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COMPARISON OF THE PRODUCTIVITY OF CEREALS WITH UNDE RSOWN
SERRADELLA GROWN FOR GREEN MASS

Summary

The aim of the study was to assess the yieldirffgusfcereal species harvested at milky-dough mgtistage for green
mass, cultivated in pure sowing and with underseemadella in organic farm. Field experiment wagrgad out in the

years 2011-2013, in a split-plot design, in fouplieations. The experiment included two factorsuiFspecies of cereals,
winter cereals: rye, spelt wheat and spring cereblarley and oats were the first factor. A secoadtdr involved the
method of cereal cultivation: pure sowing, or sagvimith undersown serradella. The studies showetlyiedd level of ce-
reals grown with undersown serradella depended eather conditions, which varied during the expentse Among the
tested species of cereal, the highest grain yieldse obtained with oats, grown both with unders®@srradella, and in

pure stands. The yield of green mass of serradidfzended on the species of cereal, which was useadpaotective crop.
Higher yields of serradella were recorded when #swindersown into spring cereals, compared to fidensowing into

winter cereals. It yielded highest when cultivateith barley, slightly lower - with winter rye antid lowest - with oats.
Undersowing serradella into barley and winter whéaid a little impact on the contents of total &d G in the soil,

compared to pure sowings of cereals, while undeirspi into oats caused a decrease in their amounts

Key words:green mass, organic farm, spring cereals, underssevradella, winter cereals

POROWNANIE PRODUKCYJNO SCI ZBOZ Z WSIEWK A SERADELI
UPRAWIANYCH NA ZIELON A MASE

Streszczenie

Celem przeprowadzonych baidayta ocena poziomu plonowania czterech gatunkd@ zbieranych w dojrzakei mlecz-
no-woskowej uprawianych w siewie czystym oraz ewigiseradeli w warunkach gospodarowania ekologicznéym.
swiadczenie polowe przeprowadzono w latach 2011-2@liktadzie losowanych podblokéw (split-plot), ztecech powto-
rzeniach. W dfwiadczeniu uwzgtiniono cztery gatunki zbdzyto ozime, pszenica orkiszcimiei jary, owies. Drugim
czynnikiem byt spos6b uprawy zbéiew czysty lub z wsiewlseradeli. W badaniach wykazarni®, poziom plonowania
zb& uprawianych z wsiewkseradeli zaléat od przebiegu warunkéw pogodowych, ktére byt¢riobwane w czasie pro-
wadzenia déwiadczé. Spdrod badanych gatunkéw zbdajwysze plony uzyskano z owsa, uprawianego zar6wno z
wsiewlg seradeli jak w siewie czystym. Plon zielonej nssgpdeli uzaléniony byt od gatunku zba, jako raliny ochron-
nej. Wiksze plony seradeli zebrano, gdy byla wsiewanaagaziare ng w ozime. Najlepiej plonowata w uprawieer3-
mieniem, nieco mniej Z/tem ozimym, Zanajnizej z owsem. Wsiewanie seradeliggzimie: oraz zbéa ozime mialo nie-
wielki wptyw na zawart@ Nea i Corg W glebie w poréwnaniu do siewu czystegazzhatomiast wsiewanie w owies powo-
dowato zwgkszenie ich zawarfoi.

Slowa kluczowerolnictwo ekologiczne, wsiewka seradeli, Zzbfare, zbda ozime, zielona masa

1. Introduction in pure sowing is not recommended, due to its gtlodg-

ing, and problems with the harvest. Good resulteevad-

Growing serradella brings a lot of advantages, iaraf
great importance to crop rotation, as it positivaljects
soil fertility, and its phytosanitary state, as hed consti-
tutes a good pre-crop for other plants, especiafigereals,
cultivated on pure soil. Serradella leaves behiiticbgen-
rich positions. Fodder obtained from serradellataiois a
lot of proteins, mineral soils, and vitamins. Ihdae grown
as a main crop, a second crop, as an undersown @ras
a stubble crop. Cultivating serradella makes itsgae to
produce animal feed on pure soils [1, 2, Sfnificantly
limites the results of frequent sowings of cereais after
another [4, 5, 6], and significantly reduces theusrence
of diseases [7]. According to Losakov et al. [8hd&rsen
et al. [9], Svenson et al. [10] undersown catchpsran-
cluding serradella, constitute a source of organatter,
whose impact on certain pests, and soil biologazivity
differs from the impact of cereals. Cultivating s#frradella
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tained when it was sown with protective crops, sasfice-
reals [11]. A proper selection of a protective cignifi-
cantly reduces the risk of poor yields of serradeihder
adverse weather, and habitat conditions [12, 18¢afding
to many authors, serradella is more frequently rsulen
into winter rye [14, 15], oats [16], barley [17hdawinter
triticale [15]. Yet, in the opinion of Witkowicfl8], spe-
cific habitat requirements of serradella strongiyit the
scope of species which can be used as its progectop.
At present, cultivation of seradella has becomeufsopin
organic farms, especially in ones which are locatedight
soils. Such farms take a large percentage of dgrial
lands in Poland [19].

The aim of the study was to assess the yieldinfpuaf

cereal species harvested on green mass cultivatedre
sowing and with undersown serradella in organimfar
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2. Material and methods

Field experiment was carried out in the years 28013
at Agricultural Advisory Center in Szepietowo (thed-
laskie voivodeship), [52°321"N 22°3227"E] in a split-
plot design, in 4 replications. The studies inchlidecereal
species, winter: spelt wheatr{ticum speltal.) and rye
(Secale cerealk.), spring: oatAvena sativd..) and barley

(Hordeum vulgard..), and the method of cereal cultivation:

pure sowing, or sowing with undersown serradefan(-

during the vegetation period was significantly t@ghhan
the mean from a multi-annual period, which was abtar-
ized by heavy rains in July, while in June, thesswa defi-
cit of moisture. Unfavorable weather conditions idgr
winter, including low temperatures in December, #amk

of snow cover caused freezing of cereal crops {sgwtat),
which resulted in a very low plant density per atgmt.

Overwintering conditions were unfavorable for tleeaals.
In 2012, the weather conditions, both in terms wdrgity,

and distribution of precipitations, as well astaimperature

thopus sativus.). The density of cereals amounted to: oatsduring the growing season, were favorable for tremth,

rye, and spelt wheat - 500 plant&,rbarley — 300 plants'm

and development of mixed crops. In 2013 there whga

2 and seradella 60 kg-haThe size of a plot at the set-up of deficit of moisture in July (rainfall accounted f86% of
the experiment was 30.0°mwhile at the harvest, it was the norm of the multi-annual period), resultingaifower
27.6 ni. The experiment was carried out on the soil ofdgoo yield of serradella.

rye complex, class IVb. The sowing of winter ceseahs
performed in the term between 29 September and&@6-0
ber, while spring cereals and serradella betweand 26
April, depending on weather conditions. The cereatse
harvested at milky-dough stage. Harvesting of gpdere-
als was performed at the milky-dough stage betvigeand
18 July, while winter cereals - between 28 June lddly,

The levels of cereal yields were significantiyjuehced by
the tested factors (cereal species and cultivatietiod).

Among the tested cereal species, harvested atymilk
dough stage, the highest yields were obtained witts,
grown both with undersown serradella and in puaads.
Barley and rye yielded lower, while spelt wheahe tow-
est. Barley, and winter cereal species which weogvg in

and serradella between 23 September and 20 Octobeure stands, yielded lower than oats, by respdgtRe, 32

Yields of green and dry mass of cereals and yiélgreen

mass of serradella were determined. During thedsarthe
percentage of serradella in the yield was deterthimly

for the crops undersown into spring cereals. Theals
height and a number of productive shoots grownratep-

tive crops were determined. In order to remove \wdeamm

the mixtures, double harrowing was performed. 1120
and 2013 before harvest of cereals, the contentstalf N,

and G, were determined in the 30 cm layer of soil.

The impact of the tested experimental factorshenab-
served characteristic were assessed using the sinaly
variance, setting Tukey’s half-intervals at sigrafice level
of a =0,05.

3. Results and discussion

The analysis of the obtained results showed tleayigtld of
cereals, and serradella depended on the courseather
conditions, which varied throughout the time of theeri-
ment (Tab. 1). In 2011, the total amount of preaipin

and 38%. Undersown serradella favorably influentes

dry matter yield of both winter and spring ceredisy-

vested at milky-dough maturity (Tab. 2). Signifidgn
higher yields were recorded in the cultivation aflby with

undersown serradella compared to pure stands efiser
especially in the first two years of the study. Tlhevest

yields of spring and winter cereals, grown bothpimre

stands and with undersown serradella, were obtaméue

third year of the study, which saw the deficiendymmis-

ture in July. The average yield of spring cere&iaimed in

2013 was lower by 47% from the average yield olgtchiim

the first year of the study. In the year of limitpcecipita-

tion, serradella contributed to the increase oéakyield by

no more than 5%. According to Andrzejewska [20]dem

sown serradella only slightly differentiated thelgliof win-

ter rye grown for green mass. In a study condudted
Jasiewicz et al. [21], the yield of cereals depende the

species of undersown legume. In their researchadelta

caused a decrease in the yield of triticale, wfdleorably

affected the yield of grain and oat straw.

Table 1. Meteorological conditions in the vegetatieriods of cereals

Tab. 1. Warunki meteorologiczne w okresie wegeri

Months Mean monthly air temperature, ° Many-year Sum of monthly precipitation, mm Many-year
2011 2012 2013 average 2011 2012 2013 average
IX 14,5 13,9 13,5 12,0 47,0 23,5 22,0 55,1
X 7,0 6,8 6,7 7,0 10,0 21,8 41,0 48,3
Xl 4,3 2,7 4,6 1,8 41,0 12,2 43,0 43,5
Xl —6,6 2,1 -5,3 -2,3 7,0 28,5 24,0 43,7
I -2,3 -1,8 -5,3 -4,5 28,0 49,7 37,0 29,0
Il —6,4 -7,9 -0,4 -3,8 24,0 22,9 20,0 29,9
1] 0,4 3,2 -4,2 1,6 20,0 19,5 18,5 30,0
[\ 9,9 8,5 10,8 7,7 36,0 44,6 45,8 39,0
\ 13,9 14,1 14,0 13,4 44,0 61,0 82,0 57,0
VI 18,5 15,6 18,4 16,7 91,0 105,5 82,9 71,0
\il 19,0 19,7 19,0 18,3 78,0 101,1 21,0 84,0
il 18,2 17,3 15,1 17,3 45,0 67,8 67,6 75,0
Mean 11,7 10,4 7,2 39,3 46,5 42,1

Sum of precipitation 12,5 471,0 558,1 504,8 356,0

Source: Bulletin of State Hydrological and Meteoital Service IMGW-PIB
Zrédio: Biuletyn Paistwowej Steby Hydrologiczno-Meteorologicznej IMGW-PIB
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Jaskulski [22] found, that in the year with a dmalyields of serradella were collected when it wasessdwn

amount of precipitation, serradella receded from stand
of spring barley, which confirmed its high watequee-
ments, and indicated its limited usefulness fomgng on
the areas with water deficits. Under sufficient ams of
precipitation, this author did not observe a cleagative
impact of serradella and white clover, grown aseusdwn
crops into barley, on the cereals yielding. Macigjz-Rys
et al. [23] recorded a positive impact of undersosen-
radella on the yielding of oat on light soils. Oeakry soils,
such an effect was not observed. According to Towdki
and Szczukowski [13], during dry years, in the smsi of
oat and serradella, the first one was more conipetib
serradella, than in the years with a higher amadintre-
cipitation. It often outgrow and overshadow thisaps.

Table 2. Dry matter yield (t-Ha
Tab. 2. Plon suchej masy zh6 ha)

. Year of the study

Object 2011 | 2012] 2013 meah
oat 8,42b| 8,30d 4,93t 7,2P
oat+serradella 7,42a 8,99d 5,04c 7,15
barley 6,72a] 5,8la 3,46a 5,33
barley+serradella 9,43t 7,49c 3,6lla 6,84
spelt wheat - 498a 4,04b 4,51
spelt wheat+serradella - 53%a 4,14b 4,75
rye - 5,68a] 4,09h 4,89
rye+serradella - 6,42b 4,14b 5,28

Source: own work Zrodio: opracowanie wlasne

Whereas, according to Andrzejewska [20], undersoraps,
despite a slow initial growth rate, can stronglynpete against
the plants from the main crops and reduce theldgjieespe-
cially under not very favorable habitat and agwimnmental
conditions. According to Sobkowicz and Lejman [24 im-
pact of undersown crops of cereal yields dependekabitat
conditions, which affect the competitiveness betwee@rotec-
tive crop and undersown crop.

The level of serradella green mass yields dependeal
cereal species which was used as a support crgheHi

Table 3. Green matter yield and share of serradettze yield
Tab. 3. Plon zielonej masy i udziat seradeli w pon

into spring cereals, compared to its undersowing winter
cereals (tab. 3). It yielded higher when it was amsdwn
into barley, slightly lower - into winter rye, whilthe low-
est — into oats. A similar impact of a protectiveron the
undersown crop was observed also by Ceglarek ¢2%|.
26]. Sypniewski and Ignaczak [15] reported a higlesel
of serradella yielding, when it was undersown inye,
compared to its undersowing into winter triticaMore-
over, according to these authors, the probabilitpldain-
ing a commercially important yields of serradellaen it is
undersown into the above-mentioned cereal spetie®st
regions of Poland amounts to 40-50% and it is higié¢he
south and south-east parts of Poland.

The highest yields of serradella green mass wére o
tained in the second year of the studies, whichtbawnost
favorable weather conditions in the growing peridthe
yields were then higher on average by 88% comptoed
2011, and by 349% compared to 2013.

Low vyields in 2013 were highly influenced by aelat

term of sowing, the shortage of rainfall, and highmpera-
tures in July, which resulted in losses of serdadglants,
and their weaker development, especially afterhiwevest
of the protective crop. In 2011, a small amounpr@cipita-
tion during April — May period, strongly decreasttk
emergence of serradella, caused the losses ofsplard
strongly limited its growth.
I n the yields of dry mass of cereals with undens®er-
radella grown for green mass, the percentage ohdelia
undersown into barley was higher by 11%, compaoeitst
undersowing into oats (Tab. 3).

The studies evaluated more important morphological
traits which determine cereal yields (Tab. 4). #swiound
that the species of winter cereals (especially wede, on
average, by 46% higher than spring cereals. Underso
serradella had a small impact on the tillering efeals in
the years with favourable weather conditions (2@t
2013), while in the year when they were less faable
(2011), the number of production shoots in spriegeals
decreased.

Object Green matter of serradella (t-ha) Share of serradella in the yield (%)
2011 2012 2013 mean 2011 201p 2013 mean
oat+serradella 5,004 9,67( 2,21a 5,63 48,9 38,8 9,0 32,2
barley+serradella 5,67b 10,59¢c 2,51a 6,28 48,1 4%,314,3 35,9
spelt wheat+serradella - 9,26a 2,32a 579 . . -
rye+serradella - 10,33q 1,92a 6,13 - - - -

Source: own work Zrodio: opracowanie wiasne

Table 4. Height of cereals and number of producsiooots cereals depending on sowing method
Tab. 4. Wysol§g zb@ i liczba pddw produkcyjnych zbauprawianych jako rdiny ochronne w zalmasci od sposobu siewu

Object Height of cereals(cm) Number of production shoot geals (units)
2011 2012 2013 mean 2011 2012 2013 mean
oat - - 85 85 2,31 1,68 3,57 2,52
oat+serradella 71 89 73 78 1,64 1,49 3,80 2,31
barley - - 67 67 3,02 2,67 3,63 3,11
barley+serradella 86 93 71 83 1,69 2,41 3,80 2,63
spelt wheat - 123 100 98 - 2,65 2,13 2,00
spelt wheat+serradella - 126 107 104 - 2,74 2,03 03 2,
rye - 132 122 128 - 2,68 1,90 1,92
rye+serradella - 135 119 126 - 2,46 1,83 1,82
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Source: own work Zrodlo: opracowanie wlasne
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Undersowing serradella into barley and winter alsre
had only a slight impact on the contents of totalnd C,
in soil compared to pure sowings of cereals, whibeler-
sowing serradella into oats caused an increasenaset

component(Tab. 5). Harasimowicz-Herman [27] recorded

a significant increase of nitrogen content in tbi a&fter the
harvest of serradella for green mass, comparechdset
contents before the sowing. In 2013 there was laehnigon-

tent of G, compared to 2012, which can indicate that ther

was an increase in the content of green mass dueder-
sowing serradella into cereals.

land [31] - on white clover and lItalian ryegrassd aof

Thomsen [32] — on perennial ryegrass, showed tltatigg

of these species increased the contents of orgamkmon,

nitrogen, phosphorus, and potassium in the soi. Sthdies
of Palys et al. [33] showed that serradella inadake con-
tent of total carbon in the soil. The results ofrdi by these
authors also indicated that the content of totaba@a was
significantly lower under winter triticale comparéd its

undersowing into spring cereals, whereas its cantes

significantly lower under winter rye than undersat

Table 5. ConcentrationNand Gg in soil (before harvest)
Tab. 5. Zawarté¢ N ¢4 .i C og W glebie (przed zbiorem)

Specification 2012 2013
N cat. C org. N cat. C org.

oat 0,084 0,73 0,062 0,8
oat+serradella 0,094 0,7p 0,068 0,83
barley 0,090( 0,80, 0,084 0,9Y
barley+serradella 0,087 0,77 0,080 0,92
spelt wheat 0,074 0,71 0,044 0,46
spelt wheat+serradella 0,045 0,712 0,476 091
rye 0,075 0,71] 0,07 0,93
rye+serradella 0,074 0,78 0,069 0,85

Source: own work Zrodio: opracowanie wiasne
4. Conclusions

The highest grain yields were obtained from oetit-
vated as with undersown serradella as in pure stdod-
dersown serradella favorably influenced the dry temat
yield of both winter and spring cereals, harvestedilky-
dough maturity. Significantly higher yields werecoeded
in the cultivation of barley with undersown serritaleom-
pared to pure stands of cereals. However, it didsigmifi-
cantly affect the grain yields of spring cereals.

The yield of green mass of serradella dependea on

species of cereal, which was used as a support Eigher
yields of this species were collected when it wadansown
into spring cereals, lower - into winter rye, ahé towest —
into oats.

The plants of the species of winter cereals (dafiec
rye) were higher by 46% compared to spring ceré&aigw-
ing cereals with undersown serradella had onlyghsim-
pact on their tillering in the years with favourableather
conditions. In the years with less favourable weattondi-
tions, undersown serradella significantly reducetumber
of productive shoots of spring cereals.

Undersowing serradella into barley and winter alsre
had a low impact on the contents of totalaNd G, com-
pared to pure stands of cereals, while undersovtingo
oats increased these contents.
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The research of Andrzejewska and Andrzejewski [28]5]
and Kezel et al. [29, 30] on serradella, of Lyngstad i Bre
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