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SUMMARY. A protocol for micrograft-
ing shoot tips harvested from in vitro
shoot cultures directly to transplanted 
rootstock plants in the greenhouse 
was developed. Shoot tips of the apple 
(Malus domestica) cultivars Golden 
Delicious, Granny Smith and Fuji 
clone, Nagafu12, were harvested, 
stored in a water bath then prepared 
for grafting by cutting the stem im-
mediately below the tip into a wedge 
shape leaving the tip approximately 3 
mm (0.12 inch) long. The rootstock 
cultivar, Malling 9 (M.9) (M. domes-
tica), was prepared by cutting into 
a young fast growing side branch to 
expose the cambium, creating a pocket 
into which the shoot tip was inserted. 
The cut section of the tip was oriented 
so as to contact the exposed rootstock 
cambium and was held in place by 
wrapping with a strip of pliable plastic 
fi lm. Two weeks later the wrapping 
was loosened and the grafted branch 
cut back. Side branches of the root-
stock were not removed until later in 
order to support rootstock growth. 
The scion shoots developed into nurs-
ery whips suitable for transplanting to 
a screen house or fi eld after 2 months. 
The protocol proved to be a simple 

effi cient way to rapidly grow nurs-
ery trees from tissue culture clones 
developed in genetic modifi cation ex-
periments and was used to propagate 
several hundred plants. Grafting suc-
cess was often 100% but was reduced 
if quality of shoot tips was poor due 
to injury indicated by brown tip color. 
The protocol eliminates the steps of 
rooting, acclimatizing and growing 
shoots into plants to serve as a scion 
wood source.

Apple is the most important 
temperate fruit tree crop. 
Conventional hybridization 

has resulted in several new and com-
mercially important cultivars but im-
provement has been hampered by it’s 
perennial nature and long generation 
time. Apple plants are large, thereby 
constraining the number of hybrids 
that can be screened, and seedlings 
are slow to come into bearing due 
to its juvenile phase. Fruiting can be 
advanced by grafting scions onto a 
dwarfing rootstock that induces pre-
cocious bearing (Barritt et al., 1990; 
Lewandowski and Zurawicz, 2000). 
An alternative method to advance the 
bearing of hybrids, transgenic, and 
other clones of special interest is to 
extending the growing season using 
continuous greenhouse culture as 
described by Yao et al. (1999). Many 
apple cultivars have undergone clonal 
selection where naturally occurring 
mutations for improved fruit quality 
or tree growth characteristics have been 
evaluated and the best clones propa-
gated vegetatively for commercial use 
(Ferree and Schmid, 2001).

Directed clonal improvement is an 
attractive alternative to hybridization, 
or selection and evaluation of spontane-
ous mutations since, at least for some 
traits, improvements to commercially 
established clones may be possible 
using molecular genetic techniques 
and the changes are targeted and 
matched to crop improvement goals. 
Some examples of transgenic traits 
in vegetatively propagated crops are 
development of potato (Solanum 
tuberosum) clones with silenced poly-
phenol oxidase (Bachem et al., 1994; 
Coetzer et al., 2001), virus resistance 
in papaya (Carica papaya) (Ferreira et 
al., 2002) and apple clones expressing 
a Bacillus thuringiensis protein toxic 
to major apple pests (Dandekar et al., 
2002). The first transformed apple 
clones were developed a decade ago 
(Bondt et al., 1994) and transforma-

tion experiments have continued in 
a number of laboratories (Gittins et 
al., 2001; Holefors et al., 2000; Ko 
et al., 2002). Research is underway in 
our laboratory and others (Murata, et 
al., 2000) to develop transgenic apple 
clones with silenced polyphenol oxi-
dase to facilitate development of fresh 
cut apple products and to reduce the 
impact of bruising on fruit quality 
and grades through silencing of the 
enzymatic browning reaction.

Apple cultivars are propagated 
commercially by using chip or T bud-
ding that are both side budding tech-
niques based on fusing a bud excised 
from 1-year-old wood of the scion to 
the stem of a rootstock plant at the end 
of the rootstock liner’s second year’s 
growth. The rootstock is pruned im-
mediately above the scion cultivar bud 
that develops into a nursery tree the 
following growing season. The nursery 
tree is harvested and transplanted to 
an orchard block the following spring 
and fruiting occurs 2 or 3 years later. 
Apple seedling plants that originate 
from hybridization, or rooted cuttings 
from in vitro cultures, are slower to 
produce fruit. Therefore, scion wood 
is harvested after seedlings reach 1 
to 2 m (3.3 to 6.6 ft) in height and 
is grafted to a dwarfing rootstock to 
promote flowering.

Tissue culture propagation of 
apple using shoot cultures is a well-es-
tablished laboratory procedure (Lane, 
1978) but own-rooted tissue-culture-
derived plants of fruit cultivars are 
not used commercially because of the 
universal use of dwarfing rootstocks. 
Rootstocks are sometimes propagated 
in vitro, especially when there is a need 
to increase plant numbers of new cul-
tivars in short supply, but the normal 
method is layer beds where developing 
shoots grow in soil mounded around 
them, develop roots in this environ-
ment and are then removed from the 
mother plant. The rooted plantlet is 
called a layer. Genetic transformation 
of apple depends on regeneration of 
shoots from leaf explants harvested 
from shoot cultures, and plants of trans-
formed clones generated in vitro suffer 
from the same limitation of delayed 
bearing as own-rooted micropropagat-
ed tissue culture plantlets. An efficient
micrografting protocol that resulted 
in clones established on a rootstock at 
an early growth stage would save the 
several months of time required for 
both rooting of tissue culture plantlets 
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in vitro, and for growth and develop-
ment of the rooted plantlets to a stage 
suitable for harvesting scion-wood for 
traditional grafting. The advantages of 
a micrografting protocol using shoot 
tips from in vitro cultures would be to 
reverse juvenility that possibly results 
from adaptation to growth in tissue 
culture, faster establishment of field
plants and earlier fruiting because of 
the rootstock effect. Delays due to 
season, when rootstocks and nursery 
trees develop outside, could be avoided 
because the shoot culture scions are 
produced in the laboratory, and the 
rootstock plants maintained in a green-
house, isolated from weather effects.

Micrografting is useful for other 
purposes including some applicable to 
apple. Some viruses can be eliminated 
by micrografting a meristem tip small 
and young enough that it does not 
include vascular tissue nor the viruses 
contained in this tissue (Faggiol et al., 
1997; Hadidi, 1995). Micrografting 
has been used to screen transformed 
clones modified to silence virus rep-
lication by grafting them to shoot 
culture stocks that are infected with 
virus (Heuss et al., 1999). The virus 
does not transmit to or infect resistant 
micrografted scion clones. Micrograft-
ing can be used as a clonal propaga-
tion method for difficult to root but 
valuable specimens (Guo and Deng, 
1998) and has been used to screen 
for graft compatibility and to study 
the physiology of the rootstock scion 
interaction of apple (Zhu et al., 1999). 
It has been used extensively in conifer 
(Pinophyta) and other tree tissue cul-
ture to induce juvenility in propagules 
derived from mature trees promoting 
establishment in tissue culture and 
rooting of selected mature trees that 
are otherwise recalcitrant (Arnaud et 
al., 1993; Ewald and Kretzschamer, 
1996; Perrin et al., 1994; Ponsonby, 
and Mantell, 1993; Thimmappaiah 
et al., 2002). To achieve this, buds 
isolated from mature scion wood are 
micrografted to seedling rootstocks or 
tissue culture shoots in vitro. 

This report describes an simple 
efficient protocol for micrografting 
apple shoot tips harvested from in vi-
tro shoot cultures onto commercially 
available rootstock plants growing in 
pots in a greenhouse. We have used the 
protocol to save time in establishing 
transgenic clones as nursery trees on 
dwarfing rootstock resulting in quicker 
establishment of field trials and earlier 

fruit production. Micrografting avoids 
the step of rooting in vitro shoots then 
growing own rooted plants to provide 
a source of scion wood for use in 
grafting and traditional nursery tree 
development.

Materials and methods
SHOOT TISSUE CULTURES. Shoot 

tissue cultures of the apple cultivars 
Golden Delicious, Granny Smith and 
Fuji, NagaFu 12 clone, were initiated 
from shoot tips collected from the 
Certified Budwood Orchard located 
at the Pacific Agri-Food Research 
Centre, Summerland, B.C. They 
were established as axenic shoot 
cultures growing on Murashige and 
Skoog (MS) medium following previ-
ously described methods (Lane, 1992). 
The maintenance medium contained 
the macro and micro elements and vi-
tamins as described by Murashige and 
Skoog (1962) but the growth regulator 
benzyl amino purine at a concentration 
of 3.5 µM, and agar at a concentration 
of 7% were added. The medium was 
autoclaved and dispensed into 500-mL 
(1 pint) glass jars. The cultures were 
transferred to fresh medium at 3-week 
intervals.

PLASMID CONSTRUCTION. A vector 
for transformation experiments was 
constructed. It contained a partial se-
quence of an apple polyphenol oxidase 
gene, in antisense orientation, under 
the control of the double-enhanced 
cauliflower mosaic virus 35S promoter 
and nopaline synthase terminator in-
corporated into the binary plant trans-
formation vector pBINPLUS (Engelen 
et al., 1995). The vector pBINPLUS 
provides the selection marker gene, 
NptII, that results in resistance to kana-
mycin. The final vector, pGEN-II was 
electroporated into the Agrobacterium
tumifaciens strain EHA105 in prepara-
tion for plant transformation. 

TRANSFORMATION PROTOCOL. Leaf
explants from the shoot cultures were 
used in transformation experiments fol-
lowing published methods (Bondt et 
al., 1994). Young leaf explants were cut, 
perpendicular to the mid rib, into three 
or four strips. These were inoculated 
with the engineered Agrobacterium
strain described above and co-culti-
vated for 4 d in the dark at 25 °C (77.0 
°F). At the end of this period they were 
thoroughly washed to remove Agro-
bacterium and incubated on regenera-
tion medium containing an antibiotic 
to prevent Agrobacterium growth and 

the selective agent kanamycin at a con-
centration of 6 mg·L–1 (ppm). The leaf 
strips were incubated 10 strips / petri 
plate containing regeneration medium. 
The regeneration medium consisted 
of MS medium containing the growth 
regulators TDZ [1-phenyl-3-(1,2,3,-
thiadiazol-5-yl) urea] at 23 µM, IBA 
(indolbutryric acid) at 1.3µM and 2-iP 
[N6 -(2-isopentenyl) adenine] at 10.5
µM. Incubation was in the dark for 2 
weeks at 25 °C, followed by 2 weeks 
in alternating light and dark with a 
period of 16:8 h and 24 °C (75.2 °F).
At the end of this period, regenerating 
explants were transferred to fresh me-
dium for a further 4-week period then 
surviving cultures were transferred to 
shoot culture maintenance medium 
plus kanamycin at 60 mg·L–1.

CHARACTERIZATION OF CLONES AS

TRANSGENIC. Polymerase chain reac-
tion (PCR), a method for amplifying 
a specific DNA fragment, was used 
to screen the genomic DNA of the 
putative transformed plants for the 
presence of the kanamycin-resistance 
(NptII) selection marker and the 
polyphenol oxidase transgene. Kana-
mycin-resistant lines shown by PCR 
to carry both the selection marker and 
the transgene were considered to be 
transgenic. Regeneration of shoots on 
selective medium containing 60 mg·L–1

of kanamycin indicated the presence of 
the functional selection marker. 

MICROGRAFTING MATERIALS: SHOOT

CULTURES. Transgenic clones main-
tained as proliferating shoot cultures on 
maintenance medium were harvested 
for micrografting at the end of the 3 
week growth period (Fig. 1A). Tips 
were aseptically excised from elongated 
shoots, 1 to 3 cm (0.6 to 1.8 inch) long 
and placed in water in a plastic container 
(Fig. 1B). In these experiments 6-10 
shoots were harvested from each clone. 
They were then held at 4 °C (39.2 °F)
until used only for a period shorter 
than 24 h. The cultures from which the 
tips were harvested were transferred to 
fresh medium and maintained in the 
normal way.

MICROGRAFTING MATERIALS: ROOT-
STOCK. Dormant liners of the apple 
rootstock cultivar M.9 were obtained 
in March from a local supplier. Their 
roots were trimmed leaving each about 
4 cm (1.5 inch) long and they were 
potted into 20-L (5.3-gal) plastic 
pots containing potting mix. The mix 
was formulated by combining 107 L 
(28.3 gal) of the peat based growing 
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mix Premier Pro-Mix BX (Premier 
Horticulture Inc., Red Hill, Pa.) plus 
107 L of pine wood shavings and 450 
g (1 lb) of 14–14–14 slow-release fer-
tilizer (14N–6.2P–11.6K; Nutricote, 
Nichimen, Japan). One rootstock plant 
was placed in each pot then the stock 
was pruned to a length of 20 cm (7.9 
inch), the pot was placed in a green-
house room maintained at approxi-
mately 20 °C (68.0 °F) and watered 
with a solution of 5 g·L–1 (0.5%) of 
10N–22.9P–8.3K (Plant-Prod, Plant 
Products Co. Ltd, Brampton, Ontario) 
fertilizer. Subsequently the plants were 
fertilized biweekly with a solution of 
3 g·L–1 (0.3%) 15N–6.6P–14.9K 
(Plant-Prod Soilless Mix Fertilizer). 
The rootstock plants broke dormancy 
and developed 5 to 10 shoots, 10 to 
25 cm (3.9 to 9.8 inches) in length, 
after about 1 month in the greenhouse. 
The shoots were thinned leaving five
per plant. Shoots were suitable for 
micrografting when they had reached 
4 cm (1.6 inch) or more in length. 
The plants were sprayed to control 
powdery mildew, mites, thrips and 
aphids following standard methods 
recommended for greenhouse crops. 
Once shoots reached 40 cm (15.7 
inches) in length they were cut back 
to a bud close to the rootstock trunk 
to initiate a fresh shoot. The shoots 
were cut back in sequence over a 
period of 2 to 3 weeks to achieve the 
purpose of maintaining a continuous 
supply of young rapidly growing shoots 
and to leave sufficient leaf area on the 
rootstock plant to maintain its good 
health and vigor.

MICROGRAFTING METHOD. The mi-
crografting protocol consisted of the 
following steps. 1) A work station was 
assembled on a lab cart with supplies 
consisting of about six to ten shoot 
culture tips of a transgenic clone in 
water in a plastic container (Fig. 1B) 
with about fi ve clones prepared for 
grafting in each work session; forceps 
to remove the shoot from the water; 
a scalpel to prepare the shoot tip and 
rootstock for grafting; a platform for 
cutting the tip, usually a 250-mL beaker 
inverted and covered with a damp paper 
towel; marker pen and labels to iden-
tify the rootstock scion combination; 
1-cm-wide strips (0.4-inch) of Parafilm
(American National Can, Menasha, 
Wis.) to wrap the grafted shoot tip 
immobilizing it in correct orientation 
to the rootstock.2) An upward oriented 
shoot that was actively growing and 5 

Fig. 1. (A) ‘Golden Delicious’ apple shoot cultures from which shoot tips for graft-
ing were harvested. (B) Harvested shoot tips fl oating in water ; insert, the shoot 
tip prepared for grafting by cutting the stem into a wedge shape, length about 3 
mm (0.1 inch). (C) The potted ‘M.9’ rootstock plant with side branches in suit-
able condition for grafting; the plant stem is about 1 cm (0.4 inch) in diameter. 
(D) Side branch of the rootstock cut to expose the cambium. (E) The scion shoot 
tip inserted in the rootstock oriented so the cambium of scion and rootstock are 
in contact. (F) The graft immobilized by wrapping with Parafi lm. (G) Two weeks 
after grafting the side branch with the graft was cut back and the wrap cut to 
loosen it; 3 weeks after grafting the scion shoot has begun to develop; note that 
the appearance of the scion and rootstock are different. (H) Four side branches are 
left on the rootstock to support the early growth of the scion shoot. (I) At 5 to 6 
weeks after grafting the scion is developing rapidly and the remaining rootstock 
side branches are removed. (J) At 7 weeks the scion shoot benefi ts from support 
with a stake and can be moved to an outdoor location. (K) Three-month nursery 
tree developed from a micrograft about 2 m (6.6 ft) in height.

RR1   643 8/26/03, 10:52:22 AM

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



• October–December 2003 13(4)644

RESEARCH REPORTS

to 25 cm (2.0 to 9.8 inches) in length 
was selected (Fig. 1C). 3) An incision 
was made into the stock stem cutting 
through the cambium making a fl ap 
about 5 mm (0.2 inch) long (Fig. 1D); 
a second cut initiated about 3 mm (0.1 
inch) up-stem from the fi rst and parallel 
to it created space for the scion shoot tip 
and exposed a larger area of cambium 
than a single cut after the intervening 
strip of rootstock tissue was removed. 4) 
The shoot tip scion was then prepared 
by cutting the stem at an angle of about 
30° from the axis of the stem from op-
posite sides to create a wedge shaped 
end to the stem tip. The length of the 
prepared tip was 3 to 5 mm. 5) It was 
then placed in the prepared rootstock 
branch and oriented so that the cam-
bium, exposed by the cut, on one or 
both sides of the stem was in contact 
with the freshly cut wedge shaped base 
of the scion shoot tip. (Fig. 1E). 6) The 
scion was then held in place with several 
wraps of the Parafi lm strips. The wrap 
began below the graft and enclosed the 
graft so as to prevent desiccation and 
push the scion and rootstock together so 
they would more completely fuse (Fig. 
1F). 7) On day 14, after grafting, the 
grafted rootstock branch was excised 
immediately above the graft and the 
other branches on the rootstock were 
pruned leaving 15 to 30 cm (5.9 to 11.8 
inches) of each branch intact and the 
highest point of the pruned branches 
lower on the plant than the graft; and 
on day 21 the Parafi lm wrap was cut, 
on the opposite side of the branch to 
the bud, to relieve pressure but was not 

removed from the graft. 8) At 3 to 10 d 
later the scion began to grow pushing 
free of the Parafi lm (Fig. 1G and H). 9) 
The scion continued to grow reaching 
a length of about 50 cm (19.7 inches) 
8 weeks after grafting. (Fig. 1 I and 
J).10) At this time it was supported by 
tying to a stake and either allowed to 
continue growing in the greenhouse or 
transferred outside to a screen house 
that met standards for confinement
(Fig. 1K).

Results and discussion
A previous report describes a 

method for micrografting using, as 
rootstock, apple seedlings at the coty-
ledon stage or slightly older, and shoot 
tips from cultures as the scion (Huang 
and Millikan, 1980) and similar proce-
dures using shoot tip cultures as root-
stock have been described by Obeidy 
and Smith (1991) and Dobranszki et 
al., (2000). In these procedures the 
micrografts were placed as an apical 
graft where the shoot tip of a stock 
plant seedling was excised and the scion 
immobilized in contact with the cut 
surface until fusion occured. Side graft-
ing is another method, where the shoot 
tip of the stock plant is left intact and 
the scion grafted to a cleft in the side 
of a branch or stem (Monteuuis, 1995; 
Mukhopadhyay et al., 1997; Prakash et 
al., 1999). In preliminary experiments 
we investigated apical grafting of tips 
harvested from apple shoot cultures 
using germinated apple seed at the 
cotyledon stage as stock. We achieved 
some success but the procedure was 

cumbersome, took considerable dex-
terity and, in our hands, grafting suc-
cess was inconsistent. Grafting onto 
young seedling stocks had the potential 
to by pass the in vitro rooting stage 
but did not achieve the purpose of 
establishing the clones on a dwarfing
rootstock known to promote preco-
cious bearing. The side graft protocol 
described here was used in our lab for 
2 years and resulted in 250 transgenic 
clones established as nursery trees on 
the dwarfing rootstock, ‘M.9’ and suc-
cessfully established in field trials. The 
nursery trees developed using this pro-
tocol seem similar or identical to field
grown nursery trees and although we 
have not had extensive experience with 
their fruiting response, fruit bud de-
velopment appears to follow the same 
pattern as comparable trees propagated 
using traditional methods.

The rate of success of the mi-
crografting protocol is illustrated in a 
typical series of experiments described 
in Table 1. The overall success of those 
experiments averaged 93% but not all 
clones responded equally. A less than 
perfect response resulted from using 
shoot tips of poor quality for grafting. 
Poor quality clones had some degree 
of browning and were harvested from 
weak shoots growing at the base of the 
shoot culture cluster rather than from 
dominant shoots. The results illustrate 
that even when poor quality shoots 
were used, the micrografting protocol 
resulted in establishment of some plants 
on dwarfing rootstock. The cultivar of 
apple used did not strongly influence
grafting success in our experiments, a 
result consistent with the experience in 
peach micrografting experiments (He-
uss et al., 1999). The time required 
for an experienced technician to do 30 
micrografts was about 1 h. The time 
required to maintain 200 rootstocks 
in a greenhouse room was about 1 h/
week. The micrografting protocol had a 
considerable effi ciency advantage when 
compared to the more common proce-
dure of rooting shoots harvested from 
shoot cultures in vitro, acclimating the 
rooted plantlets in specialized condi-
tions, establishing greenhouse plants 
of sufficient size to harvest budwood 
for grafting to rootstock, then grafting 
the rootstock, and allowing the bud to 
develop into a nursery tree.

MAINTENANCE OF ROOTSTOCK.
Individual rootstocks have been 
maintained in the greenhouse for a 
period of 1 year and young vigorous 

Table 1. A series of micro-grafting operations that illustrate the success rate of 
the protocol for grafting apple shoot tips from transgenic shoot culture clones to 
side branches of potted ‘M.9’ rootstock growing in a greenhouse.

Graft
Clone Micrografts Date development
no. (no.) grafted  (%)

605 6 24 May 83
523 6 24 May 67
260 6 24 May 67
246 6 24 May 100
520 6 27 May 83
604 6 27 May 50
255 6 27 May 100
534 6 27 May 67
240 6 3 June 83
613 6 3 June 67
601 6 3 June 83
241 6 3 June 50
523 6 10 June 50
273 7 10 June 72
605 6 10 June 83
246 7 10 June 100
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side branches in condition suitable for 
micrografting were sustained by cut-
ting back branches to a bud close to 
the rootstock stem once they reached 
a length of 40 cm (15.7 inch). The 
rootstocks were trained to fi ve branches 
and these were cut back in sequence, 
one or two at a time, at intervals of 
about one month in order to have a 
continuous supply of branches for mi-
crografting on each stock. Rootstocks 
grew well when spaced on 30 cm (11.8 
inch) centers and were maintained in 
healthy condition with no significant
disease or pest problems.

SCION SHOOT TIP INFLUENCES. Ideal
shoot tips were ones in active growth 
at the end of the shoot culture transfer 
interval but tips harvested from older 
cultures that had stopped elongation 
and formed a terminal bud were also 
successfully grafted provided they had 
not developed brown tissue. In both 
cases placement of the bud in the 
graft cleft and wrapping the graft was 
facilitated by excising large leaf blades. 
Shoot tips that were stored at 4 °C
for periods longer than 24 h began 
to turn brown indicating injury or 
death and this made them unsuitable 
for grafting. The condition of the tips 
could be monitored by development 
of the brown color. A comparison of 
3-5 mm tips with larger ones 1 cm 
long, indicated larger shoots were not 
advantageous. Fusion of the scion tip 
to the rootstock close to the meristem 
tip, rather than some distance down 
the scion stem, promoted grafting 
success and was more easily achieved 
with short shoot tips rather than longer 
ones. This may have resulted because 
the cut tissue nearer the tip consisted 
of smaller less differentiated cells that 
divided and fused to the stock more 
consistently. 

The scion shoot tip was often 
smaller in diameter than the cut 
made in the stock so the two exposed 
cambium strips in the rootstock did 
not line up with the cambium in the 
scion shoot tip. Since fusion originates 
from division of cambium cells, the 
scion was oriented so it was touching 
one of the cambium strips of the stock 
and in most cases this proved sufficient
to result in a successful graft union. 
This also allowed a greater size range 
of stock branch to be used.

THE DEVELOPING SCION. If the wrap 
immobilizing the graft was loosened 7 
d after grafting some scions survived 
but success was less consistent than at 

14 d, but delaying this procedure for 
an additional 7 d neither hindered or 
promoted grafting success. When the 
wrap was loosened early it was com-
mon for the shoot tip to brown and 
die but for the basal portion of the 
scion to remain alive. One or several 
axillary shoots from this basal portion 
of the scion sometimes developed but 
their emergence was inconsistent, their 
development into shoots was delayed 
and often they had weak shoot growth 
and development. Loosening the wrap 
rather than removing it entirely pro-
moted consistent growth of the scion 
bud since acclimatization was achieved 
as the shoot emerged from the wrap. If 
the wrap was not cut, most buds were 
constrained and were not able to grow 
out of the wrap. Positioning the graft 
close to the main stem of the stock plant 
and orienting the graft so that the devel-
oping scion shoot grew directly upward 
resulted in a young nursery plant with a 
more or less straight stem, but since the 
scion shoot origin was from a branch 
rather than the stock main stem, where 
buds are traditionally placed, a charac-
teristic crook developed in the stem of 
most micrografted plants (Fig. 1K). 

One of the five branches on the 
rootstock was used for grafting. This 
density of branches and leaves was 
found to be suitable for maintaining 
good growth with all branches in ac-
tive growth. The branches were left 
intact to support the growth of the 
developing scion but were prevented 
from competing with it by ensuring the 
developing scion shoot tip was upper-
most and the dominant branch of the 
tree. If the supporting branches were 
removed when the scion tip was small, 
growth was dependent on reserves in 
the rootstock rather than photosyntate 
and resulted in a less consistent and 
slower rate of scion shoot growth. 
Once the developing scion shoot was 
well established, with approximately 
20 leaves, the rootstock branches were 
removed. When there was urgency in 
establishing clones on dwarfing root-
stocks, two grafts per rootstock plant 
increased the probability that every 
rootstock would have one successful 
graft. This micrografting procedure 
results in field ready trees in 10 to 12 
weeks from grafting with the time being 
influenced by greenhouse conditions 
and the size of plant required. Estab-
lishing plants in the field is dependant 
on suitability of seasonal conditions for 
transplanting.

The micrografting protocol was 
quick and convenient and resulted 
in field ready trees on dwarfing root-
stock more quickly than alternative, 
traditional tissue culture propagation 
procedures. Often clones of interest 
were identified at irregular intervals. 
Micrografting was well suited to pro-
cessing these clones as they become 
available since the method is quick, easy 
and consistently successful providing 
suitable rootstocks were available. Few 
steps are required reducing complex-
ity and promoting achievement of 
the goal.
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