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EFFECT OF MIXED CULTIVATION OF NAKED BARLEY WITH YE LLOW AND BLUE
LUPIN ON YIELDING AND SELECTED BIOMETRIC COMPONENT CHARACTERS
IN ECOLOGICAL PRODUCTION SYSTEM

Summary

The conducted study aimed at the determinatioh@bptimum share of the blue and yellow lupin irtures with the na-
ked barley for the seed yielding on less produdawel. An analysis of the component biometric chtmes and their yield-
ing level constituted the basis for the determvatdf the optimum mixture for cultivation in sp&cgoil conditions. The
study was conducted on dusty soil belonging taytheel rye soil complex. The experiment factor inetud different share
in the mixture (in % of pure sowing of the speciEs)yaked barley (100, 60, 20, 0), yellow lupin40, 80, 100) and blue
(01, 40, 80, 100). On the basis of the obtainedltest was determined, that independently of thiévation method, both
yellow and blue lupin did not exhibit diversifiati in the number of pods per plant, as well asrthember and weight of
seeds from one plant. However, significant diffeesnwere observed for the weight of 1000 seedgnifisantly higher
weight of one thousand seeds was exhibited bygmwa blue lupin and in the mixture with 20% sharbéarley, whereas in
the case of yellow lupin only in the mixture witl¥G share of barley. The blue lupin yielding wasilgimn pure sowing, as
well as in the mixture with its 80% share. The kigthyellow lupin yields were observed for the mowing, no statistical
differences were observed for yielding of the smeiti the mixtures. Independently of the compospties in the mixtures,
higher yielding of barley at its 60% share, compaeato pure sowing was observed, which translatgad the highest, total
yields obtained from this cultivation variant withéach of the used components.
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~ WPLYW UPRAWY MIESZANEJ J ECZMIENIA NAGOZIARNISTEGO Z tUBINEM
ZOLTYM I W ASKOLISTNYM NA PLONOWANIE | WYBRANE CECHY BIOMETRYCZ NE
KOMPONENTOW W EKOLOGICZNYM SYSTEMIE PRODUKCJI

Streszczenie

Podite badania miaty na celu ustalenie optymalnegoaidibinu w;skolistnego Edttego w mieszankach ggmieniem
nagoziarnistym pod wzglem plonowania nasion w warunkach gleb stabszyoldstaw; do okrélenia optymalnego skia-
du mieszanki przy uprawie w konkretnych warunkdehayych, byta analiza cech biometrycznych kompmmenraz po-
ziom ich plonowania. Badania przeprowadzono na iglgytowej nalegcej do komplekstytniego dobrego. Czynnikiem
doswiadczenia byt rény udziat w mieszance (w % siewu czystego gatunk@wmienia nagoziarnistego (100, 60, 20, 0)
tubinu z6ktego (0, 40, 80, 100), oraz tubinuskolistnego (0, 40, 80,100). Na podstawie uzyskamyamikow stwierdzono,
ze niezalénie od sposobu uprawy, zaréwno tubdity jak i wgskolistny nie wykazywat zidicowania pod wzghem ilgici
strgkéw na rg@linie, jak te ilosci i masy nasion z gtiny. Natomiast istotnie ehice zauwzono pod wzgidem masy tygca
nasion. Istotnie wisz; MTN odznaczat situbin wgskolistny z uprawy w siewie czystym oraz w mieszar0% udziatem
jeczmienia, w przypadku tubinidttego dotyczy to tylko mieszanki z 60% udziatmnpienia. Plonowanie tubinugsko-
listhnego bylo podobne w siewie czystym, jak réswmienieszance z jego 80% udziatem. Nagag plony tubinudttego
stwierdzono w siewie czystym, nie obserwowanossyagnych rénic w plonowaniu tego gatunku w mieszankach. Nieza-
leznie od gatunku komponenta w mieszankach, zauvsawysze i poréwnywalne do siewu czystego plonowacEnjie-
nia przy jego 60% udziale, co prz&§to sie na najwysze, 4czne plony uzyskane z takiego wariantu uprawy whodka:-
dego z zastosowanych komponentow.

Stowa kluczowetubin z6tty, tubin w;skolistny, §czmiei nagoziarnisty, siew mieszany

1. Introduction Contrary to cereals, legumes enhance physicaticiaé
and biological properties of soil. The use of ckraad

Naked barley differs from the husky forms in highe legume mixtures also means an increase of thevssify

protein content and lower fiber content. It canused as
animal feed as well in the dietary food productjth It is
widely known that naked varieties have lower yietfdi
levels than husky varieties [2, 3, 4]. Results tidyg
conducted in 2011-2013 by Cierpiat and Wesolow&Hi [
clearly indicate, that despite the careful agrimat
practice, the efficiency and quality of naked bgarté the
Rastik cultivar in organic cultivation are signdiatly lower
as compared to the conventional method.

Urszula SADOWSKA, Andrzej ZABINSKI

104

of cultivations, which according to Yachi and Lauefb]

increases ecological stability. This may resubbétter plant
health. The use of mixtures with legumes in cuttowes
may to a certain extent replace nitrogen fertilmat which
is particularly significant for organic farms. Kamt et al.
[7] points out to one further favorable aspect aktores,
related to the reduction of weed infestation. Thghar
notices, that higher weed infestation occurs iremowings
of pea than in mixtures of barley and pea, whichstitutes
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another indication for further introduction of such Table 1. Monthly and annual temperatures and actaiet
cultivations in ecological production systems. Rartmore, rainfall for the study period and long-term average

the risk of unreliable component yielding is deseshin  Tab. 1.Srednie temperatury miesizne i roczne oraz po-
mixtures as compared to independent sowings, whichiom opadéw w okresie badlasrednie diugoterminowe
particularly applies to legumes [8, 9]. The intdi@t

mechanisms between the components of the mixtuiles s Month 1961-99 | 2010 | 2011
constitute a subject of research. It is considetedt the Monthly average temperaturd]
mutual plant interaction applies to both above-gtbas January -3.3 -6,3 01
well as underground parts, and the greater rolesislly February -16 -2,2 -5,5
attributed to the underground part [10]. Due toitrability March 2,4 3,3 5,8
to use such means of production as mineral featitim and April 7.9 9 12,3
pesticides in organic farming, the choice of specad May 131 128 153
cultivars is of paramount importance. According t June 16,2 17,5 20.0
Rudnicki [11], yellow and blue lupin constitute uable July 17,5 20,7 21,0
components in legume mixtures on average and less August 169 18,4 19,1
. . ) . .. September 13,1 12,3 14,8
prodgctlve so_llfs. HoweV(_e_r, th_e dlver_se habitat ok October 83 87 85
and |nter3|_oec_|f|c competition in the field cause tesults November 3.2 3.1 47
of the cultivations to slightly differ [12, 13, 14However, December 1.0 23 08
certain tendencies can also be observed, which were annual mean 77 79 96
searched by the authors for the mixtures of nakatkeyp Precipitation [mm]
with two lupin species under the conditions of egatal January 34 44,2 52
production system. February 32 31,5 27
The objective of the conducted study was to datem March 34 31,0 23
the optimum blue and yellow lupin share in mixtuvegh April 48 39,9 43
naked barley for the seed yielding in the condgiof less May 83 299,0 23
productive soils. June 97 1351 144
It was assumed that the use of yellow lupin ad ae! July 85 105,2 64
blue lupin as components for mixed cultivationsviiarely August 87 127,5 o5
on less productive land, according to the shareptadoin Sgg:ggfrer 45;' i411268 9472
study, will positively impact on yielding of barleg rela- ‘
tion %/0 culti\rjation inypurg sowing?/ ) y November 45 26,6 24
December 51 43,4 26
Annual sum 696 1010,2 620
2. Methodology
[ A ] | A
The study was conducted in the years 2010-2011 asl a | | A, |
field experiment, located in MydIniki near Krakolattude
50°04N longitude 19°5E) at the Institute of Machinery | As | | A |
Exploitation, Ergonomics and Production Procesdethe
University of Agriculture in Krakow. The climaticoadi- | A, | [ As |
tions of the area where the study was conductedhaac-
terized by monthly accumulated rainfall and averagé A, | | Ag |
monthly temperatures in the years 2010-2011, pteden
Table 1. The presented data originate from the onekegi- | Aq | | As |
cal station located nearby the study area.
A 1 [A ]
The study material originated from a microfield- ex Source: own work Zrédio: opracowanie wiasne

periment, established using the random block metod A - barley 100%, A- yellow lupin 100%, A- blue lupin
dusty soil belonging to the good rye soil complexeach 1009, A, - yellow lupin 80%, barley 20%, # blue lupin

year of study, the field in which the experimentswen- 809, barley 20%, & yellow lupin 40%, barley 60%, A
ducted, constituted black fallow. The surface arka sin-  pjye Jupin 40%, barley 60%.

gle field was 2 rh Every variant appeared in 3 replications. ) ) ,
The single fields were separated by tracks of wititm. ~ Fig- 1. The diagram of experiment (the order of bora-
The protective area around the experiment spacettteas 1OnS within blocks in the year 2010) o
same width. The study included naked barley ofRbetik ~ Rys. 1. Schemat (siadczenia (kolejn@ kombinacii
cultivar, which was used for cultivation in mixtsrevith W Obrebie blokow w 2010 )

yellow lupin of the Mister cultivar and blue lupwof the

Sonet cultivar. The assumed plant density in pongirsg The plants were not treated with any of the fedil In
was: barley 350 pcs.:myellow and blue lupin 115 pcs.-m the technological phase of maturity, 20 plantsaxfrelupin
2, The experiment factor was different share inrtieture ~ Species within each combination were collected feanh
(in % of pure sowing of the species) of naked lya¢k00, experimental field, and their biometric characterse de-
60, 20, 0), yellow lupin (0, 40, 80, 100) and blupin (0, termined: number of first order branches, numbepads
40, 80, 100). The diagram of experiment is presemte per plant, number of seeds per pod, weight of boesand
Figure 1. seeds (at 15% humidity). Lupin seed and barleyngraisture
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was determined following the norm PN-86/A-74011][1%I-
pin and barley yielding was determined on the badis
seed/grain weight obtained after threshing of plawilected

The yellow lupin cultivation method also had afiun
ence on the weight of one thousand seeds. Its $tigladue
characterized the seeds originating from the méxtwith

from the area of 1f The yield size was corrected for the their 40% share (Table 2). It was only 4% lowemirds

missing plants obtained before the collection famietric

measurements. The results were statistically edddbrusing
the variance analysis in the Statistica 12 softwdrans were
compared using the Duncan test with the signifiedagel of
a = 0.05, separating the homogeneous groups.

3. Study results

When it comes to the temperature both years wame s
lar to each other (Table 1). Differences were olesin the
precipitation sum. In the year 2010 was wet MaycK_af
rainfall in the same month in the year 2011 was mem
sated by rainy June. No significant differencesengeter-
mined in yielding and biometric component charactef
analysed species between years.

Slight differences were observed in the reactibyed-
low and blue lupin to sowing in mixtures with nakeatley.
The highest number of first-order branches on thenm
stem of yellow lupin was observed for the planigioating
from pure sowing, as well as from a mixture with%®0
share of barley. The least numerous branches ofie
stem of the species were observed in the mixtunéagting

maximum value provided by the breeder for this upil-

tivar [18]. Similar reaction of yellow lupin in ters of the
weight of one thousand seeds to the cultivatiorhoeivas
recorded during a previous study in similar soihditions,

however, then the character value did not exhilsitadisti-

cally important difference as regards the mixturtavower

(20%) barley share [19]. The study of Ksik and Staniak
[20] on the cultivation of blue lupin with cereatsorganic

farming indicates a certain, slight variability oforpho-

logical characters of legumes sown in mixtures wiheals
in subsequent cultivation years.

The present study did not demonstrate an effegeldw
lupin sowing combination on its characters suctn@siumber
of pods per plant, number of seeds and seed wieaghtone
plant. VValues of these characters in plants oriigigdrom cul-
tivation with pure sowing as well as mixed sowirighvbarley,
independently of its share, were similar and ditlexdnibit a
statistically significant variability (Table 2).

The reaction of narrow-leaved lupin to the mixedtie
vation with barley pertained to, similarly to thase of yel-
low lupin, the level of branching of the main stamd the
weight of one thousand seeds (Table 3). Planthefpe-
cies mixed with barley developed a lower numberthef

80% of lupin (Table 2). Lower number of main stemfirst-order branches, as compared to the pure gpv@on-

branches usually results in lower lupin yieldingedo the
decreased number of setting pods [16]. In the piedere-
sults, a decrease of lupin yielding was observedtlits
variant (tab. 3), however, both lower number of gods
well as seeds and their weight were not statisyicadn-
firmed (Table 2). In the case of traditional yelltwpin cul-
tivars, contrary to self-completing cultivars, thmorer
branching of the main stem may also have a posithpect,
increasing the uniformity of seed maturation. Tissue in
conditions of a mixed cultivation is pointed out[ldy].

trary to yellow lupin, the level of the main stemabching
of blue lupin in both mixture variants was simikamd did
not exhibit a statistically significant variability

Blue lupin in the pure sowing, as well as in thixtare
with barley at its 20% share, developed seeds siittilar
weight of a thousand, and higher as compared tamitie
ture with 60% barley share. The highest mean weidht
one thousand seeds of blue lupin obtained in tidysivas
similar to the highest value of this parameter ptest by
the breeder of the cultivar, equal to 165 g [18].

Table 2. Mean values of morphometric characterssingttural elements of plant yield of the yellaupih, in cultivation
with pure sowing and mixed sowing with barley ie tfears 2010-2011
Tab. 2.Srednie wartdgci cech morfometrycznych i elementéw struktury ploxlin tubinu z6ttego, przy uprawie w siewie

czystym i mieszanymeimieniem w latach 2010-2011

Sowing combination Number of first- | Number of pods| Number of seeds| Seed weight Weight of
Barley Yellow lupinshare| order branches per plant from one plant | from one plant| 1000 seeds
share(%) (%) (pcs.) (pcs.) (pcs.) C)) @
60 40 3.75 a* 11.85a 44.52 a 5.83a 138.89 p
20 80 2.80b 10.68 a 39.71a 4.96 a 122.43 b
0 100 3.95a 11.55a 41.66 a 5.13a 121.75pb

*a, b - homogeneous groups according to the Dutestn

Source: own work Zrédio: opracowanie wtasne

Table 3. Mean values of morphometric characterssamdtural elements of plant yield of the blueitypn cultivation with
pure sowing and mixed sowing with barley in therge2010-2011

Tab. 3.Srednie wartdci cech morfometrycznych i elementéw struktury plamslin tubinu wgskolistnego, przy uprawie
w siewie czystym i mieszanyngazzjmieniem w latach 2010-2011

Combination Number of first- Number of pods | Number of seeds fromy  Seed weight from one
Barleyshare | Blue lupinshare order branches per plant one plant plant
(%) (%) (pcs.) (pcs.) (pcs.) (9)
60 40 1.15 b* 7.80 a 2480 a 4.718 a
20 80 1.10b 10.75a 34.75a 5.839 a
0 100 3.05a 10.30 a 33.65a 5.885a

*a, b - homogeneous groups according to the Dutestn
Source: own work Zrédto: opracowanie wiasne
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In the study of Podéey and Podlna [21], conducted in a
vegetation chamber, on the effect of drought stragbe yield-
ing of blue lupin, cultivar Sonet in pure sowinglanixed sow-
ing with barley, it was determined, that a higheight of one
thousand seeds is exhibited by this lupin cultivahe mixture,
as compared to the pure sowing. This fact mayiaddity ar-
gue for the use of the cultivar in the mixed sowiBlye, simi-
larly to yellow lupin, did not exhibit any reactiom the cultiva-
tion method in terms of the developed pods, seegdsthe seed
weight from single plants (Table 3). Analysis ofllgev and
blue lupin yield demonstrated variability of itgsidepend-
ing on the used cultivation variant. The highedloye lupin
yield was obtained in the pure sowing. On the otieerd,
in both variants of mixed cultivation with barlets yield-
ing was at a similar level (Table 4). The factafér yield-
ing of yellow lupin in mixtures with cereals is alsorrobo-
rated by the study of Rudnicki and Kotwica [22] tire
competitive interaction between spring cerealslapths in
mixtures. In the case of blue lupin, the yieldiegdl in the
pure sowing and mixed sowing with its 80% was smil
and higher by 44.6% than in the mixture with it8&iShare.
Therefore the yield values exhibited a similar tietaship
to the cultivation variant as the above discussedjm of
one thousand seeds. This indicates the consideirapler-
tance of this element of the total yield structaféolue lu-

pin.

Table 4. Mean values of seed yields of both lugiegend-
ing on sowing combination in the years 2010-2011

Tab. 4.Srednie wartdci plonu nasion tubinéw w zaleasci
od kombinacji wysiewu w latach 2010-2011

Sowing combination Yellow lupin Blue lupin
Barleyshare | Lupinshare| seed yield seed yield
(%) (%) (dtha®) (dtha?)
60 40 14,6 b* 54b
20 80 18,4 b 145a
0 100 27,4 a 179 a

*a, b - homogeneous groups according to the Dutestn
Source: own work Zrédto: opracowanie wiasne

Yielding of spring barley in the pure sowing anted
sowing with yellow and blue lupin is presented able 5.

Table 5. Yielding of naked barley of the Rastiktimar in
pure sowing and mixed sowing in individual expenimne
variants in the years 2010-2011

Tab.5. Plonowanie egzmienia nagoziarnistego odmiany

Rastik w siewie czystym i mieszanym w poszczegolverc

cies in the mixtures, higher and stable barleydjmng with
its 60% share was observed. In this variant, bayielged
at a similar level as in the pure sowing. On thetcoy, a
decrease of its share to 20% in mixture, resultea lower
yield, which appears to be logical. The high yietdof bar-
ley in the mixtures with its 60% share resultedha high-
est total mixture yields (seeds and grain) for dapn spe-
cies. The present results corroborate the obsenstof
Kotwica and Rudnicki [13], that in a mixed cultii@at of
spring cereals with lupin in the good rye soil coemp the
total mixture yield depends to a large extent om ¢hreal
component. However, in the discussed study reshitiber
yields of yellow lupin than of blue lupin were detened,
which resulted in slightly higher yields of the gous
mixtures of both lupin species.

4. Conclusions

1. In the ecological production system, the highestdg

of yellow lupin were determined from the cultivatiovith

pure sowing. In the mixtures, the yielding levelswawer
and did not exhibit variability depending on thermgmnent
share. On the other hand, the blue lupin yield sigaifi-

cantly higher in the pure sowing, as well as in thgture

with its 80% share.

2. Independently of the share in sowings, both yellow
pin, as well as blue lupin did not exhibit variatyilin terms
of the number of pods per plant, as well as thetrarmand
weight of seeds per plant. However, differenceteims of
the weight of one thousand seeds were observeiyniis

cantly higher weight of one thousand seeds wasbégbi
by pure sown blue lupins and with its 80% shareenshs
in the case of yellow lupin only in the mixture kvits 40%
share.

3. Independently of the component species in the mastu
a higher yielding of barley at its 60% share, corapke to
pure sowing was observed, which translated intohigé-

est, total yields obtained from this cultivatiorriaat within

each of the components.
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