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ABSTRACT

The objective of this study was to evaluate the influence of different lengths of EM-9 interstock, on the production
and fruit characteristics of Imperial Gala apples more than eight years old. This experiment was conducted in a commercial
orchard located iacaria-RS, Brazil, situated at an altitude of 955 m , during seasons 2005/06, 2007/08, 201101P
and 2012/13. The treatments consisted of five lengths of EM-9 interstock (10, 15, 20, 25 and 30 cm) connecting the
Marubakaido rootstock to the Imperial Gala scion. For production efficiency a positive correlation between increased
efficiency and the length of interstock was observed. Likewise a positive correlation was also noted for quality parameters
of the fruit; firmness and classification (Category 1). From this study we conclude that a EM-9 interstock of 30 cm on
Marubakaido rootstock is the most suitable for the vigor control of Imperial Gala apples, it ensures greater production
efficiency and firmer fruit.
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INTRODUCTION as it can allow intensification of orchards and improve
Sraziian apple procion plays an important olein 818 UL RO SR it
the international industryin recent years, Brazil has conditions means the EM-9 and Marubakaido rootstocks
export_ed more apples than_|mported. _Th's |s. due to ?ﬁrunus prunifolia(Greene) Shafer) are the most used.
evolution in the technologies used, in particular th?he combination of these rootstocks by technique of
production efficiency of orchards and industryyiersiock combines the main characteristics of both, such
infrastructure (Petetal.2011). as Marubakaide adaptation to diérent soil types and
Now days fruit production involves obtaining smallefesistance to aphid and collar rot along with induction to
and more productive plants, which ca be improved by nejyyarf plants, early fruiting, high productions and fruit
combinations of rootstocks and scions (Fioravanco &uality of the EM-9 rootstock (Denardi, 2006).
Lazzarotto, 2012). The apple tree has a large number of The interstock technique is applied to peach (Scarpare
rootstocks which dfer significantly in scion vigar  Filho et al 2000; Rufatcet al. 2006; Telleset al. 2006;
pathogen resistance and adaptation to differemMbmazet al.2010), pear (Baciet al.2008), citrus (Girardi
environmental conditions. The choice of rootstock is aand Mour&o Filho, 2006) and mange@(®so, 2004). For
important tool for managmsustainable fruit production, apple, interstock allows the formation of less vigorous
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plants (Samadt al. 1999;Vercammeret al.2007; DiVaio In addition to these variables, in the productive cycles
et al. 2009), with shorter juvenility (Bhadt al. 2011), 2010/11, 2011/12 and 2012/13, the physico-chemical
greater productivity (Samaek al. 1999; Tojnko et al.  characteristics of the fruits were evaluated: a) mass of the
2004; Divaioet al.2009) and higher fruit quality (Samadfruit (g) determined using a semi-analytical balance; B)
etal.1999). firmer fruit (kg cm?), determined using a manual

Increasing the length of interstock influences the growtbhenetrometer equipped with an 11 mm diameter ferrule. In
of the canopy by reducing the vigor of plants (Ressil.  each fruit, two readings were carried out on opposite sides,
2003; Divaioet al.2009; Marcon Filh@t al.2009).The in the equatorial section of the fruit, after removal of the
fruit characteristics can also be affected by interstockpidermis; c) soluble solids (°Brix), determined by digital
rootstock combination, as these interfere with theefractometer for sugar model ITREFD-45 and d) category
absorption of waternutrients and translocation of- CAT 1, CAT 2, CAT 3 - (%), obtained by parameter
carbohydrates (Martinez-Ballestal.2010), in this way proposed by the companyhich considers the intensity
the length of interstock used can modify fruit qualityof the red color and in relation to the area covered by the
Therefore the aim of the present study has been to evaluitst, being classified in CA1 when the value exceeds the
the influence of length of EM-9 interstock on thepercentage of 60%, A when it was between the limits
production efficiency and fruit quality of Imperial Galaof 60 to 40%, and CA3 when the values correspond to
apples over eight years old and grafted on Marubakaitlee range that is Between 20 and 40%.

rootstock. The experimental design was a randomized block
design, with four replications and four plants per plot.
MATERIALSAND METHODS Analysis of variance was performed AWOVA and

significance assessed using P = 0.05. Mean values were
The experiment was performed in a commercial orcharghe effects of the treatments evaluated by polynomial
located in the municipality dfacaria, in the state of Rio regression through ttwinSat program (Machado & Con-

Grande do Sul (RS), Brazil, during the production cyclegeico, 2003). Category data (CA, CAT 2 and CA 3)
2005/06, 2007/08, 2010/11, 2011/12 and 2012/13. The eXprre transformed into sinewave “x/ 100.

mental orchard was installed in the year 1999, with spacing
of45mx1.25m. The seeglllngs were obtalneq b)_/ performniJ_,gESU LTSAND DI SCUSSION
two double - slotted grafting grafts. The trainning system
used was a central leader and the cultural practices Production per tree decreased proportionally with the
(pruning, overcoming dormangcyruit thinning and increase of the interstock length (Figure 1). There was an
phytosanitary treatments) were carried out by the compah§% reduction in the production per tree with the increase
according to the rules of the Integrated Production aff the EM-9 interstock up to 30 cm. Howeyéwas found
Apple. that the accumulated production over the years decreased
The treatments consisted of five lengths of the EM-22.23% up to the theoretical length of the interstock of
interstock (10; 15; 20; 25 and 30 cm), between th23.7 cm, and from this point, an increase of 6.3% was
Marubakaido graft and the Imperial Gala scion. In all thebserved until the intersotckt of EM-9 of 30 cm (Figure 2).
years of conduction of the experiment were evaluated: @he productive efficiency accumulated over the years was
production per plant (kg), determined with the aid of directly proportional to the interstock length. For plants
digital scale, performed at the time of harvest; B) productiwgith 30 cm interstock, the cumulative productive efficiency
efficiency (kg cn®), calculated by the relation between thavas 55% higher than that accumulated in plants with an
production per plant (kg) and the area of the trunk secti@M-9 interstock of 10 cm in length.
(cn?) of the canopy cultivarobtained by means of the  For the productive efficiency of the Imperial Gala
longitudinal and transverse measurements of the plantiagple, it was observed, in all the evaluated harvests, an
line of the trunk diametecalculated using the formude=  increasing linear behavior with the increase of the
(rd)#4, where d = diameter; and c) production efficiencynterstock length (Figure 3). Considering the average of
(kg m®), calculated by the relation between the productiothe harvests, it was observed for the interstock of EM-9
per plant (kg) and the volume of the canop¥)@btained of 30 cm increase in productive efficiency in 50% and
by measuring the width and thickness of the crown aridl7% in relation to the section area of the trunk and volu-
the height from the insertion point of the first branch in thee of the canopyespectivelythan the interstockt of 10
trunk. The cumulative production (kg) and the cumulativem in length. Marcon Filhet al. (2009), studying the
productive efficiency (kg crf), obtained by the sum of the cultivar Imperial Gala with interstock EM-9, observed that
means at each intergrain length, in the respective harvettts fertility index also increased with the increase of the
were calculated with the results. interstock length, demonstrating that less vigorous plants
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Figure 1: Yield (kg plant) of Imperial Gala apple over Marubakaido rootstock ifiedi#int EM-9 interstock lengths. Data are
expressed as average values of five sea¥entcal bars indicate mearstandard deviation.
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Figure2: Cumulative yield (kg plarf) and productive efficiency (kg chralong the 2006, 2008, 2011, 2012 and 2013 seasons of
Imperial Gala apple over Marubakaido rootstock iriedént EM-9 interstock length¥ertical bars indicate measstandard
deviation.

Significance: ** =P < 0.001

increase the diérentiation of flowering buds. Diaioet and downwards through the vigorous Marubakaido
al (2009) observed that the use of the EM-9 interstoalootstock, thus improving the balance between the
with a length of 10 and 20 cm with a grafting point at 20egetative and reproductive part, increasing the canopy
cm above the ground obtained higher productivefficiency (Martinez-Ballestet al.,2010).

efficiency when compared to plants without interstockt. For the fruit mass variable, no significant effect of the
Similar results were reported by Sametdal. (1999), interstock length was observedfle 1) as reported by Di
Tojnkoet al.(2004) Vercammeret al.(2007) andomaz Vaioet al.(2009), Samasit al.(1999) and/ercammeret al.
etal.(2010). (2007).

Although a reduction in production per tree has been The length of the EM-9 interstock altered the soluble
observed, a significant increase in the productive efficiensplids (SS) content of the fruits of the Imperial Gala apples
can be observed with the increase of the interstockleng(Rigure 4). In the 2011 harvest, a linear behavior was
According to Fioravanco and Lazzarotto (2012), thebserved, with a higher SS for the intersotck length of 30
increase in the productive efficiency is one of them. Samaet al.(1999) observed a higher content of solids
tendencies of the national pomiculture. The relationship apple trees with interstock and reported that this is
between fruit yield and plant size reflects the efficiencpossibly due to the carbohydrate content present in the
with which photosynthesis products are divided betwediranches in the intergrain treatments and that could be
fruits and vegetative growth. The maximum length of theesponsible for the higher levels of soluble solids. Because
interstock makes it difficult to translocate the sap upwardslanced plants tend to provide more carbohydrates to
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fruits than vigorous plants. This may explain the highdhe interstock length range do not vary in order to influence
solids content for the 30 cm interstock in this cycle. Fdruit quality in practice.

the 2012 and 2013 harvest, we observed a quadratic The most significant effect of interstock length on the
behavior for this variable, with a minimum point obtaineadharacteristics of ‘Imperial Gala’ apples can be observed
with a theoretical length of 17 and 22 cm from the EM- firmer fruit and fruit classification by categoRor firmer
interstock, respectivelyHowever the values observed in fruit, apples of greater firmer fruit were observed as the
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Figure 3: Productive dfciency of Imperial Gala apple over Marubakaido rootstock ifediht EM-9 interstock length4, in
relation the scion trunk area (kg B, in relation the canopy volume (kg®mData are expressed as average values of five seasons.
Vertical bars indicate meamrsstandard deviation.

Significance: *** =P < 0.001
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Figure 4: Soluble solids content (°Brix) of Imperial Gala apple over Marubakaido rootstock in different EM-9 interstock lengths. Seasons
2011, 2012 and 2013Vertical bars indicate meansstandard deviation.
Significance: * =P < 0.05, *** = P < 0.001
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length of the interstock was increased (Figure 5). S@iad In the classification of fruits by categorg greater
al. (1999) reported an increase in firmer fruit in differenhumber of fruits of category 1 were observed as the length
apple cultivars with EM-9 intersotck in relation to plantof the EM-9 interstock increased (Figure 6-A).
without interstock. Consequentlyreverse behavior was observed for category
For Martinez-Ballestat al.(2010), nutrient content 3 fruits (Figure 6-B). No influence of the interstock length
in plants are strongly influenced by the rootstock, andas observed for category 2afile 1).This indicates that
less vigorous rootstock improve the distribution ofvith the length of the 30 cm interstock, fruits with more
photoassimilates, nutrients and hormones, since ththan 60% red shade are obtained, which have higher market
decrease the competition between vegetative awdlue.According to Jackson (2003), the influence of the
productive parts of the plarAccording to Marcon Fi- rootstock on the color of fruits seems to be mainly a side
Iho et al. (2009), the increase in the length of the EM-@ffect of its direct effects on the vigor of the plants, because
interstock on vigorous rootstock decreases the shdess vigorous plants allow greater penetration of light inside
growth. In this way the competition for the vegetativeéhe canopy
part is smallerdirecting more nutrients to the fruits and The increase of the productive efficiency and
consequently improving the quality of the fruitsimprovement in the quality parameters of the fruits of the
obtained. Imperial Gala apples, with 30 cm EM-9 interstock, seem to
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Figure5: Flesh penetration force (kg @rof Imperial Gala apple over Marubakaido rootstock in different EM-9 interstock lengths.
Seasons 201 2012 and 2013/ertical bars indicate mearsstandard deviation.

Significance: * &P < 0.05, *** =P < 0.001, NS = not significance
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Figure6: Fruit classification of Imperial Gala apple over Marubakaido rootstockferelift EM-9 interstock length&, Category
1; B, Category 3. Seasons 20dnd 2012Vertical bars indicate meansstandard deviation.

Significance: * =P < 0.05
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Table 1: Fruit weight (g), fruit classification — Category 2 (%) of Imperial Gala apple over Marubakaido rootstotdrentEM-
9 interstock lengths

Length of EM-9 interstock (cm) ANOVA C.W.

Parameters Season
10 15 20 25 30 P=0.05 %
2011 135.97 126.31 136.58 128.24 146.53 NS 7.5
Fruit weight (g) 2012 97.61 92.15 96.46 91.19 93.01 NS 14.1
2013 101.79 93.48 99.98 99.79 99.84 NS 8.6
Category 2 (%) 2011 34.61 34.90 30.86 33.01 25.30 NS 12.8
gory 0 2012 64.16 66.16 61.75 62.23 69.89 NS 10.7

NS-not significant

justify its use. The combination of this interstock |engt|MachadoAA & ConceicdoAR WinStat: sistema de anélise estatis-
with a vigorous rootstock allows the production of less tica paraWindows. Versdo 2.0. Pelotas: Universidade Federal

. . ) . de Pelotas, 2003.
vigorous plants and higher quality fruits for _

. Marcon Filho JL, Rufato L, RufatdR, KretzschmarAA &
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