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Improved Rooting of Ottawa 3 Apple Rootstock by 

Soft Wood Cuttings Using Micropropagated Plants as 

a Cutting Source 

H. A. QUAMME AND E. J. HOGUE1 

Abstract 

The rooting of Ottawa 3 apple rootstock by 
softwood cuttings under intermittent mist was 
improved by using a source of micropropagated 
plants (63%) in comparison to two conventionally 
propagated sources (47 and 42%). Softwood 
cuttings from the micropropagated plants also 
developed larger root masses than softwood 
cuttings from the conventional sources. Basal 
cuttings rooted better than tip cuttings (71 vs. 
23%). 

Ottawa 3 (O.3) is a precocious apple 
rootstock between M.9 EMLA and 
M.26 in size-controlling potential (6,9, 

13). The main advantage of O.3 is its 

Agriculture Canada, Research Station, Summerland, British Columbia V0H 1Z0. Contribution 
No.854. 

resistance to winter injury (2, 12, 15). 

However, it has the disadvantage of 
being difficult to propagate by stool-
bed-layering (2, 13), the preferred 
commercial method of apple rootstock 
propagation. It has been successfully 
propagated by root cuttings (4), but 
results with softwood cuttings have 
been variable. Spangelo et al. (13) 
reported that rooting of softwood cut 
tings taken from conventional beds 
ranged from 34 to 62S>, whereas Nelson 
(8) reported that rooting ranged from 
89 to 100S>. A 948! success rate was 
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found in rooting of O.3 derived from 

tissue culture (8). 
Recently, improved rooting of cut 

tings of M.9 and O.3 derived from 

tissue cultured plants was reported by 
Webster and Jones (1992). They ob 

tained 91% rooting by softwood cuttings 
from micropropagated plants, whereas 
41? rooting was obtained from con 

ventional ones. In this paper, we con 
firm that softwood cuttings of O.3 
taken from tissue cultured plants root 
more readily and develop larger root 

masses than those taken from plants 

propagated conventionally. 
Tnree sources of Ottawa 3 were 

established in stoolbeds at Summerland 
Research Station for rooting trials: tis 
sue cultured plants from Agri-Forest 
Industries, Kelowna, B.C.; plants from 
Agriculture Canada Plant Quarantine 
Station, Sidney, B.C., propagated on 
their own roots by nurse grafts (Sidney 
source); and plants from the University 
of Saskatchewan, Saskatoon, Saskat 
chewan, propagated by softwood cut 
tings (Saskatoon source). The plants 
used by Agri-Forest Industries, Kelow 
na, as a source for tissue culture mate 
rial, were obtained from the Agricul 
ture Canada Plant Quarantine Station, 
the same source as the Sidney plants. 
These plants were originally obtained 
from the Ottawa Central Experimental 
Farm, Agriculture Canada, Ottawa, 
Ontario. The number of subcultures 
that were performed on the tissue 
cultured stock plants is unknown. The 
Saskatoon source was originally de 
rived directly from the stoolbeds at 

Table 1. Rooting of softwood cuttings 
under intermittent mist harvested 
from three sources. 

Cutting block source 
Percentage 

rooting 

Average root 

score (0-3)1 

Tissue cultured 

Saskatoon 

Sidney 

63 ay 

47 ab 

42b 

1.7 a 

1.4 ab 

1.2 b 

"Mean separation within columns by Duncan's Multiple Range 
Test, P = 0.05 (combined for years 1988,1989, and 1991, n = 24 

3 no roots; no callus; 1 = no roots; callus; 2=1-3 rooting points; 

and 3 = > 3 rooting points. 

the Ottawa Central Experimental Farm 
and maintained in stoolbeds at Saska 
toon with heavy cutting before transfer 
to Summerland. All sources of O.3 
were virus-free and were grown in 
adjacent stoolbeds for at least three 
years before harvesting cuttings. 

Water was applied to the stoolbeds 
with overhead microsprinkler irriga 
tion. Nitrogen was applied (200 g N 

per m) and foliar applications of 20-
20-20 (5 kg/ha) was applied 2 or 3 
times per season. The stoolbeds were 

cut back to the crown each year. 

Shoots approximately 40 cm in length 
were taken from stoolbed plants in 
the fourth week of June each of the 
three years of the trial. The top several 
cm or succulent growth was removed 
and shoots were sectioned into two 
cuttings, tip and base, about 15 cm 
long. All tne leaves were removed 
from the cutting except the top two 
and the bases of the cuttings were 
dipped for 10 sec in a 2000 ppm 
indolebutyric acid solution in 508! eth-
anol. When dried, the cuttings were 
inserted into moist perlite, placed in a 
greenhouse room with intermittent mist 
for eight weeks, and then examined 
for rooting and decay. The percentage 
of rooting was recorded and the amount 
of root mass scored. 

The cuttings were placed in the 
mist bed in a complete randomized 
block design with eight replicates each 
containing 5 to 10 cuttings. The trial 
was carried out for three years, 1988, 
1989, and 1991. The data was analyzed 
as a factorial design using the SAS 
General Linear Model (12). An arcsin 
transformation was performed on per 
cent data prior to analysis and mean 

separationlby Duncan's multiple range 
test. Data in Table 1 are non-trans 
formed means. In 1989 the difference 
in percentage rooting between cuttings 
made from tips and bases of shoots 
was recorded and analyzed by SAS-
GLM. 

Since no significant differences were 
found between years, the data was 
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combined and means of all years are 
presented. The cuttings from the tissue 
cultured source had significantly higher 
percentage rooting and root scores 

than the cuttings from the Sidney 
source, but not significantly higher 

than that of the Saskatoon source (Table 
1). The Sidney source was not signifi 
cantly different in percentage rooting 
and root scores from the Saskatoon 
source. The Saskatoon source origi 

nated from the source used by Nelson 
to achieve high percentage rooting (89 
to 1003!), but this source did not yield 
as high a percentage rooting in our 
trials. The relative differences in root 
score was similar to relative differences 
in percentage rooting. In 1989 when 

basal cuttings were compared to tip 
cuttings, basal cuttings had a signifi 
cantly higher mean rooting percentage 
than tip cuttings (71X vs. 23i£, signifi 
cantly different at P = 0.05). The per 
centage rooting of cuttings from the 

tissue cultured source observed in this 
study (63?) is relatively low compared 
to that reported by Hogue and Neilsen 
(5) (94?) out this may be explained by 
the fact that succulent tips were in 
cluded in our study and not in Hogue 
and Neilsen's study. Webster and Jones 
(16) achieved higher rooting with soft 

wood and hardwood cuttings from 
micropropagated plants than from 

conventional ones. Although rooting 
by softwood cuttings may differ de 
pending on rooting conditions and 

cutting type, the use of tissue cultured 
plants as a cutting source may be used 
to improve rooting of 0.3. 

Nothing is known about the differ 

ence in growth and cropping of scions 
grown on O.3 cuttings propagated 
from micropropagated plants. A dif 

ference in size-controlling potential 

was found between tissue cultured 

and stool-layered M.9 rootstocks (7). 

However, no difference in size-con 

trolling potential was reported between 

tissue cultured and stool-layered M.26 

(7,11). Budded trees on rooted cuttings 

of the different sources of O.3 would 

have to be grown in orchard trials to 

determine if there is any difference in 

growth response. 

A possible explanation for the im 

proved rooting is rejuvenation of the 

clone by micropropagation. The ju 

venile phase of apple has been shown 

to have greater rooting capacity and 

to differ in leaf shape, anthocyanin 

content, and morphology compared 

to the mature phase (1,3,14). Juvenile 
buds may have been selected during 

the course of tissue culture or may 
have arisen from reversions. However, 

plants grown from cuttings of the 

three sources in the greenhouse did 

not show any obvious difference in 

leaf shape, or shoot color and mor 

phology characteristic of the two 
phases of growth. A similar observation 

on M.9 and O.3 was made by Webster 

and Jones (16). 
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Culture Date and Germination Procedure 

Affects Success of Nectarine Ovule and Embryo Culture 

Jose X. Chaparro and W. B. Sherman 

Abstract 

Immature 'Sunlite' nectarine ovules were 
grown on Knop's ovule growth medium for 30 

days and germinated following stratification 
either in vitro on a modified Knop's germination 
medium or in moist perlite. The minimum age 
at which any embryos were successfully ovule 
cultured and germinated was 53 days after full 
bloom. Germination percentage increased sig 
nificantly at 60 and 67 days after full bloom. 
Germination percentage in perlite was not great 
ly different from that of ovules cultured in vitro 
on modified Knop's germination medium, but 
the 53 and 60 days after full bloom embryos 
germinated in perlite were visibly weaker. 

Embryo culture is an important 
component of many classical breeding 
programs and has been used to rescue 
immature embryos from early ripening 
fruits, in fruits that exhibit embryo 
abortion, and in embryos from inter 
specific hybrids where embryo abor 
tion occurs during development. Em 

bryo culture is now being used by 
grape (Vitis vinifera L.) breeders to 
develop seedless table grape cultivars 
(2, 3, 8). Embryo (without seed coat) 
and ovule (with seed coat) culture 

techniques are also commonly used 
by Prunus breeders in the development 
of early ripening cultivars (7). 

Embryo rescue is of particular im 
portance in the peach (Prunus persica 
(L.) Batsch) breeding program at the 

University of Florida. The window 
for peach and nectarine production in 
Florida is early and narrow. Fruit must 
ripen within 100 days after flowering, 

ie. fruit development must occur be 
tween spring frost and the summer 

rainy season in early June. The empha 
sis on early-ripening enhances the need 

for embryo rescue so that both parents 
contribute to a short fruit development 
period in the hybrid progeny, thereby 
increasing the percentage of early 
ripening individuals from which selec 
tions can be made (5). 

Embryo survival in vitro depends 
on the medium used and the stage of 
embryo development (7). The younger 
the embryo, trie more complex the 
media required to insure embryo sur 
vival growth (6). These experiments 
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