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D E P A R T M E N T F O R P O M O L O G Y A N D E C O N O M I C S 

TOP FRUIT 

ROOTSTOCKS AND INTERSTEMS FOR POME AND STONE FRUITS 

S.J. Wertheim 

Rootstocks 

Apple 

New rootstocks 
la the spring of 1982 a trial was planted with several new rootstocks, with 

Golden Delicious as the test cultivar (see Annual Report 1986, p.13). To date, 
2 rootstocks show a growth vigour that lies between that of M.27 and M.9, 
namely Jork 9 and B146. Two others fall between M.9 and M.26 with regard to 
vigour, namely B469 and Ottawa 3. However, the differences with the standards 
are not statistically significant in all cases. M.20 grew less than M.27 and 
B118 and B490 grew more strongly than M.26. These 3 rootstocks, therefore, are 
of no interest for Dutch fruitgrowing since the desired growth-vigour range 
lies between that of M.27 and M.26. 

In a second trial with James Grieve and Golden Delicious, planted in the 
spring of 1983 (see Annual Report 1986, p.13-14) 2 rootstocks show a growth 
vigour between that of M.27 and M.9, namely P.16 and P.22. The Russian 
rootstock B9 possesses a vigour in between that of M.9 and M.26, whereas P.l 
equals M.26. For further detail the reader is referred to De Fruitteelt 
78(1988)1:12-14. 

More experience is needed with the promising rootstocks before they can be 
recommended. Therefore, a national trial was budded in August 1987. 

In the spring of 1985 a third trial was planted with 3 new rootstocks (B9, 
CG44 and P.2 and 2 standards (M.9 and M.26). The test cultivar is Golden 
Delicious 'Smoothee'. The trees were planted at 3.50x 1.50 m and the trial 
consists of 6 replications with 3 trees per plot. From the trunk 
circumference, measured January 1988, it appears that, to date, B9 and P.2 are 
slightly more vigorous than M.9, but clearly weaker than M26. CG44 (virus 
free) grows more vigorously than M.26. Therefore, CG44 is of no interest to 
Dutch fruit growers. This is even more so since production capability was 
below that of M.26. Both, B9 and P.2 equal M.26 in this respect. To date, M.9 
has the highest production capacity. 

In a fourth trial of 1986 with Golden Delicious 'Smoothee' and Elstar some 
rootstocks are being compared with M.27 and M.9. For the former cultivar 4 
rootstocks are being tested: J-TE-F, J-TE-G, and J-TE-K from Czechoslovakia 
and Bemali from Sweden. With Elstar only Bernau is being tested. 

With Golden Delicious 'Smoothee', up till now, J-TE-G appears to be more 
dwarfing than M.27. Bernau and J-TE-F are close to M.9 in vigour and J-TE-H is 
somewhat stronger. With Elstar, too, Bemali is close to M.9 in vigour. 

Unfortunately, the trial had to be replanted on another site, because of 
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building activities. This will certainly affect the results. 

M.9 types 
In a trial with Golden Delicious 'Kloon B', planted in the spring of 1982, 

2 M.9 types of the NAKB (General Netherlands Inspection Service for 
Agricultural Produce) T337 and T339 are being compared with 6 M.9 selections 
from Fleuren Nurseries at Baarlo (numbers 4, 25, 49, 56, 59, and 89). To date, 
the trees on nr.56 show a weaker growth than on all other types, which are 
equal. In other pomological features nr.56 does not differ from the other 
types. Virus cannot be involved, since nr.56 did not show any known virus in 2 
tests made by the Plant Protection Service. 

Similarly, in a second trial with 11 M.9 types and 2 cultivars (Golden 
Delicious 'Smoothee' and Elstar), nr.56 was the weakest type (see Annual 
Report 1986, p.12). So, M.9 sub clones can differ in growth vigour; this was 
also confirmed in a third trial with 4 M.9 types (see Annual Report 1986, 
p.12). 

Up until 1987, it would appear from the various trials that M.9 types do 
not differ in production capacity or fruit quality (size, colour, taste). In 
addition to differences in growth vigour, variations can be seen in the 
occurrence of burr knots on the rootstock parts above the ground. Sometimes a 
difference in root suckering can be found. 

The conclusion has been reached that the small differences in growth vigour 
within the M.9 can be used. On poor soils the stronger types can be chosen, 
such as RN29 or Cepiland. On rich soils a more dwarfing type, such as nr.56, 
might be useful. For more details the reader is referred to De Fruitteelt 
78(1988)1:10-11. 

To gain more insight into the behaviour of differing types of M.9, a 
national trial is being prepared with nr.56 (T2211), T337 and RN29. This trial 
will be planted at the end of 1989 in all experiment gardens. 

M.26 types 
In the spring of 1985 a trial was planted with Golden Delcious 'Smoothee' 

on 3 M.26 types. The comparison comprised 2 NAKB types (a thorned and a 
non-thorned one) and a Canadian M.26 propagated 'in vitro'. The NAKB types 
were traditionally propagated in layer beds. 

To date, no differences have been detected between the 3 types, neither in 
growth vigour, fruit production, fruit weight, flowering intensity nor in root 
suckering. The only difference observed is the number of burr knots per tree 
on the stem of the rootstock above the ground. The non-thorned M.26 had on 
average 0.1 burr knots per tree as against 1.3 for the thorned one and 1.1 for 
the Canadian M.26. So, this juvenile feature apparently occurs more on a 
thorned M.26 and an 'in vitro' propagated type. Whether 'in vitro' propagation 
has caused juvenility or that a juvenile type was used for the 'in vitro' 
propagation, is a matter of speculation. A trial is being planned to 
investigate this. 

M.27 types 
In the spring of 1985 a trial was planted with Rode Boskoop 'Schmitz 

HUbsch' and Jonagold, each on 2 M.27 types. The traditionally propagated M.27 
type from the NAKB is being compared with an 'in vitro' clone from Canadian 
origin. Up until 1987 no differences had been found in growth vigour, fruit 
production, fruit weight, fruit colour, flowering intensity or root suckering. 
There was, however, a difference in the number of burr knots per tree on the 
part of the rootstock above the ground. The 'in vitro' type had more burr 
knots than the 'normal' type. With Rode Boskoop 'Schmitz Hübsch' the figures 
were 2.6 compared with 1.0 and with Jonagold 1.7 compared with 0.7. Whether 
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this Is a result of the 'in vitro' culture, or due to the clone choice, cannot 
be stated. It is known that within M.27 thorned (juvenile) and non-thorned 
types occur. 

In a second trial a similar comparison is being made. Again a NAKB M.27, 
traditionally propagated, is being compared with an 'in vitro' clone, but this 
time of Italian origin. In fact 2 comparisons are being made, one in which the 
M.27 types are grown as trees and one where they are used as rootstocks under 
Jonagold and Karmijn de Sonnaville. 

The M.27 trees, to date, have flowered and cropped equally well. The 'in 
vitro' clone, however, produced many more root suckers and stem shoots and 
showed more burr knots. At the end of 1987 the root suckering index for the 
'in vitro' type was 4.3 against 2.4 for the other type (scale: 1 = no root 
suckers to 5 = many root suckers and stem shoots). The number of burr knots 
was of the same order, 16.3 against 6.1. So, apparently the 'in vitro' plants 
are more juvenile. This trial will be terminated. 

The types did not differ as rootstocks in growth vigour, fruit production, 
fruit quality (size, colour, russeting) or root suckering. With Karmijn no 
differences in the number of burr knots occurred, but with Jonagold the 'in 
vitro' type had a few more burr knots (1.4 against 0.9 per tree). So, the 
large variations found between the 2 M.27 types grown as trees did not show up 
when used as rootstocks. 

Pear 

New rootstocks 
In the spring of 1984 a trial was planted with Conference and Doyenné du 

Comice on some Quince rootstocks (C132, Sydo, BA29, Quince A, Quince C) and 1 
pear rootstock (BP1). At the end of 1987 C132 appeared a more dwarfing 
rootstock than Quince C. However, C132 was the sole rootstock of unknown virus 
status, all others were virus free. So, the weaker growth may have been due to 
viruses. BP1 and Sydo grew more vigorously than Quince C and were equal to 
Quince A. BA29 was more vigorous than Quince A. Up until 1987 Quince C was the 
most productive rootstock, but the trial is still young. For further reading 
one is referred to De Fruitteelt 78(1988)1:12-14. 

In the same publication data from a second trial are given, also planted in 
1984 with several Quince rootstock selections (Table 1). Test cultivars are 
Conference and Doyenné du Comice. Main treatment is the virus free Quince 
Adams. Up until 1984 all trials with this selection were made with non tested 
Quince Adams. In the current trial the latter is also included, as are 2 types 
'Hang' and 'Vaas'. 'Hang' is broad growing type and similar to the real Adams 
and 'Vaas' is a more erect type that was found in Adams Nurseries as well 
between the broad growing types. The erect type resembles Quince C. The trial 
also contains some top graft (T) numbers from the same types. 

After 4 growing seasons some growth differences were noticed. The non-virus 
tested Quince Adams 'Vaas' gave the least growth. Given the growth on the 
virus free 'Vaas' type, this must have been a virus effect. However, the 
non-virus tested 'Hang' type grew as strongly as the virus free one. Possibly, 
the 'Hang' type did not contain much virus. The NAKB Quince C grew equally as 
strongly as Quince Adams 'Hang'. 

It is worth noting that 2 top-graft numbers of Quince C (T899, T900) grew 
less than the Quince C! If this is maintained, it could become of interest for 
growth control. Quince A grew more vigorously than Quince Adams and Quince C. 

As for production, the only conspicuous feature with Conference is the 
lagging behind of the non-virus tested Quince Adams 'Vaas'. This must partly 
be a tree-size effect. With Doyenné du Comice more differences occurred. The 
virus free 'Hang' types, so far, have produced well. No conclusions are 
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possible yet as the trees are still young. 
A third rootstock trial, again with Conference and Doyenné du Comice, was 

planted in the spring of 1987. In this trial 2 pear rootstocks (0HxF51, 
OHxF333) will be compared with Quince C. The trees were 2 years old when 
planted. In 1987 Conference on Quince C and OHxF333 grew equally strongly; 
those on 0HxF5l were a bit weaker. With Doyenné du Cornice Quince C and 0HxF51 
were equal, and OHxF333 was stronger. 

Table 1. Results Quince-rootstock trial. 

Quince Type Virus Trunk circ- Kg/tree 1986+1987 
status* umference 

(cm2)** Conference Doyenné 
end of 1987 du Comice 

Adams 'Vaas' nvt 10.5 a 8.5 7.1 
C T899 vf 11.4 b 11.0 6.6 
C T900 vf 11.5 b 10.3 8.4 
Adams 'Vaas' Tl 100 vf 11.6 bc 10.4 8.0 
Adams 'Vaas' T1099 vf 12.1 cd 12.2 8.3 
C (NAKB) vf 12.2 d 11.4 7.2 
Adams (original) nvt 12.3 d 11.2 9.9 
Adams 'Hang' nvt 12.4 d 12.5 5.1 
Adams 'Hang' (NAKB) vf 12.7 de 13.2 8.2 
Adams 'Hang' T1044 vf 13.0 e ' 12.1 10.2 
A (NAKB) vf 14.4 f 11.0 7.9 

* nvt = non virus tested, vf = virus free. 
** averaged for the 2 cultivars (no interaction). 
Figures in 1 column followed by the same letter(s) do not differ significantly 
(P = 0.05). 

Plum 

Three trials, planted each spring from 1981 till 1983, with Pixy, Marianna 
GF8/1 and P.2038-1A, were recently summarized in De Fruitteelt 78 (1988)1: 
12-14. 

In the spring of 1984 another trial was planted with 8 cultivars (Table 2) 
on 2 rootstocks: St.Julien A and Pixy. The aim is to see whether these 
cultivars are compatible with the Pixy rootstock and how the trees behave on 
this dwarfing rootstock. Table 2 summarizes some results. When considering the 
figures, it must be realised that the trees on St.Julien A were planted at 
4x3 m and those on Pixy at 4x1.5 m. 

Table 2 shows that all cultivars grew less on Pixy than on St.Julien A. The 
growth reduction, however, varied per cultivar. With 6 cultivars, kg 
production per tree was lower on Pixy rootstock. In some cases this can be 
explained by a similar decrease in growth (Monsieur Hâtif). In other cases the 
reduction in productivity is greater than can be explained from growth 
reduction (Reine Claude d'Althan); in yet other cases it is smaller (Ontario, 
Early Laxton, Hauszwetsche). Warwickshire Drooper produced even more on Pixy 
than on St.Julien A, in spite of a smaller tree volume. 

The cultivars also produced different sizes of fruit. In general, the 
fruits of trees on Pixy were about equal in size to those of trees on 
St.Julien A. Warwickshire Drooper and Early Laxton fruits on Pixy were 
smaller, with Ontario larger. 



14 

It is too early to say whether Pixy will be a good rootstock for the 
various cultivars. 

Table 2. Results plum-rootstock trial. 

Cultivar 

Monsieur Hâtif 
R.Cl.d'Althan 
R.Cl.Verte 
Ontario 
W.Drooper 
Bl.de Belgique 
Early Laxton 
Hauszwetsche 

Tree 
end o 

StJA 

1.77 
1.88 
2.27 
2.51 
1.87 
2.08 
2.50 
2.25 

volume (m3) 
f 1987 

Pixy 

1.37 
1.41 
1.42 
1.14 
0.97 
1.50 
1.13 
1.29 

Kg/tree 
1986+198; 

StJA 

5.6 
4.3 
1.1 

14.4 
11.3 
17.9 
9.4 
5.1 

Pixy 

3.9 
1.6 
1.1 
9.2 

14.4 
11.4 
5.5 
4.1 

Mean fruit weight (g) 
1986+1987 

StJA 

47 
55 
27 
51 
51 
48 
33 
21 

Pixy 

46 
54 
26 
55 
46 
47 
28 
20 

Cherry 

In the autumn of 1987 an international cherry-rootstock trial was planted. 
Five dwarfing rootstocks (GM9, GM61/1, GM79 from Belgium, Weihroot 10 and 
Weihroot 13 from Germany) will be compared with Colt. Test cultivars are 
Stella (in all 7 countries) and for Wilhelminadorp Castor, Early Rivers, and 
Merton Glory. The trial results from an international (ISHS) symposium on 
cherry growing, held in 1984 in Giessen (Germany). The Netherlands and Belgium 
were asked to co-ordinate the trial. 

In the autumn of 1988 a second trial will follow, with the same cultivars 
on Gisela 148/2, Gisela 172/9, and Gisela 173/9 from Germany and F 12/1 as a 
standard. 

Hopefully, a good dwarfing rootstock can be found, so that the cherry 
culture revives. 

Interstems 

Apple 

M.9 and M.27 interstem on MM.106 
In the spring of 1983 a trial was planted with Golden Delicious 'Kloon B' 

on.M.9 or M.27 rootstocks or on MM.106 rootstock with a 30 interstem of M.9 or 
M.27. The trees on M.9 rootstock or interstem were planted 1.00, 1.25 or 
1.50 m within the row, those on M.27 at 0.75, 1.00 or 1.25 ra. For both the row 
distance is 3.50 m. 

Some results of the trial are given in Table 3. From the tree volumes it is 
obvious that M.27 trees are smaller than M.9 trees. Trees on M.27-interstem 
grew more than those directly on M.27 rootstock. M.9 trees, however, were all 
equal whether on M.9 interstem or on M.9 rootstock. Trees on MM.106 with M.27 
interstem planted at 1.00 or 1.25 m equalled trees directly on M.9 at the same 
distance. Table 3 shows that trees became smaller with decreasing distance 
within the row; on M.27 rootstock, however, not significantly. 

http://Bl.de
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Table 3. Results M.9 and M.27 intersteni trial on MM. 106 with Golden Delicious 
'Kloon B'. 

Treatment Tree Kg/tree Kg/ Mean fruit 
volume 1984- m tree weight (g) 

Roots- Inter- Planting (m ) 1987 volume* 1984-1987 
tock stem distance January 

(m) 1987 

M.27 - 0.75 0.23 a 22.9 99.9 f 153 a 
M.27 - 1.00 0.27 a 23.6 91.6 f 155 ab 
M.27 - 1.25 0.32 a 24.5 78.4 e 154 ab 

M.9 - 1.00 0.67 c 42.7 64.6 ede 162 bed 
M.9 - 1.25 0.76 cd 45.1 60.3 cd 167 ede 
M.9 - 1.50 0.91 e 47.4 52.2 bc 167 ede 

MM.106 M.27 0.75 0.52 b 37.3 71.3 de 160 abc 
MM.106 M.27 1.00 0.68 c 43.3 64.5 ede 164 cd 
MM.106 M.27 1.25 0.74 cd 43.1 60.6 cd 163 cd 

MM.106 M.9 1.00 0.71 cd 39.0 57.6 bed 164 cd 
MM.106 M.9 1.25 0.88 de 45.0 51.4 bc 173 e 
MM.106 M.9 1.50 0.99 e 44.5 45.3 a 171 de 

* Fruits/tree accumulated for 1984-1987 divided by the tree volume of 1987. 
Values in 1 column followed by the same letter(s) do not differ significantly 
(P = 0.05). 

The trees on M.9 rootstock gave the highest production, followed by the 
trees on M.9 interstem, M.27 interstera and M.27 rootstock. The production per 
tree increased with increased tree distance. The production results can partly 
be traced back to tree-volume. However, fruit sizes are also a factor. Fruit 
weights on M.27 were lower than on M.9. The fruit weights will have been 
affected by the number of fruits per unit of tree volume. Trees on M.27 
rootstock were the highest in this respect. 

Both, M.9 and M.27 interstem reduced fruit production when compared to the 
trees directly on M.9 or M.27. The MM.106 rootstock might have had an 
influence here. 

In general, the trees grown directly on M.9 and planted at 1.25 or 1.50 m 
behaved best. 

Length of M.27 interstem 
In the spring of 1987 a trial was planted with Elstar on M.9 or M.27 

rootstock or on M.9 rootstock with an interstem of M.27 of 10, 20, or 40 cm 
length. The aim is to see whether a certain M.27 length can induce a vigour in 
between M.27 and M.9, used as rootstocks. 

From observations carried out in the fruit-tree nursery and after the first 
year in the orchard, it can be said that 10 cm of M.27 interstem produced a 
vigour equal to that of M.27 rootstock. With 20 cm length growth was reduced. 
Compared to 10 cm a 40 cm interstem was about the same as 20 cm. From some 
treatments with shoots on the interstem, it appeared that those clearly grew 
less compared with 'bare' interstems. 

Interstem and fruit colour 
In the spring of 1984 an interstem trial was planted with Elstar and 
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Jonagold on M.9 rootstock. Five interstems (Dubbele Zoete Aagt, Golden 
Delicious 'Kloon B', Summerred, Gloster, and Rode Boskoop 'Schmitz Hübsch') 
are being compared with trees directly on M.9. The aim is to see whether a 
red-fruited interstera cultivar affects the fruit colour of the scion cultivar. 
In 1986 no fruit-colour differences were observed with Jonagold. With Elstar 
fruit colour on Gloster and Rode Boskoop interstems was slightly less than on 
the other ones. In 1987 Jonagold trees on M.9 had the least colour, and with 
Elstar again Rode Boskoop was slightly less. Here, the Summerred interstem 
gave more colour than the other interstems. In tree volume, differences are 
negligible, so this cannot have been an influencing factor. However, a fruit 
set effect cannot be ruled out. With Jonagold without an interstera the least 
colour in 1987 coincided with the highest production per tree. However, with 
Elstar no such relation between production and fruit colour could be found. 
So, conclusions cannot be drawn yet, but expectations of an effect do not run 
high. 

Interstems with Winston 
In the spring of 1978 a trial was planted in which 5 interstems (Table 4) 

were included together with trees directly on M.9. Winston was the test 
cultivar. The trial, with 6 replications of 3 trees each, planted at 
3.47xK62 m, ended in 1987. 

Table 4. Results of interstem trial with Winston. 

Interstera 
cultivar 

none 
Dubbele Zoete Aagt* 
Dubbele Bellefleur* 
Golden Delicious 
Rode Boskoop*/** 
Winston 

Growth/ 
tree (m) 
in first 3 
years 
(1978-
1980) 

15.4 a 
17.8 ab 
20.0 b 
19.5 b 
16.5 ab 
16.5 ab 

Trunk 
circumf
erence 
(cm) 
spring 
1981 

10.4 
10.5 
10.6 
10.5 
10.1 
9.7 

Tree 
volume 
(mJ) 
spring 
1982 

0.59 a 
0.58 a 
0.60 a 
0.56 a 
0.56 a 
0.49 a 

Kg/tree 
total 
1979-
1987 

124.0 
138.1 
146.2 
144.6 
147.0 
130.2 

a 
be 
c 
c 
c 
ab 

Mean 
fruit 
weight 

(g) 
1979-
1987 

137 a 
136 a 
134 a 
138 a 
137 a 
135 a 

* T r i p l o i d s . 
** Schmitz Hllbsch. 
Figures in 1 column followed by the same letter(s) do not differ significantly 
(P = 0.05). 

The trees with an interstem grew more during the first 3 years than those 
without, but only with Dubbele Bellefleur and Golden Delicious did the 
difference reach a significant level. In tree volume, measured in the spring 
of 1982, no differences were found, except that the trees without an interstem 
looked a bit smaller. This is confirmed by the data on trunk circumference 
measured in 1981 (Table 4 ) . 

The accumulated production per tree for 1979 to 1987 showed that the trees 
without an interstem lagged behind somewhat. The same is true for the trees on 
Winston interstem (Table 4 ) . Up until 1982 interstem trees were also more 
productive than trees without an interstem, when production was expressed as 
kg per m tree volume of per m tree-head projection. This is understandable, 
for Winston is a cultivar that forms many low side shoots in the nurseries, 
which have to be removed after planting. With interstem trees all feathers can 
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be maintained because they are at a proper height. This also explains the 
stronger growth of interstem trees in the first 3 years. It would appear, 
however, that trees without an interstem catch up later (see tree volume in 
Table 4 ) . The initial greater number of side shoots favoured the productivity 
of interstem trees. As tree volume did not change much after 1982, little 
change was to be expected in productivity per unit of tree volume or unit of 
surface. 

In fruit weight the treatments did not differ (Table 4 ) . This was confirmed 
by gradings done in 1986 and 1987, when no differences were found. A taste 
panel did not detect any difference in fruit taste in 1987 either. In 1984 a 
fruit analysis on the elements N, P, K, Mg, and Ca also gave the same resutls 
for all treatments. The same was true for dry-matter content of the fruits. 

In conclusion, the use of an interstem has favoured productivity without 
any disadvantage. This data can be used for other 'low feathering' cultivars, 
such as Jonagold. With the exception of Winston, all interstem cultivars in 
the current trial can be used. Because of the risk of winter-frost damage, 
however, diploid cultivars (Golden Delicious) are preferred to triploid ones 
(the other 3 cultivars). 

Winterhardy intersteras 
In January 1985 a trial with various interstems at Numansdorp was variously 

damaged by a severe frost. Elstar and Jonagold without an interstem or with an 
interstem of Rode Boskoop and Dubbele Zoete Aagt were damaged or killed, 
whereas trees with interstems of Golden Delicious, Gloster or Summerred 
survived without problems (see De Fruitteelt 75(1985)49:1376-1380). As a 
result of this, an interstem trial was planned, in which winterhardy and 
standard interstems would be compared. This trial with 18 interstem cultivars 
was planted in the winter of 1987/1988 in Wilhelminadorp and Arslev (Denmark). 
Jonagold and Elstar are the test cultivars. Jonagold was planted in 2 regional 
experimental gardens, Elstar in 2 other gardens, both with most of the 
intersteras used at the research station. 

UNUSUAL FRUIT CROPS 

S.J. Wertheim and J. Dijkstra 

Walnut (Juglans regia) 

In spite of the poor weather conditions in the growing season of 1987 the 
walnut trees in the trials of 1974 and 1981 produced fruit. The earlier trial 
includes 3 trees of each of 3 cultivars (nr.286, Broadview and Buccaneer). The 
production of 1985 is given in the Annual Report of 1985, p.24. In 1986 and 
1987 nr.286 was omitted from further observations, because production was low 
and the nuts were too small. The other 2 cultivars are satisfactory and 
therefore further observations were made. In 1986 Broadview yielded 14.1 kg 
per tree, and Buccaneer 5.0 kg. Fruit weight was 15 g during the second 
gathering (October 2nd). This was the main gathering for Broadview, but for 
Buccaneer the main gathering took place a little earlier (September 25th). 

In 1987 Broadview gave 1224 nuts per tree of which 9.2% showed shell 
deficiencies. Given the fresh weight of the nuts (12.2 g ) , the production will 
have been around 15 kg per tree. Buccaneer gave 618 nuts per tree, with an 
average fruit weight of 12.5 g, so 7.7 kg per tree. Here, 17.9% of the nuts 
had shell deficiencies. 
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Both cultivars can be grown safely in the Netherlands. This is confirmed by 
the later trial, also with 3 trees per cultivar (Table 5 ) . Broadview is by far 
the most productive cultivar. The German numbers and Buccaneer were also 
fairly productive. The French cultivars appear to be slower coming into 
bearing. The poor weather of 1987 caused leaf problems (Table 5 ) , but again 
Broadview was good in this respect. Because of shell deficiencies and the leaf 
situation, the cultivar Weinsberg 1 was grubbed in the autumn of 1987. For 
other cultivars this decision has been delayed. 

Table 5. Results comparison walnut cultivars in 1987. 

Cultivar 

Broadview 
Buccaneer 
Corne 
Franquette 
Franquette 
Parisienne 
Solèze 
Weinsberg 1 
nr.26 
nr.120 
nr.120 
nr.139 
nr.1247 

Rootstock 
(Juglans) 

regia 
regia 
regia 
regia 
nigra 
nigra 
regia 
nigra 
nigra 
regia 
nigra 
nigra 
nigra 

Nuts/ 
tree* 

890.0 
154.3 
26.6 
11.7 
10.7 
11.3 
39.7 
48.7 

136.0 
235.0 
215.0 
184.3 
121.0 

% nuts 
with shell 
deficiencies 

17.9 
53.6 
65.0 
62.9 
62.5 
82.4 
89.1 
91.1 
61.3 
79.1 
67.3 
66.3 
47.4 

Leaf 
index** 

1.0 
1.7 
1.7 
1.3 
2.7 
1.3 
3.7 
4.0 
2.0 
3.7 
3.3 
3.0 
2.7 

Fruit 
weight 
(g) *** 

12.0 
10.6 
-
12.5 

-
-
-
-
12.3 
18.7 
17.0 
13.0 

-

* 
** 

Good nuts + nuts with shell deficiencies. 
Scale: 1 = no leaf spots (duets moulds or bacteria) to 5 
spots. 

*** Of 20 good nuts/tree/gathering. 

many leaf 

Hazelnut (Corylus sp.) 

The trees in the trial of 1981 (see Annual Report 1986, p.26-27) did not 
crop in 1987. It is worth noting that the same cultivars in the twin trial at 
Kraggenburg (Northeastpolder) did crop. In the later trials of 1982 and 
subsequently, some cultivars produced nuts, but not many. All results up until 
1987 are summarized in the second revised edition of Publication nr.6 'The 
culture of Hazelnuts', which appeared in the spring of 1988. 

Quince (Cydonia oblonga) 

The collection of quince cultivars was grubbed in 1987 because of building 
activities. Fourteen cultivars were therefore budded in August 1986 on Quince 
C rootstock to re-establish a collection. In the spring of 1988 these 
cultivars were planted, with 3 trees per cultivar. 

Table 6 shows the total production from 1982 until 1986 for the old 
collection together with the main fruit weight of 1986. However, mention is 
only made of those cultivars that were of the same age and of which 2 to 3 
trees were available. All cultivars mentioned in Table 6 were planted in the 
spring of 1980 and were budded on Quince C. Vranja also stood on Quince A. The 
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latter combination and Matador were 2 years old when planted, whereas the 
other trees were 1 year old. The planting distance was 3.50x1.70 m. 

When considering the production, it must be borne in mind that the trees of 
most cultivars were damaged by the severe frost of January 1985 (see Annual 
Reports of 1985, p.25 and 1986, p.26). 

Table 6. Results comparison of Quince cultivars. 

Cultivar Kg/tree accumulated Mean fruit 
for 1982 till 1986 weight (g) 1986 

Bourgeault 24.9 115 
Isfahan 20.0 164 
Lescovacs 44.3 126 
Ludovic 29.8 86 
Matador* 51.4 209 
Portugal 6.3 81 
Rea's Mammoth 49.3 222 
Shams 27.1 164 
Vranja 16.6 155 
Vrarija (on Quince A) 31.7 156 

* Identical with Rea's Mammoth. 

Table 6 shows that Lescovacs and Rea's Mammoth were the most productive 
cultivars; Portugal was the least productive. Matador is probably a synonym 
for Rea's Mammoth, because no differences could be detected between these 2 
cultivars. Vranja has the most beautiful (pear shaped) fruits. With the other 
cultivars fruit appearance was less attractive. Lescovacs is an apple shaped 
quince. Isfahan gives fruits that are in between apple and pear shape. Ludovic 
and Portugal give small fruits. Ludovic has an elegant growth habit and is 
worthwhile as an ornamental tree. This is particularly so since growth vigour 
was the lowest of all quinces in the collection. Lescovacs is also fairly weak 
in vigour; Bourgeault and Portugal can be rated moderate in this respect. 
Isfahan and Vranja are vigorous, and Rea's Mammoth is a very vigorous grower. 

Peach (Prunus persica) 

The trees of the cutlivar trial of 1983 produced fruits in 1987. The 
cultivars known in the Netherlands gave the following numbers of fruits per 
tree: Amsden 301, Charles Ingouf 39, Johnny Brack (a new Dutch cultivar) 171, 
Peregrine 326, Vaes Oogst 349, and Wassenberger 97. Owing to the poor weather 
conditions in the summer of 1987 fruit rot occurred. For the cultivars 
mentioned the percentages of rotted fruits were: 5, 62, 5, 9, 9, and 9 
respectively. Fruit weights were in the same order: 61, 73, 97, 80, 98, and 
126 g. 

Apricot (Prunus armenlaca) 

The apricot trees produced only a small crop in 1987. Moorpark was number 
one with 104 fruits per tree, followed by Bredase with 89 fruits and Bergeron 
with 33 fruits. The other cultivars only gave a few fruits or no fruit at all. 
The fruits produced were often cracked and rotted by the abundant rainfall. 
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Medlar (Mespllus germanica) 

The medlar trees cropped well in 1987 (Table 7 ) . When considering the 
figures in Table 7, it should be kept in mind that only 2 to 3 trees per 
cutlivar are listed and also that the age of planting time differed per 
cultivar. The latter alone may cause yield differences. Westerveld yielded 
best. Also Bredase Reuzenmispel and Royal (on Quince C) were productive 
cultivars. All other cultivar-rootstock combinations were not very productive. 
Large fruits were produced from 'Macrocarpa' and Sultan. In 1987 Royal and 
'Macrocarpa' had the best taste. In 1986, however, Westerveld and Nottingham 
were better, so this character varies per year. 

Table 7. Results comparison medlar cultivars. 

Cultivar Rootstock Kg/tree Mean fruit 
weight (g) 

1987 1983-1987 1987 

Westerveld Quince C 9.5 26.9 22 
'Macrocarpa' hawthorn 5.3 12.0 47 
Sultan Quince C 0.9 3.8 43 
Royal Quince C 2.6 17.2 29 
Royal hawthorn 0.2 10.4 27 
Bredase Reuzenmispel hawthorn 5.8 21.2 20 
Nottingham hawthorn 3.0 7.3 18 

Japanese pear (Pyrus pyrifolia) 

In the spring of 1985 the first trees of Japanese pear (Nashi) cultivars 
were planted. Seven cultivars were planted on Quince C rootstock with Beurré 
Hardy interstem. Japanese pears are not compatible with Quince rootstock. In 
1986 the first few pears were obtained. In 1987 more fruits were harvested. 
Niitaka produced most fruits: 44.3 per tree (average of 4 trees). Mean fruit 
weight was 122 g. Shinseiki gave 41.5 fruits per tree (102 g per fruit). The 
other cultivars were less productive: Tama (23.5), Shinko (17.8), Hosui 
(12.5), Shinsui (10.5), and Kosui (7.5). Fruit weights were in the same order: 
107, 96, 173, 127, and 157 g. These weights are rather low, but no thinning 
was done. The fruit skin appears to be tender, for brown spots were often 
found, where leaves had touched the fruits. It remains to be seen whether this 
fruit species can be grown successfully in the Netherlands. 

Siberian gooseberry (Actinidia arguta) 

Yields were disappointing. Many short shoots produced no flowers. Therefore 
the average production of the 6 year old bushes was only 375 g. The older 
bushes also yielded less than in 1986 (1.5-2.5 kg). The average fruit weight 
was 11 g. The fruits were harvested at the beginning of October but they were 
severely damaged by wind and hail. 

The one plant of Actinidia callosa gave a high yield: 6 kg. However, the 
fruits are less attractive than those of A.arguta. They are more or less round 
or heart-shaped and green with a dark red blush. 
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Black applebérry (Aronia melanocarpa) 

All bushes and trees of the black applebérry flowered well and a good yield 
was expected. However, the berries seem very attractive to birds: at the end 
of August all berries were gone (as 2 years ago). 

FRUIT-TREE NURSERY TRIALS 

S.J. Wertheira 

Fertigation 

In a commercial nursery at Zeewolde (Flevopolder) a trial was started in 
the spring of 1987 to study 3 factors, viz. fertilization with nitrogen (N) , 
fertigation with Kristallon Blauw (19-6-20-4: N, P, K, Mg), and cleaning the 
trunk to a point A5 cm above the soil (i.e. 20 cm above the union). In total 
12 treatments were involved. The plus and minus N treatments were split up 
into 3 sub-treatments: no water, trickle irrigation and trickle irrigation 
with Kristallon Blauw. These sub-treatments were again divided in yes or no 
trunk cleaning. The treatments were made on buds of Jonagold and Elstar, both 
on M.9 rootstocks. The buds were made in August 1986. The planting distance 
was 100x30 cm. 

N-fertllization (75 kg N/ha) took place on April 13th. The trickle 
irrigation started on June 16th. 0.5 1 per tree per day was given (in 15 
minutes) until July 15th. From July 17th this was reduced to 0.33 1 (in 10 
minutes), because of the frequent rains. The irrigation stopped on August 
24th. The fertigated trees received 4.28 g N per tree in total (22.5 g 
Kristallon Blauw). The trunk cleaning was done by hand on 30 June when the 
side shoots were still very short. 

The N-fertilization had no effect on tree length, nor on the number and the 
length of the side shoots. Similarly, the effect on the trunk diameter was 
negligible. Irrigation with water had no effect on growth either. Only the 
mean shoot length increased a few cm. The same applied for fertigation. It is 
possible that the plentiful rain in the growing season of 1987 and the fertile 
soil were responsible for the negligible effect. 

Trunk cleaning did have an effect. This was to be expected as side shoots 
were removed by hand. However, trunk diameter was not affected. With Elstar 
the trunks (measured 10 cm above the union) of both groups were 13.4 mm. With 
Jonagold non-cleaned trunks measured 13.7 mm as against 13.5 mm for cleaned 
trunks. Tree height was not affected (120 cm for both groups of Elstar trees -
measured from the union - and 128 cm for both groups of Jonagold trees). The 
number of side shoots was reduced by cleaning: with Elstar from 12.5 to 10.0 
and with Jonagold from 14.1 to 9.1. The greater reduction with Jonagold was 
due to the lower insertion of side shoots compared with Elstar. When the 
number of side shoots at a height over 40 cm above ground are considered, no 
differences occurred with Elstar (9.5 for both groups). With Jonagold the 
side-shoot numbers per tree were 11.0 (non-cleaned ) and 9.5 (cleaned). 
Side-shoot length was not increased by cleaning with Elstar (35 versus 36 cm). 
With Jonagold cleaning produced a slight positive effect: average shoot length 
increased from 32 to 37 cm. 

In conclusion, on fresh, very fertile land there is no need for 
N-fertilization, trickle irrigation or fertigation. Trunk cleaning at an early 
stage, to prevent the development of side shoots which are too low (a nuisance 
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for the fruit grower), is good practice and does not harm fruit-tree quality 
(see De Fruitteelt 77(1987)24:11. 

PLANT DENSITY, ARRANGEMENT AND LIGHT INTERCEPTION WITH POME FRUIT 

P.S. Wagenmakers 

Planting-system trial with slender and North-Holland spindle 

In the spring of 1978, a trial was planted with the apple cultivar Rode 
Boskoop on M.9, to study the performance of the slender spindle and the 
North-Holland spindle under several different planting systems (single row, 
three-row bed, six-row bed with walking path and rectangular full-field 
pattern). Under each system, half the trees are pruned only in the winter, 
whereas the other half also receives a light pruning in the summer, a few 
weeks before harvest. The slender spindle has an ultimate tree diameter of 
1.75 m after winter pruning, the North-Holland spindle of 1.25 m. The trial 
was set up with 4 replications. 

Yields of the full-field systems are expressed per 0.9 ha, since in 
practice full-field arrangements cannot be applied because mechanization is 
not yet adapted. Therefore 10% of the area has to be kept clear for tractor 
access. 

In the full-grown phase, yield differences between planting systems were 
only small (Table 8 ) . Additional summer pruning did not affect the production. 
The planting systems with the highest density continued to give the highest 
yield sper ha in 1987. The relationship between density and yield was also 
represented in the cumulative yield (Table 8 ) . With the slender spindle, the 
narrow three-row bed gave the highest yield, and with the North-Holland 
spindle it was the full-field system. Those were the treatments with the 
highest densities. Density might be more important with respect to yield than 
arrangement. The slender spindle was, at a given density, more productive than 
the North-Holland spindle. The second tree shape has to be planted at higher 
densities to obtain similar yields. In this trial, this was still not the case 
despite nearly 500 extra trees per ha. Obviously tree volume was too 
restricted. 

In 1987, fruits were assessed on size and colour. The results confirmed 
those of 1986. Summer pruned trees produced smaller fruits when compared with 
dormant pruning only, and also more colour. However, the differences were 
small. Without summer pruning, the percentage of fruits with more than 33% red 
colour was 70 in 1987, and with summer pruning it was 78. Planting system and 
density had no effect on fruit size, but the colour was reduced with 
increasing density. In the multi-row systems, the inner trees had 
significantly less colour than the outer trees. Fruit size did not differ. 
However, the cropping level was lower for inner trees, which might have caused 
relatively larger fruits. Size and colour of the fruits of the slender spindle 
and the North-Holland spindle did not differ significantly. Since the cropping 
intensity of the North-Holland spindle was higher, bigger fruits might be 
expected with this tree shape at similar cropping levels. 
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Table 8. Yield per ha, averaged for treatments with and without summer 
pruning. 

Planting system Planting distance Trees/ha Tonnes/ha 

1987 1979-1987 

Slender spindle 
single row 
three row, wide 
six row 
full field* 
three row, narrow 
mean 

3.00x1.25 
(3.00+2x0.75)x2.25 
(3.00+5x1.I7)x2.25 
2.25x1.25 
(2.75+2x0.89)xl.75 

North-Holland spindle 
three row, wide 
single row 
three row, narrow 
six row 
full field* 

(3.00+2x0.75)x2.25 
2.50x1.25 
(2.75+2x0.89)xl.75 
(2.75+5xl.20)xl.75 
1.75x1.25 

2667 
2959 
3012 
3203 
3788 

2959 
3196 
3788 
3921 
4109 

63.3 
65.8 
62.2 
62.4 
76.8 
66.1 

53.4 
63.8 
61.0 
60.4 
66.1 
60.9 

a 
a 
a 
a 
a 

a 
b 
b 
b 
b 

423 a 
408 a 
416 a 
432 a 
480 b 
432 

372 a 
429 be 
412 b 
429 be 
451 c 
419 

* Per 0.9 ha. 
Values within one column and per tree shape followed by the same letter do not 
differ significantly (P = 0.05). 

International planting-system trial 

Within the programme of the Working-Group on High-Density Plantings of the 
International Society for Horticultural Science (ISHS), a trial with Golden 
Delicious and Gloster was planted in the spring of 1981. The trial is also 
located in England, Italy, Poland and West-Germany. The treatments are given 
in Table 9. Four systems are included: single row, double row, three-row bed 
and full field. The full-field systems are grafted on M.27, the other systems 
on M.9. The tree shapes include a North-Holland spindle for the three-row bed, 
a minibush (height after pruning 1.0 m) for one of the full-field systems, and 
a slender spindle for the other systems. 

Table 9. Treatments used in the international planting system trial. 

Planting sy 

Single row 
Double row 

Single row 

stem 

Three-row bed 

Full field, 
Full field, 

slender sp. 
minibush 

Golden Delicious 

planting distance 

3.00x1.25 
(3.00+1.45)xl.68 

2.75x1.02 
(3.00+2x0.90)xl.75 

1.50x0.75 
1.50x0.75 

trees/ 
ha 

2667 
2675 

3565 
3571 

8889 
8889 

Gloster 

planting distance 

3.25x1.50 
(3.25+1.70)xl.96 

3.00x1.21 
(3.25+2x1.10)x2.00 

1.75x1.00 
1.75x1.00 

trees/ 
ha 

2051 
2061 

2755 
2752 

5714 
5714 
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The results of 1987 confirmed those of the previous years (Table 10). If 
the cultivars did not interact with the treatments, data were averaged. At a 
given plant denstiy, the double row and the three-row bed yielded less than 
the single rows. This reduction was more pronounced with the three-row bed 
than with the double row. Smaller tree volumes in the three-row bed compared 
with the single row might be one reason for reduced yields. However, trees in 
the double row had similar volumes to trees in the single row. Mutual shading 
in the multi rows might be involved also. The small minibushes were less 
productive than slender spindles in the full-field system. 

Table 10. Results of the international planting-system trial (averaged for 
Golden Delicious and Gloster, unless otherwise stated) 

Planting system Tonnes 

1987 

50.9 
44.8 

52.5 
45.3 

90.0 
67.0 

3/ha 

1982-
1987 

254 
235 

283 
242 

309 
250 

% light 

Golden 

67 a 
69 a 

75 b 
69 a 

85 c 
81 c 

interception 1987 

Gloster 

62 a 
66 a 

69 a 
67 a 

68 a 
65 a 

Single row 
Double row 

Single row 
Three-row bed 

Full field, slender spindle 
Full field, minibush 

Values in one column followed by the same letter do not differ significantly 
(P = 0.05). 

Fruits were bigger in the multi-row systems than in the single rows, which 
was correlated with a lower cropping intensity. Fruit size in the minibush was 
also greater than In the slender spindle on M.27. On average, fruits on M.27 
were smaller than on M.9, but in 1987, differences were only small. 

The fruit colour of Gloster was very good in all years, irrespective of 
treatments. In 1987, 97% of the fruits were recorded with more than 33% colour 
per fruit (class I ) . 

Russeting of Golden Delicious was not severe, with 80% of the fruits being 
lightly russeted and only 1% severely russeted. The planting system had no 
significant effect on this factor. However, minibushes were often more 
russeted than slender spindles on M.27. Climatic conditions appeared to have a 
major effect on russeting. In 1985, fruits were affected to a greater extent 
than in other years, which probably was caused by the extremely low 
temperatures of the previous winter. 

Some weeks before harvest, light interception was assessed in all 
treatments. Visible light (400-700 run) was measured simultaneously above the 
canopy and at ground level in a direction perpendicular to the alleys from the 
centre of one alley to the other one. Records were made in 4 replicates per 
plot: twice along trees and twice between two adjacent trees. Light was 
measured every 0.25 m along a transect. The measurements were done under 
diffuse sky conditions, August 19 and September 10, 1987. Relative light 
intverception, expressed as a fraction of the incoming light, is given in 
Table 10. The double row intercepted at a given density hardly more light than 
the single row, and the three-row bed intercepted even less light than the 
single row. The minibush had also a lower interception than the slender 
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.,. COLOEN DELICIOUS 
light Interception 

2.5 

light interception 

o« full field, slender spindle 

«• full field, minlbush 

O.S 

Figure 1. Relative light interception 
with Golden Delicious, from 
mid-alley way to mid-tree row 
(August-September 1987). 
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spindle at a given density. With Golden Delicious, a positive linear 
relationship was demonstrated between light interception and yield per ha in 
1987. With Gloster, this was not the case. On average, Gloster intercepted 66% 
of the incoming radiation and Golden Delicious 74%. 

Figure 1 shows light interception in a direction perpendicular to the row 
from mid-alley to mid-row for Golden Delicious. In multi-row systems, the 
fraction transmitted to the alleys was higher than in single rows, but mutual 
shading was stronger: a relatively large part of the system intercepted more 
than 80% of the incoming light. The local reduction of sidewards illumination 
might be of major importance in the decreased yield in those systems. The 
lower tree height in the full-field systems led to a slight increase of light 
in the alleys and similar light levels under the trees. Despite the high 
values of light interception, especially in the centre of the rows, fruit 
colour of Gloster was not affected. This might indicate that Gloster is 
probably not very sensitive with respect to colouring. 

Planting system trial with pear 

In the spring of 1981, a trial was set up in 2 locations, Wilhelminadorp 
and Oosthuizen, with Conference and Doyenné du Comice, both on Quince C. The 
treatments were single row, North-Holland three-row bed and five-row bed with 
walking path, each at 3 densities (2000, 2667 and 4000 trees per ha) and with 
a total of 7 replicates. In Wilhelminadorp, treatments with the highest 
density were sprayed with Cycocel starting in 1983, those with intermediate 
density in 1984 and those with the lowest density in 1985. In Oosthuizen, 
spraying of all treatments started in 1984. Conference in Wilhelminadorp was 
lost in 1986 because of very severe frost damage in the winter of 1984/1985. 

In 1987, the highest density yielded as much as the intermediate density 
(Table 11). The lowest density yielded on average 11 tonnes per ha less. The 
effect of the planting system was, on average, of minor importance. With the 
highest density, the single row seemed to give the highest yields, and with 
the lowest density the five-row bed. The effect of the planting system was 
most pronounced with Doyenné du Comice in Oosthuizen. In 1987, those single 
rows yielded less than multi rows, mainly as a result of higher yields in the 
previous year. When the total production period is taken into consideration, 
the single rows in Oosthuizen yielded more than the multi rows, irrespective 
of density. In Wilhelminadorp, the planting system had no significant effect 
(Table 11). In both locations, the cumulative yield increased linearly in 
proportion to density. 

Fruits were graded by size in Oosthuizen in 1987. With Doyenné, 2 quality 
classes were considered. The first class consisted of only good-quality fruits 
larger than 65 mm, whereas in the second class smaller fruits were recorded, 
and also larger fruits of poorer quality. In the first class, fruits from 
single rows were bigger than those from multi rows, and density had no effect. 
Two-thirds of the fruits came into this class. In the second class, fruit size 
decreased with higher densities, and planting system had no effect. However, 
when averaged for 1986 and 1987, the planting system had no significant effect 
on fruit size. The highest-density single row seemed to produce smaller 
fruits, but the difference was not significant. With Conference, the planting 
system had no effect on fruit size in 1987, and density had a negative effect. 
On average, 48% of the fruits were bigger than 60 mm with the lowest density, 
and 42% with the highest density. Fruit-weight findings over a range of years 
confirmed the effect of density for both varieties and locations. 

Seasonal interception of global radiation (300-3000 nm) per tree was 
assessed in 12 plots in Wilhelminadorp. It increased almost linearly from 
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April to end-June 1987, and then remained about 70% of the incoming radiation 
until harvest. In 1986, maximum interception was reached already in the first 
weeks of June. The abrupt discontinuation of increase in interception after 
June was probably correlated with the cessation of growth, partly attributable 
to the use of Cycocel. 

Table 11. Yield (tonnes per ha) in pear planting system trial. 
Wi = Wilhelminadorp, Oo = Oosthuizen, Co = Conference, 
Do = Doyenné du Comice. 

Trees/ha 
2000 
2667 
4000 

Planting sys 
single row 
three row 
five row 

1987 

Wi 

26 
39 
40 

tem 
36 
34 
35 

Do 

a 
b 
b 

a 
a 
a 

Oo 

33 
42 
46 

36 
42 
43 

Do 

a 
ab 
b 

a 
b 
b 

Oo 

44 
52 
50 

49 
48 
50 

Co 

a 
a 
a 

a 
a 
a 

mean 

33 a 
44 b 
45 b 

40 a* 
40 a* 
42 a* 

1982-1987 

Wi Do 

103 a 
112 a 
145 b 

121 a 
118 a 
122 a 

Oo Do 

92 a 
113 b 
126 b 

118 b 
111 ab 
103 a 

Oo Co 

153 a 
172 b 
182 c 

176 b 
170 ab 
160 a 

mean 

115 a 
130 b 
151 c 

137 a 
131 a 
128 a 

* Due to interaction between density and planting system of restricted 
importance. 

Values within one column and per factor followed by the same letter do not 
differ significantly (P = 0.05). 

Planting-system trial with apple: arrangement and tree height 

In 1983, a trial was set up with Elstar on M.9 at 3 locations in The 
Netherlands and one in Denmark. Ingrid-Marie also was planted in Denmark. The 
effects of arrangement and tree height on productivity and fruit quality at 3 
densities are being studied. Square plantings, with similar distances between 
and within the row, are being compared with rectangular plantings with a ratio 
2:1 and 3:1 (distance between to within the row), each at 3 densities (2000, 
2667, and 4000 trees per ha) and 3 tree heights (1.50, 1.87, and 2.25 m after 
winter pruning). As a result of damage, one replicate (Numansdorp) was lost in 
1985. The current trial includes 4 replicates for Elstar: 2 in Wilhelminadorp, 
1 in Werkhoven, The Netherlands, and 1 in Aarslev, Denmark. 

The lowest cumulative yield was recorded in Werkhoven (95 tonnes per ha). 
This was 112 tonnes per ha in Wilhelminadorp and 115 in Aarslev. This 
relatively high yield for Aarslev might have been caused by less intensive 
fruit thinning. The number of fruits per tree and per unit of tree volume was 
higher in Aarslev. Density had a positive effect on the yield per ha in all 
years. Square plantings yielded more than rectangular plantings. This effect 
was most pronounced in 1987 at the highest density (Table 12). Obviously, 
inter-tree competition was higher on the rectangular designs and with higher 
density. Tree height has not yet shown any effect on yield in general, 
although in 1 year (1986) the shortest trees in Aarslev produced less fruit. 
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Table 12. Yield in planting system trial with Elstar, averaged for all 
locations. 

Trees/ha 

2000 
2667 
4000 

Tonnes/ha 

1987 

1:1 

32.9 
38.1 
43.4 

2:1 

30.8 
34.3 
45.1 

3:1 

32.2 
34.2 
34.6 

1984-

1:1 

91 
112 
142 

-1987 

2:1 

90 
98 

134 

3:1 

83 
105 
121 

Fruit colour was significantly less in Aarslev than in Wilhelminadorp in 
1987. On average for all treatments, 46% of the fruits in Aarslev had less 
than 10% red colour per fruit; in Wilhelminadorp this was only 3%. Since no 
interaction occurred between site and treatments, data were analysed together. 
Table 13 shows colour values, calculated from the sum of the weight 
percentages per colour grading class, multiplied with a given factor per 
class. A higher value indicates more colour. Density had a negative effect on 
fruit colour. However, as much as 83% of the highest density had fruits with 
more than 33% colour (class 1) in Wilhelminadorp. Square plantings performed 
better than rectangular plantings and shorter trees were less coloured than 
taller trees. 

Table 

Height 

1.50 
1.87 
2.25 

13. Colour value 
Wilhelminado 

Colour 

488 a 
511 b 
506 ab 

1987 
rp and 

in planting system trial 
Aarslev. 

Arrangement Colour 

1:1 522 b 
2:1 500 a 
3:1 483 a 

with Elstar, 

Trees/ha 

2000 
2667 
4000 

averaged for 

Colour 

523 b 
512 b 
470 a 

Values within one column followed by the same letter do not differ 
significantly (P = 0.05). 

Fruits in Aarslev were much smaller than in Wilhelminadorp in 1987. This 
was confirmed by lower fruit weights in previous years. Both climatic 
conditions and cropping level might have played a part in producing 
differences in fruit qulaity. Density had no effect on fruit size in 
Wilhelminadorp. The effect on fruit weight in previous years had been 
marginally negative. In Aarslev however, fruits were significantly smaller at 
higher densities. Interaction occurred between arrangement and tree height. 
With square plantings, tree height had no effect on fruit size. However, with 
2:l-designs the largest fruits were found on the shortest trees, whereas with 
3:l-designs this was the case with the intermediate tree heights. Differences 
were significant, but small. 

The individual leaf size in Aarslev was smaller than in Wilhelminadorp. 
This was the case in June and also in September. Since the number of leaves 
per tree did not differ, leaf area per tree was smaller in Aarslev. Leaf area 
in June was 63% of that in September. Final leaf area in Aarslev was, averaged 
for all treatments, 7.4 m , and in Wilhelminadorp 9.3 m . Leaf area per tree 
decreased with density. In Aarslev, this reduction was more pronounced than in 
Wilhelminadorp. This might be one of the factors determining the greater 
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effect of density on fruit size in Aarslev. 
Light interception was recorded in 1987 in Wilhelminadorp on June 3 and 4, 

and October 6. In Werkhoven it was recorded on June 12, and in Aarslev on 
September 22. The method is described on page 23 (International 
planting-system trial). Recordings were taken every 0.25 m along a transect 
perpendicular to the row direction. In June, average light interception was 
already 82% of that in September. No differences occurred between sites. Thus, 
despite a lower leaf are, the plots in Aarslev intercepted as much light as 
those in Wilhelminadorp. However, branch spread was greater in Aarslev, which 
might have caused a more efficient light receipt. Light interception increased 
linearly with density (Table 14), both in the alleys and under the trees. 
Square plantings intercepted more light than rectangular plantings, and also 
had a more even light distribution. Less light was lost to the alley ways, and 
light intensity under the trees was higher with those designs. This 
distribution favoured production and fruit colour. The tallest trees in 
Aarslev intercepted less light than the shortest trees. It is possible that 
this was caused by more bending of branches because of heavier cropping in the 
tallest trees. Since recordings were made after picking in Wilhelminadorp this 
effect could not be observed. Trees of 1.87 m transmitted more light than 
taller and shorter trees. Preliminary results of fisheye photography 
(analysing the percentage cover of leaves and branches during the season) 
showed similar tendencies. Those trees had a smaller leaf area in June. In 
September, leaf area per tree was the same, but larger leaves were recorded on 
the trees of intermediate height, which probably caused the improved 
transmission. It is therefore apparent that the intensity of leaf clustering 
has an important effect on light interception. 

Table 14. Light interception (September 1987) in planting system trial with 
Elstar, averaged for Wilhelminadorp and Aarslev. 

Trees/ha % light interc. Arrangement % light interc. 

2000 51 a 1:1 65 c 
2667 61 b 2:1 61 b 
4000 72 c 3:1 57 a 

Values within one column followed by the same letter do not differ 
significantly (P = 0.05). 

PRUNING AND TREE SHAPE 

P.S. Wagenmakers 

Training of young apple trees 

In the spring of 1984 a trial was planted with one-year-old trees of the 
apple cultivars Elstar and Karmijn de Sonnaville, both on M.9 rootstock. Four 
treatments applied to the central leader were compared. After planting, the 
central leader was left untreated, lightly tipped (10 cm cut off), 'normally' 
cut (40 cm above the highest feather), or strongly bent downwards. Under each 
treatment, the branches of half of the trees were bent, whereas on the other 
trees they were untouched. Bending intensity was only light, except in the 
last treatment, where branches were strongly bent with the tips pointing 
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straight down. The trial was set up with 4 replicates per cultivar. 
The treatment of the central leader had no influence on the production per 

tree in the initial years. The bending of branches tended to decrease 
production, but this was not significant (Table 15). The cultivar showed 
similar responses to the treatments. Elstar yielded on average 25 kg per tree 
and Karmijn 23 in the total period. Trees of Elstar were smaller, so its yield 
efficiency was higher than that of Karmijn. 

Table 15. Yield and tree volume with Elstar and Karmijn. 

Treatment Kg/tree 1985-1987 Tree volume (m ) 1987 

Elstar Karmijn Elstar Karmijn 

Central leader 

1. untreated 
2. tipped, 10 cm 
3. cut, 40 cm 
4. bent downward 

Shoots 
not bent 
bent 

Values within one column followed by the same letter do not differ 
significantly (P = 0.05). 

Trees with central leaders cut at 40 cm were, in the final result, smaller 
than untipped trees with Karmijn, but not with Elstar. Tipping the central 
leader at 10 cm had no effect, and trees with strongly bent central leaders 
were smaller than the control trees in both cultivars (Table 15). The 
different treatments applied to central leader and branches therefore only 
influenced tree size. This suggests that with well-feathered trees and high 
initial yields, the treatment of central leader and bending of branches is of 
minor importance. Growth regulation had been done by cropping itself. 

25.1 
26.1 
25.0 
24.6 

26.2 
24.2 

23.9 
23.5 
23.3 
22.7 

23.4 
23.3 

0.47 b 
0.46 ab 
0.48 b 
0.38 a 

0.48 b 
0.42 a 

0.81 c 
0.79 be 
0.73 b 
0.55 a 

0.75 b 
0.68 a 

Plum pruning 

The possibilities of summer pruning in growth control of plum are being 
studied in a trial with the cultivars Opal, Victoria and Reine Claude 
d'Oullins, all on St.Julien A rootstock. Summer pruning is compared with 
traditional winter pruning at a planting distance of 4x3 m, and 4x1.5 ra. The 
summer pruning is executed in August, including removal of superfluous shoots, 
cutting back extension shoots to 20 cm stumps and side shoots to 15 cm stumps. 
Summer-pruned trees received an additional winter pruning as well. The trial 
was planted in 1981 and was set up with 4 replicates per cultivar. 

A smaller, and therefore more manageable, tree could be obtained by summer 
pruning with all cultivars and at both planting distances. However, the 
cultivars responded in different ways to the treatments in regard to yield 
(Figure 2, Table 16). With Opal, summer pruning had no effect on yield. 
Although the production per tree was lower at a higher density, the cumulative 
yield per ha was 11 tonnes more than at the lower density. With Victoria, 
summer pruning reduced yield per tree. Yield per ha was similar. Reine Claude 
d'Oullins, in production since 1984, gave only a poor yield in all years. 
Summer pruning of this cultivar had no effect at the wider planting distance, 
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but at the narrow distance not only was the yield per tree lowered, but per ha 
as well. 
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Figure 2. Annual yield per tree in plum pruning trial• 
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Table 16. Yield per ha and mean fruit weight with 3 plum cultivars as 
influenced by pruning time and planting distance. 

Cultivar Pruning Planting Tonnes/ha Fruit weight (g) 
time distance 1982-1987 1982-1987 

Opal 

Victoria 

Reine Claude d'Oullins 

winter 
summer 
summer 

winter 
summer 
summer 

winter 
summer 
summer 

4x3 
4x3 
4x1.5 

4x3 
4x3 
4x1.5 

4x3 
4x3 
4x1.5 

41.1 
39.2 
51.3 

53.5 
43.8 
49.9 

11.7 
11.6 
8.0 

34.3 
33.0 
32.1 

48.6 
46.4 
43.6 

54.2 
53.7 
49.7 

POLLINATION OF POME AND STONE FRUIT 

S.J. Wertheim 

Crossings 

Apple 

With apple, crossings were made between cultivars, to see whether they can 
or cannot be combined in orchards with respect to cross pollination. The 
crossings that were made are given in Table 17. For each crossing 100 flowers 
were used (5 clusters thinned to 4 flowers each on 5 trees). Table 17 shows 
that some crossings resulted in lower fruit set than others. This proves that 
this work is useful. For example, pollen of Rubinette produced lower fruit set 
on Elstar than pollen on other cultivars. With Jonagold pollen of Golden 
Delicious 'Smoothee' was relatively poor. Again, it was established that self 
pollination of Golden Delicious 'Smoothee' does not result in adequate set. 
The crossings made between various new IVT-numbers are omitted here, because 
it is not known whether these cultivars will ever become important. 

Pear 

Pollen of Conference and Doyenné du Comice was tested on the flowers of a 
few IVT-numbers. Conference pollen gave good set with IVT 68013-38 and 
70025-1, but not with 6403-23 and 69025-56. Pollen of Doyenné du Comice 
produced a high fruit set with IVT 68013-38, but a low one with 69025-56. 
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Table 17. Results of cross pollinations with apple in 1987. 

Mother 
cultivar 

Elstar 

Jonagold 

Alkmene 

Cox's O.P. 

Elise (IVT 

G.Delicious 

74114-17) 

'Smoothee' 

Pollen 
cultivar 

Arlet 
Cox's O.P. 
Elite 
G.Delicious 
Mcintosh 'Wy 
Rubinette 
Sinta 

Arlet 
Elite 
G.Delicious 
IVT 75118-39 
Mcintosh 'Wy 
Sinta 

Arlet 
Cox's O.P. 
Discovery 
G.Delicious 
Katja 

Elstar 
G.Delicious 
Katja 

Discovery 
Elstar 
G.Delicious 

Arlet 
G.Delicious 
Rubinette 
Sinta 

'Smoothee' 
cik' 

'Smoothee' 

cik' 

'Smoothee' 

'Smoothee' 

'Smoothee' 

'Smoothee' 

Fruits/100 
flowers* 

68 
76 
59 
54 
57 
22 
42 

73 
60 
17 
65 
55 
65 

18 
11 
16 
24 
37 

51 
50 
64 

36 
49 
52 

44 
3 

45 
44 

ab 
a 
ab 
ab 
ab 
c 
bc 

a 
a 
b 
a 
a 
a 

a 
a 
a 
a 
a 

a 
a 
a 

a 
a 
a 

a 
b 
a 
a 

Good seeds/ 
fruit 

4.8 
2.4 
3.7 
5.0 
3.2 
0.6 
4.7 

2.9 
2.6 
1.0 
2.7 
2.2 
2.6 

7.1 
6.0 
7.2 
8.5 
5.5 

6.3 
6.0 
5.3 

4.7 
4.3 
4.6 

4.2 
1.8 
5.4 
4.6 

Values, within 1 group, followed by the same letter(s) do not differ 
significantly (P = 0.05). 

Sweet cherry 

Since 1985 6 new cultivars have been recommended in the Variety List for 
Fruit Crops. In order to study the pollination relationships of these 
cultivars and known ones, some crossings are made each year in the 
Experimental Garden at Geldermalsen. In 1987 28 crossings were made (Table 
18). For each crossing 50 flowers were used. 

Table 18 shows that self pollination did not lead to high fruit set. Most 
cross pollinations were successful. However, one crossing produced no fruits 
at all (Pollux x Merton Premier). This cannot be a true case of 
incompatibility since the reversed crossing gave a set of 19%. 
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Table 18. Results cross pollinations with sweet cherry In 1987 In percentage 
of fruits at harvest (- = crossing not made). 

Mother cultivar Pollen cultivar 

1 2 3 4 

1. Annabella 
2. Castor 
3. Early Rivers 
4. Frühe Rote Meckenheiraer 
5. Merton Premier 
6. Pollux 
7. Schneider's Späte Knorpelkirsche 
8. Venus 

56 

11 
38 
35 
65 

-
-
-
11* 
56 
-
-
-

18 
-
54* 
65* 
8 
0 

-
33 

16 
-
-
-
19 
2 

21 
-

30 
16 
35* 
27* 
28 
30 
-
22 

28 
-
-
-
17 
-
22 
2 

* Counted after June drop. 

Pollen germination 

As in previous years, pollen germination was established from a number of 
known and new cultivars. The results are of importance for the pollination 
value of a cultivar. Pollen grains were gathered from open flowers and 
germinated in a 15% sucrose solution at room temperature. This was done on 
microscope slides in Petri dishes lined with moist filter paper. Germination 
was studied under a microscope. Three slides per pollen species were used and 
per slide 50 to 100 grains were counted. Table 19 summarizes the results. 

Table 19. Pollen-germination percentage of some apple cultivars in 1987. 

Cultivar % 

Alkmene 
Arlet 
Cox's Orange Pippin 
Discovery 
Elite 
Elstar 
Gloster 
Golden Delicious 'Smoothee' 
IVT 72001-96 
IVT 73001-136 
IVT 75118-39 
James Grieve 
Katja 
Mcintosh 'Wycik' 
Rubinette 
Sinta 
Vista Bella 

59 
40 
63 
62 
54 
65 
63 
69 
43 
43 
63 
77 
54 
36 
66 
64 
63 

Arlet, 2 IVT-numbers and Mcintosh 'Wycik' had fairly low germination 
percentages. All other cultivars had good percentages and are therefore 
diploids. The former 3 will be re-investigated in 1988. 
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Self pollination of Doyenne du Comice 

In order to study the rôle of self pollination in Doyenné du Comice pears, 
a trial was set up in 1987. For earlier work the reader is referred to the 
Annual Report of 1986: p.24. In the trial open pollination, cross pollination 
(with Conference pollen) was compared with single or repeated (2 to 4 times 
with 1 to 2 days interval) self pollinations. In the latter, cross pollination 
was prevented by bagging flower clusters in small paper bags. Unpollinated, 
but bagged, clusters were used as controls. For each treatment 100 flowers (10 
replications of 5 clusters of 2 flowers each) were used. 

Cross pollination produced the highest set (31%). Owing to the variation 
between the replication this figure did not differ significantly from the 
self-pollination treatments. One self-pollination gave a set of 5%, two 
self-pollinations 7%, three 6%, and four 3%. Open pollination gave 19% set and 
bagging without any pollination 1%. In any case, the results show that a basis 
fruit set with Doyenné du Comice may occur from self pollination. 

GROWTH REGULATION 

S.J. Wertheim 

Thinning Jonagold 

In order to evaluate the effect of hand thinning on fruit colour of 
Jonagold apples, the following experiment was carried out in 1987. On mature 
trees on M.9 8 thinning treatments were compared (Table 20). The trial was 
made in 10 replications of 1 tree. Hand thinning was done on June 23rd. Fruit 
set was adequate. On June 4th on average 334 fruitlets per tree were counted. 

Table 20. Results hand-thinning trial Jonagold. 

Hand thinned Fruits/ Kg/ Fruit Leaves/ Leaf % % kg Colour 
to tree weight fruit surf./ kg >33% index 
* tree 100 (g) fruit >75 red ** 

flower (cm2) mm blus-
cl. hed 

Unthinned 225.1 95.9 a 33.9 154 a 15.6 a 472 a 42 34 a 516 a 
2 fr./cl. 220.4 94.6 a 32.0 146 a 13.1 a 345 a 29 38 a 531 a 
1 fr./cl. 148.0 66.3 b 26.1 177 a 18.6 a 484 a 67 48 b 597 fa 
1 fr./2 cl. 105.5 43.2 c 22.7 222 b 31.1 a 926 a 88 55 be 644 be 
1 fr./3 cl. 75.9 32.1 d 18.4 245 b 35.6 a 1016 a 94 62 cd 666 cd 
1 fr./4 cl. 52.6 22.1 e 12.7 246 b 61.4 b 1816 b 97 67 ede 685 cd 
1 fr./6 cl. 30.8 13.3 f 8.5 276 c 102.6 c 2969 c 97 71 de 721 de 
1 fr./8 cl. 25.8 11.1 f 7.4 284 c 129.8 d 3633 d 99 78 e 752 e 

* Thinning to I or 2 fruits per set cluster. 
** Sum of weight percentages of fruits for <10%, 11-33%, 34-50%, and >50% red 

blushed times 3, 5, 7, and 9 respectively. 
Values in 1 column followed by the same letter(s) do not differ significantly 
(P = 0.05). 

Table 20 shows the degree of thinning in the numbers of fruits per tree and 




