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EVALUATION OF PRODUCTIVITY OF FOUR CEREALS SPECIES WITH
UNDERSOWN SERRADELLA

Summary

The aim of the study was to evaluate the yielditeld components and the level of weed infestaifdour cereal species
which were grown with undersown serradella, or withundersown crop, in organic farms. A field expent was con-
ducted in the years 2011-2013, in a split-plot desiwith four replications. The experiment involtea factors. The first
factor included four species of cereals: winter,rgpelt wheat, spring barley, oats, while the secfattor - the method of
cereal cultivation: pure sowing, or sowing with @msown serradella. The studies showed that oatdedethe best, both in
pure sowings and with undersown serradella, whileng barley — the worst. Undersown serradella faldy affected the
yield of oats, reduced yield of barley, but did afiect significantly the grain yield of winter rge spelt wheat. Yielding of
serradella depended on the species of cereal asvarccrop. Its highest yields were obtained whemas undersown into
winter rye, significantly lower — into barley angdedt wheat, while the lowest - into oats. Undersaerradella generally
positively affected the number and weight of graggas ear, and per plant, as well as thousand gragight. A species of
cereal and the method of its cultivation had a Higant effect on the abundance of fresh and drighteof weeds. The
highest weed infestation was recorded for pure aesewings. Undersown serradella reduced a weidwaeds on aver-
age by 48%, and their number by 45%. Mixed sowivigs oats and spelt wheat were more competitivéregaveeds, than
sowings with barley and rye.
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OCENA PRODUKCYJNO SCI CZTERECH GATUNKOW zZBO Z Z WSIEWK A SERADELI
Streszczenie

Celem podjtych bada@ byta ocena plonowania, elementéw struktury ploraz @oziomu zachwaszczenia czterech gatun-
kow zbé uprawianych z wsiewkseradeli w gospodarstwie ekologicznyms®adczenie polowe przeprowadzono w latach
2011-2013, w uktadzie losowanych podblokéw (spditypw czterech powtdrzeniach. Wsddadczeniu dwuczynnikowym
uwzgkdniono cztery gatunki zbozyto ozime, pszenica orkiszczmiei jary, owies oraz spos6b uprawy zbéiew czysty
lub z wsiewl¢ seradeli. W badaniach wykazarie, najwyej plonowat owies, zar6wno w siewie czystym jakwsewl; se-
radeli, natomiast najiaej — jczmiei jary. Wsiewka seradeli korzystnie wpltywata na pleanie owsa, ograniczata plony
jeczmienia, natomiast nie wptywata istotnie na pl@rra zyta ozimego i pszenicy orkisz. Plonowanie serdujét uzale-
nione od gatunku zba, jako raliny ochronnej. Najwikszy plon uzyskano przy wsiewaniu jejy#o ozime, istotnie mniej-
szy W ¢czmiei jary i pszenie orkisz, a najmniejszy — w owies. Wsiewka seratelogét korzystnie wptywata na liazb

i mag ziaren w klosie i na iinie oraz na magtysigc ziaren zbé Gatunek zhia oraz sposéb jego uprawy mialy istotny
wplyw na zrénicowanieswiezej i suchej masy oraz liczebfud chwastéw. Najbardziej zachwaszczone byly czagewy
zb&, natomiast wsiewka seradeli ograniczata makwastowsrednio o 48%, a ich liczebdé o 45%. Bardziej konkuren-
cyjne w stosunku do chwastow byly zasiewy mieszpeeenig orkisz i z owsem, Hiz jeczmieniem fytem.

Stowa kluczowezbcéa, seradela, wsiewka, plon, struktura plonu, zacdreaenie

1. Introduction the cultivation with cover crops, such as ceredls $pe-

cific habitat requirements of serradella signifitgmeduce

Undersowing serradella into different plant spedie
cover crops has been a long well-known method for p
duction of bulky feed on light soils. This providesluable,
easily digestible feed, with a favorable chemioaposi-
tion, which is willingly consumed by animals. lejis well
on sandy, slightly acidic soils, has low nutritibnequire-
ments, while it favorably affects the soil enviroemy and
leaves a good situation for succeeding crops [lit®}en-
sitivity to water deficits in the soil, especiaily the initial
stages of growth is the limiting factor for serrbaeultiva-
tion. Drought negatively affects the formation aftdral
branches and pods, which, in turn, results in loywelding
of this species [3]. A pure sowing of serradellandd rec-
ommended due to strong lodging, and problems waith-c
bine harvesting. Good results, however, were obthiior
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the list of plant species which can be used asvarcocrop
[5]. The best cover plant is winter rye, but acdogdo dif-

ferent authors, it can also be undersown into witrtécale

[6] and into some spring cereals such as: oatsl Harley
[8]. A proper selection of cover plants signifidgnteduces
the risk of low yielding of serradella under adeeveeather
and habitat conditions [9, 10].

There is a growing interest in serradella reduits the
development of new trends in agricultural produtsio
which are oriented towards sustainable and orgamin-
ing. The emphasis is laid on growing this speaiesrganic
farms, which have a large percentage of light sailsd
which keep ruminants. Serradella ensures an extdéed
and positively affects the soil environment. Algpowing
cereals with undersown crops creates a higher ctitiope
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against weeds, which is important for organic managnt
systems [11, 12, 13, 14, 15]. The aim of the studg to
assess Yyielding, yield structure elements, andiahel of
weed infestation of four cereal species, grown urep
stands, or with undersown serradella in organimgar

2. Material and methods

Field experiment was carried out in the years 2011-

2013 on the certified organic farm of Agricultursdvisory

Center in Szepietowo5B112'N 22(116’E] (Podlaskie
voivodeship), in split-plot design, in 4 replicat&d The
studies concerned four species of cereals: winter(®e-
cale cerealeL.), spelt wheat Triticum speltal.), spring
barley Hordeum vulgard..), oats Avena sativd..) and the
method of cereal cultivation: pure swing, or sowinih

undersown serradell®©¢nithopus sativus.) (in 2011 win-
ter cereals were not included due to their thincadopies
after winter, and the need to plough the part ef titeat-
ment). The density of cereals was: oats, barley spedt
wheat — 500 plants:f barley — 300 plants-fn and ser-

were determined.

The impact of the tested experimental factors an dh-
served characteristics were assessed using thgsenaff
variance, setting Tukey's confidence half-intervatissig-
nificance level ofx = 0.05.

3. Results and discussion

Weather conditions at the time of the experimevese
varied (fig. 1). The year 2011 was the least fablerdo the
growth and development of plants. In June there anvdsfi-
ciency of moisture, while in July, heavy rains nagdy
affected the yielding of cereals. In 2012, both sen of
rainfalls, as well as distribution of rainfalls thg the
growing season were beneficial for the growth amdett
opment of mixed stand, but in 2013 high moisturéicite
were reported in July (total rainfall amounted %2 of
many-year average), which negatively affected ibéding
of serradella.

Among the tested species, the highest grain yiekle
obtained from oats, grown both in pure stands aitial un-

radella - 60 kg-ha The experiments were carried out ondersown crops. Winter rye and spelt wheat yieldgdif-

good rye soil complex, class IVb. The size of tha pt the

cantly lower, while spring barley - the lowest. énsbwn

set-up of the experiment was 30.6, mvhile at the harvest it serradella generally favorably affected the yiejdaf oats,
was 27.6  The sowing of winter cereals was performedbut reduced the yields of barley. It did not sigmftly af-

between 29.09 — 29.10, while spring cereals ancdelta
— between 9.04 and 26.04, depending on weatheiitzor
at given year. The cereals were harvested at dge stf full
maturity between 7.08 and 13.08, while serradékdween
23.09 and 20.10. Double harrowing was performedeto
move weeds from the crops.

Cereal grain yields and the thousand grain weigge
determined at 14% moisture, as well as the yielgretn
and dry matter of serradella. Also, the numberrofipctive
shoots, and the number of kernels per ear wererdigied.
An analysis of the weed infestation of the mixexhds was
performed a few days before the harvest, by a framright

method, from the area of 1%nin three replications. Fresh

and dry matter, species composition, and numbevesfds

225
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fect the yielding of winter cereals (tab. 1). Lowgelds of
barley grown with undersown serradella were causgd
lower tillering of this cereal, and its low competness
against legumes. Lower yielding of spring barleypvgn

with undersown legumes, compared with a pure sowing

were reported by Wanic et al. [16] as well as Sebkp
and Lejman [17], but such relation was not recorodu-
raszkiewicz [18]. Jaskulski [3] found that in theays with
small amount of rainfall, serradella receded frém $tand
of spring barley, but at the same time its comjvetiforce
(expressed by the rate of the decrease of barky gields
under 1 t of green mass of undersown crops) wasitite
est among the studied species (serradella, whutegl Ital-
ian ryegrass and chicory).

MMM rainfalls 2011

I raifalls 2013
—=—temperature 2011
—s—temperature 2013

Vi VI

VI

E—rainfalls 2012

I many-yearaverage of rainfalls
—e—temperature 2012

—+— many-yearaverage of temperature

Source: own work Zrodlo: opracowanie wlasne

Fig. 1. Meteorological conditions in the vegetatperiods in the years 2011-2013
Rys. 1. Warunki meteorologiczne w okresie wegetgoyjwv latach 2011-2013
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Table 1. Yield of grains cereals in pure sowing avith
undersown serradella (t:-Ha

thinned, and grew back very slowly. According topSy
niewski and Ignaczak [6], the probability of obiaim eco-

Tab. 1. Plon ziarna zkiduprawianych w siewie czystym i z nomically significant yield of serradella undersowrto

wsiewlg seradeli (t-hd)

Specification 2011 2012 2013 Mealn
Oats 2.96 b 5.19 e 4.39 ¢ 4.1y
Oats+ serradella] 3.08 b 4.89 d 4.71d 4.23
Barley 2.78b 3.74 ¢ 411b 3.54
Barley 223a | 285a| 371a| 2.93
+serradella

Spelt wheat - 3.21b 4.19b 3.70
Spelt wheat . 337b | 410b| 3.74
+serradella

Rye - 391c 3.54a 3.72
Rye+serradella - 3.42b 3.74 & 3.58

Source: own work Zrodto: opracowanie wiasne

This confirms its high water requirements, anddatés
its limited use as an undersown crop on the aréidsperi-
odical moisture deficits. Maciejewicz-Ryet al. [19] re-
corded a positive impact of undersown serradellathan
yielding of oats on light soils, but according terdrkowski
and Szczukowski [10], during dry years, in the smsi of
oats and serradella, oats was more competitivensigaer-
radella than in the years with a higher amouniaaifall. It
frequently outgrew, and suppressed this species.

The yielding of serradella depended on a cerezdisp,
used as a cover crop. The most efficient was selteadn-
dersown into winter rye, slightly less efficieninto spring
barley and spelt wheat, and significantly less te inats
(tab. 2). The most favorable conditions for theigation of
serradella occurred in 2012, when the yields oégrmass
were higher on average by 18% compared to 2011 pgnd
49% compared to 2013. Low Yyields of serradella @12
were due to the delayed term of seed sowing, rhidédi-
cits, and high air temperature in July, which cause
weaker development, and losses of undersown cepe-e
cially after the harvest of cover crop. Sypniewskid
Ignaczak [6] recorded higher yield of serradellaewlit was
undersown into winter rye, compared to its undeisgw
into winter triticale. However, the results obtainky Pa-
procki and Zielhska [7] indicated that serradella grew an
yielded best when it was undersown into spring wiich
overshaded serradella to the lowest extent andhwvizs

harvested about 2 weeks earlier than the leguneakter

mixtures and oats. At the same time, these autboirged
out that the species with flabby stems, such as pehairy
vetch, lodged strongly, and due to that, they it the
growth of serradella. After their harvest, serréadelas

rye, and winter triticale, in most regions of Palaamounts
to 40-50%, and it is higher in the south, and thahieast
of the country.

Table 2. Yield of green matter of serradella dejpemen
cereals species (t-ha
Tab. 2. Plon zielonej masy seradeli (t'ha

Specification 2011 2012 2013 Mean
Oats+ serradella 4.00 a 4.30fa 1.89 a 3.40
Barley+serradella 4.67 b 4.67Db 2.29|b 3.88
Spelt wheat : 502c | 217b| 3.60
+serradella

Rye+serradella - 6.54 d 1.87 a 4.2

Source: own work Zrodlo: opracowanie wlasne

The studies evaluated more important morphological

traits which determine cereal yields. It was shdhet the
undersown serradella had little impact on the rtilig of
cereals under favorable weather conditions (2018 an
2013), while its larger impact was observed in lssor-
able 2011, when it significantly reduced the numiifepro-
ductive shoots in oats and spring barley (tabT8&g .high-
est number of grains per ear and per plant, andatigest
grain weight were recorded for rye, and only slighawer
for oats, regardless of the cultivation method.(taland 5).
The lowest number of grains per ear, and per pleag
produced by spelt wheat. Regardless of weatherittomnsl
during the growing season, serradella generallyprily
affected the number and weight of grains per pléme,
number of grains per ear, and thousand grain weight

Table 3. Number of production shoots of cerealeddmg
on sowing method (unit)

Tab. 3. Liczba @déw produkcyjnych zbOw zaleénasci od
sposobu uprawy (szt.)

Specification 2011 2012 2013 Mean
Oats 2.37 1.60 3.54 2.50
Oats+ serradella 1.60 1.43 3.76 2.26
Barley 2.98 2.57 3.60 3.05
Barley+serradella 1.74 2.30 3.78 2.61
Spelt wheat - 2.87 2.10 2.48
Spelt wheat . 290 | 200 | 245
+serradella

Rye - 2.67 1.92 2.30
Rye+serradella - 2.54 1.80 2.17

Source: own work Zrodio: opracowanie wasne

Table 4. Number of seeds per spike and thousambveeight of cereals depending on sowing method
Tab. 4.Liczba ziaren w klosie i masa tysa ziaren zbHw zalenasci od sposobu uprawy

Specification Number of seeds in spike (unit) Thousand seed wéigh

2011 2012 2013 Mean 2011 2017 2018 Mean
Oats 25.0 33.6 30.0 29.5 36.1 374 27.1 335
Oats+ serradella 31.0 39.1 22.9 31. 38 4110 22.1 33.8
Barley 15.1 15.5 15.4 15.3 43.1 46.5 38.9 428
Barley+serradella 18.2 21.2 15.8 18.3 45.p 4816 39.8 44.5
Spelt wheat - 13.9 - 13.9 - 44.2 - 44.2
Spelt wheat +serradella - 14.7 - 14.7 - 45.8 - 345
Rye - 39.5 324 36.0 - 38.2 30.0 34.1
Rye+serradella - 42.2 27.1 34.6 - 39.1 30.9 35/0
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Table 5. Number and weight of grain per plant dejpemon sowing method
Tab. 5.Liczba i masa ziaren na flinie zb& w zaleénasci od sposobu uprawy

A Number of grain (unit) Weight of grain (g |
Specification 2011 | 2012 | 2013 | Mean| 2011 _ 2013 2013 Mean
Oats 57.1 54.1 107.2 72.7 2.06 2.28 2.90 241
Oats+ serradella 68.0 61.0 87.1 72. 2.27 2.7 1.92 2.29
Barley 21.2 39.5 56.0 38.8 1.14 1.92 2.18 1.75
Barley+serradella 27.1 44.7 60.1 43.9 1.34 2.24 2.39 1.99
Spelt wheat - 13.9 - 13.9 - 2.38 1.08 1.738
Spelt wheat +serradella - 14.7 - 14.7 - 2.44 1.19 1.82
Rye - 107.4 61.6 84.5 - 3.79 1.85 2.87
Rye+serradella - 117.0 49.6 83.3 - 4.2% 1.58 2.89

Source: own work Zrodio: opracowanie wasne

A species of cereal and undersown serradella gig-a than in pure ones.
nificant impact on the differentiation of fresh athy matter, Weed species composition was similar in all yesrs
and the number of weeds. In all years of the st i¢liere ce- the study. The largest species richness of weeds rema
real sowings were more infested by weeds than lceosa  corded in 2012, which was largely due to the cowfke
ings with undersown. The highest fresh and dry enatf = weather conditions (fig. 2). More weed species waoe
weeds (average from 3 years) was recorded in ¢aitgl,s served in pure sowings of cereals. In oats staBdwe@ed
while the lowest — in spelt wheat stand. (tab.UB)dersown species were identified, in barley — 25, in rye4; @nd in
serradella significantly reduced the weight of weesh av- spelt wheat — 26 species. Nineteen taxa were conforon
erage by 48%. Mixed sowings with oats and speltatvhe all species of cereals, including 14 dicotyledonongs.
were more competitive against weeds, than sowingls w Serradella reduced the number of undesirable specie
barley and rye. The number of weeds in cereal stamtl in  mostly in the sowings of spring cereals. When is wader-
mixed sowings varied in different years of the gt(db. 7). sown into oats, it completely eliminated 10 taxad & the
A significantly higher number of weeds per f were re- mixture with barley — 17. The number of weed spegias
corded in pure cereal sowings compared to the gmaivith  similar in the studies of other authorgdiduszczak et al.
serradella. Undersown crop reduced a number of svead [20] found 28 taxa in the stand of rye with sertedevhile
average by 45%. Sowings with spring cereals wereemo Staniak and Ksizak [21] recorded from 25 to 28 species in
competitive against weeds (averagely 65%) compaoed organic sowings of spring barley with legumes. Thest
winter cereals (averagely 25%). The lowest numbereeds numerous weed species in the sowings of springatere
was found in the mixed sowings with barley (an ager 36  were: Galinsoga parvifloraCav., Chenopodium albunh.,
units per 1 ), while the largest - with rye (an average, 264Equisetum arvense., Plantago maiorL., Sonchus arvensis
units per 1 rf). kdruszczak et al. [20] found that weed infes-L., andEchinochloa crus-gall(L.) Pal. P.B., while in win-
tation of pure sowings of rye was by 61% highenttie® one ter cereals:Septaria glauca(L.) P.B., Agropyron repens
with serradella. They also observed a large vditialim the  (L.) P.B., Spergula arvensit., Galinsoga parvifloraCav.,
number of weeds in the canopy in different yearshef Erigeron canadensid., Echinochloa crus-galli(L.) Pal.
study, whereas the variability was higher in migeavings  P.B., andStellaria medigL.) Vill.

Table 6.Fresh and dry matter of weeds depending on cepeales and growing method
Tab. 6.Swieza i sucha masa chwastéw w zalesci od gatunku zbi@ i sposobu uporawy

. Fresh matter (gn?) Dry matter (gn?)

Specification 2011 2012 2013 Mean| 2011 2012 2013 Mepn
Oats 382.4b 338.4 ah 425.0 K 3819 74.6 a 127.6 b126.2 b 109.5
Oats+ serradella 78.2a 162.0 gb 168.8|a 136.3 200 44.2a 53.7a 39.3
Barley 405.8 b 488.0 b 210.3 abp 368.0 51.9a 119.8b 629 a 78.2
Barley+serradella 170.9 ab 1240 & 214.4 gb 169.8 9 &0 354 a 64.9 a 50.4
Spelt wheat - 276.0 ab 149.1 3 2126 - 63.2 ab ®1.4 622
Spelt wheat +serradella - 178.1 ab 64.7 a 121.4 - 36.1 a 36.0 a 36.0
Rye - 490.2 b 188.3 a 339.2 - 116.0 b 75.0p 95.5
Rye+serradella - 116.0 a 182.8 a 14914 - 21.4ja 3 &6. 48.7

Source: own work Zrédlo: opracowanie wlasne

Table. 7. The number of weeds per Adepending on cereal species and growing method
Tab. 7. Liczebn@ chwastéw na 1 fiw zalenasci od gatunku zhi@m i sposobu uprawy (szt.)

Specification 2011 2012 2013 Mean
Oats 68.6 119.5 160.1 116.0
Oats+ serradella 28.1 31.1 90.0 49.7
Barley 67.9 152.0 176.0 132.0
Barley+serradella 31.9 18.2 57.1 35.7
Spelt wheat 212.0 190.2 212.6 204.9
Spelt wheat +serradella 193.3 77.1 153.3 141.2
Rye 486.0 229.4 250.0 321.8
Rye+serradella 466.7 90.0 236.2 264.3

Source: own work Zrodio: opracowanie washe
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2011 2012 2013

Woats oats+serradella W barley
barley+serradella M spelt wheat spelt wheat+serradella
Wrye rye+serradella

Source: own work Zrodio: opracowanie wiasne

Fig. 2. Number of weeds species depending on cepegies and growing method (unit)
Rys. 2. Liczba gatunkéw chwastow w zadéci od gatunku zhi@ i sposobu uprawy (szt.)

nia jarego z wsiewkseradeli izycicy wielokwiatowej. Zesz.
Nauk. AR Wroctaw, Rol., 1995, 262, 153-160.

1. The highest grain yields were obtained from oatsvgr [ Tworkowski J.: Wplyw niektorych czynnikow agroteotu
both in pure sowings, as well as with undersownesklla. Rﬁ(;z.n:gﬁgl]. IT\(;V?P:I:I S::;Nm,&gsﬁcr:aﬁﬁ:rla r‘igégr' 42@"" Acta
Wrﬂter rye %ndl spelth Wlheat yielded significantlywés, [10] Tworkowski J., Szczukowski S.: Uprawa seradeli zsenmv.
while spring barley — the lowest. L Mat. Konf. ,Stan i perspektywy uprawy mieszanek zizo
2. Undersown serradella favorably affected the yiejdf wych”, 1994, 170-174.

oats, but it reduced the yielding of barley. Howevedid  [11] Hauggaard-Nielsen H., Ambus P., Bellostas N., BoiSen
not significantly affect the grain yields of winteye and Brisson N., Corre-Hellou, Crozat Y., Dahlmann C., Dibgt
spelt wheat. Fragst_ein P, Gooding M., Kasyanova E., Launay Wbnti
3. Yielding of serradella was dependent on the cespat M., Pristeri A., Jensen E.S.: Intercropping of peal barley
cies, which was used as a cover crop. The highelst was for mcreased prod.uctlon, .Weed controI., |mproveabdppt
obtained when it was undersown into winter ryenisig ?alﬁlitr)\/ga:)?stgﬁ\éegilgln lg:ag'tfgreonr;lozggén\foﬂrﬁ‘g’fgg
lcantly Io_vver — into spring barley and spelt wheatd the [12] Hiltbrunner J., Jeanneret P., Liedgens M., Stamsfeit B.:
owest - In oats. . . Response of weed communities to legume living m@dhe
4. Undersown serradella had generally a positive impac

on grain number and weight per ear and plant, disasen

4, Conclusions

winter wheat. J. Agron. Crop Sci., 2007, Vol. 193-902.
the thousand grain weight.

[13] O’'Donovan J.T., Blackshaw R.E., Harker K.N., Clayton
5. A species of cereal and the method of cereal ailtn
significantly affected variability of number, ance$h and
dry matter of weeds. Pure sowings were the mosttaf
with weeds. Undersown serradella reduced the weigh

weeds on average by 48%, and their number by 45%.

Mixed sowings with oats and spelt wheat were manma-c
petitive against weeds, than sowings with barley ye.
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