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EFFECT OF THE PRP FERTILIZERS AND MICROBIOLOGICAL I NOCULATION AND
COINOCULATION IN THE YELLOW LUPINE ( Lupinus luteusL.) CULTIVATION

Summary

In the years 2014-2015 in Ziotniki, on the fieldshe Experimental-Didactic Station Gorzybelonging to the University of
Life Sciences in Poznan, research was carried oued at checking the effects of using PRP fert#izeitragine and Ba-
cillus subtilis inoculation in the cultivation o&lfow lupine of traditional variety 'Mister'. It veashown that the use of the
majority of fertilization and inoculation variantontributed to the yield reduction, the higheseathe application of PRP
EBV along with the B. subtilis seed inoculation.ofug the tested combinations, the most benefidiatiedn the elements of
the yield structure was played by seed inoculatigth nitragine, which significantly increased theass of a thousand

seeds, the number and mass of seeds in the ptahha significantly fresh mass of the abovegropad and root.
Key words yellow lupine, PRP SOL, PRP EBV, nitragine, Basilsubtilis, coinoculation, seed yield

EFEKTY STOSOWANIA NAWOZOW PRP ORAZ INOKULACJI | KOI

NOKULACJI

MIKROBIOLOGICZNYCH W UPRAWIE tUBINU  ZOLTEGO (Lupinus luteusL.)

Streszczenie

W latach 2014-2015 w Ziotnikach, na polach Zaki@h§wiadczalno-Dydaktycznego Gorizynalegcego do Uniwersytetu
Przyrodniczego w Poznaniu, przeprowadzono bad&daych celem byto sprawdzenie efektow stosowaRi, RBzczepio-
nek mikrobiologicznych i inokulacji Bacillus sulstilv uprawie tubiniéttego odmiany tradycyjnej ‘Mister’. Wykazarie,

stosowanie wkszdaci badanych wariantow nawenia i szczepienia przyczynite slo obniki plonu, najwekszej po apli-
kacji PRP EBV w postaci oprysku nalistnego wrazakulac nasion przed siewem. Spéd badanych kombinacji najko-
rzystniejszy wptyw na elementy struktury plonu calegszczepienie nasion nitraginktére istotnie zwkszyto magtysi-
ca nasion, liczbi mag nasion na rélinie oraz nieistotnigwiezqg mag czsci nadziemnej i korzenia.

Stowa kluczowetubin zétty, PRP SOL, PRP EBV, nitragina, Bacillus subtikoinokulacja, plon nasion

1. Introduction

Bean plants are a valuable source of protein [@B]ch
can replace costly imported transgenic soy prdtaported
from abroad. In agricultural practice, there isirgerease in
interest in the cultivation of legumes, and a tewgeto in-
crease the area of their cultivation, althoughtiit sarries
some risk due to the high sensitivity of this grafplants
to unfavorable environmental conditions and yieddufe.
Legumes have long been valued for their high pnotein-
tent, long root system, able to absorb nitrogenamglants
leaving a good position for succeeding plants [119k im-
portant to restore the bean plants for cultivatiod provide
farmers with new solutions to increase yield pasntol-
erance to cold, drought and diseases. In the atiltin of
this group of plants, an important element is &,
which can be supplied not only in the form of figrttion,
but also through the use of a inoculants contairing
strains of nitrogen fixing bacteria that bind atlosric ni-
trogen [4]. Available on the market nitragine irded for
specific species of fabaceae plants, introducesdivtures
of root nodules bacteria into the soil, thanks toal plants
produce root nodules, and the atmospheric nitrdggmd
by bacteria is transferred to the plant. Anothéutsan sup-
porting the growth ofabaceaeconsists in the use of plant
co-inoculation with a mixture of many supportingcteia
strains [9]. There are also modern preparationgadola on
the market, which according to their producers sup-
posed to provide a higher yield of arable crop. éand
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more often, farmers want to follow the principlefsimte-
grated crop production and to limit the use of bgtit fer-
tilizers and they apply such practices. Such smhstiin-
clude fertilizers form PRP (Procedes Roland Piggom

France) Technologies Polska, such as PRP SOL amd PR

EBV registered also for the use in organic farmisgcord-
ing to the producer, the mineral components of FRR
modify the soil environment, stimulate microflovehich in
turn improves soil fertility and has a beneficitétbet on the
development of the root system of the plant. ImtWR?RP
EBV used in the form of a spray for plants is daeij to
stimulate physiological processes and increasstegsie to
various stress factors. Leguminous crops are ctaiaed
by high yield variability, as many factors affetietyield
and seed value, including foliar fertilization [B?]. Hence
there is a sense of searching for and checking effective
methods of fertilizing plants that allow increasitig yield
potential of yellow lupine.

The aim of the study was to assess the effectsiofy
different fertilization variants of PRP SOL and PEBV,
and inoculating yellow lupine seeds with nitragared Ba-
cillus subtilis.

2. Materials and methods
Field experiments with yellow lupine, the tradita

“Mister” variety were carried out in 2014-2015 aetDe-
partment of Agronomy of the University of Life Soes in

Pozna, on the fields of the Experimental and Educational
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Station Gorzy, branch in Ztotniki. The experiments were 3. Results and discussion

established in four replications, and the sizeheflot was

25.5 nf. The testing factor included the variant of lupine

fertilization and inoculation, with the followingVels: con-
trol, Bacillus subtilis inoculation, nitragine Rhizobiuny,

The precipitation conditions during the growingsen of
yellow lupine varied in the years 2014-2015 (Fi. fh the
growing season of 2014, the greatest fluctuatiansinfall

PRP SOL, PRP EBV, PRP SOL + PRP EBV, PRP SOL #&ccurred, with the highest water deficit in the Whperiod

B. subtilis PRP SOL + nitragine, PRP EBV B: subtilis
PRP EBV +B. subtilis+ nitragine, PRP SOL B. subtilis+
nitragine, PRP SOL + PRP EBV B. subtilis+ nitragine.
The PRP SOL fertilizer was applied at a dose of &§Ba
! and the PRP EBV fertilizer was sprayed in dogéba’
(BBCH 13-16) and 1.5ha* (BBCH 51-55 and BBCH 70-
73). Lupine seeds were treated with nitragine, Ipased at
the Institute of Soil Science and Plant CultivatiofPutawy

of research. In June this year, the Selianinov fiobeft
reached the value of 0.88, and in July 0.70, wimclicates
the appearance of a drought, while in May 2014dched
the value of 2.24, demonstrating very humid coadgi In
turn, 2015 was more stable in terms of thermal aater
conditions and exceeded June and July rainfal0id2while
periods of drought appeared in April, August angdtSmber.

The average yield of “Mister” yellow lupine seedss

andBacillus subtilisinoculant produced in the Department19.3 dtha® (Table 1) and lower by 2.03% than the average

of General Microbiology and Environmental at theign-

seed yield obtained in 2014-2015 at Experimentati@t for

sity of Life Sciences in Pozfaaaccording to the experi- Variety Testing, recommending the tested varietyctdtiva-

mental scheme. In the phase of full seed mati2ltyplants

tion in the Wielkopolska voivodeship, hence theaotsd re-

were randomly picked from each plot and the yieddin sults can be considered as good. The seed yieldnfias

components were determined: the number of podplpat,
the number of seeds per plant and the weight oftboe-
sand seeds. In addition, the height of plants hadass of

enced both by the fertilization and inoculationiaats used
and the weather conditions as well as their reatidany
authors emphasize the low soil requirements obyellipine

aboveground parts and roots were determined. Thd seand, at the same time, high in relation to weatloeditions

yield, seed moisture content were assessed dunedpdr-
vest, and then the yield was converted to 158.H

In order to characterize the meteorological camakt dur-
ing the growth and development of test plants,hydrother-
mal coefficients of Sielianinov K [30] were caladd (Fig. 1),
according to the formula K=(P-10)/(T-L), where: d&im of
monthly precipitation, T- average temperature ofjigen
month, L- number of days in a given month [14].

which determine the growth and yield of varietig§][ The
even supply of plants with water throughout theagng sea-
son, which can definitely increase vyields, is jgattrly im-
portant for lupines [6]. Terminal drought is a midjmitation
for lupin production [16]. In 2015, the yield ofess was
significantly higher by 4.5 eha* than in the previous year,
with a significantly lower weight of one thousarekds (by
45.4 g). In 2015, very good supply of plants withtey oc-

Values of the assessed features were subjecteto thurred in June and July, during the period of sgttind fill-

analysis of variance for univariate experiments] #ren a
synthesis was made from the years of research.s$esa
the significance of differences between objectteslaaver-
ages, the Duncan's test was used at the signiéidanel of
p<0.05. In order to determine the relations betwé®n
studied features, the values of linear correlatioefficients
were calculated.

ing pods, while in the previous year, there wasaught at
the same time, which could reduce yields. The giedd
plants growing under good water supply conditionsren
higher by 20.9% than in 2014, the year charact@rizg
summer drought. In experiments, it was shown tledibw
lupine yielded more stably in favorable humiditynddions,
and the coefficient of variation for objects angetitions in
2015 was 8.96%.

Sielianinov K factor 2014
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where the value >0,5 — drought; 0,5 —1 — mediunuging 1,1-2 — humid; > 2 — very wet

Source: own studyZr6dio: badania wiasne

Fig. 1. Plant supply with water in the growing se&s2014 and 2015 expressed by Sielianinov coeffisi
Rys. 1. Zaopatrzenie in w wock w okresach wegetacji 2014 i 2015 wgoae za pomacwspotczynnikéw Sielianinova
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Table 1. Yield and TKW of yellow lupine in 2014 aR@15
Tab. 1. Plon i masa tygia nasion tubinuéttego w latach bada2014 i 2015

Combination Seed yield (dha'[:z/erage Thousand seeds weigciter(gée
Kombinacja 2014 2015 2014-2015 2014 2015 2014-2015
Control /Kontrola 17,9 225a-d| 21,0a-c 1329 f 145,0 b-d | 139,0 ef
Bacillus subtilisinoculation 18,1 23,5ab| 20,1 b-d 180,6 cd 132,7c-e | 156,7 cd
nitragine(Rhizobium) 16,6 22,1b-d| 21,4ab 191,0 b-d 1759 a 183,5a
PRP SOL 17,6 221b-d| 179ef 192,9 b-d 125,8 e 154,6 cd
PRP EBV 16,9 22,7 a-c| 20,0 b-d 195,3 bc 128,2 de 161,8 c
PRP SOL+ PRP EBV 17,7 24,4 a 215a 227,6 a 145,7 b-d 180,8 a
PRP SOL 4B. subtilis 17,0 199e 19,8 cd 150,8 e 108,5 f 129,6 ef
PRP SOL + nitragine 17,1 20,6 c-e 17,9 ef 177,3d 1549b 166,1 bc
PRP EBV +B. subtilis 16,8 19,8 e 15,79 179,5 cd 145,9 b-d 162,7 ¢
PRP EBV +B. subtilis+ nitragine 15,3 20,4 de 195d 205,6 b 149,0bc | 177,3ab
PRP SOL +B. subtilis+ nitragine 16,1 19,3 e 17,1 f 192,2 b-d 99,8 f 146,0 de
PRP SOL + PRP EBV B. subtilis+ nitragine 16,9 21,0c-e| 19,2de 203,8b 173,6 a 188,7 a
p-value 0,997 0,000 0,000 0,000 0,00 0,000
Average ISrednio 17,0b 215a 19,3 185,8 a 140,4 b 163,1
CV 19,0% 8,96% 18,1% 13,9% 17,3% 20,7%
SD 3,22 1,92 3,48 25,94 24,2 33,83
min-max 10,4-22,5| 17,9-25,4 10,4-25,6 | 107,0-244,5| 82,1-198,5| 82,1-244,5

a, b — different letters denote significant diffeces between means (Duncan test, p<0,05), p-v@Me; coefficient of
variation, SD — standard deviation, min-max — mimmmaximum

a, b — r@ne litery oznaczaj réznice statystycznie istotne gdzy srednimi (test Duncana, p<0,05), p-value — wat,
CV — wspéiczynnik zmienftd, SD — odchylenie standardowe, min-max — minirmaksimum

On the other hand, the yield of seeds in 2014 chasac-
terized by higher variability, and the CV was 19.®itnilarly,
in the studies of Sawicka and Pszczotkowski [25hi unfa-
vorable season for the harvest of seeds, the “NMigteiety of
yellow lupine proved to be the least fertile. Pigki et al. [23]
point to the particular sensitivity of yellow lugiis root nod-
ules formation with water deficiency in the rhizbspe. There-
fore, weather conditions considerably determineythl po-
tential. In the case of leguminous plants, thigaidicularly dif-
ficult, as Sawicka and Pszczo6tkowski [25] show,aliguthe
plants use only 20-30% of their biological potdntia

In our studies, in both vegetation seasons, naifgignt
increase in seed yield was observed under theeimflel of
the applied fertilizers and seed inoculation coratioms, and
even the opposite in 2015 for 8 out of 11 testedhmts there
was a significant decrease compared to the cootroipine
yielding. The highest yield decrease in the 201ddimns
was observed after the application of co-inocutaf®. sub-
tilis + Rhizobiumfrom nitragine) in combination with PRP
EBV, and in 2015 after the application of the faling vari-
ants: PRP SOL together with co-inoculatid® 6ubtilis +
Rhizobiumfrom nitragine), PRP EBV B. subtilisor PRP

SOL + B. subtilis The reason for such a reaction of plants

could arise from weather conditions, because i lyears
periods of drought appeared: in 2014 in June alyd dnd in
2015 in April and May, which were not favorable ttee
symbiosis of root nodules bacteria with the cragnpl[10].
Reports by Martyniuk and others [13] and Jareclalef{7]
also showed that the bacterial vaccine used wasfitient
to ensure a high yield of narrow-leafed lupine gealiow lu-
pine. Research also reports on the positive effenitragine
on yields, the mass of a thousand seeds and memsive
root nodules formation and higher germination dfoye lu-
pine seeds [24], and in agricultural practice tke of ni-
tragine has been an important treatment in leguriteation
for years [11]. In the cultivation of bean plarttse bacteria
used for seed inoculation may affect plants digeetlso by
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Source: own studyZr6dio: badania wiasne

supplying nitrogen for the plants, and indirectlyibducing

plant resistance to pathogens and pests [31]. imesgarch,
in both years there was a tendency to higher yifigs seed
inoculation withB. subtilis than Rhizobiumand they were
slightly higher than in the control object.

In the synthesis from 2014-2015, no positive inipzc
the tested fertilization and inoculation variantstbe yield
of yellow lupine has been proven. The use of comin
PRP SOL fertilization and PRP EBV foliar sprayirag
well as the use of nitragine inoculation, resultecdnly a
negligible increase in seed yield by 0.5 and 0:Aadt re-
spectively. In earlier studies, Sulewska et al] fz8se pub-
lished the highest increase in maize grain yield d@amon-
strated after the combined use of PRP SOL with ERF
spraying. Borowiak et al. [2] indicate that thetiferation
of PRP in both forms has a positive effect on themeters
of photosynthesis activity in the studied plantsspfing
barley, winter wheat and maize, with a strongeeafbb-
served after the use of PRP EBV in maize. In tinrthe
our research, the highest yield decrease, amourttng
5.3 dtha*, was recorded after application®f subtilisseed
inoculation and PRP EBV spraying.

The weight of one thousand yellow lupine seedsun

research amounted to an average of 163.1 g (Tabémd

was higher by 27.4 g than that obtained in the -post
registration experiments of the Central ResearchteCeor
Testing Varieties and 15.7 g from the study by ks and
Kaszkowiak [22] “Polo” variety. In the FaligowskadiSzu-
kata experiments [5], the mass of one thousandssekthe
“Mister” yellow lupine seeds was also lower tharttie our
research and amounted to an average of 128.6 guSéhef
each of the tested combinations in dry 2014 resitte sig-
nificant TKW (thousand kernels weight) increase parad to
the control, the largest the increase, by 94.@ak place after
the combined use of PRP fertilizers. In turn, irreniavorable
conditions in 2015, significantly higher than ire thKW con-
trol object was obtained after nitragine seed ifadimn (in-
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crease by 30.9 g) and the use of both fertilizBRR SOL +
PRP EBV) with co-inoculationB( subtilis+ Rhizobiun (in-
crease by 28.6 g). In the synthesis with year®foombina-
tions, the TKW increase in comparison to the cdnas con-
firmed, the highest after co-inoculation with PRBLS+ PRP
EBV or after nitragine inoculation, by 49.7 and34g.respec-
tively. In turn, Jarecki and Bobrecka-Jamro [8], tbe con-
trary, recorded a decrease in the weight of a #mlisoybean
seeds inoculated with nitragine. In previous stjdiee use of
PRP SOL in winter wheat decreased TKW, in sprintepaa
favorable tendency of its growth was noted, wheheasaize
there was a significant

increase in this mass (by 4.9 g) compared to dsri2@, 29].
In the synthesis from both years, each of thdlifatton
variants tested, the combination of seed inoculatsignifi-
cantly increased the height of yellow lupine plamthich on
average in the study years was 73.7 cm. The uBe @afbtilis
inoculation, PRP SOL + PRP EBV fertilization, PRBVE
PRP EBV + co-inoculationB( subtilis+ Rhizobiuny, and in
particular the nitragine inoculation significaniiimulated the
growth of yellow lupine plants. After inoculatiothe lupine
plants were higher by 11.1 cm compared to the cboities.

Table 2. Plant height and number of branches, gediram the years 2014-2015
Tab. 2. Wysok roslin i liczba rozgaziei srednio z lat bada 2014-2015

c N Plant height| Number of branches
ombination .

[cm] [amount of pieces]
Control 69,3d 25a
Bacillus subtilisinoculation 74,2 bc 2,4 a-c
nitragine Rhizobium 80,4 a 26a
PRP SOL 72,5 b-d 2,1c
PRP EBV 74,1 bc 2,3 a-c
PRP SOL+ PRP EBV 74,0 bc 2,4 a-c
PRP SOL 4B. subtilis 72,7 b-d 2,1c
PRP SOL + nitragine 71,8 cd 2,2 bc
PRP EBV +B. subtilis 72,0 b-d 2,4 a-c
PRP EBV +B. subtilis+ nitragine 759b 2,3 a-c
PRP SOL +B. subtilis+ nitragine 73,2 b-d 2,2 bc
PRP SOL + PRP EBV B. subtilis+ nitragine| 73,2 b-d 2,4 ab
p-value 0,000 0,016
Average 73,7 2,31
CVv 7,13% 13,66%
SD 5,25 0,31
min-max 61,9-91,1 1,1-2,9

a, b — different letters
SD - standard deviation, min-max — minimum-maximum

denote significant diffeces between means (Duncan test, p<0,05), p-v@lMe; coefficient of variation,

a, b — ré&ne litery oznaczajrdznice statystycznie istotne gdzysrednimi (test Duncana, p<0,05), p-value — wdtt@, CV — wspéiczyn-
nik zmienngci, SD — odchylenie standardowe, min-max — minimwaksimum

Source: own studyZrodio: badania wiasne

Table 3. Yield structure and fresh matter of abowagd part and roots, average from the years 2014-2
Tab. 3. Elementy struktury plonu orézieza masa cgsci nadziemnej i korzeni@ednio z lat bada 2014-2015

Combination Number of Seed weight on Weight [g on the plan(] .
Kombinacja Pods | Seed; the plant [g] aboveground roots N:K
on the plant [amount of pieces] part (N) (K)
Control /Kontrola 8,1 b-d 24,9 de 3,3 bc 13,36 a 1,18 a-c 11,43 bc
Bacillus subtilisinoculation 8,5 a-c 27,5 b-d 3,7 ab 12,56 a-c 0,98 b-d 13,20 ab
nitragine Rhizobiun 8,1 b-d 34,0a 4,1a 14,25 a 1,25a 11,61 bc
PRP SOL 8,5 a-c 29,2 bc 3,8 ab 12,95 ab 0,92d 14,08 a
PRP EBV 8,7 ab 30,1 bc 3,7ab 13,22 a 1,05 a-d 12,76 ab
PRP SOL+ PRP EBV 8,7 ab 30,6 b 3,9ab 13,60 a 1,06 a-d 13,14 ab
PRP SOL 4B. subtilis 7,2d 23,3e 29c 10,98 ¢ 0,95 cd 11,56 bc
PRP SOL + nitragine 8,3 a-c 29,5 bc 3,7 ab 11,24 bc 1,11 a-d 10,10 ¢
PRP EBV +B. subtilis 7,7 cd 26,7 c-e 3,6 ab 11,35 bc 1,04 a-d 12,12 a-c
PRP EBV +B. subtilis+ nitragine 9,2a 28,8 bc 3,9 ab 13,76 a 1,19 ab 11,59 bc
PRP SOL +B. subtilis+ nitragine 8,4 a-c 26,6 c-e 3,8 ab 13,47 a 1,21 a 11,05 bc
PRP SOL + PRP EBVB. Sub- | g54.¢ 309 b 42a 14,02 a 123a | 11,39bc
tilis + nitragine
p-value 0,00 0,000 0,001 0,000 0,007 0,024
Average 6,9 28,7 3,7 12,89 1,09 12,01
CcVv 22,6% 23,07% 22,86% 21,26% 21,56% 21,07
SD 1,54 6,61 0,85 2,74 0,23 2,53
min-max 6,9-12,3 15,1-44,2 2,2-5,5 6,2-21,7 0,4-1,9 6,8-22,8

a, b — different letters denote significant diffeces between means (Duncan test, p<0,05), p-vd\e,— coefficient of variation,

SD - standard deviation, min-max — minimum-maximum

a, b — ré&ne litery oznaczaj réznice statystycznie istotne ¢dzy srednimi (test Duncana, p<0,05), p-value — wattg, CV — wspotczynnik

zmienndci, SD — odchylenie standardowe, min-max — minimuaksimum
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Table 4. Correlation coefficients for seed yieldyeflow lupine and its structure elements in 2048 2016
Tab. 4. Wspétczynniki korelacji dla plonu nasiohihwu zéttego i elementéw jego struktury w latach ba@@15 i 2016

Yield structure | Number of pods per plant | Number of seeds per plant | Thousand seeds weight
2014

Number of seeds per plant 0,803**

Thousand seeds weight 0,754** 0,842**

Yield 0,128 -0,206 0,057
2015

Number of seeds per plant 0,572**

Thousand seed weight 0,287* 0,647**

Yield 0,403* 0,031 -0,044

**. p<0,01, *-p<0,05

In yellow lupine, excessive branching of plantsiisle-
sirable, because it causes longer growing vegetaditd
increases the unevenness of ripening, without imring
to the increase in seed yield [22]. Plants in ogoegiments

Source: own studyZrodio: badania wiasne

which stimulate the development of root hairs iis tiroup
of plants. Niewiadomska and Serzyinska [15] obtained a
greater mass of root and aboveground parts offalédter
inoculation with the tested bacterial strains. e bur ex-

usually produced 2 branches. The least brancheudtspla periment, the use of nitragine caused only a febleréen-

were after using PRP SOL only or wigh subtilisinocula-
tion (Table 2).

In the conducted studies, the use of PRP EBV Ieget
with seed co-inoculationB( subtilis+ Rhizobiun) favora-
bly increased the number of pods formed on thetpkard
the difference compared to the control object waséahd
was statistically significant (Table 3). The useotfer vari-
ants of fertilization and seed inoculation did teatd to sig-
nificant changes in this characteristic with regéwdcon-
trols. After applying 7 of 11 tested variants oftifezation
and seed inoculation, there was an increase imtineber
of seeds per plant compared to the control, wighhighest
of 9.1 g recorded after using nitragine. The wemfhéeeds
of the plant was stable feature and on average at@duo
3.7 g, while higher than the control the weightseéds of
the plant was recorded on the object where nitegiocu-
lation was applied (by 0.8 g) or PRP SOL and EBbdhgl
with co-inoculation Rhizobium+ B. subtili§, which has
been proven statistically. Podityy and Podléna [18] on the
yellow lupine “Polo” proved that the temperatureghtiin-
fluence the yield structure. Test plants under @@ of
high temperature during the flowering period fornmieds
pods and seeds than growing in optimal thermal itiomd.
In both years of our research, the air temperatae opti-
mal, the average temperature of individual monthisntt
exceed 24°C, while water shortages appeared, which
ited the setting and filling of pods.

The traditional yellow lupine varieties are chaesized
by a greater increase in fresh weight and highedystiv-
ity from self-terminating varieties [21]. In oursearch, the
fresh mass of the aboveground part of the tradititilis-
ter” variety was on average 12.89 g (Table 3). Afppli-
cation of the tested fertilizers and inoculations, signifi-
cant increase was observed in both the fresh miagiseo
aboveground part and the roots. However, the udeRH
SOL +B. subtilis PRP SOL +Rhizobiumand PRP EBV +

dency to increase the fresh weight of roots andvebo
ground parts of the plants while maintaining a falbe,
low ratio of fresh mass of the aboveground pathéofresh
root mass. Low values of this ratio were also olesrin
plants fertilized with PRP SOL along with nitragiseed
inoculation. According to Podiry and Podléna [20] leg-
umes producing a greater root mass, with a lowvo rafi
aboveground weight to root mass, are more resigtant
drought.

The grain yield of leguminous plants is generaligll
correlated with the elements of its structure, sash the
number of pods per plant, the number of seedsenptid
and the weight of one thousand seeds [1]. In thereu
search, the yield of seeds was dependent on weethei-
tions. This feature was more stable, as evidengelder
values of coefficients of variation and standardiat&on in
2015, in which, moreover, the dependence of yielde
number of pods per plant was confirmed (Table 4ni-S
larly in studies by Panasiewicz et al. [17] the bemof
pods per plant was the feature, that most strodgher-
mined the yielding of yellow lupine, while in thease of
narrow-leaved lupine in the studies of Barczak let{H
yield was the most correlated with the mass of thoa-
sand seeds, secondly with the number of pods pet,@nd
in the least with the number of seeds in the pda: dalcu-
lated values of correlation coefficients in 2018 dot show
any significant dependence of yielding yellow lupion the
number of seeds per plant and the weight of onastad
seeds. On the other hand, in 2014, no dependente of
yield on the elements of its structure was founkictv was
probably caused by periods of drought during pleageta-
tion. In both years, however, a strong relationgepveen
the number of pods and the number of seeds pet atah
the number of seeds per plant with a mass of omastind
seeds was noticed.

B. subtilisled to a significant reduction in the fresh mas 05. Conclusions

the aboveground part of the plant, and the useRéf BOL
of roots. In turn, in the studies of Borowiak et @] PRP
SOL fertilizer used in the cultivation of maize risyg bar-
ley and wheat, contrary to our research, positivafiu-
enced the dry mass of aboveground parts and rdots.
few studies on the effect of inoculation in thetimaltion of
leguminous plants indicate that microorganismsadale to
synthesize phytohormones such as auxins and cytskin
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1. The year 2015 was the most favorable in terms ef th
yield of seeds, with good water availability forapts, in
which the yield was determined by the number ofspper
plant.

2. The studies did not show a beneficial effect of tsed
fertilizer combinations and seed inoculation on ytedding
of yellow lupine. The use of the majority of exaeihvari-
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[15] Niewiadomska A., Sedrzynska D.: Effect of the co-inoculation
of lucerne (Medicago sativa L.) with Sinorhizobiumeliloti and
Herbaspirillum frisingense in relation to the irtetions between
bacterial strain. Archives of Environmental Proimuet 2011,
37(4), 37-48.

Palta J.A., Turner N.C., French R.J., Buirchell. BRhysiologi-
cal responses of lupin genotypes to terminal drougla Medi-
terranean-type environment. Annals of applied lgjp/o2007,
150(3), 269-279.

Panasiewicz K., Koziara W., Sulewska H., Szukatddligow-

ants contributed to the yield reduction, the higtadter the
application of PRP EBV together with the seed inaion
of B. subtilisbefore sowing.

3. Inoculation of seeds with nitragine resulted ingn#i-
cant increase in the weight of one thousand selkeesum-
ber and mass of seeds on the plant, and a stalligtic
proven increase in the fresh mass of the abovedrama
root parts. Among the tested variants, the highesds of

(16]

(17]

one thousand seeds and the weight of seeds pervpdaa

obtained after the use of PRP SOL and PRP EBV heget
with coinoculation B. subtilis+ Rhizobiun).
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