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Abstract
  A field study of dwarf apple (Malus × domestica Borkh.) rootstock performance using ‘Golden Delicious 
Reinders’ as the scion cultivar was conducted in Poland from 2001-2007. The study included 6 rootstocks from 
the Cornell-Geneva rootstock breeding program (Geneva® 11, Geneva® 16, Geneva® 41, Geneva® 202, CG.3007 
and CG.4013), 4 rootstocks from the Polish rootstock breeding program (P 14, P 16, P 59 and P 60) and 3 Malling 
rootstocks as controls (M.9 T337, M.9 Pajam2 and M.26). Over the seven years of the study, no trees were lost on 
any rootstock due to damage from frost or diseases including fire blight (Erwinia amylovora Burr. Winsl.) infesta-
tion on the rootstock. Trees growing on P 59 and P 16 had the weakest growth while the strongest growing trees 
were on P 14, P 60, M.26, CG.4013 and G.202. The size of the trees on G.11, G.16, G.41 and M.9 Pajam2 were 
similar to that of the trees growing on the standard dwarfing rootstock M.9 T337. The trees started bearing fruit 
on all rootstocks in the second year after planting. The cumulative yield varied from 31.9 kg with P 59 to 92.7 kg 
with CG.4013. High yields were also obtained from trees on G.41, P 14, G.202 and M.26. Cumulative yield ef-
ficiency expressed as yield per cm2 of trunk cross-sectional area was highest for trees on P 16, M.9 Pajam2, G.41 
and G.11 and lowest for vigorously growing trees on P 60, P 14 and M.26. In 2007, a year of heavy cropping, the 
mean fruit weight varied from 141 g on P 59 to 232 g on M.9 T337. Fruit size from trees on P 60, P 14, G.41, G.11 
G.202 and M.26 was statistically similar to trees on M.9 T337. We conclude that the rootstocks G.11 and G.41, 
which are highly resistant to fire blight, can be recommended for growing ‘Golden Delicious Reinders’ apple in 
the Polish climate, as are the non-resistant rootstocks M.9 T337, P 16 and M.9 Pajam2. For orchards located on 
light soils CG.4013, G.202, P 14 and P 60 are also promising.

  Poland has become one of the largest apple 
producing countries in the European Union. 
Polish apple growers must deal with a shorter 
growing season and colder winters than south-
ern European countries. In recent decades, 
Polish apple growers have heavily planted 
trees on M.9 rootstock, yet its susceptibility 
to fire blight (Erwinia amylovora Burr. Winsl.) 
and to cold winters is of concern. Improved 
rootstocks with better winter hardiness and 
fire blight resistance are a priority for Polish 
growers. The Geneva® or “G” series of root-
stocks (designated “G” if released or “CG” if 
not released) form Cornell University (New 
York, USA) has been shown to have a high 
level of resistance to fire blight (2, 6, 18) while 
the Polish bred “P” series of rootstocks have a 
high level of winter hardiness (9, 10).

  Notable warming of the climate in Poland 
in recent years has led to planting more trees 
of the cultivar ‘Golden Delicious Reinders’. 
Of the many known mutants of ‘Golden 
Delicious’, ‘Golden Delicious Reinders’ is 
becoming the most popular in Poland because 
the apples are free from russeting (14). Several 
studies of ‘Golden Delicious’ in the Polish 
climate have been conducted (3, 8, 11, 26). 
  The aim of this experiment was to determine 
the adaptability and horticultural performance 
of the fire blight resistant Geneva® root-
stocks and the hardy Polish rootstocks when 
compared to the common Malling rootstocks 
M.9 and M.26 for growing ‘Golden Delicious 
Reinders’ trees on a podsolic soil in the climate 
of Poland. 
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Material and Methods
  A field experiment was established in the 
late spring of 2001 (June 10) at the Pomologi-
cal Orchard of the Institute of Pomology and 
Floriculture in Skierniewice, Poland (52°N, 
20°E). One-year-old feathered maiden trees 
of ‘Golden Delicious Reinders’ grafted on 
6 rootstock clones of the Geneva® rootstock 
series (G.11, G.16, G.41, G.202, CG.3007 
and CG.4013), 4 rootstock clones from the 
Polish rootstock breeding program (P 14, P 
16, P 59 and P 60) and 3 Malling rootstock 
clones as controls (M.9 T337, M.9 Pajam2 
and M.26), were planted at a spacing of 1.5 
m x 3.75 m (1,778 trees/ha). The height of the 
bud union above the soil level varied from 8 
to 10 cm. All of the rootstocks we tested have 
been previously described (2, 10, 12, 20, 22, 
27). The trees on the Geneva® rootstocks, and 
those on M.9 T337, M.9 Pajam2 and P 16 
were produced by Johan Nicolai nursery in 
Sint-Truiden, Belgium. The trees on P 14, P 
59, P 60 and M.26 were produced in a Polish 
nursery at the Center for Elite Nursery Stock 
in Prusy, near Skierniewice, Poland. The soil 
was a deep sandy-loam podsolic soil, pH 5.5 
overlaying light clay. Soil was drained at the 
depth 100 cm. The experimental orchard was 
planted on a site where various species of fruit 
trees had been grown for over 70 years. One 
year before planting, a green manure crop of 
mustard was grown. The soil was not fumi-
gated prior to planting. 
  The experimental design was a randomized, 
complete block design, with the blocks based 
on the initial trunk circumference, with seven 
replicates and a single tree per plot. The trees 
were trained in the form of a slender spindle 
using minimal pruning in years 1-4, and were 
drip-irrigated. Soil cultivation, fertilization, 
orchard protection and weed control proce-
dures were applied according to the recom-
mendations for commercial orchards in Poland 
(19). The alley-ways between rows were 
seeded with a mixture of 40 kg of grass seed 
per/ha (25% Poa trivialis L., 25% Festuca 
rubra L. and 50% Lolium perenne L.). The 
grass alleyway was mowed 3-4 times a year. 

The herbicide strips under the trees were 120 
cm wide. Each year the fruitlets were hand-
thinned, leaving one fruit per cluster and a 
spacing of 18 cm between fruits. Annually 
tree trunk circumference was measured at 30 
cm above ground level and converted to trunk 
cross-sectional area (TCA). The height and 
spread of tree canopies were measured in late 
autumn (October) before pruning, from the 
lowest branches, to the top of tree. The spread 
of the tree was measured along the row and 
perpendicular to the row. Fruit yield per tree 
was recorded each year. 
  ‘Golden Delicious Reinders’ apples are 
usually picked in Poland in the first days of 
October (14). Mean fruit weight of all picked 
apples was recorded for the last three years, 
by using an electronic sorting machine manu-
factured by Greefa  (4190 CA Geldermalsen, 
Holland). In 2007, 28 fruits from each root-
stock (4 fruits from each tree which were 
larger than 70 mm) were randomly collected 
after grading and were analyzed for red color 
(% of red blush area), firmness, total soluble 
solids concentration (TSS) and total titrat-
able acidity (TA). After harvest fruits were 
kept in cold storage for 5 days at 2.0oC after 
which fruits were analyzed (October 5). The 
red blush area was measured visually by es-
timation. Internal ethylene concentration was 
measured by extracting a 1ml gas samples 
from the apple core and injecting it into a HP 
5892 II gas chromatograph equipped with 
alumina packed glass column  (Hewlett Pack-
ard, Germany). The results were expressed in 
µl·L-1. Fruit firmness was measured by and 
EPT 1R penetrometer (Kelowna, BC Canada) 
equipped with 11.1 mm standard Magness 
Taylor tip. The results were expressed in kg of 
force. TSS and TA were measured in freshly 
prepared juice. TSS was determined using a 
digital refractometer ATAGO 101 (Japan) and 
expressed as a percentage. TA was determined 
by titration of juice with 0.1 N NaOH to the 
end point pH = 8.1 using an automatic titrator 
DL 50 Graphix (Mettler Toledo, Switzerland). 
The results were expressed as a % malic acid. 
The data were subjected to an analysis of vari-
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ance (R.A. Fisher Statistica ver.7.1 STATS , 
(Tulsa OK 74104 USA) with the differences 
between the means evaluated by Duncan’s 
t-test at P≤0.05. Rootstock was considered a 
fixed effect and block (rep) was considered 
a random effect. Simple regression analyses 
were done with the same program.

Results and Discussion
  Tree growth. During the 7 yr period of the 
experiment, no trees were lost due to frost or 
disease damage to the root system or the scion, 
neither were any trees lost to infection by fire 
blight (Table 1). All the trees of ‘Golden Deli-
cious Reinders’ survived very well the severe 
winter of 2005/2006, when the temperature 
dropped to -31.6°C. Before that winter, the 
trees had naturally hardened off very well. 
  Based on TCA after 7 yr, ‘Golden Delicious 
Reinders’ apple trees growing on P 59 and P 

16 were significantly smaller than the trees 
grafted on the standard dwarfing rootstock 
M.9 T337 (Table 1). The size of three of the 
Geneva® rootstocks (G.11, G.16 and G.41) 
was very similar to that of trees grown on 
M.9 T337 and M.9 Pajam2. The trees grown 
on CG.3007, G.202 and CG.4013 were sig-
nificantly larger than the trees grafted on M.9 
T337 and were similar to the trees on M.26.  
  The size of the trees grown on the Geneva® 
rootstocks in Poland corresponded well with 
the results presented by Musacchi et al. (17), 
and Sansavini et al. (24) from Italy, and Rob-
inson et at. (20, 21, 22, 23), and Johnson et 
al. (13) from the USA. The strongest grow-
ing trees were on P 14, P 60 and M.26. The 
trees grafted on those three rootstocks were 
significantly larger than the trees grown on 
the standard M.9 T337 rootstock and P.14 was 
also larger than M.26. 

Table 1. Survival, tree size, number of root suckers and burr knots of ‘Golden Delicious Reinders’ apple 
trees grown on Geneva® and Polish rootstocks throughout seven growing seasons (2001-2007).
	 					   
							                              Cum. no.
	               Tree           Truck cross-          Tree                                          root           Mean area
	             survival       sectional area        height              Tree width       suckers      of burr knots
Rootstockz           rate (%)	  2007 (cm2)         2007 (m)	     2007 (m)       2001-07       2007 (cm2)

P 59	 100	 10.7 ay	 1.61 a	 1.42 a	 0	 4.3 bc

P 16	 100	 13.1 a	 1.79 ab	 1.64 b	 0	 1.0 abc

M.9 Pajam2	 100	 19.6 b	 2.06 bc	 1.76 bcd	 0	 1.3 abc

G.11	 100	 21.2 b	 2.23 cde	 1.83 cde	 0	 1.3 abc

G.16	 100	 22.7 b	 2.03 bc	 1.70 bc	 0	 0.0 a

M.9 T337	 100	 23.1 b	 2.20 cd	 1.86 cde	 0	 4.7 c

G.41	 100	 24.9 bc	 2.17 cd	 1.91 de	 0	 0.0 a

CG.3007	 100	 28.7 cd	 2.30 cdef	 1.95 ef	 0	 0.9 abc

G.202	 100	 29.0 cd	 2.49 defg	 1.93 def	 0	 0.0 a 

CG.4013	 100	 29.7 cd	 2.69 g	 1.99 ef	 0	 0.4 ab

M.26	 100	 33.3 de	 2.40 defg	 1.94 def	 0	 1.3 abc

P 60	 100	 36.7 e	 2.60 fg	 2.10 f	 0	 4.4 bc

P 14	 100	 42.9 f	 2.54 efg	 2.11 f	 0	 3.4 abc
z	 Rootstocks ranked by trunk cross-sectional area
y	 Means within a column followed by the same letter are not significantly different (Duncan’s multiple range test P ≤ 

0.05).
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  The size of the tree canopy (tree height 
and tree width) was well correlated with the 
TCA in a curvilinear manner (Fig 1). Trees 
on CG.4013 tended to be taller than expected 
from their TCA while trees on G.16, G.41, 
CG.3007 and M.26 tended to be shorter than 
expected from their TCA. Tree width was 
more highly correlated to TCA than tree 
height. Only G.16 and M.26 tended to have 
narrower canopies than expected from their 
TCA.
  In Poland, rootstocks that are more vigorous 
than M.9 are recommended for orchards plant-
ed on light soils (9). From this trial, CG.3007, 
G.202 CG.4013, P.60, P.14 and M.26 can be 
recommended for orchards planted on light 
soils in Poland. It is worth noting that P 14 was 
significantly more vigorous than M.26 over 
the 7 years of this trial but in our experience, 
young trees on P.14 usually grow more vigor-
ously than they do when mature and producing 
full crops (7, 9, 10).
  Roots suckers and burr knots. None of the 
trees in this experiment produced any root 
suckers. The production of root suckers is 
known to be influenced by climate (16) and 
in many climates M.9 produces significant 

numbers of root suckers. Thus, our data do 
not allow any conclusions about the sucker-
ing potential of the new Geneva® or Pol-
ish stocks. The area of the rootstock shank 
covered by burr knots differed significantly 
among rootstocks (Table 1). The largest mean 
size of burr knots was found on the rootstock 
shanks of M.9 T337, P 60, P 59 and P 14. The 
trees on G.41, G.16, G.202 had no burr knots. 
The strong tendency of M.9 rootstock and its 
related clones to be susceptible to producing 
burr knots is well-documented in the literature 
(10, 17, 27).
  Yield. The trees of ‘Golden Delicious 
Reinders’ started bearing fruits on all root-
stocks in the second year after planting. The 
effect of the rootstock on cumulative yield in 
the first four years of cropping (2002-2005) 
varied significantly among the rootstocks 
(Table 2). The trees on P 59 and P 16 had the 
lowest yields over the first four cropping years. 
The trees on M.9 T337 were intermediate in 
early yield. Trees on most of the Geneva® 
rootstocks yielded similarly to the trees on 
M.9 T337. Trees on P 14, M.26 and CG.4013 
were in the group with the highest yield. In the 
last two-year period of the experiment (2006-

Fig. 1. Relationship between tree height or tree width with trunk cross-sec-
tional area of 13 rootstocks after 7 years in Poland.

‘Golden Delicious Reinders’ Apple
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2007), the highest yield was obtained from 
trees on G.41, followed by CG.4013, G.202, 
M.9 Pajam 2 and P 16, while the lowest yield 
was from trees on P 59 (Table 2). The yields 
from all the remaining trees grafted on the 
Geneva® rootstocks and the Polish rootstocks 
were similar to the yields obtained from trees 
on M.9 T337. The cumulative yield for the 
seven-year period after planting was highest 
from trees on CG.4013 followed by G.41, P 
14, G.202, and M.26 (Table 2). The lowest 
cumulative yield was obtained from trees 
grown on P 59. The cumulative yields from 
the trees grown on the remaining Geneva® 
and Polish rootstocks were similar to the 
yields obtained from the trees on M.9 T337. 
In general the cumulative yields from our trial 
would have been higher if we had not thinned 
aggressively to achieve large-sized fruits 
(>7.5 cm in diameter and weighing over 192 
g). In most years, fruitlets were thinned to a 
distance of about 18 cm between fruits. Thus, 
the cumulative yields obtained in Poland from 
trees on the standard dwarfing rootstocks M.9 
T337 and M.9 Pajam2 were lower than yields 
obtained from trees of the same age in Italy or 
Spain (4, 17). Nevertheless the yield data from 

this study show the high yielding potential of 
‘Golden Delicious Reinders’ trees in Poland 
and are comparable with data obtained by 
previous studies in Poland (3, 5, 11, 26). 
  Yield efficiency. The trees on P 16 had the 
highest cumulative yield efficiency followed 
by M.9 Pajam 2, G.41, G.11, M.9 T337, P 59, 
CG.4013 , and some, and the lowest yield ef-
ficiency was with trees on P 14 and P 60 (Table 
2). Yield efficiency was negatively correlated 
with TCA (Fig. 2). Trees on P.16, M.9 Pajam2 
and G.41 had higher than expected yield ef-
ficiency from their TCA while P 59, G.16 and 
CG.3007 had lower yield efficiencies than 
expected from their TCA. 
  Fruit size. The effect of rootstock on fruit 
weight was modest and varied from year 
to year (Table 2). In 2005, nearly all of the 
rootstocks had fruit weights similar to that of 
fruits from trees on M.9 T337, while only the 
fruit size from trees on P 59 was significantly 
smaller. In 2006, the fruit size from the trees 
grown on nearly all rootstocks was similar to 
that of the fruits obtained from the trees on 
the standard dwarfing rootstock M.9 T337 
except fruits from CG.4013 and P.14 were 
significantly larger than M.9 Pajam 2 and P.16. 

Table 2. Cumulative yield, cumulative yield efficiency (CYE) and fruit size of ‘Golden Delicious Reinders’ 
apple trees grown on Geneva® and Polish rootstocks.
		    Cumulative yield (kg/tree)	               CYE	           Fruit size (g)
					                 (kg/cm2

Rootstockz	 2002-2005	 2006-2007	 2002-2007       TCA)	 2005	 2006	 2007

P 16	 25.1 ay	 36.9 cdef	 62.1 bc	 4.98 e	 181 c	 199 a	 202 bcd
M.9 Pajam2	 34.3 b	 42.1 def	 76.4 cde	 4.02 d	 160 bc	 197 a	 195 bcd
G.41	 40.4 bcd	 49.7 f	 90.1 ef	 3.71 d	 123 abc	 221 ab	 214 cde
G.11	 41.8 bcd	 28.1 bc	 69.9 bcd	 3.43 cd	 165 bc	 244 ab	 207 bcde
M.9 T337	 36.6 b	 34.8 bcde	 71.4 bcd	 3.27 bcd	 163 bc	 227 ab	 232 e
P 59	 22.4 a	 9.5 a	 31.9 a	 3.19 bcd	 116 a	 210 ab	 141 a
CG.4013	 46.0 cde	 46.6 ef	 92.7 f	 3.11 bcd	 165 bc	 256 b	 184 b
G.202	 35.9 b	 43.7 def	 79.7 def	 2.77 abc	 158 bc	 220 ab	 215 de
G.16	 36.5 b	 23.1 b	 59.6 b	 2.64 abc	 181 c	 223 ab	 180 b
CG.3007	 40.6 bcd	 28.2 bc	 68.9 bcd	 2.43 ab	 140 abc	 211 ab	 186 bc
M.26	 48.2 de	 30.5 bcd	 78.8 def	 2.42 ab	 149 abc	 224 ab	 208 bcde
P 14	 51.1 e	 37.1 def	 88.2 ef	 2.13 a	 155 abc	 247 b	 214 cde
P 60	 38.1 bc	 34.0 bcde	 72.1 bcd	 2.00 a	 158 bc	 233 ab	 218 de
z	 Rootstocks ranked by cumulative yield efficiency
y	 Means within a column followed by the same letter are not significantly different (Duncan’s multiple range test P ≤ 0.05).
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In 2007 there were considerable differences 
in fruit size between rootstocks. Rootstocks 
with significantly smaller fruit size than M.9 
T337 were P 59, G.16, CG.4013, CG.3007, P 
16, and M.9 Pajam2. The fruit sizes obtained 
in the last two years (2006 and 2007) were in 
line with those reported by Musacchi et al., 
(17), and Jadczuk et al. (11). 
  Crop load. Mean fruit density (crop load) 
over 4 years (calculated as fruit number per 
cm2 of TCA) was higher for trees on P 16 than 
for trees on P 14 and P 60 (Table 3). All other 
stocks had intermediate crop loads and were 
similar to M.9 T337. Ranking of the rootstocks 
by mean crop load was similar to the ranking 
of rootstock by cumulative yield efficiency. 
The individual year crop loads show that some 
rootstocks (P 59, G.11, G.16, CG.3007, M.26, 
P 60, and P 14) had significant biennial bearing 
while other rootstocks (P 16, M.9 Pajam2, M.9 
T337, G.41, CG.4013 and G.202) had more 
annual cropping (Table 3).  
  Fruit quality. In 2007 there were only small 
differences in fruit flesh firmness among 
rootstocks. Fruit from trees on M.9 Pajam2, 
G.202 and P 60 ranked highest for fruit firm-
ness while fruit from trees on CG.3007 ranked 

lowest for fruit firmness (Table 4). Only M.9 
Pajam2 had significantly higher fruit flesh 
firmness than M.9 T337. Although ‘Golden 
Delicious Reinders’ is a green/yellow culti-
var, there were significant differences in the 
area of red blush on the fruit skin among the 
rootstocks (Table 4). The red blush area was 
significantly greater on fruits harvested from 
trees on M.9 T337 and G.202 than from trees 
grown on CG.4013 and P 16. Stocks with the 
least amount of red blush area were CG.4013, 
P 16, P 59, G.16, G.41 and M.9 Pajam 2. 
The highest internal ethylene concentration 
was recorded in the fruits from the trees on 
G.41 followed by M.9 T337, CG.3007, P 59 
and P 14 while the lowest internal ethylene 
concentration was in fruits harvested from 
trees grafted on P 60 followed by G.202, 
M.9 Pajam2, G.11 and M.26 (Table 4). Other 
rootstocks had intermediate internal ethylene 
concentrations. The lowest fruit TSS was from 
trees on P 14 followed by P 59, CG.4013, P 
16, G.41, CG.3007 and G.11, while fruit from 
trees on G.16, M.9T337, M.26, M.9Pajam2, 
G.202 and P 60 had the highest TSS. The TSS 
from trees on the other rootstocks was similar 
to fruits from trees on M.9 T337. The highest 

Fig. 2. Relationship between 7-year cumulative yield efficiency and trunk 
cross-sectional area of 13 rootstocks after 7 years in Poland.

‘Golden Delicious Reinders’ Apple
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Table 3. Crop load of ‘Golden Delicious Reinders’ apple trees grown on Geneva® and Polish rootstocks 
throughout four growing seasons (2004-2007).

				    Crop load (number of fruits/cm2 TCA)			  	
Rootstockz	          2004	 2005	 2006	 2007	 Meany

	
P 16	 5.6	 5.8	 8.1	 8.1	 6.9 b
M.9 Pajam 2	 5.2	 8.3	 6.1	 6.5	 6.5 ab
P 59x	 -	 11.3	 1.1	 5.8	 6.1 ab
M.9 T.337	 5.3	 9.1	 3.6	 4.8	 5.7 ab
G.41	 5.1	 6.7	 4.3	 6.2	 5.6 ab
G.11	 3.4	 11.8	 0.7	 5.9	 5.4 ab
CG.4013	 4.2	 7.8	 2.5	 6.0	 5.1 ab
G.16	 4.0	 10.5	 0.8	 4.9	 5.0 ab
CG.3007	 2.8	 9.2	 0.5	 4.9	 4.4 ab
G.202	 3.5	 6.2	 3.5	 4.4	 4.4 ab
M.26x	 -	 8.2	 1.0	 3.8	 4.3 ab
P 60x	 -	 7.4	 1.2	 3.4	 4.0 a
P 14x	 -	 7.3	 0.6	 3.8	 3.9 a
z	 Rootstocks ranked by mean crop load
y	 Means within a column followed by the some letter are not significantly different (Duncan’s multiple range test P ≤ 0.05
x	 Crop load on rootstock P 59, M.26, P 60 and P 14 was measured only for 3 years (2005-2007).

Table 4. Fruit firmness, red blush area, internal ethylene concentration (IEC), total soluble solids (TSS) and 
total acidity of ‘Golden Delicious Reinders’ apple trees grown on Geneva® and Polish rootstocks in 2007.

	 	 Fruit
		  firmness	                Red blush					        Total
Rootstockz	 (kg)	                area (%)	          IEC (ppm)	         TSS (%)           acidity (%)

P 60	 6.84 bcdy	 16.0 abcd	 85.1 a	 15.3 bcd	 0.58 cd
G.202	 6.90 cd	 23.7 cd	 85.4 a	 15.3 bcd	 0.64 e
M.9 Pajam2	 6.95 d	 11.0 abcd	 97.6 ab	 15.4 bcd	 0.56 cd
G.11	 6.50 ab	 14.0 abcd	 109.2 abc	 14.9 abcd	 0.53 bc
M.26	 6.64 abcd	 19.3 bcd	 110.7 abc	 15.6 cd	 0.65 e
CG.4013	 6.60 abc	 4.3 a	 122.2 bcd	 14.5 abc	 0.53 bc
P 16	 6.69 abcd	 6.0 ab	 123.4 bcd	 14.6 abc	 0.54 bc
G.16	 6.55 ab	 10.7 abcd	 124.4 bcde	 16.0 d	 0.54 bcd
P 14	 6.69 abcd	 14.3 abcd	 135.2 cdef	 14.1 a	 0.58 cd
P 59	 6.54 ab	 7.7 abc	 146.3 def	 14.5 ab	 0.45 a
CG.3007	 6.35 a	 18.0 abcd	 148.9 def	 14.8 abc	 0.49 ab
M.9 T337	 6.61 abc	 25.3 d	 156.7 ef	 15.6 bcd	 0.60 de
G.41	 6.58 abc	 11.7 abcd	 164.7 f	 14.7 abc	 0.54 bcd
z Rootstocks ranked by internal ethylene concentration
y Means followed by the same letter are not significantly different (Duncan’s multiple range test P ≤ 0.05).
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Fig. 3. Relationship between fruit total acidity and fruit size of 13 rootstocks in 
2007 in Poland.

TA was from trees grown on M.26, G.202, 
and M.9 T337 while the lowest TA was from 
trees on P 59 and CG.3007. Other rootstocks 
which had significantly lower TA than M.9 
T337 were P 16, G.11 and CG.4013.
  The variations in TA, TSS and internal 
ethylene concentration were likely connected 
with the differences in fruit size and the degree 
of ripening. In this trial, fruit size, was not cor-
related with TA and fruit firmness, TSS or in-
ternal ethylene concentration (Fig. 3). Notable 
rootstock effects on fruit quality which were 
in line with the correlation of fruit size and TA 
were: M.9 T337 had the largest fruit size and 
high TA and TSS in agreement with Autio et 
al. (1); P 59 had the smallest fruit size and low 
TA and TSS in agreement with Skrzyński (25). 
Rootstocks which had higher than expected TA 
in relation to their fruit size were G.202 and 
M.26 while CG.3007 had lower than expected 
TA for its fruit size. Our results in relation to 
firmness, TSS and TA are comparable with the 
data obtained by Musacchi et al. (17),Bonany 
et al. (4) and Autio et al. (1). 
  Internal ethylene is probably the best in-
dicator of fruit maturity at harvest and thus 
those rootstocks inducing higher ethylene 
concentration in the fruit have more advanced 

fruit maturity than those rootstocks with low 
fruit internal ethylene concentration. Our data 
indicate that G.41 CG.3007, P 59, P 14 and 
G.16 advance fruit maturity similarly to M.9 
T337 while P 60, G.202, and G.11 delay fruit 
maturity similarly to M.26. Others have not 
reported on fruit maturity effects of Geneva® 
and Polish rootstocks but the differences be-
tween M.9 and M.26 have been noted before 
(15). An interesting anomaly is that our data 
show fruits from M.9 T337 to be more mature 
than fruits from M.9 Pajam2. Since the 2 
rootstocks are clones of M.9 this is unusual.
  Conclusions.  (1) After 7 yr, trees of ‘Gold-
en Delicious Reinders’ on G.11, G.16 and 
G.41 rootstocks were similar in size to those 
on the standard dwarfing rootstocks M.9 T337 
and M.9 Pajam2. Trees on P 16 and P 59 were 
significantly weaker in comparison with trees 
on M.9 T337. The strongest growing trees 
were on P 14, P 60 and M.26. The rootstocks 
CG.4013, G.202, CG.3007 were intermediate 
between M.26 and M.9 T337. (2) Cumulative 
7 yr yield was highest from trees on CG.4013, 
G.41, P 14, G.202 and M.26; however, only 
G.41 was similar in vigor to M.9 T337. Root-
stocks with yield similar to M.9T337 were 
CG.3007, G.11, M.9 Pajam2, P 16 and P 60. 
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Significantly lower yields were obtained only 
from trees grafted on P 59. The highest yield 
efficiencies were with trees on P.16, M.9 Pa-
jam2, G.41 and G.11 while the trees on P 60 
and P 14 had the lowest yield efficiencies. (3) 
The Geneva® series rootstocks and Polish root-
stocks with different growth vigor included in 
this trial had little effect on fruit size, which 
varied from year to year. Smaller fruit size 
tended to be produced only by the trees on P 
59. In 2007, a heavy cropping year, the largest 
fruits were from the trees on M.9 T337, G.41, 
P 60, G.202, M.26, P 14 and G.11. In countries 
with short growing seasons like Poland where 
it is very difficult to obtain high quality fruits 
of ‘Golden Delicious Reinders’ (over 190 g 
or diameter over 7.5 cm), rootstocks which 
produce large fruit size are important. (4) 
Chemical analyses performed in October 2007 
revealed small differences in total acidity, 
soluble solids, and fruit firmness among the 
fruits picked from the rootstocks tested. The 
highest TA was found in fruits from the trees 
on M.26, G.202, and M.9 T337. The highest 
TSS was found in the fruits picked from the 
trees grown on G.16, M.26 followed by M.9 
T337 and M.9 Pajam2. (5) The rootstocks 
G.11 and G.41 are highly suitable in the Polish 
climate for ‘Golden Delicious Reinders’ apple 
trees, as are trees grown on M.9 T337, P 16 
and M.9 Pajam2. For orchards located on light 
soils, the rootstocks CG.4013, G.202 P 14 and 
P 60 are also promising.

Literature Cited
  1.	 Autio W.R., R.A.Hayden, W.C.Micke and G.R. 

Brown. 1996. Rootstock affects ripening, color, 
and shape of ‘Starkspur Supreme Delicious’ apples 
in the 1984 NC-140 cooperative planting. Fruit 
Var. J. 50:45-53. 

  2.	 Barritt B.H., B.S. Konishi, M.A. Dilley and L. 
Pussey. 2004. Resistance of apple rootstocks to 
fire blight caused by Erwinia amylovora. Acta 
Hort. 658:387-390.

  3.	 Bielicki P. and A. Czynczyk. 2005. Wzrost i 
owocowanie drzew odmiany ‘Golden Delicious 
Reinders’ na podkładkach selekcji polskiej i 
amerykańskiej. X Ogólnopolski Naukowy Zjazd 
Hodowców Roślin Ogrodniczych, Zmienność 
genetyczna i jej wykorzystanie w hodowli roślin 

ogrodniczych,15-16 luty 2005: 281-286.
  4.	 Bonany J., J. Curbo, M. Casals, I. Iglesias and R. 

Montserrat. 2002. Performance of some clonal 
apple rootstocks in Girona and Lleida (Catalonia, 
NE-Spain) with special reference to fruit quality. 
Acta Hort. 658:333-339.

  5.	 Buczek M. and A. Szczygieł. 2004. Wpływ pod-
kładek wegetatywnych na wzrost i owocowanie 
jabłoni odmiany ‘Golden Delicious’ w warunkach 
Podkarpacia. XLIII Ogólnopolska Naukowa Kon-
ferencja Sadownicza ISK Skierniewice: 210-212.

  6.	 Cummins J.N. and H.S. Aldwinckle. 1983. Breed-
ing apple rootstocks. Plant Breeding Rev. 1:294-
394.

  7.	 Czynczyk A. 2000. The growth and fruiting of 
two apple cultivars replanted over the old apples 
orchards at various densities. J. Fruit Orna. Plant 
Res. 1:29-39.

  8.	 Czynczyk A. and P. Bielicki. 2006. Wpływ róż-
nych podkładek selekcji polskiej i amerykańskiej 
na wzrost i owocowanie drzew odmiany ‘Golden 
Delicious Reinders’. XLIV Ogólnopolska Nauko-
wa Konferencja Sadownicza. 30-31 sierpnia 2006, 
ISK Skierniewice; 48-49.

  9.	 Czynczyk A., T. and Jakubowski. 2004. Value of 
standard and new selected rootstocks for apples 
in Poland. Acta Hort. 732:51-58.

10.	 Czynczyk A., P. Bielicki and B. Bartosiewicz. 
2002. Influence of subclones of M.9 and P 22 and 
new Polish bred rootstocks on growth and yielding 
of ‘Jonagold’ and ‘Ligol’ apple trees. Acta Hort. 
658:129-134.

11.	 Jadczuk E., A. Pietraszek and A. Sadowski. 2004. 
Early performance of ‘Golden Delicious’ apple 
trees on four rootstocks. Acta Hort. 732:202-206

12.	 Johnson W.C., H.S. Aldwinckle, J.N. Cummins, 
P.L. Forsline, H.T. Holleran, J.L. Norelli and T.L. 
Robinson. 2001. The new USDA ARS/Cornell 
University apple rootstock breeding and evalua-
tion program. Acta Hort. 557:35-40.

13.	 Johnson W.C., J.N. Cummins, H.T. Holleran, S.A. 
Hoying and T.L. Robinson. 2001. Orchard trial 
performance of elite Geneva® series rootstocks. 
Acta Hort. 557: 63-68.

14.	 Kruczyńska D. 2008 Nowe odmiany jabłoni 
Hortpress Sp.zo.o. 214.

15.	 Lord, W.J., D.W. Greene, R.A. Damon, Jr. and J.H. 
Baker. 1985. Effects of stempiece and rootstock 
combinations on growth, leaf mineral concentra-
tions, yield and fruit quality of ‘Empire’ apple 
trees. J. Amer. Soc. Hort. Sci. 110:422-425.

16.	 Marini, R.P., J.L. Anderson, W.R. Autio, B.H. 
Barritt, J. Cline, W.P. Cowgill, Jr., R.M. Garner, 
A. Gauss, R. Godin, G.M. Greene, C. Hampson, 
P. Hirst, M.M. Kushad, E. Mielke, R. Moran, 



51

C.A. Mullins, M. Parker, R.L. Perry, J.P. Privé, 
G.L. Reighard, T. Robinson, C.R. Rom, T. Roper, 
J.R. Schupp, E. Stover, and R. Unrath. 2006. 
Performance of ‘Gala’ on 18 dwarfing rootstocks: 
ten-year summary of the 1994 NC-140 rootstock 
trial. J. Amer. Pomol. Soc. 60:69-83.

17.	 Musacchi S, V. Ancarani and S. Sansavini. 2007. 
Primi resultati dei nuovi portinnesti clonali del 
melo della serie Geneva (CG) innestati con Golden 
Delicious. Riv. di Frutticoltura 10:44-49.

18.	 Norelli J.L., H.T. Holleran, W.C. Johnson, T.L. 
Robinson and H.S. Aldwinckle. 2003. Resistance 
of Geneva® and other apple rootstocks to Erwinia 
amylovora. Plant Disease 87:26-32.

19.	 Program Ochrony Roślin Sadowniczych. 2007. 
Sad Nowoczesny 1/2007 163. 32.

20.	 Robinson T.L. and S.A. Hoying. 2002. Perfor-
mance of elite Cornell-Geneva apple rootstocks 
in long-term orchard trials on growers farms. Acta 
Hort. 658: 221-230.

21.	 Robinson T.L. L. Anderson, A. Azarenko, B.H. 
Barritt, G. Brown, J. Cline, R. Crassweller, P. 
Domoto, C. Embree, A. Fennell, D. Ferree, E. 
Garcia, A. Gaus, G. Greene, C. Hampson, P. Hirst, 
E. Hoover, S. Johnson, M. Kushad, R.E. Marini, R. 
Moran, C. Mullins, M. Parker, R. Perry, J.P. Prive, 
G. Reighard, C.R. Rom, T. Roper, J.R. Schupp, M. 
Warmund, W. Autio, W. Cowgill, K. Taylor and 
D. Wolfe. 2002. Performance of Cornell-Geneva 
rootstocks across North America in multi-location 
NC-140 rootstock trials. Acta Hort. 658:241-246.

22.	 Robinson T.L., H. Aldwinckle and G. Fazio. 2003. 

The Geneva® series of apple rootstocks from 
Cornell: performance, disease resistance, and 
commercialization. Acta Hort. 622:513-520.

23. 	 Robinson, T.. L. Anderson, W. Autio, B. Barritt, 
J. Cline, R. Crassweller, W. Cowgill, C. Embree, 
D. Ferree, E. Garcia, G. Greene, C. Hampson, 
K. Kosola, M. Parker, R. Perry, T. Roper and M. 
Warmund. 2007. A multi-location comparison of 
Geneva® 16, Geneva® 41 and M.9 apple root-
stocks across North America. Acta Hort. 732:59-
66.

24.	 Sansavini S., F. Donati, M. Grandi, M. Ventura 
and S. Venturi. 2006. I nuovi portinnesti clonali di 
melo della serie Geneva (CG) in confronto ad M.9 
T337 con Golden Delicious. Riv. di Frutticoltura 
12: 52-58.

25.	 Skrzyński J. 1997. Wstępne wyniki badań nad 
wpływem wybranych podkładek karłowych na 
jakość owoców jabłoni odmiany Jonagold. Ma-
teriały Ogólnopolskie. Seminarium Pracowników 
Katedr Sadownictwa i ISK. Współczesne trendy w 
agrotechnice sadów. Jakość owoców jako czynnik 
postępu w sadownictwie, 25-26 wrzesień, Lublin; 
41-45.

26.	 Sosna J. 2004. Wpływ wysokości okulizacji czte-
rech podkładek na wzrost, plonowanie i jakość 
owoców jabłoni odmian ‘Jonagold’ i ‘Golden 
Delicious’. Folia Universitatis Agriculture Steti-
nensis 240:179-184.

27.	 Wertheim, S.J. 1998. Rootstock guide: apple, pear, 
cherry, European plum. Fruit Research Station, 
Wilhelminadorp, The Netherlands.

‘Golden Delicious Reinders’ Apple

❖ ❖ ❖ ❖ ❖     

U.S. Postal Service Statement of Ownership,
Management and Circulation

  Journal of the American Pomological Society is owned and published by the American 
Pomological Society, with publication and business offices located at: 102 Tyson Building, 
University Park, PA 16802. Frequency of issue: quarterly. Publication number: 211-320. An-
nual U.S. subscription price: $55.00. Editor: Cheryl R. Hampson, Agriculture and Agri-Food 
Canada, Pacific Agri-Food Research Centre, P.O. Box 5000, Summerland, BC Canada V0H 
1Z0. Business manager: Robert M. Crassweller, 102 Tyson Building, University Park, PA 16802.
  The average number of copies of each issue printed during the preceding 12 months was 
550; total paid circulation, 369; free distribution, 0; total distribution, 369; office use and left 
over, 181. The actual number of copies of a single issue published nearest to filing date was 
550; total distribution, 369; office use and left over, 181.
  I certify that the statements made by me above are correct and complete. R.M. Crassweller, 
Business Manager. December 31, 2009.




