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DOES APPLICATION OF RAIN SHELTERS INFLUENCE PRODUCTION TRAITS
IN RASPBERRY CV. ‘MEEKER’?

D Stojanov, J. Milivojevi¢*, M. Ivanovié, D. Radivojevic¢

Abstract

Raspberry production systems differ with modifacations in some regions depending on environment,
cultivar, and harvest method. As demand for raspberries continues to increase, specialized production
systems are being developed including application of rain shelters that can be used with existing trellis
systems and provide row coverage. In this way, plants are being protected from intensive rainfall
which can promote the development of fungal diseases (such as grey mold) and cause yield losses.
Therefore, the objective of this study was to evaluate the use of polytunnel rain shelters and to
determine whether such a system can benefit commercial production of raspberry cultivar ‘Meeker’.
The obtained results showed that the beginning of ripenning season was at the same time both under
rain shelters and outside (2nd July, 2011). Number of fruiting laterals ranged from 19.4 (under rain
shelters) to 20.7 (open field), whereas fruit yield appeared to be higher under protected cultivation
(1.04 kg per cane). Fruit weight was also higher under rain shelters with an average value of 4.06 g. A
similar trend was observed with number of drupelets per fruit by achieving the highest value under
rain shelters (123.0). Preliminary results indicate that this system may lead to increased marketable
yield with lower incidence of Botrytis cinerea infection as an important cause of decay in raspberry
fruit.
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Introduction

High demand for raspberry fruit has stimulated much interest among potential and established
growers in terms of application of new production techniques. Raspberry plants are adaptable
to a variety of production systems besides field production, including high tunnels and
greenhouse production, allowing lower number of spraying applications and better crop
quality (Bjugstad and Hermansen, 2009; Pitsioudis et al., 2009; Bushway et al., 2008).
Although these protected systems offer potential increases in yield and fruit quality as
compared to field production, they also require significantly more investment in technology
and operating capital (Njavro and Duralija, 2009). Thus many growers who are targeting fresh
market try to find a less expensive system to produce high-quality raspberry fruit. By applying
polytunnel rain shelters, that can provide complete plant row coverage, it is possible to
accelerate the flowering and ripening time and increase of marketable fruit yield. This
production system is of particular value during periods of rainy, wet weather right before
harvest because Botrytis cinerea Pers. as a pathogen that causes gray mold on raspberry may
significantly increase yield losses in commercial fields (Tanovi¢ et al., 2009). Accordingly,
the aim of this study was to examine the effect of the difference in production system (open
field and rain shelters) on commercial production traits of raspberry cultivar ‘Meeker’. This
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information would be very useful especially where a premium market exists for high-quality
fruit produced with little or no pesticide use.

Materials and methods

Studies were conducted at commercial orchard of raspberry cv. ‘Meeker’ located near Priboj
in the South Western Serbia during 2011. The orchard was established in 2002. in the form of
vertical trellis system with 2 m high columns and two lines of single wire to which canes are
fastened by a plastic rope. The planting distance was 0.3 m in the row and 3 m between the
rows. Installation of plastic film above the structure of rain shelter was carried out slightly
before flowering time. Drip irrigation system (hose at 60 cm height) was applied both under
rain shelters and outside. Investigation of generative characteristics (number of fruiting
laterals, inflorescences and fruits per cane) was carried out on samples of 40 canes in four
replications. Each replicate consisted of 10 canes selected for their uniformity. Number of
fruiting laterals, inflorescences and fruits were determined by counting from each cane and
afterwards the fruits were weighed to determine yield per cane. Fruit samples were collected
in four replications at the commercial maturity stage to investigate physical fruit properties
(fruit weight and number of drupelets per fruit). Fruit weight was measured by scale in g,
whereas number of drupelets was determined by counting the drupelets from each fruit. Each
sample consisted of 30 fruits pooled to obtain a composite sample and analysed for soluble
solids content using a digital refractometer (Pocket PAL-1, Atago, Japan). Titratable acidity
was measured by neutralization to pH 7.0 with 0.1 N NaOH and acidity expressed as percent
of malic acid equivalent. Vitamin C was quantified using the reflectometer set of Merck Co
(Merck RQflex) as described by Pantelidis et al. (2007). Results were expressed as mg
ascorbic acid 100 g fresh weight (FW).

Influence of rain shelter on gray mold incidence was studied in fruits grown under protection
and in the open field. A total of 600 fruits in four replicates were collected from each
environment, each replicate consisting of 150 fruits. Suspected raspberry fruits with
symptoms of grey mould were incubated in moist conditions for three days at room
temperature before identification. Afterwards, phenotypic observations were performed
macroscopically, and B. cinerea isolates were identified by morphology of the colony and
microscopic observations of conidiophores and conidia (Williamson et al., 2007).

A statistical analysis was performed using software Statistica 6.0 for Windows (StatSoft Inc.,
Tulsa, OK, USA). Data from a 1-year investigation was calculated by ANOVA. Significant
differences among the means were determined by LSD test at a level of P< 0.05.

Results and disscusion

One of the most important features determining cultivar suitability for growing is its ripening
season (Milivojevi¢ et al.,, 2011a). Data of harvest period of raspberry cultivar ‘Meeker’
affected by production system are presented in Table 1. The obtained results showed that the
same beginning of ripenning season was observed both under rain shelters and outside (2nd
July, 2011), whereas slightly longer harvest season was observed in the open field (25 days).

Yield is usually estimated from the relative values of several generative characteristics
considered together. Results of generative characteristics of raspberry cv. ‘Meeker’ affected
by two productions systems are presented in Table 2. Number of fruiting laterals per cane
ranged from 19.4 (under rain shelters) to 20.7 (open field), whereas number of inflorescens
and fruits per cane showed higher values by applying rain shelters (133.9 and 256.9,
respectively). Furthermore cv. ‘Meeker’ yielded somewhat higher under protected cultivation
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(1.04 kg per cane) compared to the open field (0.95 kg per cane). Clever (2002) did not find
higher yields under a plastic shelter (cover during blossom and harvest time) in a long-term
experiment. He explained this result with a lower yearly average temperature measured in 50
cm height, but a higher (plus 0.8°C) minimum temperature. A previous study (Baab, 2007)
showed that the light reduction under plastic shelter making longer internodes and a loss of
30% of light transmission leads to a loss of productivity of apple trees. In our experiment,
there were no negative influences found on yield or fruit quality. Obtained results of physical
fruit properties (Table 3) indicate a positive influence of rain shelters on the fruit weight and
number of drupelets per fruit (4.06 g and 123.0, respectively). Clever (2002) found a 10%
higher fruit weight under the plastic cover which is in accordance with our presented results.
As opposed to our results, Milivojevi¢ et al. (2010) found lower number of drupelets per fruit
in raspberry cv. ‘Meeker” grown in Western Serbia, that can be explained by environmental
effect of different growing areas.

Besides environmental conditions, genetical characteristics of cultivar may also influence
raspberry biochemical components (Milivojevi¢ et al. 2011b; Riaz and Bushway, 2007). A
small decrease of soluble solids content in fruits harvested under rain shelters in comparison
to those obtained in the open field can also be observed (Table 3) and explained by the
influence of microclimatic conditions. No significant difference was found in titratable acidity
values in raspberry cultivar ‘Meeker’ based on production systems applied. Vitamin is C
known as dietary compound in raspberry fruit with antioxidant activity and is considered as
protective micronutrients due to its intake relationships with protective effects against several
degenerative diseases (Ancos et al., 1999). In the present study, significant difference was
found in vitamin C content by achieving higher value in the fruits grown under rain shelter
(50.4 mg 100 g™). This result is not in accordance with value reported by Nikolié¢ et al. (2009)
where cv. ‘Meeker’ grown in open field was expressed lower content of vitamin C.

All B. cinerea isolates obtained in this study derived from decaying raspberry fruits with
characteristic symptoms of gray mould. After incubation large decayed lesions accompanied
by abundant sporulation of the pathogen was recorded on some raspberry fruits. Thick velvety
mycelium developed on raspberry fruits after 5-day incubation in moist chamber. Based on
morphology of the colony and microscopic observations of conidiophores and conidia, the
pathogen was identified as Botrytis cinerea Pers., the anamorph of Botryotinia fuckeliana. In
our study rain shelter provided less favorable conditions for development of gray mould. B.
cinerea was more frequently isolated from raspberry fruits grown in the open field than under
rain shelter (Figure 1).

Conclusion

This study indicates that production of consistently high-quality raspberries must be combined
with application of new production systems (such as rain shelters) which can also improve
fruit yield and enable harvesting even when it is raining. This system holds great promise for
the commercial raspberry production, particularly in regions with an over-abundance of rains
during the growing season and/or a high risk of fungal diseases. Laboratory experiments in
this study demonstrated that the incidence and severity of grey mould were reduced in cv.
‘Meeker’ grown under rain shelters when compared to the raspberry grown in the open field.
Possible explanation for this appearance might be in specific, non-favorable conditions under
the polytunnel rain shelters which supress the development of B. cinerea. This pathogen
produces many spores which are easily blown or splashed onto healthy foliage. Rain shelter
can provide a barrier around the rows disabling the pathogen to spread from one row to
another.
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In general, the obtained data are of high relevance for both raspberry producers as well as
researchers striving to optimize the production technologies.
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Table 1. Harvest period of raspberry cv. ‘Meeker’ affected by production system

Harvest period

Cultivation system

Beginning End Duration (days)
Under rain shelters 2" July 24" July 23
Open field 2" July 26" July 25

Table 2. Generative potential of raspberry cv. ‘Meeker’ affected by production system

Nu_rr_1ber of Number of Number of .

Cultivation system fruiting inflorescens fruits per Yield per
y laterals per P cane (kg)
per cane cane

cane
Under rain shelters 19.4+1.24 a 133.9+6.87a 256.9+13.0a 1.04+0.07 a
Open field 20.7+0.50 a 125.045.82a 246.3+8,64a 0.95+0.03 a
ANOVA (F test) 0.91™ 0.98"™ 0.46"™ 1.48™

* Data are the means of four replications + standard error. Values within column followed
by the same letter are not significantly different at P < 0.05 (LSD test). ns non significant;
* significant at P < 0.05.

Table 3. Fruit quality attributes of raspberry cv. ‘Meeker’ affected by production
system

Physical fruit properties Chemical fruit properties

Number of Sol_uble Titratable Vitamin C
drupelets per  solids

Cultivation system  Fruit weight

(@) fruit content (%) acidity (%) (mg 100™ )
Under rain shelters 4.06+0.16 a  123.0+1.04a 1.20+0.03a 1.20+0.03a 50.4+1.93a
Open field 3.79+0.14a 110.743.94b 1.30+0.04a 1.30+0.04 a 44.2+1.86b
ANOVA (F test) 1.66™ 9.03* 4.03™ 4.03™ 5.46*

e Data are the means of four replications * standard error. Values within column
followed by the same letter are not significantly different at P < 0.05 (LSD test). ns
non significant; * significant at P < 0.05.

15 4

10

Number of infected fruits

Under rain shelter Open field

Fig. 1. Incidence of B. cinerea on the fruits of raspberry cv. ‘Meeker’ affected by
production system. Data represent average values of four replications + standard error.
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JA JIM1 IPUMEHA «GAIITUTHUX KAITA» YTUYE HA TIPOU3BOJHE
OCOBHUHE COPTE MAJIMHE ‘MUKEP’?

/. Cmojanos, J. Munusojesuh, M. Heanosuh, /[. Paousojesuh

Pe3ume

Cucremu rajema MalMHE c€ Pa3liMKyjy Y HEKHM pErHOHMMa ca W3BECHHM MoOIUdHKalujama y
3aBHCHOCTH Off CIOJbAllllbe CpPEAMHE, copTe M HaumHa OepOe. I[lomro morpede 3a ManuHama
KOHTUHYUPAHO PAaCTy, CIEIHjajH30BaHH MPOM3BOJAHUA CHCTEMH CE€ Pa3BUjajy yKJbydyjyhin mpumeny
,,3aIITUTHHX Kara“, koje Mory outu kopuinhere y seh mocrojehum mmanupuma MaauHe Kao IOKPUBKE
n3Haj penosa. Ha oBaj HaumH Ouibke ce 3amTuhyjy 0l HHTCH3MBHHX NaJIaBUHA Koje MOry mnojcrahn
Pa3Boj IJbUBUYHHUX 0OJIECTH (Kao HIIP. CHBA TPYJISK ILIOJA) U M3a3BaTH I'youTke y mpuHocy. Crora,
IIUJb OBUX UCTPaXKUBAMa je OMO Ja ce HCIUTa yrnoTpeda MONUTYHENCKUX ,,3alITUTHAX Kama‘“ ¥ OJlpean
Jla JM TakaB CHUCTEM rajea MOXKe KOPHUCTHTH KOMEpIUjaJIHOj MPOU3BOMIBM COPTEe MaluHe MuKep.
JloOujeHn pe3yaTaTH Cy IOKa3ajdd Jia je CE30HE 3perma IModeia y UCTO BpeMe M IMOJ ,,3allTUTHUM
Karama“ 1 Ha oTBOpeHoM 1oJby (2 Jyim, 2011). Bpoj poaaux rpaHymia mo u3laHKy ce kperao ox 19,4
(mon ,,3amTuTHUM Kamama“™) go 20,7 (oTBOpeHO MoJbe), MoK je mpuHoc Ono Behm y 3amruheHnmM
ycinoeuma (1,04 xr/usganky). Maca mioma je Takohe Owmnma Beha ucmox ,,3alITUTHUX Kama“ ca
npoceuHoM Bpeanorrhy ox 4,06 r. Ciudan TpeH je OMo omakeH W KoJa Opoja KOIITYHHIA Y TLIOLY
nocTikyhr HajBHIy BpPETHOCT TOA ,3amTuTHUM Kamama™ (123.0). IpenuMuHapHu pe3yntaTu
yKa3yjy Jia OBaj CUCTEM T'ajerba MOXKE BOJMTH Ka moBeharmy TP)KUIITHOI IPUHOCA Ca HH)KUM CTEIICHOM
uH}eKIHje maToreHoM Botrytis cinerea kao BayKHUM MPOy3pOKOBaUeM MpOIaiarma II0j1a MaluHe.

Kbyune peun: maimna, Mukep, 3alITUTHE Karle, TeHEPATUBHY MOTEHIINjAT, KBAIUTET TUIOIA
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