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Abstract: The purpose of the study was to conduct a risk analysis of the operation of
a highbush blueberry plantation based on the FMEA method. The research was based on the
information acquired from two private blueberry plantations differing in location (Sokolniki,
Dybdéw) and acreage size (0.45 ha and 4 ha). It was pointed out that the greatest threat to
both plantations, and thus to the quality of the product, turned out to be ensuring proper
fertilization and protection from diseases and pests (risk index: 126). In addition, in the case
of the first plantation, the location of the plantation (147), cutting and shaping of bushes that
have a significant impact on plant development (120) and protection from wild birds (112)
were of great importance. Similarly, plantation location, cutting and bush formation (162),
yields, commercial quality of the harvest, and plantation location (112) were diagnosed as
high risks for the second plantation. The most critical risks to blueberry quality occur at the
first link in the logistics chain, i.e. the agricultural producer.

Keywords: risk analysis, FMEA method, highbush blueberry.

Streszczenie: Celem pracy bylo przeprowadzenie analizy ryzyka funkcjonowania plantacji
borowki wysokiej, z wykorzystaniem metody FMEA. Oparto si¢ na informacjach pozyska-
nych z dwoch prywatnych plantacji borowki, r6znigcych si¢ potozeniem (Sokolniki, Dybow)
oraz wielkos$cig areatu (0,45 ha i 4 ha). Wskazano, ze najwigkszym zagrozeniem dla plantacji
pierwszej oraz drugiej, a tym samym dla jakosci produktu, okazato si¢ zapewnienie prawidto-
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wego nawozenia i ochrona przed chorobami i szkodnikami (wskaznik ryzyka: 126). Ponadto
w przypadku pierwszej plantacji duze znaczenie mialo potozenie plantacji (wskaznik ryzy-
ka: 147), ciecie i formowanie krzewoéw majace ogromny wplyw na rozwoj roslin (120) oraz
ochrona przed dzikimi ptakami (112). Jako duze zagrozenie dla plantacji drugiej zdiagnozo-
wano réwniez potozenie plantacji, cigcie i formowanie krzewow (162), plonowanie, jakos¢
handlowa zbioréw oraz potozenie plantacji (112). Najwazniejsze zagrozenia dla jakosci bo-
réwek wystepuja w pierwszym ogniwie tancucha logistycznego, tj. jest u producenta rolnego.

Stowa kluczowe: analiza ryzyka, metoda FMEA, boréwka wysoka.

1. Introduction

Several studies have presented the prospects of the cultivation and possible use of
blueberry fruits in the fruit and vegetable processing industry, taking into account the
nutritional and health benefits of blueberries as well as the economic conditions of
their cultivation (Milewski, 2015; Reszka, Lesiow, and Monka, 2017).

Attention is drawn to the variety of environmental factors and the many measures
that are essential for the proper operation of the plantations and for ensuring the
quality and safety of the berries of the American blueberry (Bryk, 2013; Carroll,
2016; Demchak, Harper, and Kime, 2014; Pliszka, 2010). A risk analysis for
blueberry plantations should also be an essential part of these considerations.

In the available literature, risk analysis concerning any other fruits was not
found. In some reviews, the potential effects of different factors on the quality of
fruits can be found. For example, in Muzammil, Mudassir, Dar, and Wani (2017), the
authors discussed how to prolong the postharvest shelf life of sweet cherries; among
various factors that significantly influence it, they list harvest time, proper handling
and cooling practices, and packaging.

Another publication (Khan, Zingh, and Ali, 2018), focused on preharvest factors
affecting the postharvest handling of plums, such as soil, climate (as the adequate
light intensity and air temperature), canopy position, the tree genotype (cultivars
and rootstocks), cultural practices (e.g. the method of mulching or deficit irrigation),
mineral nutrition, irrigation, and the application of different chemicals. In postharvest
handling and storage, precooling, heat treatment, cold storage, controlled atmosphere
storage, modified atmosphere packaging, and edible coating are essential.

The study aimed to conduct a risk analysis for blueberry plantations using the
FMEA method.

2. Materials and methods

The authors used the FMEA method (Failure Mode and Effects Analysis) to analyse
the types and effects of possible errors. The technique examines the causal relationship
between potential product defects and includes the analysis’ criticality factor (risk).
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The aim was to consistently and systematically identify possible product or process
defects during the design and manufacturing phase and eliminate or minimize the
associated risks (Brayer-Marczak, 2015).

The FMEA analysis was performed in the following order (Przystupa, 2013;

Wolniak, 2011):

activities related to the establishment and operation of the plantations were iden-
tified;

a list of possible errors for the establishment and operation of the plantations,
which may lead to a possible deterioration in the quality of the blueberries, was
drawn up;

a list of the probable effects of such errors and the effects of the detected defi-
ciencies which may impact the external and internal client was drawn up. Each
result obtained was assigned a significant factor of the defect concerned Z,
also referred to in the literature as Zn or as the probability number of the signifi-
cance of the defect, i.e. the impact on the consumer, LPZ. The coefficient values
range from 1 (without effects) to 10 (serious effects);

an analysis of possible errors was carried out on the prepared list of the causes
of possible errors or deficiencies. When determining the causes of the error, the
probability of the influence of a given event on the occurrence of the identified
error is determined. In this way, a real causal link can be established between the
possible error and its cause;

an error risk assessment was carried out, i.e. the probability of occurrence of the
defect, i.e. the frequency the defect occurring. The frequency coefficient R is
determined by a ten-step scale and is also indicated by other symbols: Cz or the
probability that a defect will occur (LPW). The different values of the coefficient
mean as follows: 1 — random occurrence, 2, 3 —rare, 4, 5, 6 — within acceptable
limits, 7, 8 — a common occurrence, 9, 10 — very common;

the preventive measures, the implementation of preventive measures, and the
verification of their effectiveness were planned. This set out the measures cur-
rently being taken to identify the defect or the cause of the defect. The fac-
tor determined after determining the control measures is the defect detection
rate W. Other symbols used in the literature are Wy or the number of probability
that a defect is detected (LPO), which determines the probability that a specific
defect is detected (1 — large/significant, 10 — very small).

The cause-deficiency-effect was assessed on a 10-point scale (integer numbers

with an interval of 1-10) according to the gradation proposed by Lendzion, Batura,
and Cybulski (2006) based on the three logging criteria (Wyregbek, 2012):

risk (frequency, probability) of an error/defect/cause — R number (very un-
likely 1, unlikely 2-3, likely 4-6, moderately likely 7-8, and highly likely 9-10);
possibility (probability) of detecting the occurrence of a cause before it causes an
error or defect — W number (high probability 1, moderate probability 2-5, low
probability 6-8, very low probability 9, and unlikely 10);
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* relevance of the defect or defect to the product or impact on the consumer —
Z number (almost unnoticeable 1, light load 2-3, moderate 4-6, large 7-8, and
very large 9-10).

Based on these figures, the so-called P-priority number, also known as the Risk

Priority Number (LPR) or the Level of Risk Factor (WPR), was calculated as follows:

P=RxWxZ,

where R is the frequency coefficient, W is the detection factor, and Z is the factor of
the importance of the defect for the customer.

The priority number (risk factor) makes it possible to identify which hazard
represents the greatest (most significant) risk and to determine the order of prevention
measures to be taken. Preventive measures should reduce the probability of the
defect’s cause or improve the visibility of a defect that has already occurred.

The number P can take values in the range of 1-1000. As the P-number rises,
the risk of a defect increases. In most cases, a so-called critical level (acceptable
level) is defined, i.e. the value of the number P, above which all deficiencies are
analysed. Therefore, this makes it possible to take preventive measures, e.g. changes
to the design of an existing product, to correct the technological process (Trafiatek,
Kaczmarek, and Kolanowski, 2016; Zalewski, 2008). Preventive measures should
aim to reduce the probability of the cause of the defect occurring (R) or to increase
the visibility of a defect that has already happened (W) (Wolniak, 2011).

The main activities involved in planting and operating the plantations, harvesting,
transporting, storing, and packaging the berries, and delivering them to the final
consumer that affects the quality and safety of the finished product (packaged
blueberry fruit), were identified based on: available literature (Pliszka, 2010; Reszka
et al., 2017) and on an analysis of the operation of two blueberry plantations.

These comprise the place where to grow the blueberry, the plantation’s irrigation,
fertilization, and pest control, and the harvesting, transport, and storage of the final
product, i.e. the blueberries.

The first blueberry plantation in Sokolniki (municipality Katy Wroctawskie)
covers the area of 0.45 ha and grows Puru, Spartan, and Duce varieties of blueberry,
which are all early varieties. At the end of June, the blueberries are harvested into
baskets for strawberries (approximately 2-3 kg). Harvesting is carried out by three to
five pickers in the morning (from 7 am to 12 am) at two-day intervals for approxima-
tely one month. The baskets are transported by car to a cool room (approximately
1 km, temperature less than 10°C). The plantation is a cargo plantation (raw material
collection on site).

The second blueberry plantation in Dybow covers an area of 4ha and the
following types of blueberry varieties: Duke, Patriot, Bluecrop. The Duke variety
makes up 25% of the plantation, as does the Patriot variety, while the Bluecrop
variety is 50% of the crop.
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The fruits of the first two varieties reach harvest capacity in the early season,
while the fruits of the third one are harvested about two weeks later. The harvest
period for the second plantation is about two months. Harvesting is done for final
packaging, depending on the order specification. These are usually 500 g buckets
or 250 g containers; 30 to 40 pickers harvest from 8 am to 5 pm, including logistic,
weighing, and quality staff (another six people). After packing, weighing, and quality
control, the packed fruits are placed in a refrigerated truck and transported to the
producer groups.

The second plantation also sells blueberries to individual customers and small
stores, while the producer groups receive the most significant part of the production.
The plantation’s logistic chain for small stores and individual buyers ends with the
refrigeration of the fruit. In contrast, for the producer groups, the plantation must
deliver the fruit to the group’s headquarters, where it is stored under refrigeration.
When the plantation provides a day’s production to the group, the fruit is not stored
on the plantation, which reduces costs and storage risks.

3. Results and discussion

The results of the FMEA analysis for the blueberry plantations and the harvesting,
transportation, and storage of berries, i.e. all the potential irregularities that have
a bearing on the quality and safety of the final product, namely the blueberry, and for
which remedial action should be taken as a first step, are shown in Table 1. In this
case, the calculated highest risk priority number (P = R x W x Z) values (P >100)
were used as a criterion.

The P priority indices given in Table 1 were placed in the order from the largest
to the smallest value for plantation 1 and plantation 2 (Table 2).

It was indicated that the greatest threat to both plantations, and thus to the quality
of the product, was ensuring proper fertilization and protection from diseases and
pests (126). In addition, in the case of the first plantation, the location of the plantation
(147), cutting and shaping of the bushes (120), and protection from wild birds (112)
were significant. Similarly, cutting and shaping of bushes (162), having a significant
impact on plant development, yield, and commercial quality of the harvest, as well
as the location of the plantation (112), was diagnosed as a significant threat to the
second plantation.

Plantation irrigation and water quality (84 and 108; 84/112), in an era of global
warming, were of vital importance, more noticeable in the case of plantation two.
The problem of irrigation in plantation one was not so substantial, which may be due
to the different geographic locations of the two plantations. In the case of plantation
two, the following post-harvest stages of fruit harvesting, i.e. ensuring adequate
storage conditions, were critical (108).



Wiestaw Michniewicz, Grzegorz Pogorzelski, Tomasz Lesiow

116

dup jo aseo
oY Ul “W)SAS

AKouo1o1Jo wWaIsAs
uone3LUI JO [01U0D
‘uondumsuoo

uonesLuI Jo yoe| ‘Aep
oY) SuLmp sow JUAIJIP

SISBISIP ‘[10S )

WO} SUSWD[D [IdUIW

‘uonjeyelsur
JOp JO 9sed ay} ul
‘sInov| uonesLur

uoneS LI Y 10§ 11 19JeMm JO Je pue yonw 00} SuLvjem Jo Suryoea| ‘Surpooyy dreudoiddeur suonjejueld
Jo Suruuerd syudwaambar oy ‘Jouuosiad 1001 03 anp suoFoyred 10 uonedLul | Jo uonedLul
1001100 ‘uruten | 801/#8 s 199W JsSNuUl Jajem 9/ | Jo Ademooeur ‘douarrodxaur 6/L 110s Jo juowdo[aaap juepunqe 0o} o]
2ImyeI| saysnq Jo a1eo sonoLeA A[red SOIOLIEA
Teuoissajoid SANALIBA SAYSNq JNOLIIp ‘uonejued | YIM SAMILIBA 9)R] A11299n]q
Fuimorjoy JO SonsLIdloRIRYD Suruuerd wolj P[oIk paonpar Surxtwr ‘Funuerd Jo 201040
‘Suturen | 09/49 Sty noqe Sururea| /| 3O Noe[ “o3pajmou jo oe| €/F |  Oup ‘ISOATRY INOLIIP apenbopeut Q1
Mol
oy ur suIpass Jo
Suroeds ojenbapeur
‘SMOI Ud9MIq
s3uI[pass jo
Suroeds ojenbapeur
‘uoneyuerd oy
11 Iedu uone)afoA
Jo oner e ul [108 d[qeinoaejun ‘(J1os
pue ‘)snpmes o Jo KAyproe
pauoseas jead djenbopeur)
proe Suisn [10s ojensqns paredord
oy Surredard Aradoxdur
‘uonejueld e 159} 9oUBpUNQR (ysnpmes Suippe ‘yead saysnq Jo JuLoym ‘(oe1d © 39M 00}
Surysijqeiso 11os sy Hd i 31 Surxiur Jo Suroejdor) ‘soysnq 03 $3sad Jo | ‘[oA9] Joyempunord
uaym [1os ‘suonejueyd 1108 jo uoneredad $S9008 ‘FunIny ANI| MO] ‘puIm oy}
QINIeIAN| A11992n]q ysnqu3ry 1odoxdu ‘suoryejuerd /100d ‘saysnq jo wol1j 19]YSs Jo
Teuorssajoid oAey Apeaife Jo uoneso] sododur [IMoI3 pojyIwI] )s01j | JO®[ ‘[[ejurel o[nI| uoI1399[9s
Suimoroy oym ojdoad ‘9oudjeduwod ysnoxy) uonejuerd 9usiuns Jo0d | 915 A119qan|q
‘Fururen | Z11/Ly1 y/L UM MITAIIUL y/€ pue 20ud113dxa Jo yoe| LIL Ay Jo uononnsap | “3-9) aus 1odoxdur el
0l 6 8 L 9 S 14 € [4 I
POPUAWTO0] M pasn | 199J9P JO WISTUBYIW A 199J9p JO 199J9p JO
suonoy d JoquInyN | S2INseaw [0NU0) [I_qUINN /asned [enuajod JoquinN S)09JJ9 [e1IURI0] ad£) renuarog dOoN

(¢ toeyuerd/| 1loejued e[p 1osoprem) ferjosAm pymoloq tloeueld e[p VHINA ZSWLY °1 BRqE],
(z uoneyuerd/| uoneyued 103 are sanjea) uonejueld A119ganq Ysnqus3y 103 399Ys VHINA T AqEL




117

Risk Analysis of Berry Harvesting in a Blueberry Plantation

JUSIUO0I
[erow Aaeay
10} nyj Sunsay
quowdo[oAdp

Sumyornw
[eotueyodw Jo Aypiqissod

35015 Jo Aupiqissod oy
‘Sur)soAIeY JNOJIP
‘sqQnuys pue iy ur
SIUOWID[A dqeIIsapun
Jo oouosaid ‘prark

juowdojorap
quiys pajray
‘sqnays punoie
IMOI3 poom
‘[eLIaTRW SuUIyoNW

qnys jo up109a1 ou ‘TeLIojewr Suryonuu JINIJ JOMO] Ny denbopeur Suryomnu
Sururen | z./96 T PUB UONBAIISQO 6/L Jo Apiqerreae jo yoe| $/ | pownioy Aj100d “Joqews | ‘Suryonuw jo yoe| JI
UoneULIO}
qnuys Jodoxduur
‘(189K Sty Inoj
13)J€) S100YS P[O
Suraowal Jou
sqnIys Surmno ‘sjooys Suniniy
SO9PIA 105 sj00} rerrdoxddeur Auew 00} ‘sjooys
uononnsur sqnuys ‘s9109ds qnIys USAIS © J0J paurioj Aj100d
‘aInyeIaN| Jo a1eo pue Sumno poyrow Surunid pajodfes 13501y Jo Apiqrssod ‘paseasip jo sqniys
[euoissajoid Jo sanbruyo9y Aprodoxdun ‘uorsroardunn ‘Funsarey parapuly douereadde Suideys
o) Surmorjoy SurpI1ooal ‘uonejudwLIddxe ANNI9J JoMO] “YIny Ay ‘sqnuys jo pue Surpno
‘Suturen | z91/021 €/€ ‘UOIIBAIISQO 9/S pue Sururen Jo yoe[ 6/8 | pawioy Aj100d “1d[TRWUS ymoi3 1ood 91
101eM
sqnuys Jo wnisougew | jo Ayrenb oty
SIF uoneSILIT J0J 90INOS A1) Juowdo[aAap pajTu] ‘wnrores ‘uolr | — suonejuerd
JUSUWIBAT) JOjeM SI Jey) 9yejur oy ur Ayrjenb ‘uonjedyIproeap | yonw oo} ‘Aienb | jo uoneSuun
uonesLUI Jo asn | Z11/#8 /€ | 1591 ssouprey 197eMm v/ ojenbapeut jo 103em Ay} L/L [10s winisaugew | Ioyem djenbapeur PI

s1oddup pooeds
K[osuop asn 0}
PIPUSWWO0IT
ST ‘saul]

syuerd

Jo SuLiayim ‘[req

1001 3} JO SNIpeI 3y}
uryim jou st 1oddup
Ay} JT SQNIYS JWOS

Jo uoneSLL Jo Joe|
YT} PISBISIP ‘POULIO)
Aj100d ‘Buruiowr 9y ut
Surpjunids 10 Sunesuun
jou woij Sunynsar

sauly Jo
uonod[as todoxdu




Wiestaw Michniewicz, Grzegorz Pogorzelski, Tomasz Lesiow

118

‘(wreaios Ayanonpoid | sjou Jo uone[esul
S[euwlIue pue JMBY]) SMOIJIBIS uonejueld yo uononpar ‘snyeredde
SPIIq pJim woly PIIq p[ism L[S “Sunyord A11aq pue o1U0S01q) SpIIq spaiq
suonejueld JO SSOUQAIIOIYJ Suruadu Jo porad oy Pl JsureSe PlIM woxj
109101d 0} moy pue Suruonouny Surmp spaiq SuiSeroy | uonodoid jo yoe| uonodjord
uo Juturen | 96/711 e 3 Jo [0U0d viL 2oudLIddxo JO Nor| L/6| £q3miy Jo uononnsap 10 djenbopeur Uyl
(sqni3)
sjuapos ‘(jreqund
0399q AeJN ‘03pruu
mynzns e[rydosolq
sysad Aq pasned iy SB [ons) s9[199q
0} 9Fewrep [eIIUBYOIW pue ‘s[[010s
‘sjooys ‘spryde ‘sjouroy
(soywr 1op1ds 103 ““39) [e1dye] Jo Juowdo[orap ‘sojdwund ‘s1o10q
syonpoid syonpoid uonosyoid JAISSOIX0 “08e10)S [10S OJul PIPIAIP
uonoasjoid doxd jue[d 9A1IO9YJ0 S]qE[IeAR JO Surmp 13uny 03 are yorym ‘sysad
QAT)II[9S JO Jo’] ‘soysnq JO SMOI Y} pasodxa pue 9[qenp | pue ‘(esoudeIyjue
asn juanbaiy u29MJ9q sseId ay Sunoou Jou SI JINIY oY) Yorym | ‘mapyiw Aropmod
10J pasu 3y} 10U JO J[NS3I B SB SMAIYS woxj s100Ys JO YImoI3 mopiu ‘Aerd
‘uonejuerd pUE ‘SI[OA ‘S9[ouW ‘SJUIPOI QAISS0X0 ‘sysad pue y31q j004s)
oy) Sunipne JO Ioquinu ) Ul asearour SOSBOSIP 0) QIUB)SISAT S9seasIp Jsurede
‘uonyeyuerd oy ‘(ooeyd pajeredoss-uou) JOMO[ ‘WISAS 1001 uonodoid
0) $S900€ 221J syonpoid uonodjoid d3 03 a8ewep pue sansedwr
UM SpIIq pue juerd pue s19z1[1319] JOo 01 Ay1piqudoosns uonosyoid yuerd
S[ewIue plm o3e1035/03e10s Jodoaduur ‘Ayanonpoid peonpax pardde own
woIj SYSLI ‘S[ewIIue P[Im LM JOBIU0d pue saysnq jo Suide Suoim oy je
[ed13o[01qOIoTW Jo uoneyw] pue suonejued 10)sBJ ‘9ZIS NIy pue oyenbopeur sysad
0] paje[al Jo Surouay jo Ao1eos Io[ews ‘(s100ys [ ‘uoseas ‘1edk doro | pue saseasIp
pue syonpoid sjonpoad uonodoxd ‘$OL119qaN[q JO Suniniyg Sunok pue saAe]) ay 03 paydepe jsurege
uonosjold pue SI9ZI[1319] 10doid pue yymois oy 10§ sueg1o J0yedIpul JOo 10U SIOZIIIQY uonodjord
‘SIOZI[1I0J Jo uoneorydde AIBSSOI9U SJUSLINU [RISUTW juowdo[oaap pue pue sjuouodwod pue
Joasnoy pue uoneredaid JO JuUnowe padue[eq ) Im0I3 Jo uonIqIyur IOZI[IIIQ) JO |  UOTJBZI[T}IOJ
uo Suturen [9z71/9¢1 T Jo p10da1 L/L| orermores oy Afiqe Jo yoe| 6/6 10 uondnisip | oFesop oyenbopeur 31
0l 6 L S € [4 I

"PO/IUOD ‘T BRQEL/T AqEL




119

Risk Analysis of Berry Harvesting in a Blueberry Plantation

93e109s iy
JO ssauI[uea[d

iy ay) jo

Su1kip ‘(esoudseryjue
‘prowr Ae13) saseasIp
93e10)s Jo douereadde

Supjoed pue
SurySrom Sunmp
Surpnpout ‘(o
POPUSILIODI
o) uew Jay3sIy)
ool pjod Ay} ut
I Jo 93eI03S

pue ‘Ayprunyy SUONIPuod 2 ‘sALLIdQ JO an[eA pue ‘3urjood
‘armerodwo) OIUAISAY urejurew o} aInjrej [euonLINU ‘1031 amjeradway | saLLLQan|q Jo
Jo [onuod SuonIpuod ‘SoL112q JO s1ojouwered ‘ssouuty 107109 | 1odoxdwr ‘Ayrpruuny ERAON
snonunuod | 801/18 y/¢| Burooos jo p10oa1 ¥/€ Burjooo 1odoidur 6/6 Jo uoneIoLIdOp aIre arenbapeur 111
uonejuerd
oy Sunipne
‘Suideyoed ynq
‘sourdny oy
JO ssourues|d Sunyord
a7} JO [ONU0D 19138 3UIj00d
‘(3sa1 110YS 9J1] oFe103S SB [[oMm J)se) pue pider Sunmnsud
‘syeowr Suned se spoo3 a3 Jo Ayjenb pue ‘[[ows uS1aI0J ‘sAIPOq | JOU ‘DIYM JOU dIe
‘spuey] Surysem SnJe)S [9130[0IqOIOTW A} ugraroy pue uonnpod [ paxyoed are soriaq
Jo Aniqissod) Suronpar 9nsal e se {SILIAq o3ewep [eOTURYOSW | YOIYM OJUI SIXOq
uonejuerd oy Jo Surysnio ‘uorseiqe ‘Gurpor Jo suSis 9mniy | ‘saLIeq Jo Sunjiys
uo Funjrom Qonoel] SUAISAH ‘pIow JO 18aIY) A} ‘S19NSEq a1} Jo sanssn ay} pue Surjpuey
9rdoad 103 PoOD) pue d13081g ‘Guiproys ‘Surdexoed sAonsap A[qisioaann | pjeadar 9inij jom
uone)s [e1o0s e ueneIdy pooo) Jo onsed ayenbopeur amyerodwoy e Y3y | Sunsoarey ‘(Kjorrea | uoneiodsuer)
Jo uoneredad sopdrourd oy 03 ‘SuonIpuOd 00) ‘SaseasIp JO | 1) 10J d[qeyInNsun) pue
‘uondadsur J0ULIAYPE ‘IOUMO JIUISAY urejUIRW 0} peaids pue jinyg jo Sunsoarey Funsoarey
snonunuod uonejuerd oy £q amyrej ‘syqey sodoadur Surpdduo ‘paojoosip A119q o Surwun K11999n]q
‘Suturen | 96/zL T [onuods Ayjenb vy ‘dousrrodxaur L/6 A[[oym jou sI 3y 9jendorddeur it
‘(s1opo

sjou po[eIsul
JO UOnONISU0d
‘suouued sed

pue suonjejued
SurpeAur woiy
spaiq judAai1d 0y




Wiestaw Michniewicz, Grzegorz Pogorzelski, Tomasz Lesiow

120

"3USBEA BIUBPRQ/APIIS UMO SIOYINE OFPOIZ/AINOS

9J1] o3e103S JO

uonoNpAI ‘ssoj JyIrom YSLI
[89130[01qOIOTW “IWO)SND
[eury oy} 03 odsuer

3y pageyoed own podsuen jo pue ‘o3e103s ‘Sunios anjeraduwdy
Jo Surjpuey [onuoo ‘yodsuen ‘Funyord 9soaley Jnyy 1oye saL119q pageyoed uonelogLgyal 19W0ISNd
10douid ‘[onuod ul Ayipruny pue ureyo p[od Ay} urejurew Jo 9j1] 93e103S JO 2INSud 0} AInjIey [eut} Y3 03
amjeraduy aneroduwoy 01 2Inyrej ‘s1ojouwered Suruayioys pue Ajijenb ‘uonjeyrodsuen) Jo 11odsuen
snonunuod | 7L/TL T JO [o1u0d v/¥ Surjooo areudoxddeuy 6/6 JO uoneIoLIdIOp sueow Jododur A
s10119 SurySrom
A[renuew 9uowdinba
saL1aq Suryoed Sumydom
suosiod Jo ojenbopeur
QuaI3AY ‘Suigeyoed
[euosiad jo 1odoxdun ‘joqer
uornoadsur SUONIPU0d ) UO uonEBULIOJUT
‘QuryorUx ouryoew Surdeyoed JIUAISAY Urejurew 03 oIn|Iey Jowo)snd | 3onpoid 9391dwoour
Suidexoed oy 9y jo uonerado ‘ouryoewr Surdeyoed ay) Jo oy Surpeaysiw “ysL ‘UBI[O puB MOU SuiSeyoed
Jo uoneIqued | 9¢/9¢ /1 oy} Jo [01U0d y/v | Suimpes 103owered rodoxduur 6/6 Jeo13o[o1qoIoTw jou st SurSeyoed Al
01 6 L S € [4 I

"PO/IUOD ‘T BDQEL/T AqEL




Risk Analysis of Berry Harvesting in a Blueberry Plantation

Table 2. Priority indicators P from the largest to the smallest value for plantation one

and plantation two

Tabela 2. Wskazniki priorytetu P, uporzadkowane od wartosci najwigkszej do najmniejsze;j,

dla plantacji pierwszej i plantacji drugiej

Indices of priority P for plantation one

Indices of priority P for plantation two

Ta
choice of location for blueberry cultivation
147

le
cutting and shaping of shrubs, mulching
(peat, bark, sawdust)

162

Ig Ig

fertilization and protection against diseases and | fertilization and protection against diseases and
pests pests

126 126

Ie Ia

cutting and shaping of shrubs, mulching blueberry site selection

(peat, bark, sawdust) 112

Ih Id
protection from wild birds irrigation of plantations-quality of water
112 112

Ic Ic

irrigation of plantations irrigation of plantations

84 108

Id 1

irrigation of plantations-quality of water storage of blueberries

84 108

III If

storage of blueberries mulching

81 72

A% \%

transport to the final customer transport to the final customer
72 72

1I Ib
blueberry harvesting and transportation choice of blueberry varieties
72 60

Ib Ih

choice of blueberry varieties protection from wild birds

64 56

If I

mulching blueberry harvesting and transportation
56 56

v v
packaging packaging

Source/Zrodto: authors’ own study/badania whasne.
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Significant differences were found in the assessment of plantation risk from
wild birds in the two plantations (112 versus 56). This is related to the location of
the plantation. On reaching the fruit’s harvesting capacity and the possible foraging
of wild birds, the animals leave the plantation and forage elsewhere. The second
plantation has not yet decided to use nets to protect against wild birds and weather
conditions due to the reduced profitability of production in recent years. However,
a necessary task to be carried out in the next production year will be installing
a shrub support structure to reduce the area of the bushes and prevent the shoots
from breaking under the pressure of the fruit.

The remaining factors listed in Table 2 take values below 100. They are of lesser
importance, however overall, they can affect the final quality of the final product.

Carrying out the recommended actions (Table 1) in the case of a risk factor
taking values above 100, can change the ordering of factors affecting blueberry
quality (Table 2). Conducting another FMEA-based plantation risk analysis is an
improvement in plantation operation.

The risk index values should be adjusted through the recommended netting to
reduce their size to an acceptable level.

4. Conclusion

The FMEA method is an effective tool for conducting a risk analysis of blueberry
plantation operations.

Tracking potential risks and improving plantation operations is indispensable
in minimizing risks to fruit/blueberry quality throughout the logistics chain. Mere
knowledge of the factors determining product quality at both pre and post-harvest
stages is insufficient. Identifying the factors that are most likely to decide about
the risks to product quality is very important, as it allows, in the case of identified
irregularities, to quickly take the necessary measures to minimize the risks.

As for the two plantations presented, it was found that measures should be taken
to minimise the risks to the plantation, regarding ensuring proper fertilization and
protection from diseases and pests (126).

The project is financed by the Ministry of Science and Higher Education in
Poland under the programme “Regional Initiative of Excellence” 2019-2022, project
number 015/RID/2018/19 total funding amount 10 721 040,00 PLN.

References

Brajer-Marczak, R. (2015). Doskonalenie zarzgdzania jakoScig procesow i produktow w organiza-
cjach. Wroctaw: Wydawnictwo Uniwersytetu Ekonomicznego we Wroctawiu.

Bryk, H. (Ed.). (2013). Metodyka integrowanej ochrony borowki wysokiej dla producentow. Instytut
Ogrodniczy, Skierniewice. Retrieved from http://www.inhort.pl/files/FAPA/sadownictwo/Produ-
cent/BOROWKA-PRODUCENT%2011%20K%20A..pdf


http://ekonomiczna24.osdw.pl/autor/RENATA+BRAJER-MARCZAK
http://ekonomiczna24.osdw.pl/wydawca/UNIWERSYTET+EKONOMICZNY+WE+WROC%A3AWIU,C6;jsessionid=82BA13B0C88D86DB47BCF67981797ACA.s21

Risk Analysis of Berry Harvesting in a Blueberry Plantation 123

Carroll, J. (Ed.). (2016). Production guide for organic blueberries. New York State Department of
Agriculture and Markets. Retrieved from https://www.bing.com/search?q=carrol+2016Pro-
duction+Guide+for+OrganictBlueberries&qs=n&form=QBRE&msbsrank=6 6 0&sp=-1&
pg=carrol+2018production+guide+for+organictblueberries&sc=6-51&sk=&cvid=68B0008826
3B497099BD74A6F5726BDE

Demchak, K., Harper, J. K., and Kime, L. F. (2014). Highbush blueberry production. Agricultural Al-
ternatives, The Pennsylvania State University.

Khan, A. S., Zingh, Z., and Ali, S. (2018). Postharvest biology and technology of plum. In S. Mir,
M. Shah, M. Mir (Eds), Postharvest biology and technology of temperate fruits. Cham: Springer.
https://doi.org/10.1007/978-3-319-76843-4 5

Lendzion, K., Batura, J., and Cybulski, A. (2006). Analiza techniki uboju strusi metoda FMEA. Maga-
zyn Przemystu Miesnego, (1-2), 30-32.

Milewski, P. (2015). Zyskowne jagody. Zainwestuj w uprawe borowki wysokiej. Retrieved from http://
www.sadyogrody.pl/owoce/101/zyskowne_jagody zainwestuj w_uprawe borowki wyso-
kiej,390.html

Muzammil, H., Mudassir, B., Dar, B. N., and Wani, A. A. (2017). Sweet cherries from farm to table:
Areview. Critical Reviews in Food Science and Nutrition, 57(8), 1638-1649. doi: 10.1080/ 10408398.
2015.1005831

Pliszka, K. (Ed.). (2010). Boréwka wysoka. Warszawa: Panstwowe Wydawnictwo Rolnicze i Le$ne.

Przystupa, K. (2013). Wybdr punktow krytycznych w systemie HACCP. Przemyst Spozywczy, 67(8),
42-46.

Reszka, A., Lesiow, T., and Monka, J. (2017). Uwarunkowania ekonomiczne uprawy i przetworstwa
owocow borowki wysokiej w Polsce. Nauki Inzynierskie i Technologie. Engineering Sciences and
Technologies, 2(25), 46-68.

Trafiatek, J., Kaczmarek, S., and Kolanowski, W. (2016). The risk analysis of metallic foreign bodies in
food products. Journal of Food Quality, (39), 398-407. https://doi.org/10.1111/jfq.12193.

Wolniak, R. (2011). Wspomaganie metody FMEA w przedsigbiorstwie produkcyjnym. Problemy Ja-
kosci, 43(1), 15-21.

Wyrebek, H. (2012). Znaczenie metody FMEA w zarzadzaniu jako$cig w przedsigbiorstwach. Zeszyty
Naukowe Uniwersytetu Przyrodniczo-Humanistycznego w Siedlcach. Administracja i Zarzqdza-
nie, 19(92), 151-165.

Zalewski, R. 1. (2008). Zarzqdzanie jakoscig w produkcji Zywnosci. Poznan: Wydawnictwo Akademii
Ekonomiczne;.



	7

