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Abstract Latex is a key product for many tropical
countries, of which 80% is produced by smallholders. Latex
is produced by the rubber tree (Hevea brasiliensis). Given
the 7-year immature unproductive period, establishing a
rubber plantation requires considerable investment by small-
holders, emphasizing the need for sustainable management.
The difficulty of performing an agronomic diagnosis of a
tree crop is to obtain an accurate picture of current and past
cultivation practices, to be able to assess their impacts on the
agro-ecosystem as well as on sustainability. Smallholders do
not usually keep records of latex yield or of their technical
practices, making it impossible to perform a diagnosis based
on productivity. As latex harvesting involves tapping the
bark, which leaves scars on the trunk, we hypothesised that
these morphological traces would be good indicators of
current and past practices and would thus enable a diagnosis
based on the economic lifespan of plantation. To this end,
we formalised a tapping panel diagnosis that involved repro-
ducing the scars on tapping panel diagrams, and analysing
them using two indicators: the amount of virgin bark con-
sumed and the number of tapping years that remained. We
validated this tapping panel diagnosis in a sample of 25
smallholder plantations in Cameroon, where we characterised

eight tapping management systems reflecting different levels
of tapping intensity. The assessment of the respective share of
each tapping practice on virgin bark consumption revealed
major effects of tapping frequency and of shaving thickness.
We showed that the tapping panel diagnosis used as a decision
support tool can increase remaining tapping years by 33% to
355%. To conclude, the tapping panel diagnosis formalised
here for the first time will be a useful support for the partici-
patory development of innovating tapping management
schemes involving both technicians and smallholders.

Keywords Hevea brasiliensis . Natural rubber . Latex .

Diagnosis tool . Sustainability . Smallholder . On-farm
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1 Introduction

Natural rubber, or latex, is a key product for many
tropical countries in Asia, South America and Africa,
and 80% of latex is produced on smallholder plantations
covering more than 2,300,000 ha (IRSG 2010). World-
wide demand for natural rubber is increasing. Compared
with synthetic rubber, the demand for natural rubber has
increased by 5% during the last decade and reached
44.4% in 2009 (IRSG 2010), leading to the expansion
of rubber tree (Hevea brasiliensis) farms. Three main
factors underline the current need for sustainable man-
agement of rubber tree plantations: the low standard of
living of small-scale rubber producers, the high price of
certified planting material (Michels 2005), and the long
immature period of the plantation, which is about 7 years
(Compagnon 1986; Webster and Baulkwill 1989).

Today, whatever the crop produced and the farming area
of the world, agronomists and farmers are expected to both
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assess cropping systems and to design management practi-
ces to achieve sustainable agriculture (Lichtfouse et al.
2009). These expectations have led researchers to design
diagnostic methods to identify the origin of an agronomic
problem after the event (Doré et al. 1997, 2008) and, when
necessary, to provide tools to help farmers to make technical
decisions (Meynard et al. 2002; Chatelin et al. 2005) at the
scale of both the plot and the territory (Nesme et al. 2010).
Such approaches require the identification of the range of
farmers’ practices, their impact on agronomic performances,
as well as ways of improving them. To this end, many
studies have been conducted on annual crops, using meth-
ods such as oral surveys or monitoring networks of plots
with the aim of reconstructing past cultivation practices
(Gras et al. 1989; Doré et al. 1997; Affholder et al. 2003;
Le Bail and Meynard 2003). But fewer studies have focused
on perennial crops. The rare studies that focused on the
long-term determinants of orchard performance were con-
ducted in developed countries where the availability of
long-term records of farmers’ practices and yield make this
possible (Nesme et al. 2003). The aim of these studies was
to facilitate decision making by providing tools based on
databases (Plénet et al. 2009). However, the scarcity of
traces left by past practices on trees has prevented research-
ers from designing on-farm diagnostic tools based on the
observation of trees. In addition, good research conditions
are seldom found in developing countries in tropical regions
where smallholders do not keep records of their practices or
of yield, either for annual or perennial crops. Moreover, infor-
mation based on a farmer’s recollection of plot management
over several years is often not entirely reliable.

In the case of rubber trees, latex is extracted using a multi-
annual tapping system that may last 15 to 30 years or more
(Fig. 1). Observation of consumed bark area can provide
essential and reliable information about the technical history
of the plot. Agro-industrial experts, who study the links be-
tween the tapping management and the physiological condi-
tion of rubber trees, are accustomed to observing the bark and
“reading” tapping panels to interpret latex production and to
perform agronomic diagnoses. However, this method, which
requires expensive analysis, is not suitable for smallholders.
We thus hypothesised that extending and formalising agro-
industrial know-how could help develop a diagnostic tool
which would focus primarily on bark management and its
impact on the economic lifespan of plantations. To be easy
to use, the tool would require easily accessible data: bark
observation and tapping panel analysis. As a decision support
tool, it would help smallholders evaluate their technical
choices and the potential consequences of their choices for
the sustainability of the plantation.

Such a tool is all the more innovative as—to our knowl-
edge—there are no studies in the literature on the use of
morphological indicators to reconstruct the history of the

practices applied throughout the lifespan of an orchard or
plantation. This approach could be of great interest for rubber
tree and also for less frequently studied species like oleo-gum
resin trees (Lemenih et al. 2003; Ballal et al. 2005).

To this end, our study aimed to (1) formalise the principles
of tapping panel diagnosis, and (2) validate this decision
support tool in different rubber plantations in south-western
Cameroon. First, we used the tapping panel diagnosis to
characterise the range of tapping management strategies. Sec-
ond, we evaluated the tapping panel diagnosis as a decision-
support tool with the aim of helping smallholders to adopt
more sustainable tapping systems.

2 Materials and methods

2.1 Rubber tree tapping

Here, we first describe the different parameters of tapping
systems which are used as input variables in tapping panel

Fig. 1 Rubber tree latex is extracted using a multi-annual tapping
system, which consists in using a gouge or a knife to cut away
successive thin slices of trunk bark (bark shaving) at regular intervals
of one or more days over a period of several decades. Tapping is
usually stopped during the period of defoliation of the trees, i.e., for
30 days. Tapping leaves scars on the bark of the trunk. In the figure,
tapping is conducted in a downward half spiral; the trunk is then
separated into two tapping panels, A and B. Each renewal of the
tapping cut causes latex to ooze all along the cut, which also serves
as a gutter; the latex is then channeled towards a cup thanks to the slope
of the tapping cut
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diagnoses. Interactions between technical operations, or
practices, relating to these parameters are exemplified
through the description of tapping panel management
systems.

2.1.1 The input data: tapping practices and notations

Figure 1 shows the tapping panel, i.e., the area of bark
where the tapping cut is made. Tapping is commonly char-
acterised by four technical parameters: the length and the
direction of the tapping cut, the tapping frequency, and bark
consumption (Vijayakumar et al. 2000).

The length of a tapping cut is expressed according to
international notation as a portion of the trunk spiral: S for
complete spiral, S/2 for half spiral, S/3, S/4 (Vijayakumar et
al. 2009). Tapping can be downward, where the area of
consumed bark is located above the cut, or upward, where
the area of consumed bark is located below the cut.

The tapping cut is renewed at regular intervals, expressed
according to international notation as the number of days
between two successive tapping cuts: d1 (every day), d2 (alter-
nate daily tapping, once in 2 days), d3 (third daily tapping, once
in 2 days), d4 (fourth daily tapping, once in 4 days), d5 (fifth
daily tapping, once in 5 days), etc. This notation is supple-
mented by the number of workdays per week—6 d/7, i.e., six
working days out of seven (Vijayakumar et al. 2009).

The tapping frequency used by the farmer can be deduced
by looking at the tapping panel. The number of tappings per
year can be estimated by dividing the total height of consumed
bark by the thickness of the bark shaving and by the number of
tapping years. Nowadays, planters apply an ethylene genera-
tor to the tapping panel, which makes it possible to increase
latex yield while reducing tapping frequency from d2 or d3 to
d4 or d5. This practice, called hormone stimulation, consider-
ably increases the economic sustainability of a plot, as well as
yield and plantation productivity (Eschbach and Banchi 1985;
Vijayakumar et al. 2001; Vijayakumar et al. 2003; Lacote et al.
2010).

The bark shaving is left at the foot of the tree. Ideally, it
should be about 1.5–2 mm thick. The thickness of bark
shaving is an indicator of tapping quality: A thicker bark
shaving implies bark is being wasted with negative conse-
quences for the economic sustainability of the tree. As the
thickness depends on the skill of the tapper, it can vary from
one plot to another.

2.1.2 Connections between tapping practices: tapping
management systems

Tapping management includes opening height, cut length,
tapping frequency, and the order of panel consumption.

The tree is usually tapped in two stages. The first stage
involves downward tapping on the lower part of the trunk

for ergonomic and productivity reasons as it leaves the
upper section of trunk enough time to reach a satisfactory
circumference for tapping. A downward tapping cut of a
half-spiral (S/2) is considered to be the best compromise
between yield and sustainability (Compagnon 1986). Once
the lower panels have been consumed, the upper section of
the trunk can be tapped upward: This is the second stage,
which starts at the height of the first cut made for downward
tapping. During this stage, the tree generally responds better
to hormonal stimulation and yield is higher (Obouayeba et
al. 2009). Commère and Eschbach (1988a, b) showed that a
high yield could be obtained by combining shorter tapping
cuts with hormonal stimulation. For upward tapping, these
authors determined a length of a tapping cut of a quarter spiral
(S/4) as the best compromise between plot productivity and
sustainability.

Although it would be possible to tap several panels at the
same time, only one cut at a time is recommended. This
reduces bark consumption and leaves time for the consumed
bark to regenerate so that the tapping panel can be tapped
again 10 to 15 years later. The physiological balance of the
tree is also preserved, as latex regeneration uses up the
carbon resources of the tree (Silpi et al. 2007). Multiplying
tapping cuts without adapting the other parameters, such as
tapping frequency, soon exhausts the reserves and leads to
bad tissue regeneration resulting in bark dryness and an end
to latex production (Eschbach et al. 1989).

2.2 Our hypothesis: Tapping panel diagnosis is a way
to read and analyse the scars left on the tapping panel
during the lifetime of the plantation

Here we explain the two stages of tapping panel diagnosis:
the panel history on which the main observations are based
and the three indicators on which the analyses are based.

2.2.1 Panel history

The diagram of tapping history is the visual basis of the
tapping panel diagnosis: It represents the cylindrical area of
a rubber tree trunk in two dimensions. As examples, we show
the two tapping management models recommended in the
study area (Fig. 2): The CDCmodel is the oldest and has been
in use since 1946, whereas the HVC model has only been in
use since 1975 and consequently incorporates progress
concerning upward tapping and tapping frequency.

The cut length determines the vertical partitioning of the
trunk and therefore the number of tapping panels. By observ-
ing the relative thickness of regenerating bark on portions of
the panel that have already been tapped, it is possible to
reconstruct the progression of the tapping cuts over time and
the order in which the panels were consumed: This is referred
to as panel history.

Tapping panel diagnosis, an innovative on-farm decision support system 793



We chose to express virgin and consumed bark as vertical
metres of tapping panel. The total area of virgin bark (TVB)
available for consumption depends on the lower and upper
limits of the tappable zone of the trunk. In our study, we
considered 0.15 m from the ground as the lower limit, above
the scion–rootstock junction, and 2.10 m as the upper limit, as
rubber trees are seldom tapped above this height in Cameroon.

In Fig. 2, we show the two tapping management models
recommended in the study area by the two major agro-firms,
CameroonDevelopment Corporation (CDC) and HEVECAM
(HVC). CDC recommends the panel is opened with a down-
ward half spiral (S/2) at a height of 1.50 m from the ground,
while HVC recommends a height of 1.20 m from the ground.
The trunk is then divided into two tapping panels. The CDC
model did not originally envisage upward tapping. The high
first opening height reflects the aim of maximising the time
spent on downward tapping, whereas the HVC model imme-
diately incorporated the idea of upward tapping. HVC thus
aimed tomaximise the time spent on upward tapping, which is
known for its higher yield. Above the first opening height,
according to CDC, tapping was to be in an upward direction
half-spiral (S/2) and according to HVC, in a third-spiral (S/3).
The upper section of the trunk was then divided into two or
three tapping panels. The HVC model (S/3) accounted for the

advantage of reducing the cut length when upward tapping is
combined with hormonal stimulation (Commère and
Eschbach 1988a, b). In the CDC model, tapping frequency
was d3, whereas the HVC model increased from d5 to d4
during the lifetime of the plot because stimulation was includ-
ed from the outset.

2.2.2 The indicators designed to analyse panel histories

The panel histories were drawn starting from the average
bark consumption on 15 trees. These 15 trees, tapped by the
same tapper, were selected randomly in each plot. Trees on
which tapping was stopped temporarily or permanently
because of bark dryness were disregarded for analysis.

We estimated the economic sustainability of each plot
using three indicators belonging to the tapping panel diag-
nosis: virgin bark consumption (VBC) (1), annual bark
consumption (ABC) (2) and the number of remaining tap-
ping years (RTY) on virgin bark (3).

VBC % y�1
� � ¼ CVB=TVB � 100 ð1Þ

Where CVB is the height (in centimetres) of consumed
virgin bark measured at diagnosis,

TVB is the height (in centimetres) of total virgin bark
available for consumption when the trees were first
opened for tapping.

VBC is expressed per tapping year (% y−1) so as to be
able to compare plots of different ages.

ABC cmyear�1
� � ¼ ST � nTC month�1

� nTM year�1 ð2Þ
Where ST (centimetres) is bark shaving thickness,

nTC
month−1

is the number of tappings per month; this number
is directly linked to the tapping frequency and to
the number of working days per week (6 days in
our study areas, 6 d/7),

nTM
year−1

is the number of tapping months per year; this
number is directly linked to the interruptions in
tapping over the year: We took into account
interruptions during rubber tree defoliation and,
in some areas, during the rainy season. This
variable was obtained from interviews with the
farmers.

RTY remaining tapping yearsð Þ ¼ RVB cmð Þ=ABC ð3Þ
Where RVB (centimetres) is the height of the remaining

virgin bark, calculated from the panel history.

Fig. 2 The tapping panel shows the tapping history of the tree. In the
figure, the parts of the panels that are already consumed are in white.
The virgin portions of panel are shaded. The arrows indicate the
tapping direction (downward arrow downward tapping; upward arrow
upward tapping). The numbers indicate the sequence of consumption
of the tapping panels. Each sequence is followed by a change of panel
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When we used RTY to compare different tapping manage-
ment systems but wanted to avoid variations due to the differ-
ences in the skill of the individual tapper, we calculated ABC
using a shaving thickness of 2 mm.

When ST was tested as an explanatory variable of VBC,
we evaluated the true average by computing ST on a sample
of 15 trees.

Although the industrial models allow for a return to
tapping on regenerated bark, we considered only virgin bark
for two reasons: (1) at the time of the survey, only two plots
were being tapped on regenerated bark, and (2) the possi-
bility of a return to regenerated bark depends on the quality
of tapping on virgin bark.

2.3 Study site and plot sampling

The study site is located in the Southwest Province of Came-
roon between the towns of Buéa (4°09′N 9°14′E), Kumba
(4°38′N 9°26′E), and Mbonge (4°33′N 9°14′E) and in South
Province, south of the axis between Kribi (2°56′N 9°54′E) and
Akok (2°47′N 10°16′E). The study was carried out on a set of
25 smallholdings distributed throughout the two areas covered
by the twomain Cameroonian agro-firms CDC and HVC. The
rubber tree is one of the main perennial crops for smallholders
in these regions and is grown on a total area of 4,000 ha.
Smallholders plant high-yielding material provided by the
agro-firms along with their own recommended tapping man-
agement models.

To adapt and test the tapping panel diagnosis method,
we sampled plots representing the widest range of tap-
ping practices rather than sampling the most representa-
tive plots. Twenty-five farms were selected based on (1)
the size of the rubber plantation and (2) their location.
We hypothesised that the size would reflect the farmer’s
objectives and consequently be linked to technical
choices. In addition, as each production area was char-
acterised by one of the two agro-industrial models
(CDC or HVC), we assumed that the geographical lo-
cation would contribute to the diversity of practices.
Here, we define a plot as a continuous area planted
the same year using the same method, with genetically
uniform planting material. We selected the oldest plot
on each farm (25 plots) (Table 1) to maximise the
length of the period for which we could analyse the
practices used.

2.4 Statistics

All analyses were performed with R software (R. Develop-
ment Core Team 2005) and the package Companion to
Applied Regression (Fox and Weisberg 2010). Multiple
linear regression analysis was performed to estimate the
weight of each tapping management parameter in bark

consumption. The multiple linear regression equation gave
us an estimation of bark consumption according to the value
of each tapping parameter.

These parameters were combined within tapping man-
agement systems. In the same way, we used analysis of
covariance to assess the impact of the different tapping
management systems, together with shaving thickness, on
bark consumption. The contribution of each variable to R2
was calculated by dividing sum of square differences
explained by a variable by the total sum of square.

3 Results and discussion

3.1 Using the tapping panel diagnosis to assess impact
of each tapping practices on virgin bark consumption (VBC)

Our results showed high variability of virgin bark consump-
tion (VBC% y−1) calculated from the panel histories across
the 25 plots (3.9% to 7.6%). Our objective was to identify
relations between this variability and the variability of ob-
served farmers’ tapping practices.

First, we were able to summarise the variability observed
across our plot sample using three tapping system parame-
ters. These parameters, which are known to influence latex
production, also influence the economic life span of the
trees and their future production potential:

& The number of tapping cuts: several simultaneous cuts
vs. respecting recommendations which limit tapping to
one cut at a time (Anekachai 1989);

& The length of the cut: exceeding recommended length
vs. respecting recommended length; this was particular-
ly the case for upward tapping in the HVC area where
many farmers used S/2 vs. the recommended S/3;

& The tapping frequency: increasing this parameter vs.
respecting recommended frequency, i.e., increasing tap-
ping frequency to d3 in the HVC area vs. d4 as recom-
mended, and to d2 in the CDC area vs. d3 as
recommended.

Table 1 Characteristics of the 25 farms sampled in Southwest Prov-
ince, Cameroon, distributed throughout the production areas influ-
enced by the two agro-industrial models (CDC, HVC)

Area under rubber per farm, ha Number of farms

CDC area HVC area

0.5–5 6 1

>5–10 7 4

>10 4 3

Total 17 8

Tapping panel diagnosis, an innovative on-farm decision support system 795



We also considered the bark shaving thickness. Although
it reflects the tapper’s technical skill more than a technical
choice, this parameter may explain the variability of VBC.

Covariance analysis of VBC according to the four previ-
ously described parameters showed that the tapping cut
length did not significantly affect the VBC (p value0
0.334). Variability of this practice was limited to upward
tapping cuts. Moreover, as only two slightly contrasted
modalities were observed (S/3 and S/2), we removed this
parameter from the model and used multiple linear regres-
sion to estimate the impact of the other parameters. The
resulting equation was:

VBCi %:y�1
� � ¼ b0þ b1 � x1i þ b2 � x2i þ b3 � x3i þ "i

where i is the number of the plot, i01, 2,…25.

×1 is the shaving thickness, ×2: the tapping
frequency, ×3: the number of tapping cuts,

εi are independent and identically
distributed residual errors, εi~N(0,σ²),

β0, β1, β2, and β3 are regression parameters. These
estimated parameters are β004.8906 (P,
0.00017); β101.0172 (P, 0.000752);
β20−1.0805 (P, 9.14e-05); β300.9664
(P, 0.000418) where P is the p value for
testing the nullity of coefficients.

The three variables significantly affected VBC and
explained 75.6% of the VBC variability (R2075.6%). Cal-
culating the contribution of each variable to R2 made it
possible to compare the contribution of each variable to
total observed variability. Shaving thickness and tapping

frequency explained respectively 28% and 27% of the
VBC variability, whereas the number of tapping cuts
explained 20% of this variability. This results show that, in
our conditions, bark consumption was influenced by both
technical choices (tapping frequency, number of tapping
cuts) and the skill of the tapper (shaving thickness).

Another parameter was involved in the variability of the
panel histories but did not influence bark consumption: the
time when upward tapping was started. Among our sampling
plots, upward tapping was sometimes started early, i.e., before
all the virgin bark on the lower panels had been consumed. In
this case, the trunk had a smaller diameter than it would have
had a few years later, which may imply a future reduction in
yield.

3.2 Using the tapping panel diagnosis to characterise
tapping management systems and their impact on VBC

The tapping parameters were then combined in the tapping
management systems (TMS) our tapping panel diagnosis
had enabled us to identify. Seven TMS of these parameters
were identified (Fig. 3).

Only one of the TMS (M2), in the CDC area, corre-
sponded to the agro-industrial recommendations. Six of
the TMS (M3 to M7) included at least one modality known
to increase tree yield in the short term, to speed up bark
consumption, and to reduce the sustainability of plantations.

One TMS (M1) represented tapping practices that were
less intensive than the recommended practices. This situa-
tion was observed in plots in which the tapping frequency
was lower than that recommended, and upward tapping was

Fig. 3 Tapping management systems observed in the sample of panel
diagrams at the time of the survey in each area. The M2 combination
respected agro-industrial recommendations in the CDC area. Practices
that increased yield are in shaded boxes. The darker the shading, the more
practices known to increase crop yield are combined. Downward arrow

tapping: downward tapping; upward arrow tapping: upward tapping;
Asterisk according to the recommendations; double asterisk after virgin
bark on the bottom panel was completely consumed; Triple asterisk
Before virgin bark on the bottom panel was completely consumed
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delayed. The other TMS (M3, M4a, and b, M6, M7) were
supposed to increase VBC.

The impacts of TMS and shaving thickness on bark
consumption were assessed using analysis of covariance.
The equation was as follows:

VBCj %:y�1
� � � b0þ b1 � shaving thicknessþ aCi þ "j

where αCi is the coefficient for each combination of i prac-
tices; R2085%,

j is the number of the plot, i01, 2,…25,
εj are independent and identically distributed

residual errors, εj ~ N(0,σ²),
i is the number of combinations of practices, i0

1, 2,…8,
β0, β1, and
αCi

are covariance analysis parameters. αCi is the
coefficient for each combination of i practices.

Calculation of the contribution of each variable to R2

showed that shaving thickness explained 28% of VBC vari-
ability and combinations of practices explained 57%. Table 2
shows the impact of low tapping frequency (M1) which
significantly reduced the VBC, while a high tapping frequen-
cy (M3) and double cuts (M4a) significantly increased VBC
in the CDC area.

In spite of the differences between the agro-industrial
models, the results obtained with combination M5, applied
in CDC area, did not differ significantly from those obtained
with combination M2, which corresponded to the CDC
agro-industrial model. This is partly explained by the use
of a single cut and the same tapping frequency in the two
combinations. The other combinations had a significant
impact on VBC.

Part of the variability recorded among plots may also
result from the different lengths of the period of intensified
TMS. For example, double tapping cuts were started earlier
in the lifespan of plots in the HVC area, which explains why
M4b had a greater impact on VBC than M4a. In the same
way, untimely interruptions in tapping are frequent in Came-
roon (Chambon and Eschbach 2009) and cause under-
consumption of bark whose extent depends on the length
of the interruption.

3.3 Using tapping panel diagnosis to calculate remaining
tapping years (RTY)

Our results show that tapping panel diagnosis made it possible
to calculate the RTY and then to compare the tapping man-
agement systems according to their influence on the economic
lifespan of the plantation. This made it possible to compare
each tapping system with standard models and to explain the
consequences of their technical choices to the farmers. We
based this calculation on the assumption that the smallholders
continued using the same practices as those observed at the
time of diagnosis (Fig. 4). For the same number of tapping
years, we observed high variability of RTY. This variability
reflected different degrees of intensification of the previously
analysed tapping management systems. Our result revealed
the high impact of tapping frequency on RTY. In the CDC
area, the lower the tapping frequency (M1), the higher the
plots are located on the graph, i.e., the higher RTY.

From Fig. 4, we were able to deduce the total duration of
tapping on virgin bark by adding RTY to the number of past
tapping years and compare it to the agro-industrial models.

Our results show that the three plots in which combination
M1 was used had an average tapping time saving on the total
virgin bark of about 5 years compared with the agro-industrial
model. Low tapping frequencies (M1) benefited both plot
sustainability and labour productivity. As reported in a study
in Côte d’Ivoire (Commère and Eschbach 1988a, b; Jacob et
al. 1989), switching from d3 to d4 reduced yield by an average
of 7% but led to a 24% increase in labour productivity

Conversely, tapping management systems including inten-
sification practices (M3 to M7) are located above the line
representing the agro-industrial model. After 14 tapping years,
virgin bark was completely consumed in plot 6 (M3) where
the higher tapping frequency was used (Fig. 4a). Plots in
which combination M3 was used showed an average reduc-
tion of 4.5 tapping years compared with the CDC model.

The results were more uniform in the HVC area. However,
significant differences were observed between the recommen-
ded agro-industrial model and the way it was actually applied
by growers who systematically intensified tapping manage-
ment. Their plots are located far below the reference line
(Fig. 4b). Early use of intensification practices in the HVC area
partly explained this difference.

Table 2 Coefficients resulting from covariance analysis for each component of the equation calculated for the 25 plots in our sample

Coefficients β0 β1 αM1 αM2 αM3 αM4a αM5 αM6 αM7 αM4b

Value 2.82a 0.86b −0.7c 0 1.51a 0.83c 0.16 1.17b 1.14c 1.62a

Combination M2, which is the only combination that respected CDC agro-industrial recommendations, was used as reference

Significance according to P value results—0<a <0.001<b <0.01<c <0.05<0.1

Tapping panel diagnosis, an innovative on-farm decision support system 797



The average tapping time on virgin bark, estimated by
adding the number of past tapping years to the remaining
tapping years, thus fluctuated between 17 and 19 years. As a
consequence, the duration of tapping on virgin bark de-
creased from 30% to 40% compared with the agro-
industrial model.

3.4 Testing bark diagnosis as a decision-support tool

We show that tapping panel diagnosis can be used as a
decision-support tool to: (1) identify innovations to be in-
troduced in the different plots in terms of tapping panel
management, and (2) simulate their impact on RTY. For that
purpose, we considered four main possible changes, includ-
ing results already published in the specialised literature:

& Reducing tapping frequency (d4), taking into account
the generalised use of hormone stimulation in the study
area with specifications adapted to low tapping frequen-
cies (Lacote et al. 2010);

& Reducing tapping cut length in upward tapping (S/4)
(Commère and Eschbach 1988a, b);

& Abandoning double cuts (Anekachai 1989);
& Using a more rational succession of panels mainly

implies the complete consumption of lower panels be-
fore starting upward tapping; indeed, yield from the
bottom panels is lower when the bark on the upper
panels is already being consumed. Consumed panels
reduce sugar availability in latex regeneration areas
(Lacote et al. 2004).

For our sample of 25 plots, this simulation was carried
out in two steps. First, we used the panel diagram to identify

possible technical changes in the length and number of
tapping cuts (Fig. 5).

The succession of panels was redefined in the first step
and was likely to influence latex yield but not bark avail-
ability. The second step consisted in evaluating the impact
of changes by calculating the increase in the height of virgin
bark.

The first step (Fig. 5) did not take tapping frequency into
account, which had previously appeared to be the main
source of increased bark consumption.

As a result, three factors appeared to have an impact on the
increase in virgin bark height. The main factor was the adop-
tion of S/4 in upward tapping. However, two other parameters
may limit its application: the degree of bark consumption on
the upper panels and the previously used cut length. In plots
14, 4, and 24, the existing S/2 could be divided into two S/4,
resulting in twice the initial height of the remaining tappable
bark on the panel concerned. However, in plots 22 and 21,
where S/3 was originally used for upward tapping, the only
option was to continue the same practice.

Reducing the original several cuts to only one was another
way to increase virgin bark height (plots 17, 21, and 24).

Finally, the amount of virgin bark already tapped at the
time of the diagnosis obviously influenced potential im-
provement and explained why no improvement was
obtained in plot 6, whereas considerable improvement was
achieved in plots 14 and 17 (Fig. 5).

The second step (Fig. 6) consisted in using the resulting
virgin bark height to calculate the RTY considering a reduc-
tion in tapping frequency to d4. We were then able to
evaluate the impact of target innovations on the lifespan of
the plots.
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Fig. 4 Remaining tapping years (RTY) of each plot in the CDC (a) and
HVC (b) areas, as a function of the number of past tapping years. RTY
partly depends on future technical choices. We assumed that the practices
observed during the diagnosis would continue to be applied in the same
way over time (except bark shaving thickness, which was set at 2 mm for
all plots). For the few plots in the CDC area in which there was no upward
tapping, we assumed the adoption of S/2 as recommended by the agro-

industry at the time of the survey. Changes in RTY over time for each
agro-industrial model are represented by the diagonal line. A notable
difference appeared between the two agro-industrial models, with a total
theoretical tapping duration on virgin bark of 31 years for the HVCmodel
and only 19 years for the CDCmodel. HVC’s choice in favour of reduced
tapping frequency and maximum time spent on upward tapping with a
shorter cut length are largely responsible for this difference
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The lengthening of the mean observed lifespan partly
depended on the combination of previously used practices
(Fig. 6). We showed that combinations including double cut,
i.e., M4a and M4b, were those which gave the best perform-
ances for a return to less intensive practices in terms of
percentage of remaining tapping years with respective
increases of 356% and 284% in RTY. In the same way,
switching from high tapping frequencies to low ones led to a
major increase of 220% in RTY (M3). This change led to both

bark savings and less intensive management favouring the
physiological balance of the trees (Jacob et al. 1989; Lacote
et al. 2010).

In conclusion, tapping panel diagnosis is easy to use and
requires few resources but will need to be adapted to each
production area, in accordance with local practices or con-
straints such as maximum tapping height, which determines
virgin bark potential, or the number of working days per week
and the number of months tapping is interrupted during the
year, which influence annual bark consumption. The tapping
panel diagnosis is an appropriate way to evaluate the impacts
of tapping management specifications on the virgin bark
availability, which is the production capital of the rubber tree.
Other parameters, such as hormone stimulation, which influ-
ence the physiological status of trees, and the quality of
tapping, which influences the likelihood of tapping regener-
ated bark, could also affect the economic sustainability of the
rubber plantation. Although these parameters would be useful
supplements in the diagnosis, we chose to base our tool on
observable data that we considered reliable. This specifica-
tion, which is seldom encountered in the diagnosis of tree
plantations, makes this tool original. In the same way, focus-
ing the agronomic diagnosis on the economic lifespan of the
plantation and not on yield or productivity is also original. But
we believe that changes suggested by the use of tapping panel
diagnosis as a decision support tool should improve the phys-
iological status of the trees and hence also improve yield in the
long run.

Fig. 6 Average increase in remaining tapping years as a function of
the initial tapping management systems. Assessing the impact of
technical changes in terms of an increase in the number of remaining
tapping years on virgin bark (RTY) is the second step in the use of
tapping panel diagnosis as a decision-support tool. To make it possible
to compare plots in which the number of past tapping years varied and
thus resulted in major fluctuations in RTY, results are expressed as
percentage increase in RTY

Fig. 5 Examples of tapping panel diagnosis performed on representative
cases of tapping management variability and used as a tool to identify and
test changes (cut length, panel succession, and number of tapping cuts);
the impact of intended changes was identified by measuring the increase

in the height of tappable virgin bark (%, mean). TMS: Tapping manage-
ment systems; Bark northeast arrow: increase in virgin bark height; areas
in white: panels of already consumed bark; lightly shaded areas: panel of
virgin after adoption of changes; dark shaded areas: unusable bark
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Tapping panel diagnosis is a very visual decision-support
tool, which will help smallholders identify a potential inno-
vation and calculate its feasibility. We showed that, in some
cases, its use could lead to more than 300% increase in
remaining tapping years. It can consequently be used for
participatory research purposes, to identify previous techni-
cal choices, to deduce the current potential of the plot, and to
design innovating tapping management systems in accor-
dance with the objectives of the smallholders. The simula-
tion of the impact of tapping management systems on the
sustainability of a plot is likely to be of interest to decision
makers, both at the scale of a group of producers and of a
whole supply basin.

4 Conclusion

For smallholders, a rubber tree plantation is a major invest-
ment, and its sustainability is all the more crucial since the
productive period is preceded by a 7-year unproductive
immature period. As tapping panel diagnosis is based on
observations of the tree, it is a tool easy to use on the farm to
identify the practices that have been used since the plot was
first opened for tapping. It shows how present or future
practices affect the consumption of virgin bark and allows
the economic sustainability of the plots to be predicted. In
our study, we simulated some changes in technical practices
by visualising them on tapping panel diagrams: We showed
that they could extend the remaining tapping time by 33% to
355%. Tapping panel diagnosis can be used by technicians
and producers in participatory research projects. In a
foresight-type initiative, this tool can help stakeholders es-
timate short- and medium-term supply trends for a given
post-harvest processing unit or, conversely, pinpoint the
need for technical assistance by a set of producers in a
particular production area. Everywhere in the world where
natural rubber is produced, this tool could help achieve the
economic sustainability of smallholder plantations. In addi-
tion, this tool, which was designed for the rubber tree, could
serve as a basis for designing similar tools for other tapped
tree species.
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