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A b s t r a c t

A pot experiment, set up in an additive design, was run in order to assess the effect of Italian
ryegrass on morphological traits of spring barley at different phases of its development under optimal
and 50% lower soil moisture content. The following traits were measured: plant height, number of
developed leaves per plant, length of ears, number of grains in an ear and length of roots. The
assessment was completed during five development phases of barley (the BBCH scale): emergence
(10–13), tillering (22–25), stem elongation (33–37), heading (52–55) and ripening (87–91). In
2009–2011, 3 cycles of the experiment were completed. It has been shown that Italian ryegrass did not
have any significant negative effect on the morphology of spring barley’s aerial organs, although it
retarded the development of roots during emergence, as reflected by their length. Water supply
differentiated demonstrably the rate of growth and development of crops. Its deficit restrained the
growth of spring barley throughout the whole growing season. Besides, shortage of water was
responsible for a smaller number of leaves and shoots on plants, shorter ears and less numerous
grains in an ear. The presence of Italian ryegrass as an intercrop, in comparison with a spring barley
pure stand, did not exacerbate the negative impact of water shortage on the morphological traits of
this cereal.
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A b s t r a k t

W doświadczeniu wazonowym, założonym według schematu addytywnego, oceniano wpływ
życicy wielokwiatowej na cechy morfologiczne jęczmienia jarego w różnych fazach jego rozwoju
w warunkach optymalnego i zmniejszonego o 50% uwilgotnienia materiału glebowego. Badania
obejmowały pomiary: wysokości roślin i liczby rozwiniętych liści na roślinie, długości kłosów, liczby
zawiązanych ziaren w kłosie oraz długości korzeni. Ocenę przeprowadzano w pięciu fazach roz-
wojowych jęczmienia (skala BBCH): wschody (10–13), krzewienie (22–25), strzelanie w źdźbło
(33–37), kłoszenie (52–55) i dojrzewanie (87–91). W latach 2009–2011 zrealizowano 3 cykle
doświadczenia. Wykazano, że życica nie miała istotnego ujemnego wpływu na morfologię części
nadziemnych jęczmienia jarego, jednak podczas wschodów osłabiała rozwój korzeni wyrażony ich
długością. Czynnikiem silnie różnicującym tempo wzrostu i rozwoju roślin była dawka wody. Jej
niedobór ograniczał wzrost jęczmienia jarego przez cały okres jego wegetacji, a ponadto redukował
liczbę liści i pędów oraz powodował skrócenie kłosa i zmniejszenie liczby ziaren w kłosie. Obecność
życicy wielokwiatowej jako wsiewki, w relacji do siewu czystego jęczmienia jarego, nie pogłębiała
negatywnego oddziaływania niedoboru wody na cechy morfologiczne tego zboża.

Introduction

Currently, intercrops are less important as a source of animal feed, but
their role as a factor enriching soil with organic matter gains in importance
owing to improved physiochemical properties of soil and the biotic condition of
the whole environment. The structure of grown intercrops is dominated by
stubble-field catch crops. Intercrops sown between a main crop are far less
common (JASKULSKA and GAŁĘZEWSKI 2009). There is a wealth of references
discussing the multifaceted functions of intercrops, for example review papers
by SONGIN (1998) and ANDRZEJEWSKA (1999) and more recent articles by
GALON et al. (2011), JASTRZĘBSKA (2009), KOSTRZEWSKA et al. (2011), PAŁYS et
al. (2009), PAWŁOWSKI and WOŹNIAK (2000), SOBKOWICZ (2009), WANIC et al.
(2012), etc.

Legumes and grasses are recommended as intercrops, either as pure stands
or mixed with winter or spring cereals. Italian ryegrass belongs to grass species
sown as intercrops in cereal fields, including spring barley. However, in dry
years, Italian ryegrass can heavily compete with a cereal crop for water (WANIC
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et al. 2006), which may cause a lower yield of the protective crop. The yielding
success of a mixture components and catch crop has been frequently
documented in the literature (JASKULSKI 2004, KURASZKIEWICZ 2004, PŁAZA

and CEGLAREK 2004, PŁAZA et al. 2010, WOŹNIAK 2000). Other consequences of
the competition between crops and intercrops are changes in the rhythm of
development of plants, their altered density, fecundity and morphology, but
articles dealing with these questions are rarer (CRALLE et al. 2003, SOBKOWICZ

2003, YACHI and LOREAU 2007). The purpose of this study has been to evaluate
the effect of Italian ryegrass on morphology of spring barley at different phases
of its development and under different soil moisture conditions.

Materials and Methods

The research was based on a strict pot experiment carried out at the
Greenhouse Laboratory of the Faculty of Biology and Biotechnology, at the
University of Warmia nad Mazury in Olsztyn. In 2009–2011, three cycles of the
experiment were run. The evaluated plant was a hull-less cultivar of spring
barley called Rastik.

The experimental factors:
First order – stand type: pure stand (C) and in a mixture with Italian

ryegrass (M),
Second order – water supply to plants: sufficient to satisfy the require-

ments (W) and less by 50% (N).
The soil material was collected from the arable horizon of typical brown soil

developed from weak loamy sand. The soil was slightly acid in reaction,
contained 1.22–1.91% of humus and was moderately abundant in phosphorus,
potassium and magnesium. One week before sowing, each pot was filled with
8 kg of soil material, which had been mixed with mineral fertilizers in the
following amounts (pure component in g per pot–1): 0.5 N (urea), 0.2 P (mono-
potassium phosphate), 0.45 K (potassium sulphate).

The total amount of water supplied to plants during the whole growing
season was 17,000 cm3 per pot in the optimum water supply variant and half of
this amount, i.e. 8,500 cm3 per pot in treatments with water deficit. The
optimum amount of water had been established based on a preliminary
experiment, in which soil moisture content, water evaporation from soil,
transpiration from plants and water content in plants had been measured.
During the plant growing season, water supply was varied depending on the
development phase of the crops and soil moisture content.

The experiment was set up in an additive design, with four replicates
(SEMERE and FROUD-WILLIMAS 2001). Eighteen germinating spring barley
kernels were planted in each pot as well as 18 kernels of Italian ryegrass in pots
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with a mixed stand. Kernels were placed in soil 3 cm deep, at even distance
from one another, using a template for that purpose.

Throughout the whole experiment, the ambient temperature in the labora-
tory was maintained at 20–22oC. In order to induce vernalization, the tempera-
ture was lowered to 6–8oC for 9 days when plants were in the full emergence
period.

The morphological traits of spring barley were measured on five dates
corresponding to five development phases of this cereals in a pure stand and
under optimal soil moisture content, i.e. (on the BBCH scale) emergence
(10–13), tillering (22–25), stem elongation (33–37), heading (52–55) and ripen-
ing phase (87–91). The measurements comprised height of plants, number of
stems per plant, number of developed leaves per plant, and starting from the
tillering phase, length of ears and number of grains in an ear. Because it was
difficult to sort out roots of the protective crop and intercrop, the measure-
ments of the root system included only the length of the longest root from each
plant at the emergence phase.

The results in the tables are means for the three cycles of the experiment.
The results from the experiment in a totally randomized design underwent
statistical processing by analysis of variance and differences between treat-
ments were estimated using Duncan’s test. In all statistical analyses, the level
of confidence was set at p=0.05.

Results

The stand type did not have any significant effect on height of spring barley
plants at any of the analyzed plant development stages (Table 1). The lower
water supply, however, significantly limited the growth of barley throughout
the whole growing season. As a result, differences in plant height between pots
with insufficient and optimal soil moisture content ranged from 4 cm (at
emergence) to nearly 18 cm (at heading stage). The experiment has also shown
that plant water supply had significant influence on the plant height irrespec-
tive of the stand type. When supplied with sufficient amounts of water, barley
plants, whether sown as pure stand or mixture, were higher throughout the
whole growing season than under water shortage conditions (differences
statistically confirmed). This negative effect of water shortage on barley
growth deepened at the end of the growing season.

The number of barley shoots at the analyzed development phases was
similar for both stand types (Table 2). Less water in soil, however, significantly
depressed the formation of lateral stems. Under water deficit in soil, barley
plants sporadically grew non-productive lateral shoots, which dried out prema-
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Table 1
Height of spring barley plants [cm]

Spring barley development phases

stem
elongation

emergence tillering heading ripeness
Treatment

Source
of variability

Stand type C 26.2a 42.0a 47.1a 51.9a 54.0a

M 25.2a 42.1a 46.8a 51.4a 52.7a

Plant water
supply

W 27.8a 48.2a 55.8a 59.0a 59.0a

N 23.6b 35.9b 38.1b 44.2b 47.7b

Interaction
of factors

C – W 28.7a 47.6a 56.2a 59.6a 61.2a

C – N 23.7b 36.4b 37.9b 44.1b 46.8c

M – W 26.9a 48.8a 55.3a 58.4a 56.7ab

M – N 23.5b 35.3b 38.2b 44.3b 48.6bc

C – pure stand, M – mixed with Italian ryegrass, W – water supply satisfying requirements, N – water
supply less by 50%
a, b, c – homogenous groups: values marked with the same letter within particular factors or their
interactions do not differ significantly at p = 0.05

Table 2
Number of spring barley stems, stems plant–1

Spring barley development phases

stem
elongation

tillering heading ripeness
Source of variability Treatment

Stand type C* 1.5a 1.6a 1.6a 1.7a

M 1.4a 1.5a 1.3a 1.4a

Plant water supply W 1.7a 1.9a 1.6a 1.6a

N 1.2b 1.2b 1.3b 1.4a

Interaction of factors C – W 1.7a 1.9a 1.7a 1.8a

C – N 1.2b 1.2b 1.4ab 1.5a

M – W 1.7a 1.8a 1.5a 1.4a

M – N 1.1b 1.1b 1.1b 1.3a

* key cf. the Table 1

turely. Until the heading phase, spring barley grown in pots with an optimal
water dose produced significantly more shoots than plants grown on less moist
soil. More extensive tillering of barley was observed in both pure and mixed
stands.

The number of leaves on spring barley plants was similar in pure and
mixed stands (Table 3). No differences were noticed during the whole vegeta-
tive season. However, this trait was significantly differentiated by the amount
of water available to plants. From emergence to stem elongation, significantly
fewer assimilatory organs were found on plants growing under water deficit
than in treatments with an optimum water supply. However, the proportions
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Table 3
Number of spring barley leaves, leaves plant–1

Spring barley development phases

stem
elongation

emergence tillering heading ripeness
Treatment

Source
of variability

Stand type C* 2.8a 5.7a 7.7a 6.7a 7.1a

M 2.9a 5.7a 7.7a 6.8a 7.3a

Plant
water supply

W 3.1a 6.8a 9.2a 5.9b 6.3b

N 2.6b 4.6b 6.2b 7.6a 8.1a

Interaction
of factors

C – W 3.0ab 6.6a 9.0a 5.8b 6.4b

C – N 2.6b 4.8b 6.3b 7.6a 7.8a

M – W 3.1a 6.9a 9.3a 5.9b 6.2b

M – N 2.6b 4.4b 6.1b 7.6a 8.3a

* key cf. the Table 1

were reverse during the two subsequent phases, i.e. heading and ripening.
When analyzing the interactions between the examined factors, it was found
out that during emergence significantly more water was held in leaves of
barley grown in a mixed stand and with optimum water supply than in pots
with insufficient soil moisture. During the tillering and stem elongation
phases, water deficit in soil made barley plants form significantly fewer
assimilatory organs (2–3 leaves fewer) in both stand types compared to barley
cultivated on moist soil. During the two final phases, the situation was
opposite: irrespective of the stand type, the treatments poorer in water
produced barley plants with more leaves (differences statistically verified) than
the pots in which soil was moist enough to sustain good development of the
plants. This was most probably a consequence of the different barley develop-
ment rates induced by different water availability; under the lower water
supply, the consecutive development phases began with a delay. At the same
time, when the soil moisture content was optimal, lower leaves on barley plants
began to wilt.

The length of barley ears did not depend on the stand type (Table 4).
Reducing the water supply to half the optimal level resulted in the formation of
shorter ears, but this effect was significant only during the heading phase. The
response of barley to water deficit consisted of a significant reduction in the
number of grains (by about 8 to 4 grains) compared to the pots with an optimal
water supply. Our analysis of the interactions between the factors did not
reveal significant differences in the values of this trait, but when barley plants
received as much water in soil as required, a tendency towards a higher
number of grains in barley ears, both grown in a pure stand or mixture with
Italian ryegrass, was observed.
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Table 4
Length of ear [cm] and number of grains per ear

Spring barley development phases

heading ripeness

length of ear number
of grains

Source of variability Treatment

Stand type C 6.1a 5.2a 5.9a

M 5.9a 5.1a 6.2a

Plant water supply W 7.0a 5.7a 7.9a

N 5.0b 4.7a 4.2b

Interaction of factors C – W 7.0a 5.8a 8.0a

C – N 5.1b 4.6a 3.7a

M – W 6.9a 5.3a 7.7a

M – N 4.8b 4.8a 4.7a

* key cf. the Table 1

In the early growth, spring barley grown as a pure stand produced
significantly longer roots (by an average of 3 cm for the three cycles of the
experiment) than barley grown in a mixture with Italian ryegrass (Table 5).
No significant effect of the soil moisture content of this trait was demon-
strated. Our analysis of the interaction between the factors showed that during
the emergence phase significantly longer roots were formed by barley growing
alone under water deficit conditions than mixed with Italian ryegrass irrespec-
tive of the water supply.

Table 5
Length of spring barley roots [cm]

Source of variability Treatment Emergence

Stand type C 14.9a

M 12.0b

Plant water supply W 13.0a

N 13.9a

Interaction of factors C – W 14.0ab

C – N 15.8a

M – W 12.0b

M – N 11.9b

* key cf. the Table 1

Discussion

Competition is one of the major ecological processes present in nature.
It shapes the dynamics, composition and structure of biocenoses. Bleasdeale
(after CONNOLLY et al. 2001) defines competition as a phenomenon which
results in a depressed or retarded growth of one or both competing plants and
modification of their exterior shape relative to plants growing separately.
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The response consisting of mutual interactions between components in a sow-
ing mixture is expressed through changes in the development of not only aerial
parts (height, surface area of leaves) but also root systems (length of roots).
In this study, Italian ryegrass was not indicated to have caused an effect on the
morphology of aerial organs of barley, but its presence resulted in shorter
barley roots. However, GALON et al. (2011) concluded that although Italian
ryegrass does not limit the height of barley, it can be highly competitive
towards this cereal, reducing its tillering, surface area of leaves and accumula-
tion of dry matter. Similar results were obtained by IGNACZAK (1995), who
demonstrated less extensive tillering of a protective crop (barley) grown
together with Westerwold ryegrass. According to CRALLE et al. (2003), the
extent of mutual reactions between components of a sowing mixture depends
on the proportions of plants of particular species sown on a field and on the
soil’s abundance in nutrients. PŁAZA and CEGLAREK (2004) claim that Italian
ryegrass sown as an intercrop acts positively on barley only when mixed with
papilionaceous plants, and the positive influence consists of improved density
of ears before harvest, more grains per ear and higher weight of 1000 grains of
barley.

Sensitivity of barley to variable moisture content in soil is a species-specific
trait (WIELGO and DZIAMBA 2000, MARTYNIAK 2001). In this study, water deficit
was shown to produce typically a significant negative effect on the examined
spring barley traits from emergence to full grain ripeness. As stated by
MARTYNIAK (2001), the response of barley to water deficit in the early
vegetative season is weak, but any water shortage occurring at the early
heading phase may cause the highest yield losses. Our results are highly
congruent with the data reported by SAMARAH et al. (2009), who noticed
depressed plant height and worse yield structure components (e.g. number of
ears per plant and grains per ear, lower 1000 grains weight) in barley grown
under water deficit stress in both laboratory and field experiments. Also,
PŁAZA and CEGLAREK (2004) demonstrated significantly inferior yield charac-
teristics of barley grown alone under precipitation shortage during the vegeta-
tive season, but showed a positive effect of intercrops such as mixed legumes
and Italian ryegrass on yields of the protective crop, also in dry years.
According to WIELGO and DZIAMBA (2000), when soil is less wet, crops grow
shorter and produce shorter ears, whether or not grown in the presence of
Italian ryegrass. Additionally, the number of ears and leaves as well as number
of grains per ear decline, which means that the presence of Italian ryegrass as
the intercrop did not matter in this respect under water deficit conditions.
WANIC et al. (2006), who traced changes in the water content in soil cropped
with spring barley and Italian ryegrass during a whole plant growing season
concluded that the grass is too competitive towards barley during the stem
elongation phase of this cereal.

Marta K. Kostrzewska et al.14



Conclusions

1. The stand type did not have any effect on the morphology of aerial parts
of spring barley, such as plant height, number of stems and number of leaves
per plant, length of an ear and its content of grains.

2. Depressed water supply reduced the height of barley plants, number of
leaves and shoots, length of an ear and number of grains in an ear.

3. Italian ryegrass as an intercrop in spring barley did not exacerbate the
negative effect of water deficit on development of barley.

4. During the emergence phase of spring barley, the presence of Italian
ryegrass had a negative effect on length of barley roots.

Translated by JOLANTA IDŹKOWSKA
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