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Bamboo resource assessment has witnessed great interest in the world with very little attention in the
Congo Basin forests. This study was initiated to assess bamboo species distribution in Cameroon with
respect to Agroecological Zones (AEZ), using remote sensing. Forty-eight sheets of Landsat
8/Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS) instruments’ images were
mosaiced with the Envi 5.3 software. The bamboo index (Bl) was calculated and used to identify wild
bamboo-growing regions in Cameroon. Maps of bamboo growing regions helped in ground truthing.
GPS coordinates were used to validate the bamboo presence with an accuracy of 78%. The result
showed that bamboo spatial area statistics was 794.60, 451 308.36, 241 295.87, 302 989.41 and 219
094.67 ha in Sudano-Sahel, Guinea Savannah, Western Highlands, Monomodal rainfall forests and
Bimodal rainfall forest, respectively with a total of 1 215 48291 ha. Bambusa vulgaris Schrad. ex
J.C.Wendl.; Oxytenanthera abyssinica (A. Rich.) Munro; Phyllostachys sp.; Yushania alpina K. Schum;
Ochlandra travancorica (Bedd.) Gamble; Dendrocalamus strictus (Roxb.) Nees; Phylostachys
atrovaginata C. S. Chao & H.Y.Chou; Phyllostachys aurea Riviére & C. Riviére, were found in Cameroon.
O. abyssinica was dominant in Agroecological zones 1 and 2; P. aurea in Agroecological zones 3; and
B. vulgaris in respectively Agroecological zones 4 and 5. These results can orientate policies and
planning towards a sustainable bamboo sector development and mitigating the effects of climate
change in Cameroon.
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INTRODUCTION

Bamboo belongs to the true grass family Poaceae and subtropical belts of Africa, Asia, Central and South
subfamily of Bambusoideae. There are 128 genera and America (Maria et al., 2016; Canavan et al., 2017). It is
1718 bamboo species naturally distributed in tropical and one of the fastest growing plants in the world (Kaushal et



al., 2018) and, some species can also successfully grow
in the temperate regions of Europe and North America
(Durai and Trinh, 2019; Nfornkah et al., 2020). The
knowledge of bamboo distribution has been greatly
enhanced by space technology. The use of remote
sensing in mapping and monitoring of the spatial extent
of bamboos growing in different regions of the world is a
high-priority requirement for planners and resources
managers. The conventional method of surveying and
estimating the growing stock is time-consuming and
costly. However, the development in space technology,
particularly the repetitive satellite remote sensing (RS)
across various spatial and temporal scales, offers the
most economic means of assessing, planning, managing
and monitoring the forest resources, including bamboo
(Goswami et al., 2010; Zhao et al., 2018).

Bamboo is difficult to identify using remote sensing
when compared to other land cover classes. This is due
to the fact that: (1) many bamboos are distributed in
patches influenced by their local climate conditions or
anthropic interventions; thus, requiring high resolution
imagery to identify them (Ghosh and Joshi, 2014); (2)
some bamboo forms the understory layer of forested
zones or mixed with other canopy (Reid et al., 2004;
Dolezal et al., 2009); (3) bamboo are among the fastest
growing plants on Earth and frequently changing, thus
increasing the challenge in collecting samples (Mertens
et al., 2008; McMichael et al., 2013) and (4) bamboo has
similar spectral properties with other vegetation classes,
thus limiting the accuracy of spectrum use in separating
bamboo from other vegetation types (Singh, 1987; de
Carvalho et al., 2013).

Studies have been able to differentiate bamboo from
other land use classes with data from remote sensing.
Han et al. (2014) use SPOT-5 image data for bamboo
mapping. A high spatial resolution, an object-based
image analysis method and texture measures obtained
from grey level co-occurrence matrices was used to map
Moso bamboos in China. Ghosh and Joshi (2014) use
the World View 2 imagery, which provide 2 m multi-
spectral and 0.5 m panchromatic spatial resolution in
lower Gangetic plains in West Bengal, India. The images
used were obtained at the beginning of monsoons
season, void of clouds. Li et al. (2016) use 4 Landsat
images, and prove the importance of temporal
information in bamboo mapping in China. Zhao et al.
(2018) use multi-temporal Landsat imagery at 30 m
spatial resolution, to identify bamboo hotspots of highland
(Yushania alpina) and lowland (Oxytenanthera
abyssinica) bamboos in Ethiopia, Kenya and Uganda. Du
et al. (2018) use multisource remote sensing data to map
the global bamboo forest distribution and gave an
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appropriate area of bamboo forests globally at national or
regional scale. INBAR (2018) use the United State
Survey Landsat 8 Surface Reflectance images in the
based-regional bamboo resource assessment of
Madagascar’s bamboo.

Bamboo has vigorous growth, with completion of the
growth cycle between 120 and 150 days. This makes
bamboo a powerful carbon sink as its sequestration
carbon. Yuen et al. (2017) report that, bamboo biomass
from 70 species (22 genera) estimated gave plausible
ranges for above-ground carbon (AGC) biomass (16-128
Mg C/ha), below- round carbon (BGC) biomass (8- 64 Mg
C/ha), soil organic carbon (SOC; 70-200 Mg C/ha), and
total ecosystem carbon (94-392 Mg C/ha). They further
illustrate that, the total ecosystem carbon range is below
that for most types of forests such as the rubber
plantations and tree orchards, but greater than
agroforests, oil palm, various types of swidden fallows,
grasslands, shrublands, and pastures. In a similar
dynamic, Nath et al. (2015) find that the mean carbon
storage and sequestration rate in woodly bamboos range
from 30121 Mg ha™ and 6-13 Mg ha™" yr* respectively.
With this great ability, bamboo can best be positioned in
mitigating the effects of climate change within the context
of REDD+ (Terefe et al., 2019).

In the context of this study, Landsat 8/OLI-TIRS
(Operational Land Imager (OLI) and the Thermal Infrared
Sensor (TIRS) instruments) was used for mapping
bamboo species distribution in Cameroon. The method of
Goswami et al. (2010) was exploited because (1) it
covers large surfaces beyond regional level (47 565 000
ha for Cameroon) (Talukdar, 2001), (2) did without
temporal data (Ghosh and Joshi 2014) and (3) was less
time consuming and cost effective.

Remote sensing shows China’s bamboo resources
covering about 6.5 million hectares of forests comprising
40 genera and 800 species (INBAR, 2019a). In East
African countries, similar studies estimated bamboo
resources in: Ethiopia as: 1 438 705 ha of highland and
lowland bamboo resources; Kenya: 131 040 ha of
bamboo; and Uganda: 54 587 ha (Zhao et al., 2018).
Tanzania has about 127 000 ha of bamboo (Xiaoli, 2006);
and Madagascar with about 1 123 694 ha of bamboo
resources (INBAR, 2018). This knowledge on the
bamboo stocks facilitate and support government actions
on their environmental and socio-economic development
orientations. In the Central African sub region (Central
African forest Commission (COMIFAC)) countries
amongst which Cameroon is a member, bamboo stocks
are undetermined. A survey in literature for spatial or
remote sense-based bamboo resources assessment
yields no results; therefore, leaving a wide knowledge
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gap in the Congo Basin. This study has as objectives to
map and identify bamboo species distribution in
Cameroon with respect to the different AEZs. These
results will facilitate policy and planning orientation
towards a sustainable bamboo sector development and
fight against effects of climate change in Cameroon in
particular and Congo Basin as a whole.

MATERIALS AND METHODS
Study area

Cameroon is located between Latitude 2° N to 13° N and Longitude
8° 25’ E and 16° 20’ E in the Central African sub region. It opens to
the Atlantic Ocean in the West with a total coastline of 402 km. It is
bounded to the west by Nigeria, North-east by Chad, South by
Gabon, Congo and Equatorial Guinea and to the East by Central
African Republic. It has a total surface area of 47 565 000 ha
(MINFOF, 2018).

The country is highly ecologically diverse and the diversity has
earned Cameroon the title of “Africa in miniature”. MINEPAT (2015)
has broadly divided the country into five agroecological zones
(Figure 1): agroecological Zone 1 (AEZ 1): Sudano-Sahel (19.8% of
the country) where a more or less arid climate prevails; AEZ 2: The
high Guinean savannah (19.8% of the country); AEZ 3: Western
highlands (8.2%); AEZ4: Monomodal rainfall forest (12.3%)
consisting of dense forests with a humid equatorial climate,
covering the South West (4.3%), the Coast (3.4%), part of the
South (3.7%) and a tiny portion of the Centre (0.7%); and AEZS5:
Bimodal rainfall forest (39.9% of the country), composed of humid
tropical forests, with a particularly dense hydrographic network,
extending over the East (20.7%), the Centre (12.3%) and the South
(6.4%). The climate and relief of the different agroecological zones
of Cameroon vary between the Agroecological Zones (rainfall: 500-
11000 mm; temperature: 21-28°C, elevation: 0.2-4050m) (Toukam
et al., 2009). Three major soil types are common across Cameroon;
ferralitic soil covering Southern Regions (67%), volcanic soil
covering Western Regions and ferruginous soils covering the
Northern Regions (Yerima, 2005; Jiotsa et al., 2015; CIRAD, 2020).
Vegetation of Cameroon is characterized by both forest and
grassland. The forest covers AEZ 4 and AEZ 5 (Letouzey 1985).
These zones are covered mainly with the equatorial forest, with the
presence of mangroves mainly along the coast of Cameroon. The
grassland covers the AEZ 3, 2 and 1 (Dobgima, 2014).

Bamboo is part of the true grass family (Poacea), and makes up
the largest and most productive member of the grass family.
Bamboos are fast growing plants. They have three growing habits:
cluster or clumping or Sympodia; running or spreading or
Monopodia and a mixture of clumping and running called
Amphipodia (Nath et al.,, 2015; Terefe et al., 2019). Basically,
running bamboos are invasive and spread rapidly, while clumping
bamboos generally stay confined to a single area. Bamboo has the
ability to grow in regions that range from the sub-Sarahan deserts
of Africa, to the cold mountain terrain of the Himalayas. The sizes of
bamboo species vary greatly. The smallest varieties grow to a
height of 11 inches, while giant timber bamboo can reach heights of
over 100 feet (http://www.completebamboo.com/bamboo).

This study was carried out between September and November,
2019. Data was collected in different phases: literature reviewed to
gather secondary data and suitable remote sensing method to
realise this study. Best imageries were selected, acquired, treated
to obtain the bamboo index, and initial bamboo maps. Ground
truthing was done with the help of a pocket GPS. Bamboo
coordinates were superimposed to validate the final bamboo
distributions in Cameroon. Figure 2 summarises the image

acquisition, treatment and validation for bamboo distribution in
Cameroon. Landsat 8 is the most recently launched Landsat
satellite in 2013 and carries the Operational Land Imager (OLI) and
the Thermal Infrared Sensor (TIRS) instruments. Landsat 8/OLI-
TIRS satellite images were chosen for this study. These images
were those of November and December 2018 with a resolution of
30 m. These images were downloaded free of charge from
www.glovis.usgs.gov in GEOTIFF format. Zhao et al. (2018)
evaluated the accuracies for bamboo mapped using single season
imagery and found that the images acquired in September to
February are the most informative in identifying bamboos. Images
acquired within this interval are less cloudy and shadow less, and
they cover the dying back process of vegetation, which is really
important for differentiating vegetation classes, especially in
identifying lowland bamboos. For reasons of complete coverage of
the national territory, 48 sheets of these Landsat 8 OLI-TIRS
satellite images were downloaded. Layer stacking consisted of
unzipping the tapes and assembling them into a multispectral file.
Geo-referencing and radiometric correction allows reposition of the
1m pixel offsets, to make radiometric and geometric corrections
(cloud, atmospheric particles etc.). Mosaicking allows for 48 image
scenes to be put together, using the Envi 5.3 software in order to
have a continuous landscape of the study area.

For index calculations, plant reflectance spectrum is determined
by its leaf characteristics. This is controlled by certain factors and
the main ones are the photosynthetic pigments and water
absorptions. Different mathematical combinations (indices) of the
multi-spectral bands are found to be sensitive indicators of the
present conditions of specific types of green vegetation (Goswami
et al, 2010). In this study context, one index (Bamboo Index) was
developed and used to identify wild bamboo-growing areas in
Cameroon. Preliminary maps of the bamboo growing regions were
printed prior to field survey (ground truthing). Ground truthing was
carried out with the help of these maps and local assistance.
Bamboo growing areas were located based on the preliminary maps
prepared through remote sensing prior to field survey. Resource
persons contacted in the various localities gave information and led
the different teams to the presence of bamboo in the area. The
pocket GPS was used to track and record way points on data
sheets. The different steps in ground truthing were: arrives in a
target locality, acquires administrative and traditional authorisation;
recruit local assistance; and identify bamboo sites. Bamboo
specimen vouchers were collected for identity confirmation at the
National Herbarium of Cameroon. Figure 3 shows the map of
ground truthing in the national territory.

Final validation

The validation consisted in making a comparison between the GPS
field coordinates and the calculated bamboo indices. Knowledge-
based bamboo species distribution groves in literature aided to
upgrade or complement bamboo species identified and their
distribution in this study in Cameroon.

Data analysis

Landsat 8 OLI-TIRS imageries were acquired and treated with Envi
5.3 software; and QGIS 3.2. software was used to dress the maps.
GPS coordinates from ground truthing permitted to control the
bamboo distributions and validation in the various agroecological
zones. The following stages were executed: Bamboo indices were
developed for the whole country to identify wild bamboo-growing
areas of the 5 different AEZs in Cameroon. For example, Figure 4
represents the wild-growing bamboo area in AEZs 1 (Sudano-
Sahelian).
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Figure 1. Map indicating the agroecological zones (AEZs) of Cameroon.
Source: Laboratory of Geomatics.
Bamboo-growing areas (magenta) were spectrally differentiated (12.5 - 1251 pupm) 100 m (https://www.usgs.gov/land-

using a combination of red, near Infrared (NIR) and green (Short
Wave Infrared (SWIR)) bands: band 2 - blue (0.45-0.51 ym ); band
3 - green (0.53-0.59 ym ); band 4 - Red (0.64 - 0.67 pm) 30 m;
band 5 - Near-Infrared (0.85 - 0.88 um) 30 m; band 6 - SWIR 1(1.57
- 1.65 um; band 7 - SWIR 2 (2.11 - 2.29 pm) 30 m; and band 8 -
Panchromatic (0.50-0.68 um)) 30 m, for Operational Land Imager
(OLI). For Thermal Infrared Sensor (TIRS),the two spectral bands
were band 10 TIRS 1 (10.6 - 11.19 pum) 100 m and band 11 TIRS 2

resources/nli/landsat/landsat-8). An improved technique is adopted
using a measure of Standardised Vegetation Index (NDVI) and
water stress index (SI) as a measure of leaf water content
(Goswami et al., 2010). Jensen (1996) and Lillesand and Kiefer
(2000) define these indices as:

NIR—RED

Normalized Difference Vegetation Index (NDVI): NDVI =
NIR+RED (1)
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Figure 2. Image acquisition, treatment and validation for bamboo distribution in Cameroon.
Legend: NDVI (Normalized Difference Vegetation Index), Sl (water stress index) and Bl (Bamboo

index)

Water stress Index (SI): S = LR—SWIR
NIR+SWIR @
Bamboo Index (BI): BI = 221=51
NDVI+SI

®3)

Where: NIR is near infrared; RED is red and SWRI is green.

The demarcation of bamboo areas using water stress index (SI)
was possible because of the leaf water content of plants. Leaf water
content of bamboo is less than that of other plant species. The
index value difference of bamboo leaves with other land-use
classes is less. To increase this difference, a normalized (double)
difference bamboo index (Bl) was prepared using NDVI and Sl in a
bamboo vegetation. The resultant imagery was then used to identify
bamboo areas based on the index values. Accuracy evaluation was
done with the help of GPS coordinates collected from ground
truthing.

RESULTS

Bamboo spatial area statistics

The estimated total area of bamboo distribution in

Cameroon for this study was 1,215,482.91 ha (Figure 5).
There is unequal distribution of bamboo in the different
AEZs (Table 1). Cartographic distribution of the bamboo
groves in the different AEZs is illustrated on the map
(Figure 5).

Distribution of bamboo groves in the different AEZs
in Cameroon

Sudano-Sahelian or AEZ 1

The distribution of bamboos in the AEZ 1 was the least
amongst the 5 AEZs with an estimated area of 794.60 ha
representing 0.1% of bamboo in Cameroon. Bamboo
here is mostly planted at the banks of River Benue; and
the species found were both Bambusa vulgaris and
Oxytenanthera abyssinica. These bamboos are planted
in the Sub Divisions of Lagdo, Garoua 2, Garoua 3 and
Pitoa in the North Region. Bamboo indices indicated the
presence of bamboo in the North Eastern part of the
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b: Map of SI

Figure 4. Bamboo index (Bl) for AEZ1 of Cameroon.
Source: Laboratory of Geomatics.

c¢: Map of BI

Legend: NDVI (Normalized Difference Vegetation Index), S| (water stress index) and Bl (Bamboo index).

representing 37% of the total bamboo in Cameroon. The
dominant bamboo species O. abyssinica was recorded in
this zone. O. abyssinica is drought-resistant, so it occurs
on the vast savannah woodlands, along the river valleys
and spreads around the North Western and North
Eastern parts of the Adamaoua plateau. The O.
abyssinica was also widely distributed in the South
Western part of the AEZ 2, especially on the Beyala hill,
Ngaoundal, Tibati, Banyo and Bankim (Njoum-njoh).
They strive well in mean rainfall of 1200 mm, mean
annual temperature of 23°C and altitudinal range of 500 -
1500 (m.a.s.l.). Two bamboo species were conspicuous
in this zone: B. vulgaris and O. abyssinica.

Western highlands or AEZ 3

This AEZ 3 has bamboo covering 241,295.87 ha
representing 20% of the total bamboo in Cameroon. The
bamboo species conspicuously found here were:
Phyllostachys sp., B. vulgaris, Ochlandra travancorica
(Bedd.) Gamble, and Phyllostachys aurea. Ochlandra
travancorica (Bedd.) Gamble was found in life
fence/hedge or garden. Phyllostachys aurea was the
dominant bamboo specie in AEZ 3 identified in several
Divisions like: Noun, Nde; Bamboutos and Haut-Nkam;
on the East of western highlands. B. vulgaris groves were
also found in abundance in Menoua (Foreke Dschang
and Fomopea) Division (South western highland). These
were planted on the Foreke escarpment to protect
against erosion and landslides. Bl indicated the presence

of bamboo in Menchum, Bui and Ndonga-Mantong
Divisions in the North West Region of Cameroon, part of
the AEZ 3 (not ground truth during survey). The climate
here had a mean rainfall of 2000 mm; mean annual
temperature of 21°C and elevational range of 1500 to
2500 (m.a.s.l.).

Monomodal rainfall forest or AEZ 4

The Monomodal rainfall forest or AEZ (South West,
Littoral, part of Centre and South Regions) has a
dominant bamboo species B. vulgaris. Bamboo index
indicated this AEZ as the second largest in bamboo
surface area coverage with an estimated area of
302,989.41 ha representing 25% of bamboo in
Cameroon. This study found that on the West and South
East of the AEZ 4 road sides, bamboo groves and
isolated stands of B. vulgaris were mapped on the
Campo — Kribi road; Kribi — Bipindi -Lolodorf- Eseka road;
Kribi — Akom 2- Ebolowa road; Akom 2 -Bipindi road;
Kribi — Edea road; Edea -Yabassi -Loum road; Edea-
Pouma- Boumnebyie road and Loum-Ebonje. B. vulgaris
was also found in communities of Mouanko; Mbanga;
Djombe; Penja; Manjo; Nkongsamba; and Melong. Other
Bamboo species were identified: in Kribi (Dendrocalamus
strictus (Roxb.) Nees) and Phyllostachys sp. and Akak-
Campo (Ochlandra travancorica (Bedd.) Gamble). Bl also
largely indicated the presence of bamboo in the coastal
areas in the South West Region of Cameroon, which is
part of the AEZ 4 (not ground truth during survey). In
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Figure 5. Mapping of bamboo-groves using Bl in the different agroecological zones in Cameroon.
Source: Laboratory of Geomatics.
total, 4 bamboo species were conspicuously found here. mean annual temperature of 26°C and elevational range

AEZ 4 experiences a mean annual rainfall of 3000 mm,; of -2 to 4000 m.a.s.l.
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Table 1. Area cover map of different AEZs in Cameroon.

Agroecological Zone Area (ha) %
Bimodal Forest (AEZ5) 219 094.67 18.03
Monomodal Forest (AEZ4) 302 989.41 24.93
High Plateau (AEZ3) 241 295.87 19.85
Guinea Savannah (AEZ2) 451 308.36 37.13
Sudano-Sahelian (AEZ1) 794.60 0.07
Total 1215482.91 100.00

Table 2. Accuracy rates based on different agroecological zones in Cameroon.

Agroecological zone

Precision %

Bimodal Forest (AEZ5)
Monomodal Forest (AEZ4)
High Plateau (AEZ3)
Guinea Savannah (AEZ2)
Sudano-Sahel (AEZ1)
Accuracy for the study

89.43
93.65
91.05
62.12
53.02
77.854

Bimodal rainfall forest or AEZ 5

The bimodal rainfall forest has a bamboo distribution
coverage estimated at 219 094.67 ha representing 18%
of the total bamboo in Cameroon. B. vulgaris was the
dominant species. B. vulgaris groves were found
distributed in areas like Bibey (Mbeli locality); Nanga-
Eboko (Mfomalen); Nkoteng (Nzili locality); Ebolowa
(localities of Nkoueloun, Niabizam, Akom 2 and Bidou);
Eseka (Bat-Bat and Sombadjeck); Mandjou (Kouba and
Ngamboula) ; Abong Mbang (field survey); Lomie and;
Djembe and Lobeke. The O. travancorica species was
identified in Bertoua. In the main towns of AEZ 5, the
bamboo species Phyllostachys sp. was largely used in
life fencing/ hedges and or garden bamboos. The climate
here recorded annual mean rainfall of 1600 mm; mean
annual temperature of 25°C and elevation of 400 to 1000
(m.a.s.l.).

Accuracy rate of bamboo images

The accuracy rate of bamboo surveyed in AEZs 1 and 2
were 53 and 62% respectively, while AEZ 4 recorded
excellent precision of 94%. Then, the mean accuracy rate
was 78% (Table 2).

DISCUSSION

Bamboo spatial area statistics

Cameroon in the Central African sub Region, through this

study will be the first country to have estimates of their
bamboo stocks spatially, placing this study as a baseline
for the other nations within this block. The results of this
study showed Cameroon as the second in terms of
surface area covered (1,215,482.91 ha) with bamboos in
Africa after Ethiopia with 1,438,705 ha and thirdly by
Madagascar with 1 123 694 ha of bamboo resources
(INBAR, 2018; Zhao et al., 2018). Ghana has 300 000 ha
of bamboo (Kwame et al.,, 2020). However, in terms of
the number of bamboo species, Madagascar is the first
with 33 bamboo species (Kigomo, 1988; Gurmessa et al.,
2016). China has over 6.5 million ha of bamboo surface
cover currently (INBAR, 2019b).

Distribution of bamboo groves in the different AEZs
in Cameroon

This result made us to understand that different bamboo
species are adapted to different ecological zones and
their presence seemly affected by altitudes in Cameroon.
The different bamboo species abundance in different
AEZs may have altitudinal influence in Cameroon
(Paudyal et al., 2019; Deo Kumar et al., 2013; Yuen et
al., 2017; Terefe et al., 2019). B. vulgaris species is found
in all AEZs probably because of their wide range in
altitudes (300-1500 m.a.s.l) that favours its growth and
development, and can be naturalised easily (Paudyal et
al., 2019; Deo Kumar et al.,, 2013). O. abyssinica is
abundant in the AEZs 1 and 2 probably because it is
drought tolerant specie (Inada and Hall, 2008; Deo
Kumar et al., 2013, Yohannes, 2019) and lowland specie
(Yohannes, 2019), which is synonymous to the climate



and altitude of the AEZ 1 and 2. Phyllostachys sp. strives
best at altitudinal range of 1200-1400 m.a.s.| which fits
exactly with the altitude of the zone of dominance in AEZ
3 and Yushiana alpina are more adapted to hilly or a
certain level of attitude above 2200 m.a.s.. and the
Kilum-ljem Mt. is above 3000 m.a.s.l. (Grimshaw, 1999;
Ingram et al., 2010; Deo Kumar et al. 2013).

This distribution is very crucial and is targeted for
Cameroon. The Government of Cameroon (GoC) and
INBAR are developing bamboo policy and complementary
legislations for a sustainable development of the bamboo
sector (Neba et al., 2020). This study will inform policy
makers (GoC), planners (INBAR) and development
partners on the number of hectares of bamboo existing
already in Cameroon, their distributions and the dominant
species. This could orientate bamboo development
policies, strategies (under elaboration) and bamboo plan
(MINFOF, 2018; Muh et al.,, 2018), in the respective
ecological zones with respect to more adapted bamboo
species. For example, the present known bamboo stocks
could be expanded by planting bamboo in marginal and
degraded lands of the Guinea savannah and Sudano-
Sahelian zones (AEZ 1 and 2) to mitigating the effects of
climate change (FAO and INBAR, 2018; INBAR, 2019a);
mangroves of the Coastal or Littorals (AEZ 4) of
Cameroon, especially aquatic biodiversity conservation
(Wetlands International, 2008), bioenergy feedstocks:
biofuel, fodder for cattle in AEZs 1, 2 and 3 (Nellie et al.,
2012; UNEP, 2019); agricultural production (bamboo
agroforestry) (MINADER 2015), industrial transformation
of bamboo into best utilities: paper pulp, furniture,
construction etc. (AEZ 3, 4 and 5) (INBAR, 2019b). Local
population benefits the exploitation of the bamboo
rudimentarily and use for social needs in Cameroon
(Ingram et al., 2010). This result supports the reference
of Goyal et al. (2012) that bamboo is a ‘poor man’s
timber’ and is used by many rural populations in daily life.

The images showed the presence of bamboo in part of
AEZ1 (Far North); AEZ 3 (North West), and AEZ 4 (South
West) regions; that ground truthing did not take place due
to insecurity. Complementary data was collected from
literature to describe bamboo distribution in the North
West region (NW), part of AEZ 3. In Bui (Mt. Kilum ljum
of Oku); Y. alpina is the dominant bamboo species at an
altitude above 2000 m (Ingram et al. 2010). B. vulgaris
has also naturalised in the NW. B. vulgaris as reported in
Bamenda, Bali Nyonga, Bafut, Wum, with their main
harvesting sites being Bafut, Bambui and Bamenda
(Lauber, 1990; Maisels and Forboseh, 1999; Cheek et
al., 2000; Ingram et al., 2010).

In the South West Region, part of AEZ 4, Ingram et al.
(2010) report B. vulgaris as the dominant species in the
Man O war, Lissoka, Idenao, Mundemba and Korup etc.
The presence of bamboo groves and isolated stands are
reported on Ekok-Mamfe road; Mamfe — Otu road; Buea,
Muea, Molyko, Bokwango, Bonananjo, Bonakanda and
Bokwai; Bimbia, Tiko, Mutengene, Limbe and ldenau;
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Kumba, Takamanda, Mamfe (Dione et al., 2000; Ingram
et al. 2010). Mt Kupe; Bimbia Bonadikombo, Manyu and
Meme Divisions extensively along the Kumba-Mamfe
stretch, in Buea, Limbe, Lebialem and Mundemba;
Bachuo’'ntai and Eyumojock-Manyu Division, Buea,
Limbe; Ejagham, Ossing, Kembong, Besong-Abang
(Cheek et al.,, 2004; Mdaihli et al., 2002; Tabot, 2006;
Nkwatoh, 2005).

Accuracy rate of bamboo images

A number of studies (Singh, 1987; de Carvalho et al.,
2013; Zhao et al, 2018) have reported that some
bamboo species (O. abyssinica) has affinity to
shrublands and grasslands. This creates confusion in
differentiating bamboo from the shrublands and
grasslands leading to overestimation of bamboo in such
zones. This should likely be the reasons behind the low
accuracy rate in AEZ 2 and AEZ 1. The precision was low
confirming the phenological confusion between the
bamboo and shrubs/grasses. Bamboo is probably over
estimated in these zones. Another reason would be that
during the dry season, this specie, O. abyssinica, lose
their leaves by shedding. O. abyssinica losing their
leaves during this period may negatively affect bamboo
index power from discriminating and differentiating
different plant leaves from those of bamboo, thus
increasing Bl error margin. This rate of confusion can be
overcome with thorough ground trothing, repeated
temporal and spatial treatment of images and validations
of the bamboo images. On the other hand, there is a high
tendency that bamboo is underestimated in AEZs 4 and
5. This is because of the canopy shade in the tropical
rainforest area (Reid et al., 2004; Dolezal et al., 2009),
and more so, the phenological confusion of Y. alpina and
B. vulgaris to forest tree canopy (Zhao et al., 2018). The
accuracies in AEZs 3, 4 and 5 were high and may be due
to the fact that B. vulgaris, Phyllostachys sp. and Y.
alpina do not shade leaves in the dry season thus, their
leaves were clearly discriminated from other foliage type
by index treatment (Bl). Knowledge-based results of
other bamboo studies would be of help for studies
beyond national or regional level.

Conclusion

Spatial distribution mapping of bamboo is necessary for
resource evaluation, conservation of biodiversity, and
ecological management. This study estimated the total
bamboo surface area cover in Cameroon as 794.60, 451
308.36, 241 295.87, 302 989.41 and 219 094.67 ha in
Sudano-Sahel, High Guinea Savannah, Western
Highlands, Monomodal rainfall forests and Bimodal
rainfall forest respectively; giving a total of 1 215 482.91
ha. From knowledge-based identification of bamboo
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species per AEZ, O. abyssinica dominated the bamboo
species in the AEZ 1 and 2; P. aurea dominated AEZ 3;
B. vulgaris dominated AEZ 4 and 5. The different bamboo
species identified during this study included B. vulgaris,
O. abyssinica, Phyllostachys sp., Y. alpina, O.
travancorica, D. strictus, P. atrovaginata, and P. aurea.
This baseline study in the Congo Basin can be exploited
by other researchers and policy makers to orientate
policies towards the development of bamboo resources in
the Cameroon and Congo Basin.
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