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Kopsavilkums

Piecpadsmit dailu potcelmu (P 2, P 14, P 16, P 22, NR 47, P 580,/ 9, B 146, B 396,
PB-4, M.9 EMLA, M.26, M.27 un M.7) ietekme uxkifhes ‘Elise’ glaaSanos tika §tita cetras
sezonas - no 1999idk 2002. gadam. RaZu rmmot tika noteikta vidia audu masa, nkstuma
blivums, cietes indeksskiSto& sausna un endda etilena koncenticija. Svara zudums, alg
blivumsa, Eisto& sausna un masas zudumu Fmeek bojjumu cE] tika noteikta athrtoti pec 6
meéneSiem. \érojama tendence, ka #g saglala blivumu audi uz sarkanlapainajiem potcelmiem (B 9,
P 60, B 396, P 59). Auigno kokiem uz P2 uzdija lielaku endogna etilena saturu, bet uz M.27 Sis
raditajs bija zenakais. B 9, P 59 un M.27 walija augsiku Streifa indeksu, kas nosak@aku audu
nobrieSanu. Maikie audi bija uz PB-4, P 22 M.27 un P 59 potcelmiem ak& — uz P 14, M.7 un P
2. Mikstuma hbivums, etiéna klimak€rija fazes sasniegSana, gatzas indeksi un adg kvalitate
atXiras pa sezam.

Abstract

The effect of fifteen rootstocks (P 2, P 14, PR&2, NR 47, P 59, P 60, B 9, B 146, B 396,
PB-4, M.9 EMLA, M.26, M.27 AND M.7) on the storaityl of 'Elise' apples was studied in the 1999-
2002 seasons. Measurements during harvest inclmeéed fruit weight, flesh firmness, starch index,
soluble solids and internal ethylene concentratiditer six months of cold storage, weight loss,
firmness, soluble solids and incidence of storaigerders were determined. Trends showing higher
firmness values for fruits from trees on red-leavedtstocks (B 9, P 60, B 396, P 59) were noted.
Fruits from trees on p 2 resulted in higher thamrage internal ethylene content, although values
obtained for M.27 were lower than average. b 99@i&d m.27 resulted in higher values of the streif
index that corresponded with later ripening. Thealsest fruits were noted for super dwarfing
rootstocks PB-4, P 22 M.27 AND P 59, while the legigwere ON P 14, M.7 and P 2. A low
percentage of physiological disorders of fruits wased for B 9, B 396, P 59 AND NR 47. A high
seasonal variation was observed for firmness, cliemec ethylene production, and maturity indices
and fruit quality after storage.

Key words: Malus x domestica internal ethylene, firmness, soluble solids, phiggical
disorders, starch, Streif index, weight loss

Introduction

There is no doubt that the rootstock may have tioeandirect influences on tree growth
behaviour (Wertheim, 1998). One of the most impurtabjectives of growers is to control fruit
quality using rootstocks. The classic paper of éfaftl935) showed that fruits from trees on the dwar
rootstock No. 9 (later named M.9) were bigger vi#iter red blush. The rootstock effect on visual
guality parameters, such as mean fruit mass, $hape and coloration has been shown in many trials
performed at different locations (Barrét al, 1997; Callesen, 1997; Hirst al.,2001; Loreti, 2001).
The internal fruit quality parameters such as fiess) soluble solids content, and acidity are also
affected by the rootstock (Fallabt al, 1985; Autioet al, 1991; Drakeet al, 1991; Ben, 1999;
Slowinska and Tomala, 2001). Apple fruit minerainpmsition also depends on the rootstock (Drake
et al., 1991; Ben, 1995) and it is well known tlaaple storage ability strongly depends on their
mineral element content (Fallahi, 1988; Tomala, 7299 herefore, fruit internal quality is closely
related to apple storability and may influence tfrmiaturation (Barden, 1988; Barden and Marini,
1992; Autioet al.,1996).
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The objective of this study was to examine the ctffif rootstocks of different vigour and

origin on fruit internal quality and storability ing fruits of the cultivar ‘Elise’ during the 199802
periods.

Materials and Methods

‘Elise’ apple fruits from trees on fifteen rootskscof different vigour and different origin
were examined. The trees were budded on P 2, P 18, P 22, Nr 47, P 59, P 60, B 9, B 146, B 396,
PB 4, M.7, M.9 EMLA, M.26, and M.27 rootstocks.

The orchard trial was set up in four replicatiowgh 5 — 7 trees per plot and planted in the
spring of 1997. The harvest date was estimateddbasethe induced ethylene method. At harvest
time, flesh firmness was measured using the Ingb@metrometer, soluble solid concentration was
determined using a refractrometer, and the dedgretarch breakdown (starch index, on a 1-10 scale)
was assessed. The Streif maturity index was aldulaéed based on these values. The internal
ethylene concentration was determined with a Héwlatkard gas chromatograph Model 5890 II. All
measurements were performed on the random sampl&S fsuits per plot. Mean fruit mass was
assessed, based on a sample of 100 apples fronpleach

One box (ca 16 kg) of fruits from each plot wagedticat 1°C for 6 months for each of three
storage seasons: 1999/2000, 2000/2001, 2001/2002202{2003. The flesh firmness, weight loss,
soluble solids and percentage of sound fruits,agmrdiseases and physiological disorders were
determined at the end of each storage season.

Data were subjected to an analysis of covariatime one-factor model separately for three
seasons. The two-factor model was used to compaan malues for three years and determine
significance. The confounding effect of the meantfmass on the firmness was removed using an
analysis of covariance. The data on percentageuit$ fwith physiological disorders, storage dissase

and sound apples were transformed using the Blethad (arcsin\/;).

Results and Discussion

The mean fruit mass was a significant covariatettierfruit firmness at harvest in all years.
Adjusted means of firmness (Table 1) showed thatstock affects this parameter; however, there
was no persistent tendency for higher firmnessciatsa with any particular rootstock.

Table 1. Rootstock effect on firmness of "Eliseplap at harvest and after storage

Firmness (N; 1 kG = 9.81 N)

Rootstock at harvest after storage

1999 2000 2001 2002 1999 2000 2001 2002
PB 4 94.6 - 84.1 81.6 58.6 - 50.2 53.1
P22 91.7 - 82.1 77.9 55.6 - 52.4 52.3
M.27 925 106.7 84.0 86.8 59.3 65.0 52.5 56.9
P 59 91.9 109.8 81.7 93.7 55.2 66.2 52.1 51.5
P 16 91.0 98.0 80.8 91.1 59.7 63.2 51.4 54.5
P2 90.4 102.6 84.2 88.6 55.9 63.0 53.7 495
M.9 EMLA 947 1116 828 90.6 59.0 66.6 53.0 51.2
B9 94.2 109.3 84.6 94.7 60.9 68.1 51.2 541
B 396 89.3 110.0 83.7 97.9 60.5 63.5 54.7 50.1
P 60 94.4 112.1 85.5 102.4 60.7 68.1 54.2 50.9
B 146 89.8 108.4 83.5 86.1 57.8 62.2 51.6 54.1
M.7 94.3 - 85.5 93.7 58.4 - 52.4 48.0
M.26 91.1 110.6 84.8 96.1 57.6 64.6 50.3 50.4
Nr 47 94.2 108.7 82.0 94.0 57.3 65.1 52.4 48.5
P14 90.2 1056 834 86,9 57.0 65.0 53.2 49.1
p-VaIué 0.095 0.102 0.840 0.019 0.136 0.535 0.640 0.273

! Rootstocks are listed in increasing TCSA value ° p-Value is equal to F probability
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High variation was observed between seasons, aslsadound in research by Falladti al. (1985)
and Autio et al. (1996). Trends for higher firmness values for thuirom trees on red-leaved
rootstocks (B 9, P 60, B 396, P 59) were noteds Tdit could be related to higher Ca content iiidru
from trees on these rootstocks (Tometdal, 1999; Slowinska and Tomala, 2001; Clatral.,2002).
The firmness after storage was significantly relgata not shown) to firmness at harvest but & wa
not possible to detect any strong rootstock eftatthis. There was no evidence of a relationship
between fruit firmness and rootstock vigour as tbima previous paper by Autat al. (1996).

The percentage of soluble solids content (Table/&y affected by rootstock. In this case, a
high seasonal variation was also observed. There ne higher values of these indices recorded for
more dwarfing rootstocks, as reported by Awgtoal (1991). It is worth mentioning that in certain
specific years the percentage of soluble solids atbrage was higher for some red leaved rootsfock
as was also pointed out for the case of fruit fiess

Table 2. Rootstock effect on soluble solids ofS&liapples at harvest and after storage

Soluble solids, %

Rootstock at harvest after storage

1999 2000 2001 2002 1999 2000 2001 2002
PB4 14.8 - 12.6 14,6 16.1 - 12.1 14.2
P22 15.0 - 12.6 14,4 15.5 - 11.6 14.3
M.27 14.6 16.4 11.8 14,5 16.1 16.7 11.7 14.4
P 59 14.6 16.3 11.9 13,6 15.5 17.3 10.9 13.9
P 16 14.7 15.9 12.4 14,4 15.4 16.2 11.2 13.9
P2 15.0 16.6 12,5 14,4 15.7 16.7 12.3 13.9
M.9 EMLA 14.6 16.7 12.2 13,3 15.3 16.8 11.8 13.9
B9 15.2 16.0 12.2 12,9 15.3 17.8 11.1 14.1
B 396 14.9 16.9 12.7 13,7 15.6 16.4 12.7 13.7
P 60 15.0 16.5 12.9 13,8 15.8 17.1 12.4 13.6
B 146 14.6 16.6 12.1 13,3 15.4 17.1 11.9 14.0
M.7 14.0 - 12.8 14,2 14.8 - 11.6 13.1
M.26 14.6 15.3 11.8 14,6 15.0 16.7 12.0 13.7
Nr 47 14.9 16.7 12.9 13,8 15.6 17.1 12.2 13.5
P14 14.0 15.5 11.9 13,2 14.3 16.5 11.8 134
p-Valug 0.1774 0.0402 0.4244 0.0941 0.0020 0.1937 0.0022 0470.

1235ee table 1

The Streif index (Table 3) associates all maturitlices, and could be used as a more secure
indicator of the fruit ripening process. Rootstaffect varied from year to year, but some rootstock
were consistent in their effect. Specifically, BF959 and M.27 resulted in higher values of theein
and this corresponds with later ripening. Delaynaturity on trees on M.27 was also found by Barden
(1988).

Mean fruit mass was affected by rootstock (TableaB) a trend towards bigger fruits on
more vigorous rootstocks was observed. The smdfigit$ were noted for super dwarfing rootstocks
PB-4, P 22 M.27 and P 59, while the biggest wer® dd, M.7 and P 2.

The rootstock effect on physiological disordershf€ad) and percentage of sound fruits was
significant. The presence of physiological disosdeas very high in the first year of the experiment
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The low percentage of physiological disorders afitér noted for B 9, B 396, P 59 and Nr 47
rootstocks was associated with a high Ca and lo@akKratio, as presented in a previous paper for
these rootstocks (Slowinska and Tomala, 2001). &hia line with data reported by many authors
(Fallahi et al., 1988; Tomala, 1997). There was no evidence ofranystock effect on weight loss
caused by respiration and transpiration.

Table 3. Rootstock effect on Streif index and migait mass of “"Elise” apples at harvest

Rootstock Streif index Mean fruit mass, g

1999 2000 2001 2002 1999 2000 2001 2002
PB 4 0.11 - 0.11 0,227 161 - 173 200
P22 0.09 - 0.13 0,244 160 - 189 220
M.27 0.12 0.16 0.17 0,212 175 144 181 205
P 59 0.10 0.19 0.12 0,189 177 148 172 206
P 16 0.10 0.11 0.10 0,298 173 160 192 207
P2 0.09 0.12 0.14 0,332 188 169 205 219
M.9 EMLA 0.11 0.15 0.14 0,189 170 147 207 221
B9 0.11 0.20 0.14 0,201 162 138 210 217
B 396 0.09 0.17 0.11 0,274 195 150 206 211
P 60 0.11 0.13 0.12 0,256 170 152 215 217
B 146 0.09 0.14 0.11 0,295 182 160 201 222
M.7 0.13 - 0.14 0,272 163 - 228 231
M.26 0.10 0.17 0.12 0,260 180 153 212 223
Nr 47 0.10 0.16 0.11 0,216 196 160 199 217
P 14 0.10 0.11 0.11 0,242 185 168 232 252
p-Valug 0.0310 0.0054  0.0023 0.0043 0.0885 0.1106 0.0010 0664.

123ee table 1

Table 4. Rootstock effect on the percentage of iplogical disorders and weight loss of "Elise”
apples after storage

Rootstock Physiological disorders, % Weight loss, %

1999 2000 2001 2002 1999 2000 2001 2002
PB4 17.3 - 15 15.1 3.2 - 3.3 3,9
P22 18.7 - 0.9 6.4 3.1 - 3.2 3,5
M.27 9.8 6.8 0.3 11.6 3.2 4.9 3.1 3,5
P 59 7.3 6.8 2.7 4.5 3.1 4.4 3.4 3,7
P 16 10.2 13.1 2.0 7.5 3.2 3.8 3.2 3,5
P2 34.4 19.9 14 12.6 3.2 4.4 3.0 4,3
M.9 EMLA 9.0 5.7 1.2 4.2 3.3 4.8 3.7 4,2
B9 8.6 4.7 0.7 3.0 3.0 4.8 3.1 3,8
B 396 18.3 9.0 1.6 5.2 2.9 4.4 2.5 3,7
P 60 14.5 4.4 0.7 4.1 3.3 4.4 3.3 3,6
B 146 16.7 6.8 0.4 9.8 3.2 5.1 3.2 4,0
M.7 14.1 - 10.5 7.1 3.6 - 3.3 4,0
M.26 19.3 6.6 6.8 4.5 3.7 4.6 3.1 3,8
Nr 47 16.3 5.0 3.4 5.4 3.4 4.6 3.3 3,9
P14 11.1 11.2 5.0 9.1 3.3 4.1 3.6 4,1
p-Valug 0.011 0.160 0.064 0.041 0.051 0.305 0.497 0.283

1Z25ee table 1
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