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FORECROP VALUE OF BLUE AND YELLOW LUPINE FOR WINTER WHEAT
Summary

Besides a very good protein fodder legumes can laksee a good stand for the forecrop. In effectegimes symbiosis
with bacteria they are able to fixed,.NThanks to that their cultivation does not requiigh doses of nitrogen fertilizers,
and fixed nitrogen is also available in the soil flee successive crop. The aim of researches weectignize the impact of
blue and yellow lupine forecrops on yielding of tsmwheat and compare these effects with the impfspring barley.
The studies were led at Agricultural Experimenttdti®n in Grabdw which belongs to the InstituteSafil Science and
Plant Cultivation — State Research Institute in@®uy. Winter wheat var. Arkadia was sown after bly@ne var. Zeus, yel-
low lupine var. Dukat and after spring barley vdohan. Winter wheat density amounted to 5 m plpetsha, and area of
plots to harvest — 24 During the flowering of wheat following measurensewere performed: plant height, leaf area
(AM 300; ADC BioScientific Ltd. UK) and SPAD val(&PAD -502; Minolta Japan), whereas before thevkat, at full
maturity were determined: number of shoots, nunabe¥ars and grains in the ear, the mass of streavs @and grain, as
well as weight of 1000 grains. These measuremesits performed on the 10 plants randomly selectech feach plots. Af-
ter the harvest there were determined the graifdyénd its moisture as well as nitrogen contenthie grain (Kjeldahl
method). It was found beneficial effect of a foogcon wheat yielding and its elements structue iumber of ears, num-
ber of grains per plant and weight of 1000 grainR)e influence of a forecrop on yielding level afiter wheat was in the
great degree dependent on course of weather conditi the years of research and the lupine spetiethe unfavorable
years to wheat cultivation the difference betwemtdg of winter wheat cultivated after good and lwdarecrop was
greater than in years with favorable weather course
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WARTO SC PRZEDPLONOWA tUBINU W ASKOLISTNEGO | ZOLTEGO
DLA PSZENICY OZIMEJ

Streszczenie

Oprocz bardzo dobrej paszy biatkowefloy strgczkowe mog pozostawid takie dobre stanowisko dla fliny nasgpcze;.
Jest to efektem wspgtia raslin strgczkowych z bakteriami symbiotycznymj) (Bzieki czemu w ich uprawie stosuje si
mniejsze dawki nawozéw azotowych, agzauny azot jest daginy w glebie tade dla raflin naskpczych. Celem badayto
rozpoznanie wplywu nagtczego przedplonéw tubinuggkolistnego Edttego na plonowanie pszenicy ozimej i poréwnaniu
tego efektu do dziataniggzmienia jarego. Badania prowadzono w Rolniczymatile Dawiadczalnym w Grabowie na-
lezqcym do IUNG-PIB w Putawach. Pszenioziny odmiany Arkadia wysiewano po tubinigskolistnym odmiany Zeus,
tubinie zéttym odmiany Dukat iegzmieniu odm. Johan. Obsada pszenicy ozimej wgndsitin rglin/ha, a powierzchnia
poletek do zbioru — 24mW okresie kwitnienia pszenicy wykonano pomiargokeici roslin, powierzchni lici (AM-300;
ADC BioScientific Ltd., UK) oraz warié wskanika SPAD (SPAD-502; Minolta Co., Ltd Japan), natstprzed zbiorem
w fazie dojrzatéci petnej na 10 rélinach losowo wybranych z f@ego poletka oks#ono liczke peddw, liczlz klosow i zia-
ren w klosie, masstomy, kloséw i ziarna, a taéd& mag 1000 ziaren. Po zbiorze okteno plon ziarna i jego wilgotnd
oraz zawarté¢ azotu w ziarnie (metadKjeldahla). Stwierdzono korzystny wptyw przedplomuplonowanie i elementy
struktury plonu pszenicy ozimej (tj. ligzklosow, liczb ziaren z réliny i mag 1000 ziaren). Oddziatywanie przedplonu na
poziom plonowania pszenicy ozimej byto wydu stopniu zalme od przebiegu warunkéw pogodowych w latach bada
oraz gatunku tubinu. W latach niesprzyjeych uprawie pszenicy sica medzy plonami pszenicy ozimej uprawianej po
dobrych i stabych przedplonach bylagksza ni w latach z korzystnym przebiegiem pogody.

Stowa kluczowepszenica ozima, tubingskolistny, tubirgélty, wplyw nastpczy, plonowanie, struktura plonu, zawatto

i plon biatka

1. Introduction

At present lupines cover the greatest area oivetibn
among all species of legumes cultivated in our tyyi5].
These species are cultivated mainly for seeds whiehan
important plant raw material to production of higtotein
fodder [9, 14]. Thanks to symbiosis with bactegihes
fix great amount of nitrogen [7], therefore nitrogfertiliza-
tion is not used at their cultivation [11, 12, 1Begumes
use only part of fixed nitrogen for their needs aftér their
cultivation 40-90 kg N/ha remain in the soil, agésults
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from research of Szukala [18]. Besides, the cragidrees
left in the soil enrich it by humus, phosphorus gudas-
sium [5]. Additionally thanks to deep root systezgumes
restrict the soil degradation by drainage and #iree
action. Therefore besides very valuable proteirdéodu-
pines remain also very good stand for a successiop.
This issue fits very well for the rules of ecolagliagricul-
ture, in which the use of mineral nitrogen is foidén, so
nitrogen fixed symbiotically is of particular impance [6].
A great progress made in the breeding of blue aiibwy
lupine concerns among others obtaining of the naviev
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ties with increased resistance of pods to crackamgl
greater yielding possibilities [16]. The new lupispecies
have changed the morphological structure, plargscan-
siderably lower, produce lower vegetative massaie
pared to cultivated, older ones. These differera®xern
also separate species and even varieties of ludinesn be
then supposed that the stand after varieties @& ahd yel-
low lupine cultivated at present could have diffégréore-
crop value for successive plants than older vasedind ce-
real plant.

The aim of studies was to recognize successivadinp
of blue and yellow lupine on winter wheat yieldiimgcom-
parison to the effect of spring barley as a forpcro

2. Material and Methods

The field studies were conducted in the years 2001
at Agricultural Experimental Station in Grabow, aihibe-
longs to the IUNG-PIB in Putawy. The experiment vess
tablished on very good rye complex (class llla), thg
method of equivalent blocks (split-plot-split-bljckn the
4 replications. Content of nutrients in the soil camted
(mg/kg of soil): Myn— 0,24; P —41,4; K- 36,2; Mg — 1,61
and the pH — 6,5. The following fertilization wagpdied in
the experiment: before sowing — 15 kg N/ha, 50 k@sP
and 75 kg KO in the form of Polifoska 6, whereas in the
early spring before starting of vegetation — 25¢6 NKha
and in the shooting phase — 14,4 kg N/ha in thenfof
ammonium nitrate. Crop residues were plowed in raatu
after the harvest of a forecrop.

An experimental factor included a field for wheatti-
vation after: blue lupine var. Zeus, yellow lupivee. Dukat
and spring barley var. Johan. Winter wheat var. Benka,
in the density 500 plantsfmvas cultivated as a successive
crop. Seeds of wheat were sown by drill - Amazor& D
every year in the end of September or in the baginof
October, on the depth 2-3 cm and with the 12 cmspac-
ing. Certified seed lot which was characterized®B96 pu-
rity of seeds and 94% germinating capacity was uséke
experiment. As a herbicide was used Komplet 560ir5C
the dose of 0,5 I/ha. :

During the wheat flowering measurements of plant
height, leaves area and the value of SPAD indicato!
(SPAD-502 were performed (Minolta Co., Ltd. Japan),
which shows the chlorophyll content in the leawelsereas
before the harvest (in the full maturity phase)l@nplants
randomly selected from each plot were determinée: t
number of shoots, number of ears and grains inetire
mass of all wheat organs, as well as weight of 1f}@ihs.
After the harvest were determined: the grain yi@hdl its ;i .
moisture as well as nitrogen content in the gr&jelfahl Source: own studyZrddio: opracowanie wkasne
method). Protein content in the wheat grain wasnt®ill iy 1, Weather conditions in the vegetation period
from the formula Z=Nx5,7; where £ means protein con- Rys 1. Warunki pogodowe w okresie wegetacii
centration, N- nitrogen concentration according tte
Kjeldahl method and 5,7 — coefficient for protetceunt-

ing in the cereal grain. Plots area to the haraesiunted to  \\heat vegetation amounted to 338 mm and was caaside
24 nf. Grain harvest was performed with the Seedmastg]jy |ower than in 2010 when it was 394 mm, andighgly
harvester in the end of July or in the beginningAafust.  |ower than in 2011 — 353 mm. It can be considened dif-
Obtained results, as a means from 4 replicationsew ference in amount of precipitation did not occutween
elaborated with the analysis of variance methoth wse of  {he research years, whereas their uniformity wamgtdif-
half-interval at the significant leveF0,05. ferentiated in the period of winter wheat vegetatidher-
The course of weather conditions in the yearsesf r ma| conditions in analyzed years were also veryilaim
search was presented on the Fig. 1. The amountefid  only the slightly greater differences concerning thalues

greatest precipitation deficit occurred in AprildaMay
2009, and the greatest amount was noted in Jundwapnd
2009, May 2010 and July 2011.
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In 2009 summary amount of precipitation during the

tation in the particular years in the period of h\prAugust
was similar, but their distribution was not unifarmhe
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of mean daily temperatures were noted in April 2666 in
July and August 2010.
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3. Results and Discussion

In spite of similar amount of precipitation andoagxi-
mate values of daily mean temperatures in the quéati
research years, the short term and intensive wegthe-
nomenons occurred that caused the great changdin
plant vegetation course and significantly affedtesisize of
grain yield. Drought was weather factor which hasega-
tive effect on plants vegetation in 2009, espegiathen
occurred in April and May and caused wheat plamifgbi-
tion. Moreover, strong winds occurred in the secpar of
April what increased soil drying, and also consaddy re-
stricted the efficiency of soil herbicides actigkbundant
rainfall, small amount of sunny days and substhaotialing
in June also affected unfavorably growth and degalent
of plants. Then, at the beginning of July abundanifall
occurred connected to hail what, in a consequeragsed
the plant logging. The course of weather conditionghe
years 2010 and 2011 was more favorable for wintezat/
cultivation than in 2009. However, no occurring awdr-
able weather features were noted. Although in 2@¢0
the amount of precipitation was lower than in tleghbre-
maining research years, and in August a slightihér than
the average of daily mean temperatures, weathetitomms
in these years were more favorable to wheat ctitina

Plant emergence occurred after 16-19 days from sow

ing. Wheat seeds were characterized by high getioma
capacity therefore a great uniformity and dynanoicplant
germination was found . Moreover, obtained planisity
after the emergence was very close to that presumnine-
ory.

The forecrop has differentiated the mass of veiyeta
and generative wheat organs (Fig. 2). The highiest pf
these organs of dry matter was produced by wheaitgl
cultivated after yellow lupine, considerably lovadter blue
lupine, and the lowest - cultivated after barleywéver,
significance of differences between yield of lugnend
barley was proved statistically as regards all e plant
organs. While, in the case of yellow and blue lepthe
significance of difference concerned only yieldstriaw. It
means that a forecrop had greater effect on magsgzfta-
tive than generative organs of the successive plant
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Fig. 2. Dry matter yield of winter wheat cultivatedter
various forecrops (2009-2011)

Rys. 2. Plon suchej masy pszenicy ozimej uprawipoej
roznych przedplonach (2009-2011)
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The course of weather conditions in the reseasarsy
had the significant effect on wheat grain yieldeTdreatest
grain yield of wheat was obtained in 2010, andid¢last — in
2009 (Fig. 3). It is worth noting that at the Idasorable
weather conditions the differences between whesd yib-
tained after good forecrop (lupine) and weak (harieas
greater than in the case of wheat cultivation i rtore fa-
vorable weather conditions. In 2009 which was atersd
as the unfavorable for wheat cultivation the yigldrease
caused by good forecrop amounted to 24,8%, an@19,2
in which weather conditions were the best for theeat
cultivation the yield increased only by 6,2%. It shibe
recognized that obtained yield increase of wheéivated
after lupine in the pure sowing was not too gréabm the
Piekarczyk [10] studies results that winter whadtivated
after the blue lupine can yielding even about 508ttep
than after the barley. The increase in cereal ydeltlvated
after the legumes is the most frequently a consezpief
nitrogen excess left in the post-harvest residu€g, [re-
striction of diseases development [17], weed iafésh of
stand [2] and the improving of soil structure [1].

10
©
$ 6
o
£ 4
2.
0.
2009 2010 2011 LSDgos
Year
®Eplue lupin  “ yellow lupin ™ barley
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Fig. 3. Grain yield of winter wheat cultivated aftearious
forecrops

Rys. 3. Plon ziarna pszenicy ozimej uprawianej@aych
przedplonach

It should be also underlined that the stand dfterboth
species of lupine was much better than after thtevation of
barley, while after the yellow lupine considerablgtter than
after the blue lupine. It was found especially 002, when
weather conditions did not favor the wheat cultoratIt can
be supposed that better stand to wheat cultivafin yellow
than blue lupine results from the fact that yellopine leaves
greater amount of after-harvest residues [4] axesfgreater
amount of nitrogen than the blue lupine [7]. Thefcmation
of this supposition can be found in the studiesdooted by
Kozak and Kotecki [8], in which it was shown thainter
wheat yielded the best when most after-harvesiuesi were
in the soil and the greater density of legume ypasa applied
in the cultivation.

For all research years the average yield incra#se
wheat cultivated after blue and yellow lupine ifat®n to
barley as a forecrop amounted: to 10,8 and 16,1%.

The attention should be paid to considerable wdiffga-
tion of wheat yielding in the research years. Tiidator
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of wheat yielding stability in the years reachedaméor all
forecrops and amounted to 87,4%, while for cultorataf-
ter blue lupine, yellow lupine and barley, respedii: 88,2;
91,3 and 78,4%. It means that after the good fopecwvin-
ter wheat yielding is more stable and less semsttivunfa-
vorable weather conditions than after weak foresroe.
after cereals.

A forecrop modified also some features of wheatdyi
structure (Table 1). Wheat cultivated after the dydore-
crops produced more ears per plant and grains la@et p
compared to cultivation after the weak forecrop chihwas
barley while the number of grains per ear and wedfh
1000 grains did not change significantly. Howevieme-
sults from the researches of another authors thetstruc-

ture elements can be also modified in dependence on

forecrop [1, 3, 10].

Table 1. Elements of wheat yield structure depemdin a
forecrop

Tab. 1. Elementy struktury plonu pszenicy wzrai&i od
przedplonu

Yield structure bl Fore”crop LSD
elements ue yellow barley | (0.05)
lupin lupin

Number of shoots 1.77 184 | 158 0.6
with ear per plant
Number of grain 64.6 67.1 59.2| 4.16
per plant
Number of grain 417 43.0 38.8| 1.94
per ear
\(’g)e'ght 0f 1000 grain | 4, 441 | 456| ns?

* n.s. — not significant
Source: own studyZrédio: opracowanie wiasne

A forecrop affected only value of some morpholagjic
features of wheat (Table 2). It concerned espgcitile
number of shoots per plant, because the plant heigth
leaves area did not change significantly.

Table 2. Morphological features of wheat plants
Tab. 2. Cechy morfologicznestim pszenicy

Forecrop LSD
Features of plants blqe yellgw barley | (0.05)
lupin lupin
Plant height (cm) 84.1 82.4 80.6 n.s.*
Number of culms |y g 188 | 164| 116
per plant
Leaves area (cth 77.6 75.8 76.7] n.s.A

* n.s. — not significant
Source: own studyZrédio: opracowanie wtasne

SPAD value and protein content in the grain oftein
wheat cultivated after the lupines was not changiggifi-
cantly in dependence on a forecrop (Table 3). Tiseved
increasing tendency in relation to these both factout
these differences have not been proven statistic&PAD
and protein content Admittedly, there was obseramdn-
creasing trend in the protein amount in the grdinvioeat
cultivated after lupines, but these differencesenst con-
firmed statistically. In literature can be found iafiorma-
tion that cereals cultivated after the legumes aamtain in
grain more protein, what is explained by their &etupply
with nitrogen [2].
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Table 3. Warté SPAD i zawarté& biatka w ziarnie psze-
nicy ozimej w zalenosci od przedplonu

Tab. 3. Value of SPAD and protein content in thargof
winter wheat in dependence on a forecrop

73

Forecrop
Description blue ellow LSD
P . yelic barley | (0.05)
lupin lupin
SPAD 564 578 552 n.s.
Protein content in the
grain of winter wheat 13,7 13,7 12,9 n.s.
(%0)

*n.s. — not significant
Source: own studyZrédio: opracowanie wtasne

Protein yield, as a product of grain yield and tgio
content, was determined mainly by the size of gyaéhd.
Therefore the highest yield of protein was obtairfiexin
the wheat cultivation after the good forecrops, aer lu-
pines, and the weakest after the spring barley. @ig
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Fig. 4. Protein yield of winter wheat cultivatedeafdiffer-
ent forecrops
Rys. 4. Plon biatka pszenicy ozimej uprawianej @mych
przedplonach

4. Summary

1. It was found the favorable effect of blue and yello-
pine as a forecrop on yielding and features of evimtheat
yielding structure i.e. number of shoots, humbeears and
grains per plant as well as number of grain per ear

2. The impact of a forecrop on a level of winter wheat
yielding to a great extent depended on course afthves
condition during the research years. In the yeafauor-
able to cultivation (small amount of precipitationnot uni-
form distribution during the research years) thigéedénce
between the yield of wheat cultivated after the dyéaore-
crops in comparison to weaker forecrops was grehter
in the years with the favorable weather course.ddwer, a
good forecrop contributed to decrease the diffémdan of
wheat yielding which was caused by various weatbedi-
tions in the research years.

3. Winter wheat yielded slightly better when was eculti
vated after the yellow lupine than after the blugine, but
the significance of differences were proved only years
with unfavorable weather course.
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4. Content of protein in the grain of winter wheat diot Uniwersytetu Przyrodniczego we Wroctawiu, Rolnictwo,

change in dependence on a forecrop. There waswaaser LXXXIX, 2006, 546: 160-175. . .

: ; ; wieniu zwierat. Zesz. Probl. Post. Nauk Rol., 1997, 446: 83-94.
\év:ri‘?rtrr::gclitzgt?gtigzﬁ; lupine, but these differenaere not [10] Piekarczyk M.: Wart& przedplonowa tubinu ggkolistnego

i jgczmienia jarego dla pszenicy ozimej w zalaci od spo-
sobu odchwaszczania tanu. Acta Sci. Pol., Agricalt2007,
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