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SUMMARY

Anti-insect photoselective nets present a new technology that combines light
manipulation and pest protection in orchards. In this study, the effect of the anti-
insect photoselective red net on the generative and vegetative traits was studied
in an apple orchard near the city of Zadar, Croatia. ‘Granny Smith’ apples were
grown on M9 rootstock and raised as slender spindles. The experiment consisted
of two treatments: the trees covered with the red photoselective anti-insect nets
(AGRITECH S. r. 1, Eboli, Italy; mesh size of 2.4 x 4.8 mm) and uncovered trees as
control. Yield, percentage of fruit with diameter >70 mm and fruit mass were not
significantly different between treatments. L* color value was higher on skin of
fruit grown under the red net, and there was no significant difference in other color
values (a*, b*, C* and h°). Soluble solids concentration (SSC) and total flavonoid
content were significantly lower in fruit grown under red net than in control, and
there was no significant difference in titratable acidity (TA), SSC/TA ratio, starch
degradation and Streif maturity index. Red net proved to be effective against fruit
red blush development (undesirable trait for ‘Granny Smith’ apple) and sunburn
damage occurrence.

Keywords: photoselective nets, anti-insect nets, red net, apple ‘Granny Smith’, fruit

quality, light modification

INTRODUCTION

The application of nets in fruit production has a
long history and is of a prime importance for the pro-
tection against various hazards, such as the hail and
wind, excessive sun radiation, birds, etc. (Bosco et al.,
2015). Not so long ago, a possibility of net application
as a mean of pest protection started to be researched
(Pajac Zivkovi¢ et al., 2016, 2018; Sauphanor et al.,
2012). Anti-insect nets are similar to the anti-hail nets,
but they differ from the anti-hail nets in the mesh size
and application way (Pajac Zivkovi¢ et al., 2018). Anti-
insect nets overlay a fruit tree canopy and the edge
parts of the orchard and therefore create a barrier that
disrupts the pest propagation due to a prevention of
their flight (Tasin et al., 2008). However, almost all net-
ting creates a certain amount of shade, thus reducing a
solar radiation, which can have a potentially negative
effect on fruit quality (except in the areas that exhibit
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an extreme sun radiation or in a case of the shade-
tolerant cultures). Traditionally used black nets are fully
opaque and therefore only reduce a light quantity, while
the translucent nets have an additional light scattering
ability (lli¢c & Fallik, 2017; Shahak, 2008), but neither
can influence the light quality properties. Then, a new
agro-technical concept emerged, where in addition to its
basic protective function nets also modify the quality of
the transmitted light (Basile et al., 2012). Technology is
based on the incorporation of various chromophores and
light dispersive elements in the plastic nets during their
production (Shahak et al., 2008). However, the literature
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available heretofore is still insufficient regarding the
effect of photoselective nets on the cultivated fruit spe-
cies underneath. Therefore, it is hard to appoint which
type of photoselective net should be applied for the pest
protection so that the multiple benefits can be achieved.
An additional problem is that the effect of photoselec-
tive nets differs between the species and varieties that
are cultivated underneath them (Amarante et al., 2011;
Aoun & Manja, 2020; Zoratti et al., 2015). Also, it should
be further noted that there is a lack of studies that deal
with an effect of photoselective nets on the apples’
bioactive compounds. In our previous studies, the red
photoselective anti-insect net exerted a satisfactory
pre-harvest effect on the “Cripps Pink” apple, “Sugar
Time” peach, and the "Big Bang” nectarine (Brkljaca
et al., 2016; Vukovi¢ et al., 2016), an optimum effect
on post-harvest performance of the “Granny Smith’
apple (Vukovi¢ et al., 2020), and the satisfactory pest
control properties (Pajac Zivkovi¢ et al., 2016, 2018).
Consequently, the present work is an extension to our
previous studies. The aim of this study is to test the
effect of the red photoselective anti-insect net on the
"Granny Smith” apples, with an emphasis laid to its
effect on the bioactive compounds in fruit.

MATERIALS AND METHODS

Plant material and treatments

The experiment was conducted in an apple orchard
near the city of Zadar, Croatia, in April 2016 on the apple
(Malus domestica Borkh.) “Granny Smith”, grafted on
the M9 rootstocks. The apples were raised as the slen-
der spindles, with a spacing amounting to 3.4 m X 1.3
m. The experiment consisted of two treatments: 1) the
trees covered with red photoselective nets (AGRITECH
S. r. ., Eboli, Italy) subsequent to the petal fall, and 2)
the uncovered trees that served as a control. The red
photoselective nets had a mesh size of 2.4 X 4.8 mm.
For each treatment, there were three replications, each
consisting of five trees. The fruits were harvested having
reached an optimal commercial maturity, determined by
the measurement of firmness, soluble solids concentra-
tion (SSC), and titratable acidity levels (TA).

Physicochemical properties

The analyses of physicochemical properties were
conducted at the Department of Pomology and at
the Department of Chemistry, Faculty of Agriculture,
University of Zagreb, Croatia.

The share of fruits with the red blush, the share of
fruits with the sunburn symptoms

The share of fruits with the red blush was deter-
mined visually and expressed as a percentage of fruits
with the red blush. The share of fruits with the sunburn
symptoms was determined according to the seizure of
symptoms on the apple surface as 1 (without symp-
toms), 2 (>0 and <30 % fruit surface [medium sever-
ity]), and 3 (>30 % fruit surface [severe symptoms]).

In this study, the symptoms included a discoloration or
browning, since other sunburn symptoms did not occur.
A sunburn index was calculated from the corresponding
aforementioned values according to the following for-
mula: . (value of hedonic scale X number of fruits with
the corresponding scale number) / total number of fruits
in the sample. These parameters where measured on
the randomly selected 100 fruits per replication, since it
was a minimal number of apples used per a replicate in
other studies (Mupambi et al., 2017, 2018).

CIE color variables

The fruit skin color variables were measured
according to the CIE L*a*b* and CIE L*C*h® systems,
using a colorimeter (ColorTec PCM; ColorTec Associates
Inc., USA). The color measurement was taken at two
opposite equatorial positions on each fruit at 90°, and
the mean value for each fruit was calculated. These
parameters where measured on 10 randomly selected
fruits per replication, since it was the number of samples
used in other study figuring the similar measurements
(Solomakhin & Blanke, 2010).

Yield, yield efficiency, crop density, the share of fruit
with diameter >70 mm

These parameters were measured on four fruit
trees for each replication. A yield per tree (kg) was
determined in the orchard immediately subsequent to
the harvest by weighing the total fruit yield for each
tree. A yield efficiency (kg cm?) was calculated accord-
ing to the following formula: yield per tree (kg) / trunk
cross-sectional area (TCSA) (cm2). Crop density (fruits
cm?) was calculated according to the following formula:
number of fruits per tree / TCSA (cm?). A share of fruit
having a diameter above 70 mm was determined by
counting the total number of fruits with a diameter
above 70 mm and expressing it as a percentage of the
total number of fruits for each tree.

Fruit mass, firmness, starch degradation level, total
soluble solids (SSC), titratable acidity (TA), SSC/TA
ratio and Streif maturity index

All measurements were taken from 10 randomly
selected fruits from each replication, since it was the
usual number used in other studies for the obtainment
of similar measurements (Gao et al., 2019; Ordorez
et al., 2016). The average value of fruit mass was
calculated using a digital analytical balance (OHAUS
Adventurer AX2202, Ohaus Corporation Parsippani, NJ,
USA), with an accuracy of 0.01 g. The firmness was
measured using the PCE PTR-200 (PCE Instruments,
Jupiter/Palm Beach, USA), fitted with an 11 mm diam-
eter plunger and expressed in kg cm?. The measure-
ments were taken at four opposite equatorial positions
on each fruit at 90°. The starch degradation level was
scored using a 10-point CTIFL scale (Centre Technique
Interprofessionnel des fruits et Légumes, Paris, France).
The SSC was measured by a hand digital refractometer
(Atago, PAL-1, Tokyo, Japan) and expressed as ° Brix,
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according to the AOAC 932.14c (AOAC, 1999). The
TA was determined by the titration method with 0.1
N NaOH and expressed as percentage of malic acid,
according to the AOAC 954.07 (AOAC, 1999). The SSC/
TA ratio was calculated from the corresponding SCC and
TA values for each fruit. The maturity index (Streif) was
calculated as the quotient of [firmness / (SSC - starch
index)] (Streif, 1996).

Total polyphenolic content (TPC), antioxidant poten-
tial (AOP) and total flavonoid content (TFC)

Preparation of extracts. One extract consisting of 10
randomly selected fruits per each replication was used.
The fresh apple fruits were grinded and homogenized by
a hand mixer until a homogenized fraction was obtained.
Subsequently, 30 g of sample was weighed and put in
tubes. The sample tubes were centrifuged at 9000 rpm
for 20 minutes, and the supernatants were subsequently
filtered using the Whatman No. 4 filter paper.

TPC. The modified Folin Ciocalteu’s method of
Singleton et al. (1999) was used for the determination
of TPC. A mixture of 0.1 ml of apple extracted juice with
7.9 mL of distilled water and 0.5 ml Folin Ciocalteu’s rea-
gent (diluted with distilled water in a 1:2 ratio) and 1.5
mL 20% sodium carbonate was vortexed and left for two
hrs. to complete the reaction. The optical absorbance
was measured at 765 nm (Ough & Amerine, 1988), and
the data were expressed as the gallic acid equivalents,
mg GAE-100 g™ of fresh fruit weight (Fw).

AOP The antioxidant potential was determined
as the 2.2-diphenyl-1-picrylhydrazyl (AOP-DPPH) and
2.2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
(AOP-ABTS) antioxidant activities, according to the
procedures of Brand-Williams et al. (1995) and Re et al.
(1999), respectively. The data obtained were expressed
as umol Trolox equivalents (umol TE-100 g™ Fw).

TFC. The total flavonoids were measured using a
modified spectrophotometric method (lvanova et al.,
2010). The extract (1 mL) was added to 4 mL of distilled
water and 300 uL of NaNO, (0.5g/L), vortexed and left
for five minutes. Subsequently, 300uL of AICI; (1g/L)
was added and vortexed, and 2mL of 1 mol/L NaOH
were added to the mixture after six minutes. A final vol-
ume was set to 10 mL with the aid of distilled water. The
absorbance was measured at 360 nm, and the quercetin
standard was used for the preparation of calibration
curve. The results were expressed as a mg of quercetin
equivalents per a L of extract.

Chlorophyll a, chlorophyll b, and total chlorophyll content

Chlorophyll a, b, and total chlorophylls were deter-
mined by extracting 1.000 g of apple puree with 25 mL
of 80% (v/v) acetone while shaking the suspension vig-
orously. After two minutes of extraction, the suspension
was filtered through the filter paper. The final volume
was set to 25 mL with a solvent. The absorbances were
measured at 663nm and 645nm, and the results were
calculated pursuant to the determining equations of
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Huang et al. (2007). The results were expressed as a mg
of chlorophylls per a L of apple puree extract.

Vegetative parameters

Vegetative parameters were measured subsequent
to the completion of the vegetative period. A trunk
cross-sectional area (TCSA) was measured on four trees
per replication at a height of 15 cm above the graft place
and expressed in cm?. The length of a one-year shoot
(cm), an internode length (cm), and the thickness of a
one-year shoot (mm) was measured on 10 randomly
selected shoots from the middle—the outer part of tree
canopy per replication. The thickness was measured
two cm from the shoot base. The node density (nodes
cm’') was calculated according to the following formula:
number of nodes per shoot / length of the shoot.

Statistical analysis

The data were analyzed using the T-test in the SAS
statistical software ver. 9.4 (SAS Institute, NC). The
T-test was used, since there were only two experimen-
tal treatments (a control and a red net, respectively),
and it was sufficient for the determination of statistical
difference.

RESULTS AND DISCUSSION

The apples grown under the red net had a signifi-
cantly lower L* value (P < 0.01) in comparison with the
apples grown without the nets, while regarding other
color parameters (a*, b*, C* and h°) no significant diffe-
rences were recorded (Table 1). Since the L* value is defi-
ned as a vertical coordinate that defines the lightness in
a three-dimensional uniform space (AN 1005.00, 2012),
it is evident that the apples grown under a red net were
brighter than those without a net. The intensity of light
that reaches fruit skin (Hamadziripi, 2012) and the light
spectra (Reay & Lancaster, 2001) are of a major impor-
tance concerning the color development. Therefore, the
nets may influence the fruit color development primarily
by light modification. Since the “Granny Smith " apple has
the monochromatic fruits, the available literature regar-
ding this topic can be used for comparison only to some
extent (more like a trend). The results in this study are
contrary to the ones published by Amarante et al. (2011)
and Solomakhin & Blanke (2010) when it comes to the L*
value and are not identical (but are not the opposite eit-
her) with regard to some other color variables. However,
similar to this study, Fruk et al. (2016) reported a lack of
significant influence of red photoselective net on L*, a*,
and b* color parameters measured on the green and red
part of the “Braeburn” apple skin. Moreover, in the same
study, it was reported that the apples grown under a red
net had a higher average L* value measured on the green
part of the fruit than the apples from the control batch. A
lack of studies regarding the effect of photoselective nets
on the color of monochromatic apple varieties is evident,
and this area needs more research to elucidate the effect
of netting on a fruit color under the different agroecologi-
cal conditions.
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Table 1. The effect of red net application on the skin color variables of the “Granny Smith "~ apple
Tablica 1. Utjecaj primjene crvene mreZe na parametre boje koZice jabuke ‘Granny Smith’

CIE Color Variables / Varijable boje CIE
L* a* b* c* h°
Red net / Crvena mreZa 58.69 + 0.54 -8.46 = 0.27 4014 = 1.22 41.03 = 1.25 101.93 = 0.20
Control / Kontrola 60.66 + 0.41 -8.28 = 0.13 39.08 = 0.68 39.96 + 0.68 102.01 = 0.18
T test 0.01™ 0.54" 0.46" 0.45" 0.75"

1 All numbers present an average value + standard error except in the T-test row, where they present the P values — Svi brojevi predstavijaju prosjeénu vrijednost

+ standardna greska s izuzetkom T-testa, gdje predstavijaju P vrijednosti

Zns. ™ nonsignificant or significant at P < 0.01, respectively - %, ™" nesignifikantno ili signifikantno pri P < 0.01, respektivno

A vyield, yield efficiency, crop density, the share
of fruit with a diameter >70 mm and the fruit mass
demonstrated no significant differences between the tre-
atments (Table 2). A frost-caused damage in the second
year of study terminated our research and forced us to
analyze the results from the first year only. Therefore, a
possible major effect on the yield in the following year as
a consequence of the red net effect on the flowering bud
formation could not be seen. Although the fruit mass and
size did not significantly differ between the treatments
in this study, it can be seen that the fruits grown under
a red net tend to have a higher weight and a larger size
than those grown without a net (Table 2). Similarly and
significantly, a tendency was reported concerning the
Jonagold’ and ‘Fuji’ apples by Aoun & Manja (2020)
and concerning the ‘Golden Delicious’ apple by Shahak
et al. (2008). However, regarding the ‘Topred' apple, no
significant influence of a red net on the fruit size was
reported (Shahak et al., 2008).

Regarding an internal fruit quality, the SSC con-
tent was significantly higher (P < 0.01) in the fruits
grown without a net while the firmness, TA, SSC/TA,
starch degradation level and maturity index (Streif)
demonstrated no significant differences between the
treatments (Table 2). Regarding the SSC content, our

results are in agreement with Aoun & Manja (2020),
who reported a lower SSC of the ‘Jonagold' apples
grown under the red net, Amarante et al. (2011), who
reported a lower SSC of the ‘Gala’ apple cultivated
under the white net, and Brkljaca et al. (2016), who
reported a lower SSC content of the ‘Cripps Pink’ apple
cultivated under a yellow and stop drosophila normal
net. Also, in some of these studies, a SSC difference
was not significant in the case of a different apple
variety (Amarante et al., 2011; Aoun & Manja, 2020)
or net color and harvest date (Brkljaca et al., 2016). A
possible explanation for a lower SSC in the fruits grown
under the nets can be explained by a carbohydrate limi-
tations imposed by the shading and a different source
— consumer relationship (Amarante et al., 2011; Basile
et al., 2012; Giaccone et al., 2012; Lobos et al., 2013).
A lack of significant difference regarding firmness, TA,
starch degradation level and Streif maturity index also
occurred in other studies (Amarante et al., 2011; Aoun
& Manja, 2020; Brkljaca et al., 2016; Corollaro et al.,
2015; Solomakhin & Blanke, 2010). An inconsistency
of such parameters is probably due to the interference
of agroecological and genetic parameters, so additio-
nal research efforts are necessary to be invested.

Table 2. A red net effect on the physicochemical properties of the “Granny Smith " apple
Tablica 2. Utjecaj crvene mreZe na fizicko-kemijska svojstva jabuke ‘Granny Smith’

Parameter / Parametar Red net / Crvena mreZa Control / Kontrola T test
Yield (kg tree’") / Prinos (kg stablo™) 17.96 = 0.68 18.85 = 1.29 0.55"
Yield efficiency (kg cm2) / Uinkovitost prinosa (kg cm?) 0.21 = 0.02 0.20 = 0.02 0.74"s-
Crop density (fruit cm2) / Gustoéa priroda (plod cm™) 1.41 = 0.12 1.28 = 0.13 0.47"s
% of fruit >70 mm / % plodova >70 mm 71.74 = 6.89 46.63 = 14.75 0.20"
Mass (g) / Masa (g) 182.59 + 4.74 170.75 = 5.31 0.10ms:
Firmness (kg cm2) / Cvrstoéa (kg cm?) 8.60 = 0.20 8.68 = 0.16 0.74"s
SSC (° Brix) 11.78 £ 0.15 1249 = 0.14 0.002"
TA (as % of malic) / TA (kao % jabucne kiseline) 0.82 = 0.03 0.83 = 0.02 0.64"s
SSC/TA 14.68 + 0.55 15.11 = 0.34 0.50"
Starch (110 CTIFL Scale) / Skrob (1 — 10 prema ljestvici CTIFL) 5.30 = 0.51 5.80 = 0.35 0.43"s
Maturity index (Streif) / Indeks zrelosti (Streif) 0.16 = 0.02 0.13 = 0.01 0.12"s

TAIl numbers present average value + standard error except in the T-test row, where they present the P values — Svi brojevi predstavijaju prosjeénu vrijednost =

standardna greska s izuzetkom T-testa, gdje predstavijaju P vrijednosti

Zns. ** nonsignificant or significant at P < 0.01, respectively - %, ™" nesignifikantno ili signifikantno pri P < 0.01, respektivno
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The TFC content was significantly smaller (P < 0.01)
in the fruits grown under a red net than in those from a con-
trol batch, while no significant differences were recorded
between the treatments regarding the TPC, AOP — DPPH
and AOP — ABTS (Table 3). According to Basile et al.
(2012), an antioxidant activity and polyphenol concentrati-
on in the flesh of the "Hayward’ kiwifruit at harvest was hig-
her in the fruits grown without a net than under a red net.
Awad et al. (2001) reported that the Jonagold’ apple fruits
from the outer part of canopy had a significantly higher
total flavonoid content than those from its inner part. The
reasons for such findings in the literature referenced above
are mainly due to a possibility of light intensity and quality
to affect the antioxidant and phenol biosynthesis (Bakhshi

& Arakawa, 2006). Regarding chlorophyll a, chlorophyll b,
and a total chlorophyll content, no significant differences
were recorded between the treatments (Table 3). However,
a fruit grown under a red net tends to have a higher chlo-
rophyll a and a total chlorophyll content. A similar tendency
was also recorded in the studies conducted on the ‘Fuji
Kiku 8" and the ‘Pinova’ apples (Solomakhin & Blanke,
2010) and the ‘Hayward’ kiwifruit (Basile et al., 2012).
The reason for a higher average chlorophyll a and a total
chlorophyll content of the apples grown under a red net is
probably due to the shading effect of the net, which com-
plies with Solomakhin and Blanke (2010) and regarding the
‘Antonovka’ apple with Merzlyak et al. (2002), since it has
a similar coloration as the ‘Granny Smith’ apples.

Table 3. A red net effect on the bioactive compounds of the Granny Smith apple
Tablica 3. Utjecaj crvene mreZe na bioaktivne komponente jabuke ‘Granny Smith’

Parameter / Parametar Red net / Crvena mreZa Control / Kontrola T test
TPC (mg L) 456.60 + 44.81 448.92 + 37.52 0.90"s
AOP — DPPH (umol TE L) 1163.60 + 87.09 1132.59 + 60.50 0.78"s
AOP — ABTS (umol TE L) 1684.35 = 156.76 1811.24 + 65.58 0.50"s
TFC (mg L) 189.23 + 2.91 214.43 + 4.19 0.01"
Chlorophyll a (mg L) / Klorofil a (mg L") 0.49 + 0.02 0.46 = 0.01 0.16"s:
Chlorophyll b (mg L") / Klorofil b (mg L") 0.36 + 0.05 0.35 + 0.03 0.80"s
-1
e o i

'All numbers present average value =+ standard error except in T-test row where they present P values — Svi brojevi predstavijaju prosjecnu vrijednost + standardna

greska s izuzetkom T-testa, gdje predstavljaju P vrijednosti

Zns. " nonsignificant or significant at P<0.01, respectively - ™%, ** nesignifikantno ili signifikantno pri P<0.01, respektivno

The fruits grown under a red net had a significantly
smaller share of fruits with a red blush (P < 0.05) and sun-
burn index (P < 0.01) (Table 4). The share of fruits without
sunburn symptoms was significantly higher (P < 0.01) with
the fruits grown under a red net, while the share of fruits
with a medium sunburn severity was significantly (P <
0.01) higher with regard to the fruits grown without a net
(control batch, Table 4). The fruits grown under a red net
had a smaller average share of fruits with a severe sunburn
severity, but no significant difference was recorded (Table
4). A positive effect of photoselective nets on the apple
sunburn symptoms reduction was also recorded in other

studies (Amarante et al., 2011; Kalcsits et al., 2017). Since
the sunburns are caused by an exposure to excessive heat
and/or sunlight (Racsko & Schrader, 2012) a reduction of
sunburn damages under the nets is due to their lower direct
incident radiation and due to a lower temperature (Iglesias
& Alegre, 2006), which can be primarily contributed to their
shade properties. With the ‘Granny Smith" apple variety,
both red or orange blush skin developments are considered
undesirable, which means that the fruits need to have a
blemish-free, uniformly green skin color (Hirst et al., 1990).
So, in the case of the ‘Granny Smith’ apple, a reduction of
red blush area is a positive occurrence.

Table 4. A red net effect on the red blush and sunburn fruit occurrence in the “Granny Smith” apples
Tablica 4. Utjecaj crvene mreZe na pojavnost dopunskoga crvenila i oZegotina od sunca na jabukama ‘Granny Smith’

Parameter / Parametar Red net / Crvena mreZa Control / Kontrola T test

Share of fruits with a red blush (%) / Udio plodova s crvenilom 2.80 + 0.97 1151 + 3.01 0.01™

Sunburn index / Indeks sun&anih oZegotina 1.23 = 0.03 1.40 = 0.04 0.004™

Share of fruits without sunburn symptoms (%) / -

Udio plodova bez simptoma suncanih oZegotina (%) 7854 £3.07 63.44 + 332 0.004
. — - .

Shgre of fruits Wlth the m_edlum sveve:rltyvsunb_urn symp.tomi(A))/ 19.91 = 3.00 32.69 + 2.66 0.005™

Udio plodova sa simptomima suncanih oZegotina srednje teZine (%)

Share of fruits with the strong-severity sunburn symptoms (%) / ns.

Udio plodova sa simptomima suncanih oZegotina jake teZine (%) 1.55 = 0.36 387+ 1.10 0.062

1Al numbers present average value =+ standard error except in T-test row where they present P values — Svi brojevi predstavijaju prosjecnu vrijednost + standardna

greska s izuzetkom T-testa, gdje predstavljaju P vrijednosti

Zns. ** nonsignificant or significant at P < 0.01, respectively - %, " nesignifikantno ili signifikantno pri P < 0.01, respektivno
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The apple trees grown under a red net had the sig-
nificantly smaller length of the one-year-old shoots (P <
0.01), internode length (P < 0.01), and the one-year-old
shoot thickness (P < 0.001) than those grown without
the nets (control), while the TCSA and node density did
not significantly differ between the treatments (Table 5).
In the majority of studies (Aoun & Manja, 2020; Basile
et al., 2014; Bastias, 2011; Brar et al., 2020), a red net
increased a vegetative growth, which is opposite to the
findings in this study. A shade avoidance mechanism
was mentioned as a probable explanation for nets
impact on a plant’s vegetative growth (Basile et al.,
2014; Bastias, 2011), but it was not the case under all
colored nets, according to Oren-Shamir et al. (2001).
It may be so in this study. Similar situation was also
reported in other studies. In the second research year,
Aoun & Manja (2020) reported a non-significant trend,
where the ‘Fuji’ apples grown under a red net had a

lower shoot length than those grown in the open field
conditions. Also, Mazhawu (2016) emphasized a non-
significant trend, whereby the avocado grown under a
crystal net had a smaller average shoot length. It is also
necessary to mention the importance of agroecological
conditions in which the nets are applied, since they can
modify a net performance to certain extent and hence
exert a different effect on the plants. Also, each net is
not equally desirable in all agroecological conditions.
For example, in some extremely warm regions, shading
is advisable in order to alleviate a plant damage from an
excessive sun radiation, while it may exert an undesira-
ble influence in the colder regions. This finding highlights
the importance of this study, since other mechanism
has probably overpowered the usual ones and had a
detrimental effect on the reduction of vegetative growth.

Table 5. A red net effect on the vegetative parameters of the “Granny Smith " apple
Tablica 5. Utjecaj crvene mreZe na vegetativne parametre jabuke ‘Granny Smith’

Parameter / Parametar Red net / Crvena mreZa Control / Kontrola T test
TCSA (cm?) 89.90 = 8.21 97.19 = 7.97 0.53"
Length of the one-year-old shoot (cm) / Duljina jednogodisnjega izboja (cm) 40.08 + 1.67 46.54 + 2.04 0.0177
Internode length (cm) / Duljina medukoljenca (cm) 1.67 = 0.07 1.94 + 0.09 0.0177
Node density (nodes cm') / Gustoéa koljenaca (koljence cm-) 0.52 + 0.02 0.52 = 0.02 0.91ns
Thickness of of the one-year-old shoot (mm) / 4.90 + 0.11 5.63 + 0.16 0.0005™"
Debljina jednogodisnjega izboja (mm)

'All numbers present an average value + standard error except in the T-test row, where they present the P values — Svi brojevi predstavijaju prosjeénu vrijednost

+ standardna greska s izuzetkom T-testa, gdje predstavijaju P vrijednosti

Zns. ™ ™ nonsignificant or significant at P < 0.01 or P < 0.001, respectively - &, ™",

CONCLUSION

It is evident that the application of anti-insect pho-
toselective red net on the ‘Granny Smith" apple did not
negatively influence the basic fruit quality parameters
(except the SSC reduction), while it has simultaneously
provided the useful protection purposes against hail and
wind, as well as the reduced sunburn damages and
red blush. In some cases, despite a lack of significant
differences, a trend is evident that the red net tends to
increase the chlorophyll content, and therefore a basic
green color in apples (linked with a statistically signifi-
cantly smaller L* color value under the red net), as well
as delay ripening (a smaller starch degradation level and
a higher Streif maturity index of apples under the red net,
on an average value level). New studies should be based
on the determination of the effect of anti-insect photose-
lective nets on other varieties and in other agroecological
conditions.
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UTJECAJ CRVENE PROTUINSEKTNE
FOTOSELEKTIVNE MREZE NA GENERATIVNE | VEGETATIVNE
KARAKTERISTIKE JABUKE ‘GRANNY SMITH’

SAZETAK

Protuinsektne fotoselektivne mreZe predstavijaju novu tehnologiju koja istovremeno kombinira manipulaciju
svjetlom i zastitu od Stetnika. U voénjaku jabuka pokraj Zadra (Hrvatska) istraZivan je utjecaj crvene
protuinsektne fotoselektivnhe mreZe na generativne i vegetativne parametre jabuke ‘Granny Smith’. Jabuke
su uzgajane na M9 podlozi te su imale uzgojni oblik vretenastoga grma. IstraZivanje se sastojalo od dvaju
tretmana: stabla prekrivena crvenom protuinsektnom fotoselektivnom mreZzom (AGRITECH S. r. 1., Eboli, Italija;
velicina okca od 2.4 X 4.8 mm) i nepokrivena stabla kao kontrola. Prirod, udio plodova s promjerom >70
mm i masa plodova nisu se signifikantno razlikovali izmedu tretmana. Jabuke uzgajane ispod crvene mreZe
imale su signifikantno veéu L* vrijednost parametra hoje koZice, dok za ostale parametre boje nije zahiljeZena
signifikantna razlika (a* b* C* i h°). SadrzZaj topljive suhe tvari (TST) i ukupni sadrZaj flavonoida hio je
signifikantno nizi u jabukama uzgajanima ispod crvene mreZe, dok nije zabiljeZen signifikantan utjecaj crvene
mreZe na titracijsku kiselost (TA), TST / TA, stupanj razgradnje Skroba i indeks zrelosti (Streif). Primjena
crvene mreZe pokazala se vrlo djelotvornom u smanjenju pojavnosti dopunskoga crvenila (koje je kod jabuke
‘Granny Smith’ nepoZeljno svojstve) i oZegotina od sunca na plodovima.

Kljucne rijeci: fotoselektivne mreZe, protuinsektne mreZe, crvena mreZa, jabuka ‘Granny Smith’, kakvocéa voca,
modifikacija svjetla
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