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Abstract
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cence intensity, photosynthetic yield and flowering in fig fruit trees as affected by phloem stress.
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Chlorophyll fluorescence intensity, photosynthetic yield in leaves and flowering of fig trees (Ficus carica L.)
as affected by phloemic stress (represented by partial bark ring) were studied. The treatments were un-ringed, I-
shape partial ring (I-SPR), X-shape partial ring (X-SPR) and S-shape partial ring (S-SPR). The greater bark
thickness (width) was found in I SPR treated branch than other treated branches. Branch circumference of all
three types of treatment showed higher value in upper ring than in lower ring. The maximum SPAD value was
observed in control branch earlier after treatment whereas the maximum value was found in S-SPR treated
branch later. Besides, the percent flower bud and fruit set were greater in S-SPR treated trees than other treated
branches. The flower bud and fruit set were higher in treated branches than in control. Chlorophyll fluorescence
intensity was found similar upward trends with some fluctuations in case of all treatments. The intensity was
higher in control and I-SPR treated branches than in other treatments. Fo (lower fluorescence), Fm (higher
fluorescence), Fp (Intermediate fluorescence) were highest in leaves of control, I-SPR and X-SPR treated
branches. However, X-SPR treatment represented the maximum optimum quantum yield [(Photosynthetic yield
(Fv/Fm)]. Resulting, the study represents that phloemic stress (I-SPR, X- SPR & S-SPR), can be applied for the
dwarfing physiological growth and early flowering of fig tree and the most effective one was S-SPR.
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Introduction

The fig fruit is a highly perishable climacteric fruit
and oldest species of the fruit tree having been culti-
vated by humans for over 5000 years (Owino et. al.,
2006). The common fig (Ficus carica L.) is a tree
indigenous to southwest Asia and the eastern Medi-

terranean region; belong to family Moracea (Duenas
et. al., 2008).  Figs (Ficus carica L.) are usually cul-
tivated especially in warm, dry climates. The world
production of figs is about one million tons (Veberic
et. al., 2008). This fruit is an important crop world-
wide for dry and fresh consumption (Duenas et. al.,
2008).
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Dwarfing fruit trees plays an important role in fruit
growth, development and quality. Large vigorous fruit
trees are a problem to the fruit growers, because lad-
ders have to be used during fruit thinning, bagging and
harvesting. If trees are small sized, then it is easy to
pick fruit from the ground. Small, compact, dwarf or
size controlled fruit trees provide for easier pruning,
thinning, spraying and harvesting and could lead to
production of high-grade fruit at lower production cost
(Tukey, 1964). Partial ringing can be used to make
tree dwarfed. Ringing tends to increase the size and
sugar content of fruit and to cause the fruit to mature a
few days to a week earlier (Tukey, 1964). Trunk gir-
dling of apple trees reduces chlorophyll concentra-
tion in leaves and is significantly lower in girdled tree
than control (Arakawa et al., 1997). Sitton (1949)
reported that the increase of trunk girth above the gir-
dling might be caused by swelling of the trunk with
accumulation of carbohydrates.

Arakawa et al. (1997) stated that flowering in the
following spring of apple trees was significantly in-
creased by girdling and also peach Hossain et al.
(2007) found the similar results to the present result in
peach trees (Hossain et al., 2007; Onguso et al., 2004;
Onguso et al., 2005a; Onguso et al., 2005 b).
Schneider (1969) stated that girdling blocks the trans-
location of sucrose from leaves to the root zone through
phloem bundles. The block decreases starch content
in root system and accumulation of sucrose in the
leaves (Plaut and Reinhold, 1967). Rose and Smith
(2001) stated that complete girdling of stems killed
the plants and partial girdling made weakening the
plant. There is not available literature on bark ringing
applied to the fig trees. The aim of this research was
to investigate the influence of different types of bark
ringing on bark thickness, trunk circumference, flower
bud and fruit formation, leaf chlorophyll.

Materials and Methods

Site
The experiment was conducted in the University

of Malaya fruit orchard, located in Kuala Lumpur,
Malaysia.

Plant material
10-year-old fig tree (Ficus carica L.) was used in

the experiment. The tree was 4.0 m of height and
canopy size was 5.0 m. The tree consisted of 6 main
branches and 12 sub-branches. Branch spacing was
0.5m approximately.

Intercultural operations
Weeding, irrigation and pesticide were done as

needed. Fertilizers were applied in the 1st year when
tree was planted at the rate of N, P and K (10%,
10% and 10%) 20 g respectively. The soil was fertile
and loamy.

Treatment setting
Phloemic stress was represented by different types

of partial ringing. The treatments were control
(unringed/no phloemic stress), I-shape partial ring (I
SPR), X-shape partial ring (X SPR) and S-shape
partial ring (S SPR). A partial ring was made by using
a knife (thin razor blade type) on 20th April 2007.
The partial ringing was consisted of removing a 5 cm
length (vertically) bark (from trunk) leaving a 5 mm
width (horizontal thickness) connecting bark band
(strip)  in the trunk, 10 cm above from the base of
branches (Figure 1).

  

 
 Control (no stress) X shape Partial ringing 

(phloemic stress)  
S shape Partial ringing 
(phloemic stress)  

I shape Partial ringing 
(phloemic stress)  

Fig. 1. Photos show the ringing structures
control (un-ringed), I shape partial

ring (I SPR), X shape partial ring (X SPR)
and S shape partial ring (S SPR)

A. B. M. S. Hossain, A. Salleh, M. A. Mekhled and A. M. Al-Saif

I

SX



549

Data collection
Regenerated bark growth and branch circumfer-

ence were measured at 7 days intervals starting from
the following week of treatment setting. Regenerated
bark growth was measured horizontally with vernier
caliper. The percentage of flower bud and initial fruit
set were measured.

Chlorophyll fluorescence intensity and
optimum quantum yield measurement
Chlorophyll fluorescence intensity/yield was mea-

sured by Hansatech Plant Efficiency Analyzer. Leaf
was attached to the leaf clip and kept for 2 h to main-
tain dark adaptation. Afterward, the leaf clip was ori-
ented with the side containing shutter plate. When light
shine was applied on to the leaf, the fluorescence sig-
nal was continued for 3 second and observed fluo-
rescence yield or photosynthetic yield. It was repre-
sented by Fo, Fm, Fv and Fv/Fm (Photosynthetic yield
or optimum quantum yield). Where, Fo = Lower fluo-
rescence, Fm = Higher fluorescence, Fv = Relative
variable fluorescence (Fm - Fo). Temperature = 280C.
Time range = 10μs-3 sec.

Chlorophyll content (SPAD unit)
measurement
Chlorophyll content (SPAD unit) was measured

by Chlorophyll meter SPAD-502, Minolta Co. Ja-

pan which represented by SPAD value. The leaf was
inserted into the meter and measured SPAD value 3
times from upper, medium and lower parts of a single
leaf.

Design of Experiment
The experimental design was completely random-

ized design. There were 3 replications and 4 treat-
ments (including control) used in the experiment. Treat-
ments were set randomly. A total of 12 branches used
in the experiment. Standard errors were calculated.

Results

Figure 1 showed the ringing structures namely con-
trol (unringed), I shape partial ring (I SPR), X shape
partial ring (X SPR) and S shape partial ring (S SPR).
Despite insignificant differences, the greater bark thick-
ness (width) was found in I SPR treated branch than
in other treated branches (Figure 2). From Figure 2 it
was also observed that within 7 week time duration
the bark regeneration was just less than 5 mm in all
treatments. However, there was nearly similar trend
in X-SPR and S-SPR treated branches.

Branch circumference of control and treated fig
trees are compiled in Table 1. All ringed treatments
showed higher value in upper ring than in lower ring.
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Fig. 2. Bark regeneration (thickness) was
measured in treated and control branches.

Vertical bars represent SE (n = 3)

Fig. 3. SPAD value (chlorophyll content) was
measured in treated and control branches in

May, 2007 and June 2007 .Vertical bars repre-
sent SE (n = 3)
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The Upper ring/Lower ring ratio was observed high-
est in S-SPR treated branch (1.04). Conversely, U/L
ratio was similar (1.02) in both I-SPR and X-SPR
treated branches.

The maximum SPAD value was observed in con-
trol branch in May where as the maximum SPAD value
was in S-SPR treated branch in June (Figure 3). Be-
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                          X SPR                                 S SPR                                

Fig. 4. Flower bud and fruit set were measured
at different treatments. Vertical bars represent

SE (n = 3)

Fig. 5. Photos show flower bud and fruit set
with difference at different treatments
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Fig. 6. Chlorophyll fluorescence intensity
followed by time (ms) as affected by different

treatments. Vertical bars represent SE (n = 3)

Fig. 7. Fo (Flower fluorescence), Fm (higher
fluorescence), Fp (intermediate fluorescence)

were measured at different treatments. Vertical
bars represent SE (n = 3)

sides, the percent flower bud and fruit set were greater
in S-SPR treated trees than in other treated and con-
trol branches (Figure 4). However, the result showed
that all treated branches had significantly higher per-
centage of flower bud and fruit set than in control
branch (Figure 4). Photos showed that flower bud
and fruit set were difference at different treatments in
Figure 5.

Chlorophyll fluorescence intensity followed by time
was represented in Figure 6. Chlorophyll fluorescence
intensity was found similar upward trends with some
fluctuations in case of all treatments. The intensity was
higher in control and I-SPR treated branches than in
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other treatments. Fo (lower fluorescence), Fm (higher
fluorescence), Fp (intermediate fluorescence) were
highest in leaves of control, I-SPR and X-SPR treated
branches, consecutively (Figure 7). However, X-SPR
treatment represented the maximum optimum quan-
tum yield (Fv/Fm) (Figure 8). There was a positive
linear correlation was found between branch (bark)
circumference and bark regeneration at different treat-
ments shown in Figure 9.

Discussion

The results represented that phlomeic stress fol-
lowed by partial ringing was useful for dwarfing of fig
fruit trees and early flowering. The possible reason is
less suppression of nutrients movement between shoot
and root by phloemic stress using partial bark ringing.
In addition, partial ringing decreased phloem of bark
which consequently restrained carbohydrate transport.
Among treatments, maximum bark regeneration was

in I-SPR treated branch. It might be as a result of
readily vertical circulation of nutrients in I-SPR than
in other two types of ringing where nutrients must be
circulated laterally. Tukey (1964) stated that nutrient
sap may circulate laterally or vertically if normal ph-
loem transport was checked by ringing.

Branch circumference was higher in upper ring than
in lower ring in all treatments. The increase of stem
girth above the girdling might be caused by swelling
of the trunk with accumulation of carbohydrates
(Sitton 1949). The highest U/L ratio was obtained in
S-SPR treated branch. The most possible reason was
the entrapment of carbohydrate was more frequent
due to difficulty of circulation of carbohydrate in lat-
eral way of S-SPR treatment.

In the present study, chlorophyll (SPAD) was lower
in May and June in treated branches than in control
branch. Because of the treated branches were affected
by phloem stress. Hossain et al. (2007) found the simi-
lar results to the present result in peach trees (Onguso
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Fig. 8. Optimum quantum yield (Fv/Fm) was
measured at different treatments. Vertical bars

represent SE (n = 3)

Fig. 9. Correlation was determined between
branch (bark) circumferences and bark regen-

eration at different treatments
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Stem circumference of fig branches as affected by different treatments Mean±SE (n = 3)

Lower ring (L) Upper ring (U) Ratio (U/L)
Control (unringed)     28.5±1.20 28.7±1.00 28.6±0.98 0.99±0.02
I-PR 27.5± 1.00 27.6±1.10 28.3±0.97 1.02±0.01
X-PR 29.4± 0.96 29.6±1.20 30.4±0.95 1.02±0.02
S-PR 30.0± 1.00 30.5±0.85 31.8±0.97 1.04±0.02

Table 1

Treatments     Initial Circumference, cm
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et al., 2004; Onguso et al., 2005a; Onguso et al.,
2005b) and also stated in big fruit (Hossain and Boyce,
2009). The high percentage of flower bud and fruit
set was in all treated branches than in control one.
Arakawa et al. (1997) found similar finding that flow-
ering in the following spring of apple trees was signifi-
cantly increased by girdling. This might be due to en-
trapment of adequate carbohydrates and nutrients in
upper ringing. Among all ringed treatments, percent-
age of flower bud and fruit set was higher in S-SPR
than in other treatments. As discussed above, the pos-
sible reason was frequent entrapment of carbohydrate
in upper ringing due to hindrance of circulation of car-
bohydrate in lateral way of S-SPR treatment.

The chlorophyll fluorescence intensity was higher
in control and I-SPR treated branches than in other
treatments. Arakawa et al. (1997) reported that trunk
girdling of apple trees reduced chlorophyll concen-
tration in leaves and was significantly lower in girdled
trees than in control trees. Hossain et al. (2006) found
the similar results to the present result in peach trees.
Quantum yield (Fv/Fm) was higher in X-SPR than in
other treatments.

Conclusion
Phloemic stress represented by partial bark ring-

ing applied to the fig trees was capable of impeding
growth of the fig trees. Nevertheless, partial ringing of
5 mm Bark Bridge (97% ringing) confirmed surviving
trees with a good dwarfing effects. Moreover, the lat-
eral partial ringing was more effective than the vertical
ringing.

The study also represented that within two types
of lateral partial ringing (X SPR & S SPR), the most
effective one was S SPR. In addition, this method is
significant because it may be implemented in all woody
fruit tree species.
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