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THE AFTER-EFFECT OF BLUE LUPINE MIXTURES WITH BARLE Y ON YIELDING
OF WINTER WHEAT

Summary

Legume-cereal mixtures cover a considerable cuktivarea in Poland what follows mainly from betaerd more stable
yielding of mixed stands than pure ones. Besidesra good protein fodder the legume — cereal méxttain leave also
good stand for subsequent plant. It is an effecdyofibiosis of legumes with symbiotic bacteria drahks to that lower
doses of nitrogen are used in the mixture standkfixed nitrogen is also available in the soil keetsubsequent plants. This
kind of cultivation become a very good part of egatal agriculture rules where due to forbiddenrogen fertilizers use,
this nitrogen fixed symbiotically is of great imfaonce. The aim of studies was to recognize a rasieffiect of the forecrop
which were: pure sowing of lupine, lupine and bgnhaixture and pure sowing of barley, on yieldingviiter wheat. Stud-
ies were led at the Agricultural Experimental Siatin Grabéw, which belongs to the Institute ofl Smience and Plant
Cultivation — State Research Institute (IUNG-PIB)Rutawy. Winter wheat var. Arkadia was sown aftiere lupine var.
Regent which was cultivated in the pure stand andhe mixture with spring barley var. Johan. Wheltnt density
amounted to 5,5 min plants per hectare, and areplats to harvest — 24 nBefore harvest selected biometric measure-
ments of plants were performed and, after the tsirire the full maturity, yield and features of #sucture as well as
chemical content of winter wheat grain were deteedi It was found a favorable effect of forecropy@iding and fea-
tures of winter wheat yield structure (e.g. numbkears, number of grain per plant and 1000 grawight). The influence
of forecrop on the level of winter wheat yieldirgpdnded to a large extent on weather conditionsseoin the experimen-
tal years and on blue lupine variety as well as position of lupine — barley mixture. In years urdeable for winter wheat
cultivation the difference between yields of whadtivated after good and weak forecrop was gredltan in the years
with favorable weather course.
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WPLYW NAST EPCZY MIESZANEK tUBINU W ASKOLISTNEGO Z JECZMIENIEM JARYM
NA PLONOWANIE PSZENICY OZIMEJ

Streszczenie

Mieszanki stgczkowo-zbépwe zajmuj znaczyp powierzchni uprawy w Polsce, co wynika wzdj mierze z lepszego i bar-
dziej wiernego plonowania zasiewOw mieszanyetczystych. Oprocz bardzo dobrej paszy biatkowegsraieki stgczko-
wo-zbdowe mog pozostawia takze dobre stanowisko dla fliny nasepczej. Jest to efektem wspydhia raslin strgczko-
wych z bakteriami symbiotycznymiNdziki czemu stosujesimniejsze dawki nawozéw azotowych w zasiewach amiesz
nych, a zwjzany azot jest daginy w glebie tade dla rglin naskpczych. Ten sposdb uprawy wpisuje tsardzo dobrze

w zasady rolnictwa ekologicznego, w ktérym ze atizgha zakaz stosowania azotu mineralnego, azeizawy symbio-
tycznie ma szczegdlne bardzaalunaczenie. Celem batlhyto rozpoznanie wpltywu naptzego przedplonéw jakim byty
siew czysty tubinu, mieszanek tubingezinieniem igczmienia w siewie czystym na plonowanie pszenioyepzBadania
prowadzono w Rolniczym Zakfadzie simadczalnym w Grabowie nalgcym do IUNG-PIB w Putawach. Pszeniaziny
odmiany Arkadia wysiewano po tubiniggsiolistnym odmiany Regent uprawianym w siewie yirystw mieszankach

z jeczmieniem jarym odmiany Johan. Obsada pszenicyepmgmosita 5,5 min rdin/ha, a powierzchnia poletek do zbioru
— 24 . Przed zbiorem wykonano pomiary biometryczntimoa po zbiorze w dojrzafei petnej okrélono plon i cechy
jego struktury, a tade skiad chemiczny ziarna pszenicy ozimej. Stwiamkorzystny wptyw przedplonu na plonowanie
i cechy struktury plonu pszenicy ozimej (ij. licklpséw, liczb ziaren z réliny i mag 1000 ziaren). Oddzialywanie przed-
plonu na poziom plonowania pszenicy ozimej dyolustopniu zakato od przebiegu warunkéw pogodowych w latach ba-
dai oraz odmiany tubinu gskolistnego i sktadu mieszanki tubinweezimieniem.. W latach niesprzyjaych uprawie psze-
nicy r&nica medzy plonami pszenicy ozimej uprawianej po dobryshbych przedplonach byta¢kisza ni w latach z ko-
rzystnym przebiegiem pogody.

Stowa kluczowepszenica ozima, mieszanki, tubigskolistny zgczmieniem, wplyw nagtczy, plonowanie, struktura plonu

1. Introduction ment of cultivated species, decrease of diseasg@pasts
infestation, and also control of weeds [4, 7, 14]. Mix-

One of the methods of legumes yielding stability in tures of spring cereals with legumes play an ingrtole
crease consists in their cultivation in mixture hwitereals in integrated and ecological system of productién §],
[16]. In the years with unprofitable weather coumse seed where care of soil environment has a special saarte.
yield of legume plant is in a considerable leveinpen- At the beginning in this type of stands there warkivated
sated by grain yield of a cereal plant. Thus spgedifferen- pea plants because of easier harvest of this piamte to
tiation is followed by compensating growth and depe logging and better quality of obtained seeds [13, An-
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other species of legumes, especially blue lupinerewat
that time less useful to this kind of stands, amotiters
due to its big prone to pods dehiscence and troulitte

matching their rhythm of growth and developmentefeal
plant. A great progress achieved in the last yeatise blue
lupine breeding, results in obtaining new varigtiggh in-

creased resistance of pods to dehiscence, changezhon
logical structure and greater yielding possibititi§ hanks
to this blue lupine can be used to cultivation ixtore with

cereals [15]. Besides very good protein fodderlégame-
cereal mixture probably could also leave bettendstéor

successive crop than cereals. Moreover, thankgmbigsis
with rhizobia lupine fixes great amount of nitrogfsi,

which is utilized by plants cultivated in the mirtustands
[11], and its considerable part stays in the smilthe suc-
cessive plants. Therefore, for cultivation of leguoereal
mixtures less doses of nitrogen are used thaneanptire
stands of cereals, what has both ecological andoguic
importance. This kind of cultivation corresponddiwethe

ecological agriculture principles, in which symiiofixed

nitrogen has a special importance in aspect ofdfanin-

eral nitrogen use. The considerable popularityhdg kind

of stands creates also the requirement of agriallfprac-
tice on knowledge concerning the rules of agricaltprac-
tices of legume-cereal mixtures and benefits frbairtcul-
tivation, also in reference to effects measuredhwy size
and quality of successive plant.

The aim of presented studies was to recognizeestcc
sive impact of a forecrop (as: pure sowing of lepimix-
tures of lupine with barley and pure sowing of bgylon
yielding of winter wheat.

2. Material and methods

performed and number of shoots, number of earsgaaid
per ear, weight of shoots, ears and grain as veellGDO
grain weight were evaluated. After the harvest dyief
grain and its moisture was evaluated as well asng
chemical composition (content of N, fat, fibber, BAand
ash). Content of protein in the wheat grain wastead ac-

ra

cording to the formula: &.. = N x 5,7. Plots area to har-
vest amounted to 24 ’mGrain harvest was performed by

plot drill “Seedmaster” (Wintersteiger) in the eofdJuly or

in the beginning of August. The results of studiesmeans
from replications were elaborated statisticallypirogram

Statistica v. 13.1, by analysis of variance withk@yis con-

fidence interval, at significance lewek 0,05.

Course of weather conditions in the study years was

shown in the table 1. Amount of precipitations fe indi-
vidual years in period April-August was similar,ththeir
distribution was irregular. The greatest precipited deficit
occurred in the April 2009, and their greatest antomas
noted in June and July 2009 as well as in May 20/Edy
big amount of precipitations occurred also at kcdde of
2010, but it was just after the plant harvest. 00& total
amount of precipitations in the vegetation periotbanted
to 350 mm, and was a little lower than in 2009 (36@®),
and a considerably lower than in 2010 (394 mm),tbeir
uniformity was greater than in the other study gediher-
mal conditions in the analyzed years were also samylar.
Only the slightly greater differences concerningameal-
ues of daily temperature were noted in April 2089wzl
as in July and August 2010.

Table 1. Weather conditions in the vegetation perio
Tab. 1. Warunki pogodowe w okresie wegetacji

Studies were conducted in years 2008-2010, in tipe A

10

ricultural Experimental Station located in GrabéMat
zowieckie province), belonging to Institute of SBitience
and Plant Cultivation — State Research InstitutBukawy.
An experiment was established by equivalent subkslo

method (split-plot-split block), at four replicatie on very
good rye complex soil, class Ill a. An experimerfadtor
defined a position for winter wheat after: A) lupiim the

pure stand (lupine 100% = 100 planig), B) lupine with
barley mixture (lupine 75% = 75 plants® + barley 25% =
75 plantsm?, C) lupine with barley mixture (lupine 50% 3
50 plantsm? + barley 50% = 150 plants?, D) lupine with

barley mixture (lupine 25% = 25 plants® + barley 75% =
225 plantan® and E) pure stand of barley (barley 100%
300 plantsn’®).

Blue lupine var. Regent and barley var. Johan wer

sown in the experiment. Winter wheat var. Arkadiiathe
density 550 plantay? was cultivated as a successive cro
Winter wheat was sown by Amazone D8 drill, evergryia

Precipitations (mm) Temperatukc)

Month | Decader— 5672000 20100 2008 2009 20
| 10.7] 00| 148] 75| 102] 7.9

April I 572| 00| 41| 89| 96| 93

1 39| 06| 19| 106| 12.3| 100

71.8/| 06| 208| 9.0/ | 10.7| 9.0

[ 43.4| 45| 28.4| 12.0] 12.9] 131

May I 33.4| 12.7| 70.0| 13.6| 13.1| 13.6

1 10.8| 10.3| 15.6| 13.8| 14.4| 14.9

87.6| 57.5| 114.0| 13.1| 13.5| 13.9

| 00| 534 111 180 146]| 187

June I 19.9| 404| 285| 18.4| 154| 17.3

1 212| 241| 11.1| 18.6]| 16.3| 16.8

41.1| 117.9| 50.7| 17.6| 16.4| 17.6

[ 136| 66.3| 6.4| 17.9] 19.7| 20.0

= July I 155| 14.1| 0.0]| 19.2| 20.2| 24.4
1 56.3| 37.4| 47.0| 19.4| 19.4| 202

R 85.4| 117.8| 53.4| 18.9| 19.7| 215
© | 84| 291 381 19.7| 193] 213
August I 21.8| 17.8| 37.3| 19.0| 17.7| 214
p~ 11} 243| 25.7| 79.7| 17.1| 17.3| 20.7
545| 74.6| 155.1| 18.9| 18.1| 19.9

the end of September or in the beginning of Octoberthe
depth 2-3 cm and with row spacing 12 cm. There uszsi
only qualified seed lot whose purity amounted t&t98nd
germination capacity- to 94%.

Detailed observations of growth and plant developme
were performed during the vegetation with notingoam
others the course of plant developmental phase®enuat-
ring pests and diseases. After emergence and béiere
harvest of plants there was evaluated plants’ tersy
counting them on 1 frarea. Before harvest in the full ma-
turity phase (BBCH 99) measurements of plant hergre
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¥ monthly sum of precipitations (mnfjmean temperature of afQ)

Source: own work Zrodio: opracowanie wasne

3. Results and Discussion

In spite of similar amount of precipitations anass
values of mean daily temperatures in the particatady
years, occurring of short-lived and intensive weatfea-
tures which caused the big changes in the courgsdaot
vegetation and considerably affected size of obthigrain
yield. In the Il half of April 2008 very intensivainfall oc-
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curred contributing to strong soil crusting, andha begin-
ning of June water shortage in the soil was notedell as
high air temperature, what caused the limitatiorgmafwth
and development of plants. In 2009 drought was athes
factor which unfavorably affected plant vegetatittnoc-
curred in April and in the beginning of May and sed
hinder of wheat growth. Moreover, in the second ladl
April occurred strong winds which increased dryafgsolil,
what in a consequence, considerably limited alsoettfi-
ciency of soil herbicides action. Abundant and et
rainfalls, small amount of sunny days and considera
chilling in the June also had unfavorable effectgnowth
and development of plants. Then in the beginnindufe
occurred intensive rainfall connected with hail,aivhaused
plant logging. The course of weather conditions201.0
was more favorable for winter wheat cultivationrtha the
both remaining years. Since unfavorable weathetufea

were not noted. Indeed, in June 2010 a lower amofint

precipitations than in the both remaining studyrgeaas
found, and in August slightly higher than averagéugs of
daily temperatures, but weather conditions in thésar
turned out the most favorable for wheat cultivation

Emergences of wheat plants occurred after 14-16 day

from sowing. Wheat seeds were characterized by gégh
mination capacity therefore a great uniformity atysham-
ics of plant growth was found. Moreover, plant digneb-
tained after emergence was very close to that whiah
theoretically supposed.

Course of weather conditions had a very big eftact
wheat growth and development (Table 2). Lower arhoéin
precipitations in July 2010 resulted in shortenifiga vege-
tation period, whereas their great amount in Juree July
2009 caused its considerable elongation.

Table 2. Course of development stages of wheattplan

(days)
Tab. 2. Fazy rozwojowe fenologicznychsliro pszenicy
(dni)

Developmental phases Year of study

of wheat 2008 | 2009| 2010 mean
Sowing — emergency 15 16 14 16
Emergency — tillering 24 26 25 25
Shooting — heading 18 19 17 18
Earing — flowering 8 10 8 9
Flowering — milk maturity 21 24 20 22
Milk maturity — full maturity 38 36 35 36
Lenght of vegetation period 124 131 119 125

Source: own work Zrodio: opracowanie wlasne

A forecrop differentiated the weight of vegetatiard
generative organs of wheat. The greatest dry mgitiéd of
these organs produced wheat plants cultivated hfpéne
in the pure stand and after mixtures of lupine wgthater
number of barley, and the lowest - after barleyhi& pure
stand. Decrease in lupine share and increase lieytarthe
forecrop caused decreasing in dry weight of steeavs and
grain of wheat (Table 3), so share of legume ptlatided
on the forecrop value of lupine mixture with barl&his
dependency concerns also another legume-cerealinasxt
[3].

The course of weather conditions in the study yéad
a significant effect on wheat grain yield. The gesawheat
grain yield was obtained in 2010, and the leasP®@8
(Fig. 1). It is noteworthy that in the less favdealveather
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conditions the difference between the wheat yidithined
after good (lupine in the pure stand) and poordiane (bar-
ley in the pure stand) was greater than in the of#e cul-
tivation in the most favorable weather conditiolms2008
evaluated as less favorable for winter wheat cafiibn the
yield increase amounted to 23.1%, and in 2009rtbeease
in yield amounted only to 6.5%, although weathendio
tions were the most favorable for wheat cultivatibiow-
ever, obtained yield increase in wheat cultivatédrdu-
pine in the pure stand was not so big becausera@iogoto
the Piekarczyk [9] studies, winter wheat cultivataftier
blue lupine can yielding even by about 50% bettentaf-
ter barley. The increase in cereals yield cultidaéter leg-
umes is most frequently a consequence of nitrogkeichw
remained in the considerable amounts in the postsar
residues, limitation of diseases development anddwa-
festation as well as improved soil structure [1].

Table 3. Dry matter yield of wheat cultivated aftarious
forecrops (kgm?)

Tab. 3. Plon suchej masy pszenicy uprawianej gaych
przedplonach (kgn?)

Plant organ Forecrop * LSD
A B C D E | (0.05)
Culms+le- | 1161 103| 098] 095 092 o024
aves
Ears 048] 044 048 030 0434 o041
Grain 094| 091 088 088 070 o014
Total yield 258| 2,38 214 217 19 -

96

*Forecrop for winter wheat according to the Matkaiad Methods
Source: own work Zrodio: opracowanie wiasne

Yield of grain [tha]

A B c D

Forecrop

H2RA8 m2Ana

E LSD(0.05)

211

Source: own work Zrodio: opracowanie wiasne

Fig. 1. Grain yield of wheat cultivated after varsofore-
crops

Rys. 1. Plon ziarna pszenicy uprawianej péngch przed-
plonach

It should be also underlined that sequence aftetuns
of lupine with barley was much better than afteltication
of barley in the pure stand. The average increasehieat
yield for all mixtures in comparison with forecraghich
was pure sowing of barley amounted to 12.3 and 3r&%
spectively for 2008 and 2009. It was confirmed bani¢
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and Nowicki [17] studies, in which was shown fa\mea
effect of mixtures as a forecrop on yielding ofeads. It
can be assumed that in the condition of great shfacere-
als in the cropping area and low share of leguroergal-

legumes mixtures can be a good crop-rotation elemen

which stopped a frequent sequence of cerealscdteals.

A forecrop modified also some features of wheatdyie
structure (Table 4). Wheat cultivated after goocedoops
produced more ears per plant and grain per plagbin-
parison to that cultivated after barley as a pawedrop.
The forecrop did not affect significantly number griain
per ear and weight of 1000 grains. While, anothéhars
found that these structure elements could be alsdifiad
depending on a forecrop [1, 3, 9].

Table 4. Elements of wheat yield structure depemdin a
forecrop

Tab. 4. Elementy struktury plonu pszenicy wzzeléi od
przedplonu

Yield structure Forecrop LSD
elements A B C D E | (0.05)
Number of shoots 4 o | 4 g9 140 147 1.20 0.8

with ear per plant

Numberofgrain | oo | 61| 57| 50l 459 3.64
per plant

Numberofgrain | 5, g1 359| 407 401 375 ns*
per ear

Weight of 1000 | 56 4 | 374 392 381 376  nk.
grain (g)

*not significant
Source: own work Zrodlo: opracowanie wiasne

A forecrop influenced only value of some wheat mor
phological features (Table 5). In particular it cemed the
number of shoots per plant, because height of pland
leaves area did not change significantly.

Table 5. Morphological features of wheat plants
Tab. 5. Cechy morfologicznestm pszenicy

L Forecrop LSD
Features of plants Yy B C D[ E | (0.05
Plant height (cm)| 84.1| 82.4] 80.d 83.8 81F n.g*
Numberofeulms| 4 21 18| 14 15 12 o028
per plant
Leaves area
(Cmg) 83 88 84 80 8Q n.s.

*not significant
Source: own work Zrodto: opracowanie wiasne

Content of protein in the wheat grain did not amn
significantly in dependence on the forecrop. Indeedias
observed a increasing trend in concentration ofgmoin
the wheat grain cultivated in the pure stand anadhixtures
with barley, but these differences were not condidnstatis-
tically. From the literature results, that cerealdtivated
after legumes can contain more protein in grairthese
plants are better supplied with nitrogen [2]. Pirotgeld
which is a product of grain yield and protein camtcation,
was in our studies determined mainly by size ofrgyzld.
Therefore, the biggest protein yield was obtainenimf
wheat cultivated after the good forecrops — lupimehe
pure stands and mixtures of lupine with cereals| e
poorest — after the only spring barley (Fig. 2).
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Fig. 2. Protein yield of wheat cultivated afterfdient fore-
crops

Rys. 2. Plon biatka pszenicy uprawianej pemfch przed-
plonach

4. Conclusions

1. It was found a favorable effect of forecrop (lupinghe
pure stand and mixtures of lupine with barley) oimter
wheat yield and its structure features e.g. nundfezars
and grain per plant as well as weight of 1000 grain

2. Effect of the forecrop on the level of winter whgald-
ing to a great degree depended on the course dherea
conditions in the study years. In years unfavorafileter
wheat cultivation (small amount or irregularly distited
precipitations in the vegetation) the differencetwsen
winter wheat yields cultivated after good (lupinethie pure
stand or mixture of lupine with barley) and podi@ecrops
(barley in the pure stand) was greater than irydss with
favorable course of weather.

3. It should be supposed that in conditions of greatew
deficit in soil resulted from insufficient or irratar distri-
bution of rainfalls, the signification of crop rtitan in the
plant cultivation will increase.

4. Protein concentration in the wheat grain did nangje
significantly depending on a forecrop. It was olbedr
however, growing trend at protein amount in theirgia
wheat cultivated after lupine cultivated in the g@wtand
and in mixtures with barley, but these differencerevnot
confirmed statistically.
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