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Bamboo forests are undoubtedly one of the most abundant nontimber plants on Earth and cover a wide area of tropical and
subtropical regions around the world. This amazing plant has unique rapid growth and can play an important role in protecting
our planet from pollution and improving the soil. Bamboo can be used as a biofuel, food, and for architecture and construction
applications and plays a large role in the local economy by creating job opportunities. The aim of this paper is to review the
extraordinary tropical plant bamboo by explaining the mechanisms related to the growth and strength of bamboo and identifying
ways to utilize bamboo in industry, employment, climate change mitigation, and soil erosion reduction.

1. Introduction

Bamboo, in the Poaceae family and the Bambusoideae
subfamily [1, 2], is one of the most abundant plants in
tropical and subtropical regions between 46°N and 47°S [1, 3,
4]. Bamboo can be the most important economic resource
for local people of this area [1]. These woody-stemmed grass
[2] species are known as some of the fastest growing plants in
the world, and one native plant in Asia plays an important
economic role in the livelihoods of local people living in this
area [5]. Characteristics, such as fast growth, high biomass,
and yield in a short time and high efficiency in few years,
have allowed bamboo to be identified as a superior herb [6],
which is categorized as a nontimber forest product (NTFP)
plant [7]. Bamboos are used in almost 1500 commercial
goods [8], which are utilized in many ways, from con-
struction materials, food profiling, and musical instruments
[5] to the production of paper pulp, fencing, basketry [9],
water pipes, utensils [10], bicycles [11], bridges [12], and
low-rise housing [13]. According to the FAO in 2010,
bamboo covers more than 31 million hectares of forestland
around the world, and more than 60% of it is located in
China, Brazil, and India [14], while it is abundant in other
countries on three continents, namely, Asia, Latin America,

and Africa; moreover, bamboo covers more than 0.8% of the
forest area in the world [15]. Generally, 80% of bamboo
forests are in Asia, 10% in Africa, and 10% in Latin America
[16]. In the world, bamboo contains 1225–1500 species in
approximately 75–105 genera [17]. Among these countries,
China, with more than 500 species in 39 genera, is one of the
countries with native bamboo, which is called “TheKingdom
of Bamboo” [18], where bamboo covers more than 6.01
million hectares of China’s forests [19]. This amazing herb
famously has different local names in Asia and is called
“friend of people,” “wood of the poor,” and “the brother” in
China, India, and Vietnam, respectively [20, 21]. One of the
most important features of bamboo is the rapid rate it
reaches maturity, which can be three years, while other
woods need approximately 20 years to reach maturity. The
bamboo growth rate is also stunning; in some reported cases,
it is approximately two inches per hour, and the height can
reach 60 feet in only 3 months [22]. All these reasons have
led to an increase in Chinese bamboo forests from 4.21 to
6.01mil·ha (43%) from 1998 to 2013 [23]. Bamboo has great
potential for use in construction because it has nodes, which
improve bending and tensile strengths and can be compared
with steel and cement [24]. Bamboo is a renewable bio-
resource that can have a short period of growth with a high
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CO2 fixation rate [25]. Bamboo can absorb approximately
3.73 cubic meter of CO2, which means it can absorb the
equivalent of carbon dioxide emissions from approximately
2 cars in one day and 1.83 kg carbon in less than one month,
so it can be a good option for reducing global warming and
climate change [26]. Bamboo is one of the most economical
forest plants, and new applications of bamboo are found
every few years. In recent years, the entry of bamboo into the
textile industry has created antibacterial and UV absorption
bamboo clothing, which is caused by a characteristic of
lignin in the bamboo fiber [27, 28]. One experiment on the
removal of two bacteria, S. aureus and E. coli, showed that
the use of the bamboo fiber led to the maintenance of 88% of
the antibacterial properties after 20 washes, as well as anti-
UV properties, which increased from 8.16 to 18.18 when
using bamboo pulp fibers [29]. In general, today’s bamboos
play a considerable role in human life, and they cover a wide
range of human needs from environmental protection to use
as home appliances. The aim of writing this paper is to
identify the most commonly utilized bamboo for researchers
by describing the mechanisms available in this unique plant.
Below are the most important ones.

2. Bamboo Is Uniquely Tall and Fast Growing

Bamboos belong to the Poaceae (Gramineae) family, and
they are known to be a fast-growing and the tallest species in
this family [30, 31]. The bamboo rhizomes in bud sites lead
to the emergence of new bamboo shoots, which expand into
a new culm [32]. Bamboo culms emerge in spring, while
bamboo root systems and rhizomes expand throughout the
year, but growth will increase during the summer and au-
tumn [33]. Culms are divided into nodes, and nodes are
separated from each other by internodes [34]. In bamboo,
growth stages have three steps, and they are made with
changes in the cell’s structure, which include division, ex-
pansion, and hardening of cell walls [35]. According to the
definition of these 3 steps in the bamboo life cycle, cell
division is related to regulation of hormone interaction
between plants, while in the cell expansion cycle, cells can be
expanded with the process of cellulose synthesis by turgor
pressure. In addition, secondary cell wall deposition leads to
hardening in cell walls [36]. On the other hand, in addition
to cellular processes, bamboo elongation is dependent on
physiological structure, such as lignification. The lignifica-
tion process is different for various plants, but it generally
has 3 mechanisms in the stem, which include the poly-
merization of lignin precursors, transport, and biosynthesis.
The identification of distribution and content of lignin is
important to determine the critical period of bamboo
elongation and biomass. The results of one study indicated
that when the content of lignin in the culm reaches half of
the mature culms at the end of June, growth elongation
became complete [37]. However, the most important reason
involved in the explosive growth of bamboo is related to
nonstructural carbohydrates (NSCs). Generally, the main
products obtained by photosynthesis are soft carbohydrates
(SCs) and nonstructural carbohydrates (NSCs), of which SCs
are composed of pectin hemicelluloses, lignin, and cellulose

but NSCs include starch and soluble sugars. NSCs are large
and as a source of carbon play a vital role in exploring the
period of time of bamboo shoot growth when it cannot
provide carbon independently. In one study, it was shown
that when shoots are growing, NSCs are simultaneously
being transferred from their branches, leaves, rhizomes, and
trunks to shoots, and this transfer stops when young shoots
obtain enough photoassimilates and enough carbon [38].
The rate of bamboo growth in the culm is different and
dependent on species, but it can be from 9.7 to 24.5 cm·d−1

for Bambusa oldhamii (synonyms Leleba oldhami) and
Phyllostachys makinoi [39], respectively, to more than
100 cm·d−1 for Phyllostachys edulis [40]. This range of culm
growth in different bamboo species can be between 7.5 and
100 cm−1 [41].

3. Bamboo Protects O2 and CO2 on Earth

Bamboo plants, with more than 40 million hectares around
the world, are one of themost important plants in improving
climate change due to the high bamboo biomass stocks and
carbon storage [42]. Bamboo can sequester and capture
atmospheric carbon within its lifespan, which can offset CO2
emissions by storing high concentrations of CO2 in the
hollow parts of bamboos. CO2 effluxes have been reported
from culm, buds, and nodes [43]. Many studies have re-
ported the role of bamboo forests in global carbon cycling
[44–49]. Among bamboo species, moso bamboo, which
represents 75% of all bamboo forest area in China [19], has
been known as a carbon sink and has a high ability for
carbon sequestration [50–52]. Carbon in the bamboo rhi-
zome system can be transferred to new culms and aerial
organs [53,54]. The average amounts of carbon stored by
forests in China and the world are 39mg·C·ha−1 and
86mg·C·ha−1, respectively, while this average in bamboo
forests in China is 169–259mg·C·ha−1, which revealed the
bold role of carbon stocks of bamboo species in China [55].
Bamboos are known to be successful plants at absorbing
wastewater from agriculture, industry, animal breeding, and
pollution, which can be related to the neutral characteristic
in resistance to stresses. Bamboos, through their phytor-
emediation potential, can clean up polluted soils and can
also accumulate silicon in their bodies to alleviate metal
toxicity, and this accumulation in nature is up to 183mg·g−1

of SiO2 [56]. In one experiment on the efficiency of three
bamboo species on wastewater removal over 2 years, the
results showed that the soil-bamboo system could remove
98% and 99% of organic matter and nutrients, respectively
[57]. Therefore, bamboo is a great recommendation for
decreasing the negative effects of climate change and a big
sink of carbon in nature, which plays an important role in
adjusting and improving human ecosystems [58].

4. Bamboo Binds the Soil

Bamboo plays a protective role in decreasing soil degra-
dation, including the reduction of biodiversity, soil nutrient
depletion, and soil erosion [59–61]. In one study in a long-
term monitoring experiment of bamboo, planting revealed
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that bamboo can decrease topsoil erosion in sloping crop-
lands [62]. However, the intense management of bamboo
has a negative effect on the soil microbial functional diversity
and soil microbial activity, which are indicators of soil
quality [63]. However, the results of other studies reported
that bamboo as a fine biochar had a positive impact on
increasing the microbial community related to size,
impacting C cycling by decreasing their soil enzyme activity
and led to increasing (higher) CO2 emissions [64]. On the
other hand, the lack of right management in the annual
harvest of shoots and timber for economic purposes led to a
decreasing rate of output nutrients to input nutrients in the
soil, which, according to the different structures of bamboo
compared to other forest plants with high nutrient ab-
sorption, can convert forest soil to poor soil [58]. Many
studies have reported that the biochar is a good application
for emendation and decontamination in soil [65–69]. Ad-
ditionally, with some mechanisms, such as increasing pH in
soil, the biochar can lead to the immobilization of heavy
metals such as Cu, Cd, Pb, and Zn in the soil [70, 71]. In one
study, Wang et al. indicated that bamboo as a biochar can
reduce mobile fractions of some heavy metals, such as Cd,
Cu, Mn, Ni, and Zn, in soil and enhance the physiological
efficiency in soybean exposed to soil contamination by in-
creasing the number and weight of nodules of soybeans in
contaminated soil [72], which has shown that bamboo
species have phytoremediation potential to detoxify soils
contaminated with heavy metals with the characteristics of
high metal tolerance and extreme biomass production [73].
Bamboo charcoal has an important role in adjusting soil pH,
enhancing nutrient absorption, and improving soil structure
[74]. Additionally, bamboo, as a natural material, can im-
prove the ductility and strength of the soil structure. In one
study with a combination of bamboo chips with cement, the
results showed that bamboo could increase erosion resis-
tance and improve soft ground [75]. In general, studies have
shown that bamboo can play an important role in improving
the soil structure or can bind to the soil.

5. Bamboo Is Strong

As a nontimber plant, bamboo is popular worldwide and
rapidly produced [76]. Bamboo, because of microfiber
structures with lignin and hemicellulose (lignin-carbohy-
drate complex (LCC)), has a greater strength than concrete
and steel by weight [77], and this strength is due to the
thickness of the fiber in the sclerenchyma tissue [78]. The
diameter of the fibers at the site of the nodes is another factor
in the stiffness and bending of the bamboo, so that the fibers
wrapped in it hold [79]. It prevents the generation of endless
bamboo yarns [80]. At present, the diameter of these fibers
in this region is between approximately 90 and 250 μm,
which itself is a resistance factor against bending in bamboo
[79]. Additionally, bamboo, because of low density (1.4 g/
cm³) and high mechanical characteristics, can show high
tolerance against pressure and bending [79]. The results of
some studies have reported that the strength of bamboo is
related to thickness, diameter, moisture content, and den-
sity, which increase with age, so that the age between 2.5 and

4 years has optimal strength, and then it will decrease after
this age [81, 82]. One of the most important cases that
indicates the strength of bamboo is the use of bamboo in
scaffolding. For many years, bamboo has been used as
scaffolding in the construction industry in Hong Kong and
Southeast Asia. Starting 2000 years ago, bamboo scaffolding
was considered to have characteristics such as an increase in
safety from the practical experience of workers, resistance to
moisture, low cost, high adaptability, and for a short period
of time, it has been used in the south of China, Hong Kong,
and other countries in this area [13]. According to the above
results, it is concluded that bamboo is one of the strongest
tropical plants, with comparable strength to cement and
steel.

6. Bamboo Is Flexible

Flexibility and fracture toughness of bamboos come from
the special cellular material in these plants [83]. Bamboo
structure consists of fiber, which covers internal structures
such as vascular bundles of parenchyma cells and the epi-
dermis [83, 84]. They are also pathways for the growth of the
cracks in longitudinal and radial directions [83]. Epidermis,
as thick sheaths, surround bamboo, while vascular bundles
with longitudinal tissues play an important role in the
transport of water and nutrients in the bamboo body by
organs such as vessels and phloem. On the other hand, other
parts are occupied by aerenchyma. However, all of these
structures are covered by unidirectionally oriented fibers
[85], which include 40% of a bamboo culm [86]. Bamboo
fiber is mainly (90%) three parts, including lignin, cellulose,
and hemicelluloses, which have an important role in
mechanophysical characteristics of bamboo in flexural
strength [22] and are related by chemical linkage and
physical binding [87, 88]. Therefore, lignin, hemicelluloses,
and phenolic acids are involved in the strength of con-
centrations and covalent bonding in layers of the cell wall
[22], and this bonding, in addition to increasing the me-
chanical strength, can lead to the resistance of the cell wall to
biological degradation and can be vital for the rigidity of
lignin in the cell wall [89], leading to the flexible character in
bamboos.

7. Bamboo Biofuel

Many studies have reported that bamboo, as a forest
product, has potential for use as a biofuel, along with other
woody plants [74, 90–92]. Bamboo, because of the high
amount of sugar, is known to be a suitable plant for a
feedstock of chemical products, such as lactic acid and fuel
ethanol [93]. It can also be used as biogas [94]. Bamboo, as a
fast-growing plant with a high yield of lignocellulosic bio-
mass in short time, is considered a good option for use as a
biofuel [95], such as bioethanol, by the top holocellulose
content (high dry weight of more than 70%) [74, 92, 93, 96].
Lignocelluloses have abundant sugar resources such as
pentose and hexose and can be converted to fuel alcohol [97,
98]. Moreover, bamboo biomass has key characteristics such
as low lignin and high cellulose contents and is known to be
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a suitable material for the production of bioethanol [99];
moreover, the possibility of obtaining bioethanol from the
SPS hydrolysate of bamboo has been shown [100]. It has
reported that there is a possibility of extracting 143 L of
ethanol in each dry ton of bamboo [99]. On the other hand,
the process of producing 1 kg ethanol requires 8.5 kg of
sulfuric acid, 65.8 L of process water, and 6.2 kg of bamboo
[100]. Additionally, because of important characteristics
such as the alkali index and low ash content [101], bamboo
can be a good alternative for other woody plants for biofuel
purposes [102]. However, bamboos need pretreatments,
such as an alkaline peroxide treatment to remove rigid
lignin, which covers holocellulose components, and these
pretreatments can also optimize enzymatic saccharification
for the production of sugars [93]. On the other hand,
bamboo culms are known as resources of bioenergy, which
in one experiment, showed that young culms are suitable for
bioconversion process [103]. Among biofuels, butanol is
important because of the ability to produce higher energy
without blending with gasoline and the ability to transport it
in existing gasoline pipelines [104]. In addition, the energy
content is higher than that of ethanol [105]. The results have
shown the high temperature, acid concentration, and time
can increase the sugar yield of bamboo, which is obtained by
conversion of lignocellulosic biomass in bamboo species to
butanol [106]. Generally, bamboo can be used as a biofuel
and for bioenergy.

8. Bamboo Is Beautiful (Used in Architecture)

Bamboo, as a green and sustainable material, has an im-
portant role in new architecture, so that in the future, ar-
chitecture based on green building will be built with bamboo
as one of its most important materials. In this case, bamboo
is very familiar among scientists because of its energy
savings, zero fossil emissions, and environmentally friendly
nature [107]. A simple comparison of the strength of joints
in grains with bamboo joints shows that strength perpen-
dicular to joints and strength parallel in joints in bamboo is
45% and 8% higher than the grains in internode parts [108].
Based on the growth factor, bamboo is one of the best
options for wood products [16]. Bamboo, despite having
some disadvantages, including the difficulty of modeling due
to hard tissue, a rough texture, and rugged material prop-
erties, it still is important for design purposes because of
some characteristics such as water resistance, bending re-
sistance, hardness, and environmentally friendly nature
[109]. Bamboo timbers are luxury woody material used in
furniture, flooring, and architecture [110]. Among fibers,
bamboo is useful because it is an abundant tropical plant,
and its material distribution, microstructural shapes, low
cost, and easy accessibility make it an excellent material to
build woody houses throughout the world [111]. Bamboo
scrimber, which is produced during processes such as ex-
posing bamboo to hot dry air, has been reported as a good
option for use in outdoor landscaping, garden furniture,
decoration, and civil engineering. There are several reasons
for this: the enhancement of water absorption, width
swelling, and thickness in bamboo scrimber [112]. Recent

studies have shown that bamboo combined with reinforced
concrete can increase building (construction) resistance to
earthquakes, which can be an important benchmark for the
use of these forest resources in earthquake-prone areas [113].
The external resistance of bamboos, such as compressive,
tensile, and static bending strength, shock and shear resis-
tance, and elastic properties, is related to elements in
bamboo including bamboo stalk parts, moisture content,
and type of bamboo [108]. These properties in bamboo are
much greater than those in woods, so that the compressive
and tensile strength of bamboo are 20% and 2 times more
than those of woods [107]. Bamboo, as an agricultural crop,
has great potential for use in the design industry and
polymer composites [114], which are identified as a natural
engineering material [22].

9. Bamboo Is Edible (Using Bamboo
Shoots as Food)

From a long time ago, bamboo shoots have been a tasty food
with a high fiber content and have been eaten by the local
people in southern Asia, especially in China [63,110].
Bamboo shoots are powerful sources of fiber, known as
dietary fiber, with low fat and calorie contents [115].
Bamboo also has necessary amino acids, potassium, anti-
oxidants, selenium [116], vitamins, carbohydrates, and
protein. However, the Bamboo Age Index is important; in
one experiment, Nirmala et al. reported that the amount of
vitamins and the mineral content decrease with increasing
age of bamboo [117]. Thus, young bamboo culm can be a
resource for fiber and starch, which can be used for food
applications, such as bamboo flour, pasta, meat products,
cheese, yogurt, and bread. Additionally, it contains abundant
phytosterols and dietary fiber, and it can be found in the
commercial market as canned food [118]. The bread pro-
duced by yeast from bamboo shoot is of high quality. In one
experiment, yeast from bamboo shoots was shown to have
the highest specific volume with a high moisture content in
the content of crust and crumb compared to other com-
mercial yeasts, which makes the bread much softer and
brighter and increases the quality of the bread [119]. Bamboo
shoots are also considered for medical purposes for the
treatment and control of cholesterol and diabetes from
different products obtained from bamboo shoots, such as
bamboo salt and bamboo vinegar [116]. On the other hand,
in addition to humans, bamboo shoots are beneficial and
tasty food for animals. Bamboo shoots are a source food for
some rare animals such as African golden monkeys (Cer-
copithecus mitis kandti), mountain gorillas (Gorilla beringei
beringei) [120], and especially panda, which guarantees the
survival of the panda generation [121]. In general, bamboo,
as a beneficial plant with plenty of fiber, plays a considerable
role in the food chain of humans and especially in animals.

10. Bamboo Presents Opportunities

Bamboo has been known as “poor man’s timber” because
more than 20 million tons of bamboo is often collected in
rural areas by local people, which plays an important role in
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the local economy [122]. In China, there are approximately
200 species and 16 categories of bamboo cultivated for
economic and ecological purposes [107]. Bamboo planting
worldwide is approaching 220,000 km2, which produces
15–20 million tons of products annually [123]. It has been
estimated that approximately US$2.5 billion of international
trade is related to the bamboo industry every year, which
directly or indirectly has provided 2.5 million jobs around
the world [16]. Moso bamboo, as one of the largest species in
Asia, has a share of US$5 billion in China’s forest product
industry each year [124, 125]. Based on the reports of the
State Forestry Administration of China in 2012, bamboo
products have shown a significant increase of approximately
US$19.7 billion [126]. There is one small market of bamboo,
which is called the traditional market of bamboo, that di-
rectly provides income to local people, and these market
products include chopsticks, handicrafts, bamboo shoots
(food), and medicine. However, often bamboo businesses
have been obtained by emerging markets, which use the
woody timber of bamboo for flooring, roofing, construction,
architecture, and furniture, which makes it responsible for
almost 3–7% of the timber trade in the tropical and sub-
tropical areas [122]. In general, all these statistical reports
represent the important role of bamboo in local economies,
as well as providing job opportunities.

11. Conclusion

Bamboo is known as an ancient grass with woody timber
that covers 1–3% of all tropical and subtropical areas.
Bamboo has many uses, mainly in construction (flooring,
roofing designing, and scaffolding), furniture, food, biofuel,
fabrics, cloth, paper, pulp, charcoal, ornamental garden
planting, and environmental characteristics, such as a large
carbon sink and good phytoremediation option, improving
soil structure and soil erosion. Bamboo has the highest
growth rate of all tropical plants. After emerging as a shoot,
bamboo can complete the growing process in both diameter
and height in 35–40 days.The growth rate has been observed
at up to one meter per day, that is, approximately 2.5 cm per
hour. This extraordinary power of growth is due to the
bouncy properties of the nodes and the intracellular
structures of internodes. For thousands of years, bamboo has
been an economic source of livelihood and a natural
workshop for the employment of local people. However, in
recent decades, this economic resource has expanded out of
its border and has led to the creation of jobs for many people
around the world, such that it has provided 2.5 million jobs
around the world. Bamboo as a green and sustainable
material plays an important role in new architecture, so that
in the future, architecture based on green building will be
built with bamboo as one of its most important materials. In
this case, bamboo is very familiar among scientists because
of its energy savings, zero fossil emissions, and environ-
mentally friendly characteristics. The ability to use bamboo
as a timber wood, with special characteristics such as being
lightweight, low in cost, and having high performance,
makes it a green material in construction and architecture.
Flexibility and fracture toughness of bamboos come from

the special cellular material in these plants. Bamboo protects
the planet. Bamboo forests can reduce the negative effects of
global warming so that bamboo can store and absorb carbon
and CO2 in its organs, and as one phytoremediation option,
it can also detoxify environmental contaminations. Bamboo
binds the earth so that bamboo as a biochar can improve soil
structures; thus, bamboo has a protective role in decreasing
soil degradation, including the reduction of biodiversity in
soil nutrient depletion and soil erosion. Because bamboo has
a high yield of lignocellulosic biomass in a short time, it is
considered a good option for use as a biofuel. Bamboo
shoots, as a tasty food with high fiber content, have been
eaten by local people in southern Asia, especially in China.
Additionally, bamboo products obtained from the bamboo
shoots are used in traditional medicine to control many
diseases, including diabetes and cholesterol. So, all of these
factors indicate the importance of recognizing this tropical
plant. It seems that the most bottleneck problems existing in
bamboo are related to lack of awareness of bamboo po-
tentials and as well as a lack of enough attention to the
development of marketing in this sector. So, the govern-
mental organizations and national campaigns can help to
raise awareness about bamboo. In this regard, it can be used
from the experiences of leading countries in this field such as
China. Due to the high demand for the use of environ-
mentally friendly green products, the global bamboo market
is expected to grow substantially in the near future. On the
other hand, use of bamboo woods as one low-cost con-
struction material encourages countries to use bamboo in
the development of cities and villages, which can greatly
contribute to the development of the bamboo trade in the
world.The authors’ goals for authoring this review article are
to describe the uses of bamboo plants in today’s life, clarify
some of the mechanisms involved in bamboo growth and
strength, and recall the key role of bamboo plants in im-
proving climate change and global warming that have not
been commonly mentioned.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This work was supported by the financial support provided
by Nanjing Forestry University (Start-Up Research Fund)
and the Bamboo Research Institute for the current study.
Special fund for this work was provided by the National Key
Research and Development Program of China (Integration
and Demonstration of Valued & Efficiency-Increased
Technology across the Industry Chain for bamboo, 2016
YFD0600901).

References

[1] F.-H. Wu, N.-T. Liu, S.-J. Chou et al., “Identification of
repressed gene transcript accumulation in three albino
mutants of Bambusa edulis munro by cDNA microarray

The Scientific World Journal 5



analysis,” Journal of the Science of Food and Agriculture,
vol. 89, no. 13, pp. 2308–2316, 2009.

[2] E. Ruiz-Sanchez, V. Sosa, A. E. Ortiz-Rodriguez, and
G. Davidse, “Historical biogeography of the herbaceous
bamboo tribe olyreae (bambusoideae: poaceae),” Folia
Geobotanica, vol. 54, no. 3-4, pp. 177–189, 2019.

[3] L. Yeasmin, M. N. Ali, S. Gantait, and S. Chakraborty,
“Bamboo: an overview on its genetic diversity and charac-
terization,” 3 Biotech, vol. 5, no. 1, pp. 1–11, 2015.

[4] R. Bitariho and A. McNeilage, “Population structure of
montane bamboo and causes of its decline in echuya central
forest reserve, south west Uganda,” African Journal of
Ecology, vol. 46, no. 3, pp. 325–332, 2008.

[5] E. Cho, Y. Um, S. Kwan Yoo et al., “An expressed sequence
tag analysis for the fast-growing shoots of Bambusa edulis
murno,” Journal of Plant Biology, vol. 54, no. 6, p. 402, 2011.

[6] Y. Yu, Z. Jiang, B. Fei, G.Wang, and H.Wang, “An improved
microtensile technique for mechanical characterization of
short plant fibers: a case study on bamboo fibers,” Journal of
Materials Science, vol. 46, no. 3, pp. 739–746, 2011.

[7] P. Van der Lugt, J. Vogtländer, and H. Brezet, “Bamboo, a
sustainable solution for western europe- design cases, lcas
and land-use,” Technical Report, INBAR, Beijing, India,
2009.

[8] Z.-H. Li and M. Kobayashi, “Plantation future of bamboo in
China,” Journal of Forestry Research, vol. 15, no. 3,
pp. 233–242, 2004.

[9] A. K. Pearson, O. P. Pearson, and I. A. Gomez, “Biology of
the bamboo chusquea culeou (poaceae: bambusoideae) in
southern Argentina,” Vegetatio, vol. 111, no. 2, pp. 93–126,
1994.

[10] N.-T. Liu, F. H. Wu, H.-S. Tsay, W.-C. Chang, and C.-S. Lin,
“Establishment of a cDNA library from Bambusa edulis
Murno in vitro-grown shoots,” Plant Cell, Tissue and Organ
Culture, vol. 95, no. 1, p. 21, 2008.

[11] S. Johnson, Reinventing the Wheel, The Daily Princeton,
Princeton, NJ, USA, 2008, http://www.dailyprincetonian.
com/2008/04/24/20982/.

[12] Y. Xiao, Q. Zhou, and B. Shan, “Design and construction of
modern bamboo bridges,” Journal of Bridge Engineering,
vol. 15, no. 5, pp. 533–541, 2010.

[13] K. F. Chung and W. K. Yu, “Mechanical properties of
structural bamboo for bamboo scaffoldings,” Engineering
Structures, vol. 24, no. 4, pp. 429–442, 2002.

[14] Food and Agriculture Organization of the United Nations,
Global Forest Resource Assessment 2010, Food and Agri-
culture Organization of the United Nations, Rome, Italy,
2010.

[15] L. Gu, Y. Zhou, T. Mei, G. Zhou, and L. Xu, “Carbon
footprint analysis of bamboo scrimber flooring-implications
for carbon sequestration of bamboo forests and its products,”
Forests, vol. 10, no. 1, p. 51, 2019.

[16] M. Lobovikov, M. Guardia, and L. Russo, World Bamboo
Resources: A Thematic Study Prepared in the Framework of
the Global Forest Resources Assessment, Food and Agricul-
ture Organization, Rome, Italy, 2007.

[17] Z. H. Zhu, The Development of Bamboo and Rattan in
Tropical China, China Forestry Publishing House, Beijing,
China, 2001.

[18] X. Chen, X. Zhang, Y. Zhang et al., “Changes of carbon stocks
in bamboo stands in China during 100 years,” Forest Ecology
and Management, vol. 258, no. 7, pp. 1489–1496, 2009.

[19] State Forestry Administration of China, Forest Resources in
China-The 8th National Forest Inventory, Statse Forestry
Administration of China, Beijing, China, 2015.

[20] M. Waite, “Sustainable textiles: the role of bamboo and
comparison of bamboo textile properties,” Journal of Textile
and Apparel, Technology and Management, vol. 6, pp. 1–21,
2009.

[21] D. Farrelly, The Book of Bamboo: A Comprehensive Guide to
This Remarkable Plant, its Uses, and its History, Thames and
Hudson, London, UK, 1984.

[22] H. P. S. Abdul Khalil, I. U. H. Bhat, M. Jawaid,
M. A. Hermawan, and Y. S. Hadi, “Bamboo fibre reinforced
biocomposites: a review,” Materials & Design, vol. 42,
pp. 353–368, 2012.

[23] J. Q. Yuen, T. Fung, and A. D. Ziegler, “Carbon stocks in
bamboo ecosystems worldwide: estimates and uncertainties,”
Forest Ecology and Management, vol. 393, pp. 113–138, 2017.

[24] S. Srivaro, “Potential of three sympodial bamboo species
naturally growing in Thailand for structural application,”
European Journal of Wood andWood Products, vol. 76, no. 2,
pp. 643–653, 2017.

[25] N. M. Riaño, X. Londoño, Y. López, and G. J. Gómez, “Plant
growth and biomass distribution on Guadua angustifolia
kunth in relation to ageing in the valle del cau-
ca—Colombia,”The Journal of the American Bamboo Society,
vol. 16, pp. 43–51, 2002.

[26] G. M. Zhou, P. K. Jiang, and L. F. Mo, “Bamboo: a possible
approach to the control of global warming,” International
Journal of Nonlinear Science and Numerical Simulation,
vol. 10, pp. 547–550, 2009.

[27] T. Afrin, T. Tsuzuki, R. K. Kanwar, and X.Wang, “The origin
of the antibacterial property of bamboo,” Journal of the
Textile Institute, vol. 103, no. 8, pp. 844–849, 2012.

[28] A. Tarannum, R. K. Kanwar, W. Xungai, and T. Takuya,
“Properties of bamboo fibres produced using an environ-
mentally benign method,” Journal.The Journal of The Textile
Institute, vol. 105, pp. 1293–1299, 2014.

[29] P. Zhang, H. Lin, and Y. Y. Chen, “Anti-ultraviolet and anti-
bacterial finish of bamboo pulp fabric treated by HBP-NH,”
Advanced Materials Research, vol. 175-176, pp. 598–601,
2011.

[30] W. P. Wysocki, L. G. Clark, L. Attigala, E. Ruiz-Sanchez, and
M. R. Duvall, “Evolution of the bamboos (bambusoideae;
poaceae): a full plastome phylogenomic analysis,” BMC
Evolutionary Biology, vol. 15, p. 50, 2015.

[31] D. Grosser and W. Liese, “On the anatomy of Asian bam-
boos, with special reference to their vascular bundles,”Wood
Science and Technology, vol. 5, pp. 290–312, 1971.

[32] W. B. Chiu, C. H. Lin, C. J. Chang et al., “Molecular
characterization and expression of four cDNAs encoding
sucrose synthase from green bamboo Bambusa oldhamii,”
New Phytologist, vol. 170, pp. 53–63, 2006.

[33] V. Kleinhenz and D. J. Midmore, “Aspects of bamboo
agronomy,” Advances in Agronomy, vol. 74, pp. 99–145,
2001.

[34] U. G. K. Wegst, “Bending efficiency through property gra-
dients in bamboo, palm, and wood-based composites,”
Journal of the Mechanical Behavior of Biomedical Materials,
vol. 4, pp. 744–755, 2011.

[35] D. Choi, J. H. Kim, and Y. Lee, “Expansions in plant de-
velopment,” Advances in Botanical Research, vol. 47, p. 51,
2008.

[36] L. Y. Zhang, M. Y. Bai, J. Wu et al., “Antagonistic HLH/
bHLH transcription factors mediate brassinosteroid

6 The Scientific World Journal

http://www.dailyprincetonian.com/2008/04/24/20982/>
http://www.dailyprincetonian.com/2008/04/24/20982/>


regulation of cell elongation and plant development in rice
and arabidopsis,” Plant Cell, vol. 21, pp. 3767–3780, 2009.

[37] T. N. Tsuyama, T. Shimada, T. Motoda et al., “Lignification
in developing culms of bamboo Sinobambusa tootsik,”
Journal of Wood Science, vol. 63, p. 551, 2017.

[38] X. C. Song, G. Peng, H. Zhou, and C. Zhang, “Dynamic
allocation and transfer of non-structural carbohydrates, a
possible mechanism for the explosive growth of moso
bamboo (Phyllostachys heterocycla),” Scientific Reports,
vol. 6, Article ID 25908, 2016.

[39] W. C. Lin, Studies on the Growth of Bamboo Species in
Taiwan, Taiwan Forestry Research Institute, Taipei, Taiwan,
1958.

[40] K. Ueda, Studies on the Physiology of Bamboo; with Reference
to Practical Application, Kyoto University, Kyoto, Japan,
1960.

[41] K. P. J. Buckingham, L. Wu, I. V Ramanuja Rao et al., “The
potential of bamboo is constrained by outmoded policy
frames,” Ambio, vol. 40, pp. 544–548, 2011.

[42] M. Lobovikov and L. Yping, “Bamboo in climate change and
rural livelihoods,” Mitigation and Adaptation Strategies for
Global Change, vol. 17, pp. 261–276, 2012.

[43] E. J. Zachariah, D. N. Nair, A. J. Johnson, and C. S. Kumar,
“Carbon dioxide emission from bamboo culms,” Plant Bi-
ology, vol. 18, pp. 400–405, 2016.

[44] R. Terefe, L. Jian, and Y. Kunyong, “Role of bamboo forest for
mitigation and adaptation to climate change challenges in
China,” Journal of Scientific Research and Reports, vol. 24,
no. 1, pp. 1–7, 2019.

[45] F. Mao, P. Li, H. Du et al., “Optimizing selective cutting
strategies for maximum carbon stocks and yield of moso
bamboo forest using biome-BGC model,” Journal of Envi-
ronmental Management, vol. 191, pp. 126–135, 2017.

[46] F. Mao, P. Li, G. Zhou et al., “Development of the biome-bgc
model for the simulation of managed moso bamboo forest
ecosystems,” Journal of Environmental Management,
vol. 172, pp. 29–39, 2016.

[47] Z. Shang, X. Xu, Y. Shi, Y. Zhou, and C. Gu, “Moso bamboo
forest extraction and aboveground carbon storage estimation
based on multi-source remotely sensed images,” Interna-
tional Journal of Remote Sensing, vol. 34, pp. 5351–5368,
2013.

[48] X. Li, G. Zhou, X. Xu et al., “Assimilating leaf area index of
three typical types of subtropical forest in China from modis
time series data based on the integrated ensemble kalman
filter and prosail model,” ISPRS Journal of Photogrammetry
and Remote Sensing, vol. 126, pp. 68–78, 2017.

[49] H. Q. Du, G. M. Zhou, W. Fan et al., “Spatial heterogeneity
and carbon contribution of aboveground biomass of moso
bamboo by using geostatistical theory,” Plant Ecology,
vol. 207, pp. 131–139, 2009.

[50] G. M. Zhou, C. F. Meng, P. K. Jiang, and Q. F. Xu, “Review of
carbon fixation in bamboo forests in China,” The Botanical
Review, vol. 77, pp. 262–270, 2011.

[51] G. X. Zhou, H. Du, H. Ge, Y. Shi, and Y. Zhou, “Estimating
aboveground carbon of moso bamboo forests using the k
nearest neighbors technique and satellite imagery,” Photo-
grammetric Engineering & Remote Sensing, vol. 77,
pp. 1123–1131, 2011.

[52] H. Q. Du, G. M. Zhou, W. Fan et al., “Satellite-based carbon
stock estimation for bamboo forest with a non-linear partial
least square regression technique,” International Journal of
Remote Sensing, vol. 33, pp. 1917–1933, 2012.

[53] Y. Li, Q. Zeng, Z. Wu, G. Zhou, and B. Chen, “Estimation of
amount of carbon pool in natural tropical forest of China,”
Forest Research, vol. 11, pp. 156–162, 1998.

[54] H. Komatsu, Y. Onozawa, Y. Shinohara, and K. Otsuki,
“Canopy conductance for a moso bamboo (Phyllostachys
pubescens) forest in western Japan,” Agricultural and Forest
Meteorology, vol. 156, pp. 111–120, 2012.

[55] X. G. Song, H. Zhou, H. Jiang et al., “Carbon sequestration by
Chinese bamboo forests and their ecological benefits: as-
sessment of potential, problems, and future challenges,”
Environmental Reviews, vol. 19, pp. 418–428, 2011.

[56] B. Collin, C. Doelsch, F. Panfili, J. L. Hazemann, and
J. D. Meunier, “Evidence of sulfur-bound reduced copper in
bamboo exposed to high silicon and copper concentrations,”
Environmental Pollution, vol. 187, pp. 22–30, 2014.

[57] V. D. Arfi, N. Bagoudou, and G. Boisa, “Initial efficiency of a
bamboo grove-based treatment system for winery waste-
water,” Desalination, vol. 246, pp. 69–77, 2009.

[58] K. Sudhakara and C. M. Jijeesh, “Bamboos: emerging carbon
sink for global climate change mitigation,” in Proceedings of
the Conference: National Workshop on Carbon Sequestration
in Forest and Non Forest Ecosystems, Jabalpur, India, Feb-
ruary 2015.

[59] C. J. Chen, “Ecological cultivation for bamboo forest,”
Journal of Fujian College of Forestry, vol. 16, pp. 188–192,
1996.

[60] Z. Q. Gao and M. Y. Fu, “Comparison of underplant species
diversity in different structured Phyllostachys heterocycla var.
pubescens stands,” Journal of Zhejiang Forestry Science and
Technology, vol. 25, pp. 1–5, 2005.

[61] Y. P. Lou and L. R. Wu, “Growth dynamics of pure Phyl-
lostachys pubescens stands transformed from mixed stands,”
Forestry Research, vol. 10, pp. 35–41, 1997.

[62] H. F. Lu, C. J. Cai, X. S. Zheng et al., “Bamboo vs. crops: an
integrated emergy and economic evaluation of using bamboo
to replace crops in south Sichuan province, China,” Journal
of Cleaner Production, vol. 177, pp. 464–473, 2018.

[63] Q. Xu, P. Jiang, and Z. Xu, “Soil microbial functional di-
versity under intensively managed bamboo plantations in
southern China,” Journal of Soils and Sediments, vol. 8,
pp. 1439–0108, 2008.

[64] J. S. Chen, C. Li, Q. Liang, and J. J. Fuhrmann, “Response of
microbial community structure and function to short-term
biochar amendment in an intensively managed bamboo
(Phyllostachys praecox) plantation soil: effect of particle size
and addition rate,” Science of The Total Environment,
vol. 574, pp. 24–33, 2017.

[65] X. D. Cao, L. N. Ma, B. Gao, and W. Harris, “Dairy-manure
derived biochar effectively: sorbs lead and atrazine,” Envi-
ronmental Science & Technology, vol. 43, pp. 3285–3291,
2009.

[66] P. Lucchini, R. S. Quilliam, T. H. Deluca, T. Vamerali, and
D. L. Jones, “Increased bioavailability of metals in two
contrasting agricultural soils treated with waste wood-de-
rived biochar and ash,” Environmental Science and Pollution
Research, vol. 21, pp. 3230–3240, 2014.

[67] P. Lucchini, R. S. Quilliam, T. H. Deluca, T. Vamerali, and
D. L. Jones, “Does biochar application alter heavy metal
dynamics in agricultural soil?” Agriculture, Ecosystems &
Environment, vol. 184, pp. 149–157, 2014.

[68] M. Uchimiya and K. T. Klasson, “Screening biochars for
heavy metal retention in soil: role of oxygen functional
groups,” Journal of Hazardous Materials, vol. 190, pp. 432–
441, 2011.

The Scientific World Journal 7



[69] W. Buss, C. Kammann, and H. W. Koyro, “Biochar reduces
copper toxicity in Chenopodium quinoa willd: in a sandy
soil,” Journal of Environmental Quility, vol. 41, pp. 1157–
1165, 2012.

[70] K. Lu, Y. Bolan, N. Niazi et al., “Effect of bamboo and rice
straw biochars on the mobility and redistribution of heavy
metals (Cd, Cu, Pb and Zn) in contaminated soil,” Journal of
Environmental Management, vol. 186, pp. 285–292, 2017.

[71] D. Houben, L. Evrard, and P. Sonnet, “Mobility, bioavail-
ability and pH-dependent leaching of cadmium, zinc and
lead in a contaminated soil amended with biochar,” Che-
mosphere, vol. 92, pp. 1450–1457, 2013.

[72] C. D. Wang, X. Alidoust, and A. Yang, “Effects of bamboo
biochar on soybean root nodulation in multi-elements
contaminated soils,” Ecotoxicology and Environmental
Safety, vol. 150, pp. 62–69, 2018.

[73] S. Li, Y. Wang, and Q. Liu, et al., “Cu induced changes of
ultrastructure and bioaccumulation in the leaf of moso
bamboo (Phyllostachys pubescens),” Journal of Plant Nutri-
tion, vol. 41, no. 3, pp. 288–296, 2017.

[74] Z. Y. Sun, T. Wang, Y. Q. Tang, and K. Kida, “Development
of a more efficient process for production of fuel ethanol
from bamboo,” Bioprocess and Biosystems Engineering,
vol. 38, pp. 1033–1043, 2015.

[75] H. Huang, S. H. Jin, and H. Yamamoto, “Study on strength
characteristics of reinforced soil by cement and bamboo
chips,” Applied Mechanics and Materials, vol. 71–78,
pp. 1250–1254, 2011.

[76] Z. H. Peng, Y. Lu, L. B. Li, Q. Zhao, and Z. Gao, “The draft
genome of the fast-growing non-timber forest species moso
bamboo (Phyllostachys heterocycla),” Nature Genetics,
vol. 45, pp. 456–461, 2013.

[77] S. Youssefian and N. Rahbar, “Molecular origin of strength
and stiffness in bamboo fibrils,” Scientific Reports, vol. 5,
Article ID 11116, 2015.

[78] T. Y. Lo, H. Z. Cui, and H. C. Leung, “The effect of fiber
density on strength capacity of bamboo,” Materials Letters,
vol. 58, pp. 2595–2598, 2004.

[79] L. Osorio, A. W. Van Vuure, and I. Verpoest, “Morpho-
logical aspects and mechanical properties of single bamboo
fibers and flexural characterization of bamboo/epoxy com-
posites,” Journal of Reinforced Plastics and Composites,
vol. 30, pp. 396–408, 2010.

[80] X. Londoño, G. Camayo, N. Riaño, and Y. López, “Char-
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