produced, whilst ‘Prophet’ was the least. Weather conditions and cultivars 
were the determinants of pod production. Pea pods were distinguished by their 
position on the productive node. Larger and more productive pods were found 
on the lowest four productive nodes (which had a longer period of nutrient ac-
cumulation) resulting in higher seed mass. Productivity increased in the year with 
favorable weather conditions, as more of the upper nodes were reproductive. The 
first four nodes produced 45–91% of the yield. The number of seeds in the first three 
nodes was significantly cultivar-dependent, whereas the number of seeds in pods 
at all nodes was determined by weather conditions. Significantly more seeds were 
formed from each node in the wetter year. Pisum sativum ‘Audit’ was not sensitive 
to weather conditions, producing the same yield in the both years of the study.
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Introduction

Pulse crops provide us with many benefits by adding protein to the human diet and 
nutrients to the soil [1,2]. Production of sufficient protein to feed the growing human 
population, estimated to reach nine billion in 2050, is a major challenge for humanity 
[3]. This new challenge is closely linked to our changing weather patterns driven by 
possible climatic variation.

According to Olszewski [4], variable yield of pea in years with different weather 
conditions is due to the effect of various environmental stress factors. These may induce 
reversible disturbances, arresting or slowing plant development for a certain period of 
time, but may also induce irreversible changes leading to plant death thereby reducing 
the production potential of the crop. Bueckert et al. [5] analyzing the effect of weather 
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conditions on pea productivity found that the yield and the length of the reproductive 
stage are indeed dependent upon weather conditions. Schneider et al. [6], as cited by 
Bénézit et al. [7], indicated that the new trend among European breeders is to gener-
ate cultivars that are better adapted to various environmental stresses. In the past, 
breeders greatly changed the morphological architecture of spring pea cultivars. They 
have increased resistance to lodging and the number of nodes, reduced the number of 
stems, and altered the shape of leaves. The changes introduced were aimed at improving 
yield but they did not take into account the changes in climate and resulting weather 
observed in recent years.

According to Dacko et al. [8], pea seed yield is determined by the number of fruiting 
nodes on the stem, which directly depends on weather conditions. This was confirmed 
by Westgate and Peterson [9] who studied the effects of drought on soybean growth. 
These authors demonstrated that a water deficiency at the flowering stage reduces pod set 
at high floral positions whilst improving basal pod set. French and Turner [10] further 
showed that soybean reacts differently to different drought stresses depending on their 
intensity. A mild water deficiency can even accelerate seed growth, because vegetative 
growth is severely constrained and photoassimilation is diverted to reproductive struc-
tures. If drought stress intensifies, carbon assimilation diminishes and stored reserves 
are then mobilized for seed growth. The seed growth rate is thus sustained, but the 
duration of setting can be shortened, so resulting in smaller seeds. Martin and Jamieson 
[11] demonstrated that pea productivity depends on the timing of the onset of drought; 
before flowering it reduces dry matter yield stronger than at maturity stage. For this 
reason, irrigation is crucial for reducing drought stress, as demonstrated by Podsiadło 
[12] who found that irrigation can increase pea yield by about 26%. Another solution, 
suggested by Bénézit et al. [7], is a change in the plant morphotype. This author showed 
some such differences between old and new pea cultivars can be a significant factor in 
plant adaptation to drought conditions, such as the length of the growing period and 
the number of reproductive nodes. Bénézit et al. [7] indicated that in cultivars with a 
high thousand seed weight and a low reproductive node number, the flowering period 
may be very short, whereas new cultivars require more weeks of flowering. Current 
knowledge of cultivar responses to water availability, however, remains limited.

The aim of the present study was to evaluate the productivity of selected pea cul-
tivars in relation to the unpredictable nature of year-to-year weather conditions and 
the frequent random nature of precipitation during the growing season. The scope of 
the study was expanded to include a structural analysis of the pea stem in order to 
characterize the position of successive pods on the fruiting nodes.

Material and methods

Study conditions

A field trial was performed in 2012 and 2013 at the Experimental Cultivar Testing Station 
in Pawłowice (Gliwice County, Silesian Province, Poland), which is part of the National 
Research Centre for Cultivar Testing. The study was conducted using six multipurpose 
European pea cultivars: ‘Batuta’, ‘Boruta’, ‘Tarchalska’, ‘Lasso’, ‘Audit’, and ‘Prophet’.

The trial was conducted on a Haplic Phaeozem soil type. This soil has a high content 
of phosphorus, potassium and magnesium and pH of 6.43. The preceding crop was 
winter wheat in 2012 and winter barley in 2013. The trial included four 15-m2 replicate 
plots of each cultivar and rows spaced 18 cm apart. Mineral fertilizer was applied in 
the following amounts: 35 kg ha−1 of P, 74.7 kg ha−1 of K, and 32 kg ha−1 of N. The foliar 
fertilizer Basfoliar 36 Extra was applied at 8 L ha−1 in flowering stage. The seeds were 
inoculated with Nitragin. Herbicides [0.3 kg Senkor 70 WG (metribuzin); Fusilade 
150EC at 1 L ha−1 (Fluazifop-P-butyl); Butoxone M400SL at 3 L ha−1 (MCPB)] and an 
insecticide [Karate Zeon 050 SC (lambda-cyhalotryn) at 0.15 L ha−1] were applied dur-
ing crop growth. Ten shoots of each cultivar were harvested from each plot at the fully 
ripe pod stage and biometric measurements were made. Parameters of yield structure 
were analyzed in each plant from the lowest node through each successive node, and 
included: number of pods, weight of pods, seed number, and individual seed weights. 
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The positions of the first and second pod in the node were determined as in the study 
by Dacko et al. [8].

Following combine harvesting of the plants, the yields per unit area and then the 
thousand-seed weights (TSW) were determined. Only an indirect method was used 
to evaluate a water deficit and Selyaninov’s hydrothermal coefficient (k) [13] was used 
to analyze thermal conditions (soil drought and semi-drought) during the growth 
periods chosen for analysis: k = P/0.1 Tsum, where P – monthly total of precipitation in 
mm; Tsum – daily sum of mean of air temperatures >0°C.

Monthly moisture levels were characterized according to Skowera and Puła [13], 
as follows: extremely dry – k ≤ 0.4; very dry – 0.4 < k ≤0.7; dry – 0.7 < k ≤ 1.0; fairly 
dry – 1.0 < k ≤ 1.3; optimal – 1.3 < k ≤ 1.6; fairly wet – 1.6 < k ≤ 2.0; wet – 2.0 < k ≤ 
2.5; very wet – 2.5 < k ≤ 3.0; extremely wet – k > 3.0.

Statistical analysis

All data were analyzed using STATISTICA 10 software. Homogeneous groups were 
determined by Tukey’s test at a significance level of α = 0.05.

Results

Weather conditions

Weather conditions significantly affected the length of the developmental stages of the 
pea crop (Tab. 1). In 2012, as compared to 2013, a longer period of plant growth from 
sowing to flowering was observed (9.2 days), a longer flowering period (3 days), and a 
longer crop growth period (7.5 days). Uniformity of maturity in the cultivars was similar 
in the 2 years (Tab. 2). However, weather was found to affect the degree of lodging 
before harvest. In 2012, less lodging was observed than in the rainy year of 2013.

Weather conditions differed substantially from the long-term averages (Tab. 3). The 
year 2012 was very dry. Drought was observed in March (k = 0.6), May (k = 0.7), July 
(k = 0.7), and August (k = 0.8). Only in April were precipitation levels high with respect 
to the requirements of the pea crop. A different precipitation regime was observed in 
2013. Drought was observed in April (k = 0.7) and July (k = 0.6), whereas in May (k 
= 3.1) and June (k = 2.3) there was very heavy rainfall, with precipitation levels far 
exceeding the requirements of pea crops. Drought conditions were observed in both 
years in July during the critical time for pod and seed filling.

Tab. 1  Number of days of growth in selected periods in years differentiated by weather conditions.

Cultivar

Number of days from sowing 
to flowering

Number of days from 
beginning to end of flowering

Number of days from sowing 
to technical maturity

2012 2013 2012 2013 2012 2013

‘Batuta’ 73 60 14 15 109 100

‘Boruta’ 68 60 19 12 106 100

‘Lasso’ 68 59 17 14 107 98

‘Tarchalska’ 66 56 19 16 106 99

‘Audit’ 68 60 21 16 108 99

‘Prophet’ 68 61 17 12 106 101

Mean 68.5 ±2.3 59.3 ±1.7 17.8 ±2.4 14.2 ±1.8 107 ±1.3 99.5 ±1.05

CV (%) 3.42 2.95 13.47 12.95 1.18 1.05
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The progression of pea growth

In 2012, peas were sown in the last 10 days of March (March 23), and in 2013 in 
the middle of April (April 16). In the first year of the study, the flowering stage was 
observed earlier, in the last 10 days of May, whereas in the following year it occurred 
before mid-June. Combine harvesting was conducted at the end of July 2012 and at 
the beginning of August 2013.

Statistical analysis shows that the choice of cultivars significantly determined the 
number of pods per plant, seed yield and harvest index – HI (Tab. 4). More pods were 
recorded in the lower part of the stem. Furthermore, more seeds were always counted 
in the first pod (Tab. 5). Pisum sativum ‘Audit’ formed significantly more pods on the 
stem (Fig. 1a), which was not confirmed by a higher seed yield (5.05 t ha−1) or a high 
HI (0.46). The highest seed yield was noted for ‘Batuta’ (6.19 t ha−1) and ‘Tarchalska’ 
(6.13 t ha−1). Pisum sativum ‘Tarchalska’ also had the highest HI (0.57). The differentia-
tion of characteristics in the cultivars found confirmation in the varied course of the 
developmental stages of the plants in different weather conditions.

Tab. 2  Comparison of uniformity of maturity and lodging in the pea crops.

Cultivar

Uniformity of maturity; 
9-degree scalea Lodging; 9-degree scaleb

2012 2013 2012 2013

‘Batuta’ 8.00 7.75 4.00 3.50

‘Boruta’ 7.25 7.25 2.50 4.25

‘Lasso’ 7.25 7.25 1.50 4.00

‘Tarchalska’ 7.75 7.25 3.00 3.00

‘Audit’ 8.00 8.00 3.75 5.50

‘Prophet’ 8.00 7.00 2.75 3.00

Mean 7.71 ±0.4 7.42 ±0.4 2.92 ±0.9 3.87 ±0.9

CV (%) 4.77 5.07 30.98 24.40

a Uniformity of maturity scale. b Lodging scale: 1 – most favorable; 9 – least favorable.

Tab. 3  Weather conditions in successive months of the growing season in each year.

Item March April May June July August

Precipitation (mm) 2012 32.6 64.8 35.2 70.7 43.9 49.4

2013 40.1 17.4 132.0 122.4 34.7 36.0

1999–2014 38.7 36.5 72.2 74.6 81.7 56.0

Precipitation requirements (mm) - 32.5 50.0 81.3 87.5 56.3

Temperature (°C) 2012 5.0 9.0 15.9 17.8 20.7 20.0

2013 −0.5 8.4 13.8 17.4 20.1 19.4

1999–2014 3.4 9.3 14.1 17.0 19.6 18.6

Selyaninov’s hydro-
thermal coefficient (k)

2012 0.6 2.4 0.7 1.3 0.7 0.8

2013 - 0.7 3.1 2.3 0.6 0.6

1999–2014 - 1.3 1.6 1.5 1.3 1.0
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Less biomass was observed in 2012, a year characterized by periods of semi-drought, 
which negatively affected the entire yield structure (Fig. 1b). The reverse phenomenon 
was observed in the second year of the study. In 2013, it was very wet in May and June, 
which was conducive to an extreme biomass production. The greatest was attained by 
Pisum sativum ‘Prophet’ and ‘Boruta’ and the lowest by ‘Audit’. In 2013, due to the high 
temperatures in June and July, a significant increase was observed in the productivity 
of the plants, including TSW, seed number, and weight per plant, and thus a significant 
increase in seed yield.

All cultivars produced different numbers of seeds per plant in the 2 years of the 
study (Fig. 1c). More seeds per plant were obtained in 2013. Pisum sativum ‘Lasso’ 
produced the highest number, but their weight was low. The fewest were recorded for 
‘Audit’, but it produced significantly more in 2012. This is indicative of the differences 
in the water requirements of these two cultivars. Pisum sativum ‘Audit’ produced longer 
pods in 2012 and was the only cultivar to produce pods on all 10 nodes. The share of 
seeds from the first four nodes in the total seed yield was significant but varied between 
cultivars and with weather conditions (Tab. 5, Fig. 2). Pisum sativum ‘Prophet’ had the 
highest percentage of seeds from the first four nodes (91.9%) in the dry year, and the 
lowest in the wet year (8.06%). Pisum sativum ‘Tarchalska’ was the most uniform in 
seed production, attaining a high percentage of the total yield (about 74%) from the 
first four nodes in the 2 very different years. The variation in number of seeds from 
the first four nodes ranged from low (13.7%) to intermediate (43.9%), depending on 
the cultivar and the year. The remaining nodes were characterized by variation ranging 
from intermediate (34%) to very high (>60%).

Variation was observed in the number of fruiting nodes between years and cultivars 
(Tab. 5). In 2012 (the dry year), Pisum sativum ‘Audit’ and ‘Batuta’ produced fruit on 
9–10 nodes. In 2013, ‘Prophet’ and ‘Lasso’ had more favorable conditions. In 2013, 
although fewer pods were produced per plant, the fruits formed more seeds. The seed 
number per pod was determined by the position of the fruits on the stem (Fig. 2). The 
number of seeds from the first three nodes varied significantly between the cultivars, 
whereas the years significantly differentiated Nodes 3 and 4. The highest seed number 
per pod was noted for ‘Prophet’ and the lowest for ‘Audit’. All cultivars were found to 
be more productive in the wet year (2013). An increase was observed in variation in 
the number of seeds per pod between years for flowering Nodes 3 and 4.

Tab. 4  Yield components of the pea cultivars in two seasons.

Item
Pod number 
per plant

Seed number 
per pod

Seed weight 
per plant (g) TSW (g)

Total plant 
weight (g)

Seed yield 
(t ha−1) HI

‘Audit’ 13.55 c 35.65 a 7.71 a 271.52 a 16.59 a 5.05 a 0.46 a

‘Batuta’ 12.11 bc 43.00 a 9.40 a 271.22 a 20.05 a 6.19 b 0.45 a

‘Boruta’ 8.83 a 36.45 a 10.28 a 366.94 a 20.12 a 5.88 bc 0.50 ab

‘Lasso’ 13.10 c 47.05 a 8.82 a 285.30 a 19.42 a 5.54 c 0.46 a

‘Prophet’ 9.93 ab 41.40 a 10.91 a 321.50 a 21.43 a 5.69 c 0.51 ab

‘Tarchalska’ 9.92 ab 40.25 a 10.16 a 306.91 a 17.14 a 6.13 b 0.57 b

p value 0.0000** 0.063 0.11 0.672 0.17 0.0000** 0.0000**

2012 10.91 a 36.13 a 6.99 a 265.21 a 13.91 a 5.44 a 0.48 a

2013 11.52 a 45.13 b 12.10 b 342.62 b 24.34 b 6.06 b 0.50 a

p value 0.34 0.000* 0.0001** 0.046* 0.000** 0.0001** 0.43

p value (Years 
× Cultivar)

0.003** 0.042* 0.0001** 0.988 0.0032* 0.0001** 0.0001**

* Significant at 0.05 probability level. ** Significant at 0.01 probability level. Means with different letters denote a significant dif-
ference at the 5% probability level according to Tukey’s test.
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Marked differences were noted in the length of 
pods on successive nodes of the stem (Tab. 6). The 
first four nodes generated the longest pods, and 
the higher ones were usually longer. The longest 
pods were noted for Pisum sativum ‘Boruta’ in 
2012 and the shortest for ‘Batuta’. In addition, low 
(5.9%) to intermediate (36.3%) variability in pod 
length was observed. Shorter pods were recorded 
at the remaining nodes.

Seed weight per plant was determined by 
the interaction of growing season and cultivar 
(Fig. 3a). All cultivars produced significantly 
greater unit seed weight in the wet year (2013). 
Pisum sativum ‘Prophet’ produced the greatest 
seed weight per plant (16 g) and ‘Audit’ produced 
the lowest (8 g). Pisum sativum ‘Prophet’ was 
also the most sensitive to weather conditions; 
the difference between years in seed weight was 
as high as 10 g. The least sensitive cultivar was 
‘Lasso’.

Seed yield was also influenced by cultivar and 
weather conditions (Tab. 4, Fig. 3b). Cultivars 
‘Batuta’, ‘Tarchalska’, and ‘Boruta’ produced signifi-
cantly greater seed yield in 2013. These cultivars 
were sensitive to weather conditions during the 
growing season. They had a shorter flowering time 
in 2013, leading to a prolonged ripening stage 
and a high seed yield. Only Pisum sativum ‘Audit’ 
produced stable but very low yield during 2 years 
of the trial. The harvest index was influenced by 
cultivar and the interaction of cultivar and weather 
conditions (Fig. 3c). The highest HI was noted for 
Pisum sativum ‘Tarchalska’ (0.6) and the lowest 
for ‘Lasso’ (0.5) in 2013.

Discussion

Two different strategies of plant adaptation to 
abiotic stress conditions have been distinguished. 
According to a classification created by Levitt 
[14], the self-defense mechanisms developed by 
plants are avoidance of drought or delay of its 
consequences and tolerance to the effects of the 
stress factor. Avoidance of drought involves the 
development of morphological or physiological 
adaptations to the conditions of a habitat deficient 
in water, such as shortening of the life cycle before 
drought, water accumulation, or development 
of a large root system. The second strategy is 
linked to osmoregulatory processes which en-
able a plant to bind and retain water during the 
growing period. Farooq et al. [15], on the basis of 
existing references, presented various characters 
for screening grain legumes for drought resistance. 
These authors demonstrated that legumes can 
shorten their growth period to avoid stress by 
maintaining high tissue water potential through 
reduced water loss and/or improved water uptake 
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Fig. 1  Interaction of growing seasons and cultivars on (a) pod 
number per plant, (b) total plant weight, and (c) seed number 
per plant.
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node, (d) 4th node, in relation to cultivar and weather conditions.
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Tab. 6  Pod length (cm) in relation to position on the stem.

Location of fruiting 
nodes and of pods in 
the node ‘Audit’ ‘Batuta’ ‘Boruta’ ‘Lasso’ ‘Prophet’ ‘Tarchalska’

node No.
pod 
position 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013

Lower 
1–4

1 5.88 5.39 5.71 5.20 6.90 6.80 6.22 5.52 6.34 5.34 6.02 5.93

2 3.76 2.85 4.63 4.46 5.48 4.79 5.84 3.85 6.19 4.48 4.76 5.18

CV (%) 28.4 36.3 13.6 17.2 21.1 23.4 5.9 24.7 20.9 21.3 20.7 11.7

Upper 
5–10

1 5.05 5.03 4.53 4.16 5.35 5.60 4.78 4.89 4.45 5.15 4.52 5.07

2 3.07 2.99 2.40 3.43 1.56 5.33 3.48 3.41 0.00 3.56 2.95 3.10

CV (%) 115.2 210.6 80.0 123.7 189.3 117.2 76.4 121.1 297.8 93.2 184.0 163.0
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Fig. 3  Seed weight per plant (a), seed yield (b), and HI (c) depending on cultivar and weather conditions.
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(chickpea, cowpea, and pea). Another adaptation to drought conditions is associated 
with root system adjustment, which was tested in chickpea, common bean, lentil, 
and pea [15–17]. However, according to recent studies [18], trait selection for better 
drought resistance is not essentially dependent on the root system, but rather on other 
characteristics such as stomatal conductance, canopy spectral reflectance, and biomass 
accumulation at different growth stages, all of which were shown to be highly correlated 
with seed yield [19]. Physiological attributes such as canopy structure (number of 
reproductive nodes, leaf structure) may be useful in screening grain legume cultivars 
for drought resistance.

Our research has shown that the varying reactions of pea plants to temporary water 
stress during growth, characterized by the formation of different numbers of reproductive 
nodes, had a crucial impact on yield. The study showed that the contribution of seeds 
from the first four nodes to the total seed yield was significant, but varied depending on 
the cultivar and on water availability. Pisum sativum ‘Prophet’ had the highest percent-
age of seeds from the first four nodes (92%) in the dry year and the lowest in the wet 
year (8%). Pisum sativum ‘Tarchalska’ was the most uniform in seed productivity from 
nodes, producing a high percentage of seeds from the first four nodes – about 74% in 
extremely different years. Variation in the number of seeds from the first four nodes 
was low (13.7) to intermediate (43.9) and depended on the cultivar and the year. The 
remaining nodes on the stem were characterized by variation ranging from interme-
diate (34%) to very high (>60%). Our study confirmed earlier findings of Zając et al. 
[20], who found that the first four nodes contribute about 97% of the seed yield.

The production potential of available pea cultivars is exploited in practice at a level 
of only about 40%. This is not only due to unfavorable weather conditions but also to 
limited exploitation of new cultivars with greater yield potential. Our analysis revealed 
important differences in the productivity of pea depending on weather conditions and 
the morphotype of the cultivar. Cultivars ‘Batuta’, ‘Tarchalska’, and ‘Boruta’ produced 
significantly greater seed yield in the wetter year. These three cultivars had a shorter 
flowering period, which resulted in a prolonged ripening stage and greater seed yield. 
Cultivar ‘Prophet’ was highly sensitive to semi-drought. Shortage of water led to a 
substantial reduction in biomass, the number of pods and seed weight per plant. This 
was also confirmed by Annicchiarico and Iannucci [21] who found that seed yield and 
aboveground weight of pea plants are clearly determined by both habitat conditions 
and variable weather conditions. Olszewski [4] suggested that variability in pea yield in 
different growing seasons is the result of interactions between various environmental 
stress factors which may cause reversible changes in plant growth rate, as well as ir-
reversible changes resulting in the death of plants, thereby reducing the production 
potential of the crop.

Our study has shown high variability of yield elements in Pisum sativum ‘Tarchalska’. 
Despite a strong stability in the number of pods formed on stems in different years of the 
study, very high variation was noted for seed number per plant as well as seed weight and 
seed yield per plant. This cultivar had a significantly better yield in the year with more 
rainfall. Similar results were obtained by Zając et al. [20] who found that the productive 
potential of ‘Tarchalska’ shows low stability in different years. For the narrow-leaved 
‘Tarchalska’ in the cold and very wet year (683.8 mm rainfall from March to August), 
it was only the green area index that was higher than in the dry year, whereas the seed 
yield was higher in the year with optimal rainfall distribution (472 mm). Chmura et 
al. [22] reported that pea requires from 260 to 300 mm of rainfall during the growing 
season. Shortages or excesses of water reduce crop yields. Yield is reduced by 16–20% 
in the case of higher precipitation levels and by 26–28% in the case of low precipitation. 
In our study, temporary semi-drought reduced yield on average by 10%.

Bueckert et al. [5] analyzed the effect of weather conditions on pea productivity. 
Seed yield and the length of the reproductive stage were found to be dependent on 
weather conditions and to be increased by rainfall. Tolerance of pea for drought can 
be improved by an earlier or longer flowering period. We believe that it is essential 
to conduct further research on the development and abortion of pods on successive 
nodes on the stem in varied habitat conditions and in different cultivars. Our study 
showed that pod formation depends on the cultivar and on the interaction of years 
and cultivars. In the dry year, Pisum sativum ‘Audit’ had a prolonged flowering stage, 
resulting in the greatest number of pods. Unfortunately, pod formation on all 10 nodes 
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did not translate into high productivity in this cultivar, resulting in a low seed number, 
seed weight and final seed yield.

The water stress observed in the dry year before the flowering stage did not significantly 
affect the number of pods formed in the cultivars ‘Audit’ and ‘Batuta’ as these cultivars 
formed the most pods. However, water stress before the flowering period was found 
to affect yield in Pisum sativum ‘Batuta’. A similar phenomenon is described by Farah 
et al. [23], who showed that water stress should be minimized in pulses (pea, lentil, 
fava bean, and chickpea) during the flowering and pod-forming stages. These authors 
demonstrated that among the pulse species tested, pea and lentil are most sensitive to 
drought stress before the flowering period.

Morison et al. [24] report that in conditions of water shortage plants adopt a variety 
of strategies for efficient water use: reducing soil evaporation, deeper root growth, 
improving biomass/water ratio by more efficiently exchanging transpired water for CO2 
and converting it into biomass, and converting more biomass into harvestable yield 
(HI). Our study has shown that Pisum sativum ‘Tarchalska’ attained the highest HI of 
all the six cultivars tested. Zając et al. [20] showed that HI is determined by both site 
conditions and weather. In the case of optimum soil moisture, the HI is higher, whereas 
an excess of water in the soil reduces it. We found that generative development of pea 
was more effective in the warmer growing season, which resulted in higher seed yield 
and number of seeds. Pod length and weight and seed number per pod depended on 
the position on the stem. The longest pods, characterized by greater weight and higher 
seed number, were formed by the lowest nodes, i.e., the first two. In pods positioned 
higher, beginning with the third node, the number of seeds and weight of a single seed 
were lower. The shortest pods were formed on Nodes 5 and 6.

Conclusions

Two types of morphotypes were distinguished in the cultivars compared in this study. 
The first comprised local cultivars, i.e., ‘Batuta’, ‘Boruta’, and ‘Tarchalska’, which were 
characterized by higher productivity per unit area and a smaller number of reproductive 
nodes. Only Pisum sativum ‘Tarchalska’ formed a stable number of reproductive nodes 
(6–7) irrespective of weather conditions. Moreover, the four lowest nodes accounted 
for 74% of the yield. The second morphotype was represented by the foreign cultivars 
‘Audit’, ‘Prophet’, and ‘Lasso’, which were less productive (5.05–5.69 t ha−1). However, 
these cultivars developed more reproductive nodes (9–10). Special attention should be 
paid to Pisum sativum ‘Audit’, which had the most stable yield in unpredictable weather 
conditions, but the lowest among all tested cultivars. Breeders should focus primarily 
on two cultivars: ‘Audit’, which was characterized by stable yield, and ‘Tarchalska’, which 
formed a stable number of reproductive nodes. The challenge is to create new cultivars 
that combine these two features. However, a new morphotype with high productivity 
in unpredictable weather conditions will increase the potential of pea cultivation all 
over Europe.

References

1.	 Broughton WJ, Hernández G, Blair M, Beebe S, Gepts P, Vanderleyden J. 
Beans (Phaseolus spp.): model food legume. Plant Soil. 2003;252:55–128. 
https://doi.org/10.1023/A:1024146710611

2.	 Venkatesh MS, Hazra KK, Ghosh PK, Praharaj CS, Kumar N. Long-term effect of pulses 
and nutrient management on soil carbon sequestration in Indo-Gangetic plains of India. 
Can J Soil Sci. 2013;93:127–136. https://doi.org/10.4141/cjss2012-072

3.	 Food and Agriculture Organization of the United Nations. FAOSTAT [Internet]. 2012 
[cited 2017 Aug 25]. Available from: http://www.fao.org/docrep/016/ap106e/ap106e.pdf

4.	 Olszewski J. Impact of biotic and abiotic stress on photosynthesis and transpiration 

https://doi.org/10.1023/A:1024146710611
https://doi.org/10.4141/cjss2012-072
http://www.fao.org/docrep/016/ap106e/ap106e.pdf


11 of 12© The Author(s) 2017  Published by Polish Botanical Society  Acta Agrobot 70(3):1719

Klimek-Kopyra et al. / Drought shapes pod productivity in upper part of stem

intensity, yielding and health of faba bean and pea [Habilitation thesis]. Olsztyn: 
Uniwersytet Warmińsko-Mazurski; 2004. (Rozprawy i Monografie; vol 85).

5.	 Bueckert RA, Wagenhoffer S, Hnatowich G, Warkentin TD. Effect of heat and 
precipitation on pea yield and reproductive performance in the field. Can J Plant Sci. 
2015;95:629–639. https://doi.org/10.4141/cjps-2014-342

6.	 Schneider A, Huyghe C, Maleplate T, Labalette F, Peyronnet C, Carrouee B. Rôle des 
légumineuses dans l’agriculture francaise. In: Les légumineuses pour des systèmes 
agricoles et alimentaires durables. Paris: Quae. 2015. p. 11–77.

7.	 Bénézit M, Biarnès V, Jeuffroy MH. Impact of climate and diseases on pea yields: what 
perspectives with climate change? Oilseeds and Fats, Crops and Lipids. 2017;24:D103. 
https://doi.org/10.1051/ocl/2016055

8.	 Dacko M, Zając T, Synowiec A, Oleksy A, Klimek-Kopyra A, Kulig B. New approach 
to determine biological and environmental factors influencing mass of a single pea 
(Pisum sativum L.) seed in Silesia region in Poland using a CART model. Eur J Agron. 
2016;74:29–37. https://doi.org/10.1016/j.eja.2015.11.025

9.	 Westgate ME, Peterson CM. Flower and pod development in water-deficient soybean 
(Glycine max L. Merr). J Exp Bot. 1993;44:109–117. https://doi.org/10.1093/jxb/44.1.109

10.	 French RJ, Turner NC. Water deficits change dry matter portioning and seed yield in 
narrow-leafed lupins (Lupinus angustifolius L.). Aust J Agric Res. 1991;42:471–484. 
https://doi.org/10.1071/AR9910471

11.	 Martin RJ, Jamieson PD. Effect of timing and intensity of drought on the growth 
and yield of field peas (Pisum sativum L.). N Z J Crop Hortic Sci. 1996;24:167–174. 
https://doi.org/10.1080/01140671.1996.9513949

12.	 Podsiadło C, Karczmarczyk S, Koszański Z, Rumasz E. Influence of supplemental 
irrigation and mineral fertilization on some physiological processes and yield of three 
legume plants cultivated on a sandy soil. Folia Universitatis Agriculturae Stetinensis. 
Agricultura. 1999;73:197–206.

13.	 Skowera B, Puła J. Pluviometric extreme conditions in spring season in Poland in the 
years 1971–2000. Acta Agrophysica. 2004;3:171–177.

14.	 Levitt J. Response of plants to environmental stresses. 2nd ed. New York, NY: Academic 
Press; 1980.

15.	 Farooq M, Gogoi N, Barthakur S, Baroowa B, Bharadwaj N, Alghamdi SS, et al. Drought 
stress in grain legumes during reproduction and grain filling. J Agron Crop Sci. 
2017;203:81–102. https://doi.org/10.1111/jac.12169

16.	 Kashiwagi JL, Krishnamurthy HD, Upadhyaya H, Krishna S, Chandra V, Serraj VR. 
Genetic variability of drought-avoidance root traits in the mini-core germplasm 
collection of chickpea (Cicer arietinum L.). Euphytica. 2005;146:213–222. 
https://doi.org/10.1007/s10681-005-9007-1

17.	 Beebe S, Rao I, Blair MW, Acosta-Gallegos JA. Phenotyping 
common beans for adaptation to drought. Front Physiol. 2013;4:35. 
https://doi.org/10.3389%2Ffphys.2013.00035

18.	 Zaman-Allah MD, Jenkinson M, Vadez V. A conservative pattern of water use, rather 
than deep or profuse rooting, is critical for the terminal drought tolerance of chickpea. 
J Exp Bot. 2011;62:4239–4252. https://doi.org/10.1093/jxb/err139

19.	 Duc G, Agrama H, Bao S, Berger J, Bourion V, de Ron AM, et al. Breeding annual 
grain legumes for sustainable agriculture: new methods to approach complex 
traits and target new cultivar ideotypes. Crit Rev Plant Sci. 2015;34:381–411. 
https://doi.org/10.1080/07352689.2014.898469

20.	 Zając T, Klimek-Kopyra A, Oleksy A, Stokłosa A, Kulig B. Morphological-developmental 
reaction and productivity of plants and canopy of semileafless pea (Pisum sativum L.) 
after seed vaccination with Rhizobium and foliar micronutrient fertilization. J Appl Bot 
Food Qual. 2012;85:188–197.

21.	 Annicchiarico P, Iannucci A. Adaptation strategy, germplasm type and adaptive 
traits for field pea improvement in Italy based on variety response across 
climatically contrasting environments. Field Crops Res. 2008;108:133–142. 
https://doi.org/10.1016/j.fcr.2008.04.004

22.	 Chmura KE, Chylińska Z, Dmowski Nowak L. Role of the water factor in yield formation 
of chosen field crops. Infrastructure and Ecology of Rural Areas. 2009;9:33–44.

23.	 Farah SM, Arar A, Miller DE. Water requirements and the irrigation management 

https://doi.org/10.4141/cjps-2014-342
https://doi.org/10.1051/ocl/2016055
https://doi.org/10.1016/j.eja.2015.11.025
https://doi.org/10.1093/jxb/44.1.109
https://doi.org/10.1071/AR9910471
https://doi.org/10.1080/01140671.1996.9513949
https://doi.org/10.1111/jac.12169
https://doi.org/10.1007/s10681-005-9007-1
https://doi.org/10.3389%2Ffphys.2013.00035
https://doi.org/10.1093/jxb/err139
https://doi.org/10.1080/07352689.2014.898469
https://doi.org/10.1016/j.fcr.2008.04.004


12 of 12© The Author(s) 2017  Published by Polish Botanical Society  Acta Agrobot 70(3):1719

Klimek-Kopyra et al. / Drought shapes pod productivity in upper part of stem

of pea, lentil, faba bean and chickpea crops. In: Summerfield RJ, editor. World 
crops: cool season food legumes. Dordrecht: Kluwer Academic Publishers; 1988. 
https://doi.org/10.1007/978-94-009-2764-3_26

24.	 Morison JL, Baker NR, Mullineaux PM, Davies WJ. Improving 
water use in crop production. Phil Trans R Soc B. 2008;363:639–658. 
https://doi.org/10.1098/rstb.2007.2175

Wpływ zmiennych opadów na produktywność strąków z uwzględnieniem ich położenia 
na pędach grochu (Pisum sativum L.)

Streszczenie

W piśmiennictwie spotyka się mało pozycji literatury dotyczącej wpływu okresowej suszy i posuchy 
na rozwój i produkcyjność strąków grochu w zależności od biosocjalnego położenia w części 
owocującej pędu. Dlatego celem przeprowadzonych badań była ocena produktywności różnych 
odmian grochu na tle zróżnicowanych warunków pogody. Zróżnicowanie opadów w sezonach 
wegetacyjnych skutkowało zmniejszeniem plonowania w roku suchym o 0.62 t ha−1. Najbardziej 
stabilna w ilości wykształcanych strąków była odmiana ‘Tarchalska’, a najmniej odmiana ‘Prophet’. 
Warunki pogody miały wpływ na biosocjalne położenie strąków na pędzie, a w konsekwencji na 
potencjał produkcyjny strąków. Cztery pierwsze okółki zapewniały od 45 do 91% plonu. Właści-
wości botaniczno-rolnicze odmian decydowały o liczbie nasion pochodzących z dolnych okółków 
(1–4). Liczba nasion w strąkach zawiązanych z kwiatów wyższych okółków była determinowana 
warunkami pogody. W roku bardziej wilgotnym formowało się istotnie więcej nasion z każdego 
okółka. Odmiana ‘Audit’ odznaczała się wysoką stabilnością plonowania w latach badań.
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