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HEALTHINESS OF PEA SEEDS VARIETY TARCHALSKA AFTER B ACTERIAL
INOCULATION

Summary

The aim of the study was to determine the heddttusif seeds and the quality of seedlings of pdahalska variety af-
ter the use of Nitragina vaccine and a non-comnag¢izacterial vaccine IUNG. It was observed thaPBil0 treatment with
vaccines reduced the amount of seeds with pathogéainges. Fungi belonging to 11 species were tisdl&om the pea
seeds. Alternaria alternata species and Penicillgenus were the most abundant.
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ZDROWOTNO $C NASION GROCHU SIEWNEGO ODMIANY TARCHALSKA
PO ZASTOSOWANIU SZCZEPIONEK BAKTERYJNYCH

Streszczenie

Celem pracy byto okséenie zdrowotngci nasion oraz jakéci siewek grochu siewnego odmiany Tarchalska ptogawa-
niu szczepionki Nitragina oraz niekomercyjnej sapimeki bakteryjnej IUNG. Obserwowange w 2010 r. zaprawianie
szczepionkami wplglo na zmniejszenie ifoi nasion ze zmianami patogennymi. Z nasion groeyigolowano grzyby na-

lezgce do 11 gatunkdw. Najliczniej byt reprezentowaatygek Alternaria alternata oraz rodzaj Penicillium

Stowa kluczoweRhizobium, nasiona, groch, grzyby

1. Introduction

In 2017 the area of leguminous plants sowing fairg
in Poland was approx. 272 thousand hectares [1. édo-
nomics of these crops and interest in them increasela-
tion to the implementation of agri-environmentabgmams,
the development of an integrated and organic pribmluc
system within the framework of the functioning C/AFtnce
last year, the new rules for granting the paymémtdigh-
protein plants are an additional incentive. A pagtmeas
introduced to the area of leguminous plant culioratfor
grain, including pea, if the grain was harvesteda fn
moderate climate conditions is a valuable specessfis-
tainable or organic farming due to its high prodartpo-
tential, combined with the versatility of seed ufe, food
or feed [2]. A significant advantage of peas cdssidso in
the ability of this plant to use atmospheric nigagyy way
of symbiosis with root-nodule bacteria [3].

An important issue in pea cultivation is relatedseeds

2010 and 2011 seasons. A close field experimentoaas
ried out at the Bayer Polska® Experimental Statiocated
in Modzuréw (50°09'N 18°07'E), at an altitude of42ih
above sea level, in the province of Silesia (Ratkio
poviat) on the soil classified as the second btaitaclass
and the very good wheat complex. Agro-climatic gtords
in the pea vegetation period were variable dudeodiffer-
entiated amount of rainfall and average air tenpegain
particular months (Table 1). The year 2010 turnetito be
very humid, mainly due to heavy rainfall in May ahaly,
when precipitation totals were 193 and 208 mm, eesp
tively. Lower sums of rainfall were recorded in tiolow-
ing year, although July was relatively wet, becatise
monthly sum of rainfall was 167.5 mm. Analysis bkt
course of average monthly temperatures indicags2iiil 1
was warmer.

Seeds before sowing on the plots were treated beith
terial vaccines: commercial product Nitragitlaby Bio-
food® and IUNG preparation produced by the Depantme

treatment withRhizobiumspp. bacteria. These bacteria pro-of Microbiology of the Institute of Cultivation anéertili-

vide plants with adequate nitrogen supply, increashe ef-
fectiveness of its biological binding [4, 5]. Thakey affect
the growth and development of plants, and thus theids.
It is also observed that vaccines containing sytitblzacte-
ria may have a positive effect on plant healthsTisirelated
to the inhibition of phytopathogenic microorganisatsivity
and the induction of plant resistance [6-9].

The aim of the study was to determine the heditus
of seeds and the quality of seedlings of pea otfaska
variety after the use of Nitragina vaccine and a-no
commercial bacterial vaccine IUNG.

2. Materials and methods

The Tarchalska variety pea seeds used in the stedy
collected from plants grown in field experiments thre
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zation - National Research Institute in Putawy.

In the laboratory experiment, the external appezea
quality and fungal colonization of seeds collecfedm
plants subject to vaccination before sowing weréerde
mined. The assessment of the external appeararsseds
was conducted by taking 50 seeds in 4 replicategdch
object. Next, with the use of the magnifying glasgmp-

toms such as insect and mechanical damage as well a

pathogenic changes in the form of discoloration aecro-
sis were observed [10, 11].

The quality of the seeds was tested on Petri disglith
wet filtering paper, laying 100 seeds (20 plate$ akeeds)
in 4 replicates for each object. Incubation wagiedrout
for 8 days at 20°C + 0.5°C. Then the length of skems
and roots was measured and the seedlings heditis stas
evaluated on a scale of 0-4, in which 0 meant gegsl|
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without disease changes, and 4 seedlings with riae
50% of the area with lesions. The obtained reswkse
converted into an infestation index [12].

In order to determine fungal colonization, surfat®n-

vaccines, the yield of pea seeds was determinedhéy
course of meteorological conditions during planégeta-
tion. In 2010, with more rainfall seed yields dexsed.
However, the opposite situation occurred in 201hjctv

fected seeds were placed on 9 cm Petri dishes an agwas warmer and less humid, and the yield increased.

glucose-potato medium (Biocorp PDA), acidified wigietic
acid to pH 4.5-5.0. 25 seeds (5 plates of 5 seeds) tested
for each object in 4 replications. Seeds were seffa
sterilized by soaking in 0.6% NaOCI for 3 min withnstant
agitation, rinsing with sterile distilled water f@ min, and
drying on a sterile distilled paper towel beforatjplg on
PDA plates. After 7 days of incubation at 21°C 5°C,
emerged fungal colonies were counted, and transglan
order to obtain pure cultures. The identificatidrfumgi was
carried out on the basis of macro- and microscopserva-
tions using the keys for fungi determination [13-15

The results were subject to analysis of varianoé, the
significance was verified by Duncan'’s test (p=0.05)

3. Results and discussion

An evaluation of the external appearance of treise
showed that the healthy seeds were significanty niost
numerous in the seed samples from both years ofttiy
(Table 2). It was observed that in 2010, treatmetit vac-
cines reduced the amount of seeds with pathogéaicges.
It was also noted that the use of bacterial vascinereased
the seed yield. This increase was higher in 20HEnathe
highest yield was obtained in combination with trse of
IUNG treatment. However, yielding due to the appléeed
vaccine was not significantly differentiated. Ind#&@bn to

Table 1. Weather conditions in vegetation seasons
Tab. 1. Warunki pogodowe w sezonach wegetacyjnych

Symbiotic bacteria from the genR&izobiumare one of
the most important factors affecting the growth aedel-
opment of legumes. The yielding role of these biéctee-
sults from their ability to supply plants with mitten. Sym-
biotic pea bacteria quite commonly inhabit the $oiPo-
land. However, if the pea cultivation break in fledd was
longer than 4-5 years, the seeds should be tresitbda
bacterial vaccine. The use of vaccine preparatioith
Rhizobiumgives positive results in the form of significant
increases in pea yields [5, 16].

In the experiment conducted in this study, thecirees
affected an increase in the length of pea stemsraots
(Table 3). However, these changes were not sigmific
The stems of the pea seedlings grown from the eneani
seeds were healthy. However, in 2010, treatmerit Wit
tragina influenced the increase in the seedlings irdesta-
tion index.

Rhizobia species directly affect the growth of plants,
producing phytohormones, such as indolylacetic §8]d
Patten and Glick [17] observed that the inoculabbibean
seeds withBradyrhizobiumsp. had a positive effect on
elongation of internodes and an increase in giblese
level. They also demonstrated thttizobium leguminosa-
rum var. trifolii , besides gibberellins, also produces indoly-
lacetic acid (IAA), which belongs to the naturalrimones
from the auxin group.

Meteorological components/ Years Il \% \ VI VIi VIl

Monthly average temperatures [°C] in years 2010 4.0 75 117 16.7 204 | 185
2011 2.0 9.7 13.2 174 17.3 | 18.9

Monthly average precipitation [mm] in years 2010 17.0 | 66.5| 1932 | 103.5 | 2085 | 951
2011 311 | 29.2 | 715 995 | 167.5| 73.2

Source: own work Zrédio: opracowanie wiasne

Table 2. External appearance and yield of pea s&fdtie Tarchalska cultivars after treatment wigctierial vaccines
Tab. 2. Ocena zewtiznego wygidu i plon nasion grochu odmiany Tarchalska po zest@niu szczepionek bakteryjnych

Bacterial vaccine for pea Number of damaged seeds [%] and pea yielding [Ht/ha
seeds of the Tarchalska culti . : 2010 - . . : 2011 . .
vars mechanica| insect | pathogenic healthy yield of |mechanica| insect |pathogenig healthy yield of
damage | damage| changes seeds damage | damage] changes seeds
Control without vaccine 3,5 abdg 1,5 abc 5,0 bcd 580, 31,3 16,5f 0,0a 1,3ab 81,59 49,8
Nitragina 8,5 de 5,5cd 1,0 abc 85,0|gh 32,4 12,5e0,0a 2,0abc| 85,5gh 51,8
Vaccine IUNG 4,5 a-d 8,5 dg 0,5ab 87,0 h 31,9 135 00a 0,0a 86,5 h 54,7
NIR NS NS

Source: own work Zrédto: opracowanie wiasne

Table 3. Quality of the pea seedlings after treatméth bacterial vaccines
Tab. 3. Ocena jakai siewek grochu odmiany Tarchalska po zastosowsataepionek bakteryjnych

Root and stem average length [cm] and infestatidaxr%)]
Bacterial vaccine for 2010 2011
pe(;:llesigsczfltwsr-srar' root length r(t)igtn'?ggsetf- stem length sttieomn |irr1]fde:;a- root length | root infesta-| stem length stt?omn :rr:];e;za-
[em] (%] [em] %]/ [em] tion index [em] %]
Control without vaccine 3,7 ab 0,3a 1,9 ab 0,0a 5,0 bc 0,0a 2,4 abc 0,0a
Nitragina 4,9 abc 1,7 a 2,0ab 0,0 a 59c 0,0 a 2,8 abc 0,0a
Vaccine IUNG 4.6 abc 0,1a 55¢c 0,0 a 4,9 abc 0,0 a 3,3 abc 0,0a
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Source: own work Zrédto: opracowanie wiasne
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Table 4. Number of colony forming units (CFU) ofiisolated from pea seeds of the Tarchalskevadtin the years 2010-2011
Tab. 4. lla¢ jednostek tworzcych kolonie (jtk) grzybow wyizolowanych z nasiatigu odmiany Tarchalska w latach 2010-2011

2010 2011

Fungus Grzyby Control without Nitragina Vaccine| Total | Control without Nitragina Vaccine| Total

vaccine IUNG | CFU vaccine IUNG CFU
Alternaria alternata(Fr.) Keissler 210 100 170 480 176 120 76 3712
Ascochyta pisLibert 7 1 5 13 5 4 2 11
Aspergillus flavudink 17 8 7 32 2 1 1 4
Botrytis cineredPers. Fr. 36 23 26 85 25 10 12 47
Fusarium equisefiCorda) Sacc. 6 3 3 12 10 5 5 2(
Mucor spp. 16 10 10 36 14 0 12 26
Penicilliumspp. 120 48 30 198 69 46 20 135
Phoma exigu®esm. 4 2 2 8 2 0 1 3
Rhizoctonia solarKiihn 6 2 3 11 4 0 0 4
Sclerotinia sclerotiorunfLib.) de Bary 2 0 0 2 0 1 0 1
Trichoderma viridePers. 1 1 0 2 2 1 1 4
Total CFU 425 198 256 879 309 188 130 627

IAA secreted by root-nodule bacteria influences #t-
tion of plant auxins during root growth, stimulatiof divi-
sion and elongation of plant cells [18]. Seed meatt and
soil inoculation withRhizobiumbacteria stimulate seed ger-
mination and plant growth [19]. The positive effetvac-
cines containing in their composition bacteria bigdatmos-
pheric nitrogen also involves the inhibition of tbffects of
phytopathogenic microorganisms and the creatiorsysf
temic immunity of plants [6, 8, 20-22]. Biocontrolecha-
nisms ofRhizobiamay involve antibiotics, HCN and sidero-

Source: own work Zrédto: opracowanie wiasne

health status. Fungi that often have a negativadainpn the
germination of seeds and plant emergence includeiesp
such as:Ascochyta pisi, Botrytis cinerea, Sclerotinia scle-
rotiorum andFusariumspp. [29, 30]. Fungi of the genAs-
cochyta in addition toB. cinereaand Fusarium spp., are
considered as the main pea pathogens [31]. Infeeteds are
the main source of primary infection, aAgcochytaspp.
pathogens can survive on seeds up to 12 yearsgsa®the
seeds are viable. Infection of pea seed is ondefimiajor
survival mechanisms of\scochytaspp. and an important

fores. Rhizobiaalso appear to influence the plant defenceway of transmission into previously uninfected ardaut for

mechanism by stimulating the production of phytriale by
plants [6, 9]. The beneficial effects of root-naaddacteria
may be disrupted, since their survival on leguminplants
seeds decreases over time from the use of theneaBtiizo-
biumbacteria are very sensitive to drying [5].

In total 1506 CFU (colony forming units) of funige-
longing to 11 species were isolated from the pemisén
the presented experiment, in both years of theys{uid-

some species can also represent a major source@flim

for the developing crop [32]. Infection reducesdsgermina-
tion, and seedlings that do develop from infecieeds may
be diseased resulting in poor plant developmentsisads
[33]. On the other hand the level of seed infectibplanting
had no impact oA. pisidisease severity on mature plants, on
seed yield and size, or on the incidencdé opisiinfection of
harvested seeds although pisi was the dominant species

ble 4).Alternaria alternataspecies was the most abundant:recovered from seeds [34]. Excepscochytaspp., also

852 CFU (56.7% of the total number of fungi), ate t
number of 333 CFU (22% of all fungi) was found Reni-
cillium genus. The pathogenic speciés:pisi, B. cinerea,
F. equiseti, P. exigua, R. solaand S. sclerotiorumwere

Phoma pinodellas the cause of pea seedlings damping-off
[27, 35].

The species composition of fungi may indicate the
physiological state of the seeds. Shortly aftewésting, the

observed on the seeds. These species were not susneroccurrence of mainly the so-called field fungi fréne gen-

and accounted for 14.4% of total isolates. Highenber of
CFU was obtained in 2010. Fewer fungi were isolated
the fields where seed bacterial vaccines were used.

Studies on fungi occurrence on pea seeds confiah t
the most isolated species are: alternataand Penicillium
spp. [23-26].Ascochytaspp., Botrytis cinerea Cladospo-
rium spp., andRhizoctonia solanare also often observed
[25, 27, 28]. It is pointed that the frequency vhdi occur-
rence depends not only on their species, but ergelex-
tent on the ambient conditions, which include weatton-
ditions of the cultivated field. In the dry and hegason,
Marcinkowska [23] did not find fungi from the geadvy-
cospharella, Phomaand Ascochyta causing ascochyta
blight on the pea seeds. In our study, less furminfthe
genusAscochytaand Phomawere isolated from the seeds
in 2011, that was more dry and warm.

Seed quality is one of the most important factpraran-
teeing good storage, emergence and proper furtioartiy
and development of plants. Healthy, undamaged segls
high germination ability should be used for peaisgwl16].
Seed sowing value depends, inter alia, on seedy pamid
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era Alternaria, Botrytis, Cladosporium, Epicoccurand
Fusariumis observed. An increase in the number of micro-
organisms, mainly non-pathogenic ones, with a sanebus
decrease in infection bfscochytaspp. andBotrytis cinerea
pathogens is noted with seeds maturation [27].0imrest,
seeds with excessive humidity, stored at high amibity,
aging, damaged, are more often colonized by thealed
storage fungi from the gene#sspergillusand Penicillium
Among the fungi commonly found on the seeds, tteeee
species that produce mycotoxins. These substaimeitgHe
use of seeds for direct consumption and/or proogsdihe
presence of toxinogenic species was found on theneed
seeds (Table 4)A. flavus produces mycotoxins with the
highest toxicological importance. They include tafkins
B1, B2, G1, G2 and M1. Also the fungi of the gefusa-
rium are the producers of numerous mycotoxins. In térn,
alternata produces tenuazonic acid. The presence of these
species on seeds poses a threat. However, onhttehatnd,
not all isolates, even of harmful species, can ygpcedmy-
cotoxins. Their number may also vary depending anous
environmental factors, such as temperature or [2$)t26].
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4. Summary

It was observed that, treatment with vaccinesalitra i
IUNG reduced the amount of seeds with pathogerangés.
It was also noted that the use of bacterial vascinereased
the seed yieldAlternaria alternataspecies andPenicillium
genus were the most abundant. Fewer fungi weratésbin
the fields where seed bacterial vaccines were used.

5. References

[1] GUS 2018. Wytkowanie gruntéw i powierzchnia zasiewow
w 2017 r. Warszawa: 86.
https://stat.gov.plffiles/gfx/portalinformacyjny/defaultaktua
Ino-
sci/5507/8/13/1/uzytkowanie_gruntow_i_powierzchaisie
wow_w_2017.pdf..

[2] Florek J.: Maliwosci wykorzystania rélin straczkowych do

produkcji pasz w Polsce. Roczniki Naukowe SERIA, 201

XIX (4), 40-45.
[3] Corre-Hellou G., Crozat Y.: Nfixation and N supply in or-

ganic peaRisum sativunt..) cropping systems as affected by

weeds and peaweeviBitona lineatusL.). Eur. J. Agron.,
2005, 22, 449-458.
[4] People M.B., Brockwell J., Herridgel D.F., Rochesfer

Alves B.J.R., S. Urquiaga S., Boddey R.M., Dakora F.D.,
Bhattarai S., Maskey S.L., Sampet C., Rerkasem B., Khan

D.F., Hauggaard-Nielsen H., Jensen E.S.: The darttans
of nitrogen-fixing crop legumes to the productiviy agri-
cultural systems. Symbiosis, 20@8 (1-3), 1-17.

[5] Martyniuk S.: Naukowe i praktyczne aspekty symbiazjin

straczkowych z bakteriami brodawkowymi. Polish J. Agron

omy, 2012, 9, 17-22.

[6] Deshwal V.K., Pandey P., Kang S.C., Maheshwari D.K.:

Rhizobia as a biological control agent againstlsoihe plant
pathogenic fungi. Indian J. Experimental Biol., 203,
1160-1164.

[7] Beneduzi A., Ambrosini A., Passaglia L.M.P.: Plargth-
promoting rhizobacteria (PGPR): Their potential asago-
nists and biocontrol agents. Gen. Mol. Biol., 2083, 4
(suppl), 1044-1051.

[8] Ahemad M., Kibbret M.: Mechanisms and applicatiafs
plant growth promoting rhizobacteria: Current pectpe. J.
King Saud University — Sci., 2014, 26, 1-20.

[9] Gupta G., Parihar S.S., Ahirwar N.K., Snehi S.Kng8 V.:
Plant Growth Promoting Rhizobacteria (PGPR): Curesrd
Future Prospects for Development of SustainablécAljure.
J. Microb. Biochem. Technol.,, 2015, 7,
doi:10.4172/1948-5948.1000188.

[10] Dabrowska B., Pokojska H., Suchorska-Tropito K.: Mgtod [32]
Laboratoryjnej Oceny Materiatu Siewnego. Wyd. SGGW,

Warszawa, 2000.

[11] Tylkowska K., Dorna H., Szofiska D.: Patologia Nasion.

Wyd. AR im. A. Cieszkowskiego w Poznaniu, Pazn2007.

[12] Townsend G.R., Heuberger J.W.: Methods for estirgatin

losses caused by diseases in fungicide experimBht®is.
Rep., 1943, 27, 340-343.

[13] Fassatiova O.: Grzyby Mikroskopowe w Mikrobiologii

Technicznej. WNT, Warszawa, 1983.

[14] Barnett H.L., Hunter B.B.: llustrated Genera of Impetf
Fungi. Burgess Publishing Co. Minneapolis, 1972.

[15] Marcinkowska J.: Oznaczanie Ragpw Grzybow Waznych
w PatologiiRoslin. Fundacja Rozéj SGGW, Warszawa, 2003.

[16] Strazynski P., Mrowczyiski M. (red.): Metodyka integrowa-

nej ochrony grochu siewnego dla producentéw. IOR-Pb-
zna, 2014, 68.

Acknowledgements

096-102.

[17] Patten C.L., Glick B.R.: Role oPseudomonagputida In-
doleacetic Acid in Development of the Host Plant R8ys-
tem. Appl. Environ. Microbiol., 2002, 68, 3795-3801

[18]Li J., Ovakim D.H., Charles T.C., Glick B. R.: An ACC
deaminase minus mutant &hterobacter cloacadJW4 no
longer promotes root elongation. Curr. Microbiolo0R, 41,
101-105.

[19] Pawar V.A., Pawar P.R., Bhosale A.M., Chavan S.V edff
of Rhizobiumon Seed Germination and Growth of Plants. J.
Acad. Industrial Res., 2014, 3 (2), 84-88.

[20] Penrose D.M., Glick B.R.: Methods for isolating armm@ac-
terizing ACC deaminase-containing plant growth-prangpt
rhizobacteriaPhysiol. Plant, 2003, 118, 10-15.

[21] Kalitkiewicz A., Kepinska E.: Wykorzystanie ryzobakterii do
stymulacji wzrostuoslin. Biotechnol., 2008, 2, 102-114.

[22] Kosicka D., Wolna-Maruwka A., Trzeciak M.: Wplywgpa-
ratdbw mikrobiologicznych nalebg oraz wzrost i rozwoj
ro$lin. Kosmos Problemy Nauk Biol., 2015, 64 (2), 3235.

7[23] Marcinkowska J.: Fungi occurrence on seeds of fied.

Acta Mycaol., 2008, 43 (1), 77-89.

[24] Okorski A., Majchrzak B.: Grzyby zasiediag nasiona gro-
chu siewnego po zastosowaniu preparatu mikrobiokwgigo
EM 1. Prog. Plant Prot./Post. Ochr. $ko, 2008, 48 (4),
1314-1318.

[25] Ozgonen H., Gulcu M.: Determination of mycoflora pga

(Pisum sativumseeds and the effects Bhizobium legumi-

nosorumon fungal pathogens of peas. Afr. J. Biotechnol.,

2011, 10 (33), 6235-6240.

[26] Wilman K., Stepien t., Fabianska I., Kachlicki P.: Plant-
pathogenic fungi in seeds of different pea cultviarPoland.
Arh. Hig. Rada. Toksikol.,, 2014, 65, 329-338. DOI:
10.2478/10004-1254-65-2014-2480.

[27] Horoszkiewicz-Janka J., Jajor E., Perek A.: Wphapraw
chemicznych na ograniczanie choréb grochu. Fraggnor,
2013, 30 (4), 36-45.

[28] Lejman A., OgorelR., Sobkowicz P.: Effects of Mechanical
Weed Control in Barley-Pea Mixture on ColonizationPaa
Seeds by Fungi, Part 2. Pol. J. Environ. Stud. 2Q#5(6),
2485-2492. doi: https://doi.org/10.15244/pjoes/5021

[29] Czyzewska S.: The effect of pathogenic seed-borne fangi
green peaRisum sativuni.) emergence. Acta Hortic. 1987,
215, 123-130. DOI: 10.17660/ActaHortic.1987.215.16
https://doi.org/10.17660/ActaHortic.1987.215.16.

[30] Begum N., Alvi K.Z., Haque M.l.,, Raja M.U., Chohan S.:
Evaluation of Mycoflora Associated with Pea Seeds a
Some Control Measures. Plant Pathql2004, 3, 48-51.

[31] Marcinkowska J., Kuczkowski J.: Paemie wybranych od-

mian wgsolistnych grochu siewnego przez patogeny wzzale

nosci od zwartdci fanu. Biul. IHAR, 2006, 242, 253-260.

Tivoli B., Banniza S.: Comparison of the epidemiolagfy

ascochyta blights in grain legumes. Eur. J. Plaath®.,

2007, 119, 59-76. doi: 10.1007/s10658-007-9117-9.

[33] Moussart A., Tivoli B., Lemarchand E., Deneufbourg Foi
S., Sicard G.: Role of seed infection by #hecochytablight
pathogen of dried peaMcosphaerella pinodgsn seedling
emergence, early disease development and tranemisgi
the disease to aerial plant parts. Eur. J. PlatitoPa 1998,
104, 93-102. doi: 10.1023/A:1008673914537.

[34] Kumar N.S., Banniza S.: Assessment of the EffecBedd
Infection with Ascochyta pision Pea in Western Canada.
Front. Plant Sci, 2017, 8, 933, 1-7. doi
10.3389/fpls.2017.00933.

[35] Marcinkowska J., Szyrmer J.: Etiologia zgorzeli wsi&
grochu ozimegoRisum sativurrL. var. arvense(L.) Poir.).
Biuletyn IHAR, 1992, 184, 89-92.

This Research was financed by the Ministry of Saienand Higher Education of the Republic of Poland.

Joanna DLUZNIEWSKA, Tadeusz ZAJAC 42

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(2)



