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Abstract

The objective of the study was to identify the grafting method, which will have a higher
success rate of scion development. The study was conducted at Mount Makulu Central
Research station in Chilanga, Zambia (15°33'S / 28011'E) from April 2010 to November 2011.
The study had 4 vegetative propagation methods that varied in the treatment of the
rootstock and scion. The four methods were Standard T- budding (STB); Modified T-
Budding with decapitation (TBD); T- budding with scion bending (TBB); Crown grafting
(CG). Bud take, shoot growth, leaf emergence and Leaf area index were measured up to 11
weeks after treatment (WAT). With CG there was 100 % bud take. STB had a bud take of
58.3 %. TBD had a bud take of 50 %. The lowest bud take percentage was recorded in TBB,
which had a bud take of 41.7 %. At 5 weeks the STB and TBB treatment had shoot length of
0.7 and 1.0 cm respectively which were the shortest; this was followed by the CG treatment
at 15.3 cm and the modified TBD with apical shoot decapitation (21.7 cm). STB shoots did
not start growing until about 5 weeks, which was 2 weeks after the rootstock was cut off. At 5
weeks, the TBB and STB were yet to form leaves. The CG had close to 20 leaves and the TBD
had almost 15.2 leaves. At the end of 11 weeks, the TBB had the highest number of leaves.
Across the grafting methods; the Leaf area exhibited a pattern similar to leaf number; it kept
on doubling every 2 weeks to until the 9th week after which the increase was negligible. At 11
weeks, the highest leaf area was in the TBD followed by the STB and lowest in the CG
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Introduction

Citrus fruit production is among the top in the
ranks in terms of the world fruit production
(FAO, 2013). The major producers of oranges in
the world are China, Brazil, the United States of
America, Mexico and Spain. Citrus farming is
being initiated in new zones as production in the
old areas is decreasing due to conversion of
agricultural land to human settlements as a result
of rapid urbanization, emergence of new disease
and the abandonment of plantations injudiciously
farmed (Ladaniya, 2008). The prime concern in
increasing production is overcoming the various
problems affecting the production of these citrus
depending on the agro climate of that part of the
world (Ladaniya, 2008).

Citrus fruit has great nutritional and economical
importance (Walter, 1992). They are an
important source of carbohydrates, vitamin A, C,
and fiber. The fruits are processed into various
products such as perfume, alcohol manufacture

and stock feed (supplying up to 8% crude protein)
Morton and Miami, 1987). The Southern part of
Africa has the potential to contribute significantly
to world citrus production especially the off-
season supplier of sweet oranges (Citrus sinensis)
(USDA, 2008). Despite the nutritional benefits,
fruit consumption in developing countries such as
Zambia is still low (Simon, 2014). As a region,
Southern Africa is the world’s leading and indeed
dominant supplier of off-season fruits (Jaffee,
1999). Exports from Southern Africa are
dominated by South Africa followed by
Zimbabwe, Swaziland and Mozambique (USDA,
2008). According to Jaffee (1999), the citrus
subsectors of Zambia and Malawi are
insignificant due to production and
comparatively low quality and therefore not
traded internationally. Among the major
problems, limiting production of citrus is lack of
access to high quality planting material
(Makorere, 2014).
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Henceforth, this study was done with the main
aim of evaluating the effect of apical dominance
on bud take using different grafting methods. The
specific objective was to help identify the grafting
method, which will have a higher success rate of
scion development.

Historically, the development of nursery
techniques was aimed at overcoming
environmental constraints (Mudge et al., 2009;
Melnyk and Meyerowitz, 2015). Nurserymen seek
to produce large numbers of high quality
marketable trees in the shortest possible time
(Melnyk and Meyerowitz, 2015; Hartmann et al.,
1990). This is made possible by the continued
testing and adopting new methods of grafting.
Several grafting methods exist with different
growth rates of different tree crops grown on
different types of root stock (Garner and Saeed,
1976).

Apical dominance has been defined as the control
exerted by the shoot apex over outgrowth of the
lateral buds (Cline, 1997). Apical dominance
occurs in many plants, for the horticulturist,
manipulating this natural response by processes
such as pruning and grafting allows the
horticulturist to determine the shape, size and
productivity of many fruiting trees and bushes
(McSteen, 2009; Acquaah, 2009). Apical
dominance is a well-known phenomenon in
which it has been traditionally postulated that
auxin traveling basipetal from the shoot apex
suppresses the outgrowth of axillary buds
(Thimann and Skoog, 1933; Leyser, 2003). If a
shoot is decapitated, the axillary buds are
activated. If auxin is applied to the cut end of the
shoot, suppression of buds reoccurs. This is a
classical example of a developmental correlation
where one organ of a plant affects another organ
(Cline, 1997). However, measurements of the
speed of translocation of these growth regulators
and detection of the onset of changes in the
activity of the target buds point to the
involvement of other more rapid substances or
conditions (Morris et al., 2005). The nature of
this decapitation-induced long-distance signals

that trigger initial bud outgrowth remains elusive
(Morris et al., 2005; Loeb, 1918). Moreover, the
transition from dormancy to active growth has
been shown to be modulated by decapitation.

The centrality of decapitation in the transition
from dormancy to active growth is important to
plant propagation because most vegetative
propagation methods (budding and grafting)
involve plant excision or decapitation. However,
interpreting the mechanisms or responses in
perennial plants based on observation in annual
plants may be more challenging given the
outlined differences in development cycles. Apical
dominance studies have shown the involvement
of auxins and cytokinins synthesis and
translocation. Additionally, decapitation has the
effect of disturbing water movement and any
materials transported therein and this may have
more dramatic effects in grafting. This is
particularly important in the early stages of
development when the vascular union has not yet
occurred. Depending on the climate and season
vascular connection may take up to 6 weeks after
grafting (Hartmann et al., 1990).

In this study, we looked at different vegetative
propagation methods that varied in the treatment
of the rootstock and scion and postulated on the
effects these treatments may have exerted on the
developing buds with reference to auxins and
cytokinins.

Materials and Methods
Location description

The study was conducted at Mount Makulu
Central Research station in Chilanga, Zambia
(15033'S / 28011E) from April 2010 to November
2011. The research station is located at about
1300 m above sea level in the agro-ecological
region Il of Zambia. The mean annual
temperature in this region was 23°C to 25 °C. The
region receives medium annual rainfall of
between 800-1000 mm. The meteorological data
are shown in Table 1 below.

Table 1. Climatic data during the grafting period for the experimental site Mt Makulu, Chilanga

Zambia.
Month July August September October November
Maximum Temp (°C) 20.0 24.7 30.7 31.6 27.1
Minimum Temp (°C) 12.0 10.2 15.0 18.1 17.4
Relative Humidity (%) 88.0 57.0 51.4 50.0 68.2
Evaporation 2.9 4.8 7.6 8.5 5.2
Rainfall - - - - 8.8

Plant materials

Rough lemon root stock (Citrus jambiri), the
rootstock commonly used in Zambia for grafting
citrus, was used. The seeds for the rootstock were
obtained from a private grower within the area.

The trees were vigorous and healthy without any
history of infectious diseases. The seeds were
planted in April 2010 and allowed to grow for
about 1 year. Propagation was done in July 2011
when the stem diameters were about 1.5 cm in
diameter.
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Grafting methods

Four grafting methods were used; these were
Crown grafting (CG), Standard T budding STB),
T- budding with bending of the stem (TBB) and
T- budding with the decapitation of the apical
bud (TBD).

Crown grafting

The graft was prepared by making two clean cuts-
one on each side of the sliced end of the scion
thereby giving it a flute shape (Hartman et al.,
1990). The union is stabilized or kept in place by
tying it with a strip, of course, Tsugigi grafting
tape (Engei Hyo, Tokyo). The scion was then
covered with waterproof but air exchange capable
membrane tape ‘Buddy tape’ (Aglis Co. Chiyoda
ku, Japan).

Standard T budding

Budding was done at 15 to 20 cm from the
ground. The first incision was made on the
rootstock by a downward cut about 2-3 cm long
followed by a cross cut on top of the first cut to
geta T shape. After making the ‘T’ shaped cut, the
bark is opened up with the ends of the budding
knife and, a bud shaped like a shield is extracted
from a healthy mother tree.

T budding with decapitated stock

The stem was cut at the desired height (15- 20
cm) followed by a horizontal cut of a length
slightly longer than the anticipated length of the
bud (= 3 cm). The bud was inserted in this
vertical cut taking care to avoid subjecting the
bud to undue pressure. The bud and the cut
surface of the rootstock were then covered with a
waterproof but air exchange capable grafting
tape.

T budding with bending of stock

Normal budding was done as recommended in
the production of citrus budded seedlings in the
nursery (Hartmann et al., 1990). Stem bending
was done as a post budding operation. The stem
was bent by tying it to the ground using a piece of
string. The bending angle was about 60 degrees;
care was taken to avoid breaking the stem during
the process.

Experimental design

The experiment was set up as a split plot design
with time (weeks after grafting) as the main plot
and grafting method as the split plot. Four
grafting treatments were used; T budding with
bent rootstock (TBB), Standard ‘T’ budding
(STB), T-budding with stock decapitation (TBD)
and cleft grafting (CG). There were 12 single- tree
replications of each grafting method.

The plants were potted in the same size of pots
and exposed to the same kind of environment.
Plants were grown in black polyethylene UV
stable sleeves filled with garden soil. The
polythene sleeves had a volume of 176.71 cm3
each. They were bought from Polythene Products
Zambia Ltd., Zambia.

A total of 48 one year old rough lemon root stocks
were budded and grafted on the same day the
scion wood was collected. The scion wood was
collected from a private orange orchard
(Mwangala’s farm) in the same locality near
Lusaka. The source trees were 12 years old. The
budding and grafting were done by a professional
nurseryman. The grafting was done in partial
shade under shade trees and the plants were
allowed to grow under these same conditions.
Standard nursery management practices such as
weeding, pest and disease control were done as
recommended.

Data collection and analysis

The variables that were measured were: Bud take,
Scion length and Leaf area. Bud ‘take’ was
measured by counting the number of plants that
were budded against those whose buds survived
and established. The counts were taken at three
weeks after grafting.

Scion length determination was done by using a
ruler and vernier caliper on a weekly basis. Leaf
area was measured by determining leaf length
and leaf width of the plants and then multiplying
the products with a correction factor of 0.75.

The data was subjected to analysis of variance
and separation of the means (Sokal and Rolfe,
1981). GENSTAT 14 and Microsoft Excel spread
sheet software were used in analyzing the data.

Results

The treatments had a significant effect on bud
take, shoot initial growth and leaf area expansion.
There was significant interaction between the
different method and time of determination. The
results obtained showed significant effects of
grafting method on graft success and shoot
development especially in the early shoot
development phase. CG had the highest bud take,
followed by the TBD whereas STB had the lowest
bud take. The TBB treatment was intermediate.

Graft success

Table 2 shows propagation success. With Crown
grafting all of the 12 plants, which were grafted
were successful representing 100 % bud take.
Standard ‘T’ budding with upright rootstock had a
success rate of 58.33 % of the grafted plants.
Budding with decapitated rootstock had a bud
take of 50 %. The lowest bud take percentage was
recorded in ‘T’ budding with bent rootstock,
which had a bud take of 41.67 %.
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Table 2. Graft success rate (bud take) in Orange (Citrus sinensis var Washington navel) subjected to
four grafting methods on rough lemon (Citrus jambiri). Bud take was measured three weeks

after propagation.

Grafting method

Number of plants

Number of plantswith  Success rate (bud

grafted bud take take) (%)
T budding with bent Stock (TBB) 12 5 41.7
Standard ‘T’ budding (STB) 12 7 58.3
Crown grafting (CG) 12 12 100.0
‘T’ budding with decapitation (TBD) 12 6 50.0

Scion growth

The data representing early scion development
are shown in Table 4 and this covered the period
from week 5 to week 11 after grafting. Across
grafting methods, there was a consistent increase
in shoot length, increasing from 9.69 cm at week
5 to 32.08 cm at week 11. The T budding with
decapitation exhibited the rapid and highest
shoot length, which was 21.72 cm at week 5 to

35.31 cm at end of the observation period. The
STB and TBB had the slowest shoot growth. The
CG was intermediate. There was some interaction
between time and grafting method. The STB was
slow growing particularly in the early stage up to
7 weeks after grafting but as they progressed, they
exhibited higher growth. The tallest plants were
found in the TBD treatment. The results are
presented below in table 3.

Table 3. Effect of grafting method and time on scion length in Orange (Citrus sinensis) grafted on
Rough lemon (C. jambiri) using different grafting methods.

Parameter Average scion length (cm) plant! (n=12) LSD
Time (weeks) 5 7 9 11

9.69 17.14 27.95 32.08 2.03
Grafting method CG STB TBB TBD

23.68 17.50 17.25 28.42 1.86
Time x grafting method CG STB TBB TBD
5 15.29 0.70 1.03 21.72
7 21.40 8.90 12.35 25.89
9 26.95 28.43 25.62 30.78
1 31.08 31.96 29.99 35.31 3.77

CG- Crown grafting; STB- Standard T budding; TBB- T budding with bending of stem and TBD- T budding with Rootstock

decapitation.
Leaf emergence

The number of leaves plant-! increased with time,
increasing from 8.22 leaves at 5 weeks to about
22 leaves at 11 weeks (Table 4). The CG treatment
and TBD had the highest number of leaves across
the study period, averaging about 20 leaves plant-
1, The STB and TBB had significantly fewer leaves
(almost half of the other 2 treatments).

In the early stages of development the STB and
TBB exhibited slight defoliation. There was
significant time x grating method interaction. The
CG had the highest number of leaves at 5 weeks
but the increase was low and in the 7 weeks, there
was a slight defoliation. The TBB had the highest
number of leaves at the end of the study; the
difference was significantly higher compared to
the other 3 treatments.

Table 4. Effect of grafting method and time on leaf number in Orange (Citrus sinensis) grafted on
Rough lemon (C. jambiri) using different grafting methods.

Parameter Number of leaves plant! (n=12) LSD
Time (weeks) 5 7 9 11

8.22 12.31 18.92 21.19 1.30
Grafting method CG STB TBB TBD

19.57 9.63 10.63 20.84 114
Time x grafting method CG STB TBB TBD
5 19.41 - - 15.23
7 16.98 4.98 7.69 19.90
9 19.51 15.84 17.56 22.76
11 22.38 19.02 17.88 25.48 2.34

CG- Crown grafting; STB- Standard T budding; TBB- T budding with bending of stem and TBD- T budding with Rootstock

decapitation.
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Changes in leaf area

Effects of treatments on leaf area are shown in
Table 5. The data for leaf area showed some
increase with time. The increase was from 114 cm
to 454 cm2. The increase was consistent over the
study period but with greater increase occurring

between the 7 and 9 week period. The TBD at 435
cm? had the highest leaf area, followed by CG and
then the STB and TBB. The leaf area of STB and
TBB was less than 50 % of the high leaf area
treatment.

Table 5. Effect of grafting method and time on leaf area in Orange (Citrus sinensis) grafted on Rough
lemon (C. jambiri) using different grafting methods.

Parameter Average leaf area plant! (cm2) (n=12) LSD
Time (weeks) 5 11

114 211 436 454 67.0
Grafting method CG STB TBB TBD

362 211 206 435 57.3
Time x grafting method CG STB TBB TBD
5 277 - - 243
7 386 19.0 69.0 371
9 396 421 394 532
1 390 425 404 596 118.2

CG- Crown grafting; STB- Standard T budding; TBB- T budding with bending of stem and TBD- T budding with Rootstock

decapitation.

Discussion

The response in the post scion establishment
phase could be grouped into those treatments
involving shoot decapitation at grafting (CG and
TBD) and those that retained the apical shoot
(STB and TBB). Shoot emergence and
development was lowest in the TBB were visible
shoot development only started about 2 weeks
after decapitation of the apical shoot. Bending the
shoot did not improve both bud take or early
shoot development significantly. Leaf area index,
which indicates efficiency in light utilization
showed trends very similar to leaf emergence.
Plant organs are produced in meristems in a
continuous and predictable but flexible manner,
phyto-hormones and transcription factors
cooperate to balance meristem maintenance and
organ production (Shani et al., 2006).

Although the results seem to be influenced by
apical dominance effects, differences within the 2
decapitation treatments (the CG and TBD)
indicate other possible influences, such as storage
carbohydrate content in the grafts. The role of
carbohydrates in tree productivity is well
documented but not without disagreement
(Goldschmidt and Golomb, 1982; Goldschmidt
and Koch, 1996). It can be postulated that the CG
having larger scion wood comes with higher
storage reserves that the scion can be used before
it has sufficient leaf development. This early
development would allow for more rapid growth
and early shoot development.

It has been documented that apical dominance is
transduced  through  shoot-based  auxins
suppressing the synthesis of cytokinins in the
shoot (Tanaka et al., 2006; Kyozuka, 2007; Cline,
1997). The involvement of other plant hormones-

strigolactones; a group of terpenoid lactones
(Umehara et al., 2008) wunique proteins
(Stafstrom and Sussex, 1992) other than the
conventional ones, being involved in shoot
branching is documented. Additionally most of
the work on apical dominance has involved single
stemmed annual dicots peas (Pisum sativum),
observations from such plant may be difficult to
use to explain apical dominance in woody species
such as Citrus. Citrus being perennial multi-
stemmed woody species with concurrent
development of apical shoots at different shoot
development stages.

For the decapitated treatments (CG and TBD) the
response was, however, slightly different. The
major difference was the size of the scion grafted
on to the stock. The Crown graft was composed of
a stem of about 3 cm, it can be postulated that
this represents a significant amount of storage
reserve that could have been available to the bud
(Mataa et al., 1996). T- budding with bending of
the stock is supposed to ensure that the bud has
full access to water and other growth substances
while at the same time preventing the basipetal
polar movement of inhibitive substances such as
auxins from the shoot apex to the bud. Among the
reasons that can be advanced for the
comparatively lower bud take in budding can be
that the bending represented a significant and
sustained stress on the plant having been applied
at onset. Additionally, the efficiency of
preventing auxin movement may be low. Also
due to the lifting of the bark of the flap, budding
methods like the ‘T’ budding are thought to cause
considerable callus in filling and development of
new cambium (Acquaah, 2009). This effect may
cause a delay in wound healing and increases
subsequent death of the buds.
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Coupled to this, Hartmann et al. (1990) showed
with budding, the scion is considerably smaller
and normally limited to one bud and a short stem
piece. Therefore, any vascular differentiation
from callus cells may be inhibited by lower phyto-
hormone levels hence; wound cambium
differentiation does not take place before
bridging of the vascular tissue; a characteristic of
the citrus trees. With budding coupled with
rootstock decapitation the bud ‘take’ success was
at 50%. Decapitation of the stock could have
removed the source of apical dominance
completely (Cline, 2004). The significant failure
in bud ‘take’ can be attributed to many factors.
Although the involvement of apical dominance
can be used to account for lower bud success, the
post-grafting growth response of the shoot is
contradictory.  Growth is enhanced by
phytohormones such as cytokinins, which are
produced in root apex and it is known that they
are transported acropetally from the root apex in
the transpiration stream. With  shoot
decapitation, this is not possible but the growth in
the decapitated stock was still seen to be high. It
is worthwhile to note that this work was done
without determining of changes in critical
hormones and future studies in this direction
would be insightful.

Conclusion

The study was able to find that crown grafting
had higher graft take and the resulting plants
comparatively  exhibited more  vigorous
development and least apical dominance
carryover effects. Additionally, the performance
of the plants seems to be based on the size of the
scion. Therefore, although the results indicated
the influence of apical dominance, it is not
sufficient to explain observed effects and possibly
indicate the role of assimilating reserves
influenced responses.
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