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Executive Summary 
 

Currently, Vietnam has about 1.4 million ha of bamboo and occupies approximately 15% of 
the total natural forest area with an estimated volume of 8.4 billion stems. Of this area, about 
800,000 ha are classified as pure bamboo and another area of 600,000 ha is mixed with 
natural forests. In addition to that, the bamboo plantation in Vietnam also expanded 
tremendously and reach almost 100,000 ha for now. Vietnam also has more than 6 million ha 
of barren land and a large area of this is believed to be suitable for bamboo plantation. From 
the processing angle, Vietnam has 713 bamboo and rattan related craft villages out of 2017 
villages of all kinds across country. Bamboo related industries both modern and traditional 
really play a vital role in solving rural labor, especially the off-farm season labor, and 
contribute tremendously to the income generation, thus alleviate poverty and improve well-
being for the rural people. Significant attention to bamboo industry in Vietnam has been paid 
over the last decade. The development of bamboo sector in Vietnam went hand in hand with 
the renovations and developments of State Forest Enterprise, the policy for forest 
management and decentralization and craft village development master plan. A synchronous 
institutional, economical technical change has liberated vital resources and encouraged every 
economic sector to participate in bamboo resource development and processing and trading.  

The development scenario is clear. It is a common understanding that natural bamboo is 
plethora while craft-villages, bamboo based-furniture, industrial floor, construction material, 
and paper industry are in the thirsty of raw materials. The only concerned issue is how much 
bamboo resource Vietnam has, where and what they are. At the national level, statistics is 
available at provincial level, in terms of area and volume. However this data is not updated 
frequently and the accuracy is in question. Therefore, there is a great demand to resurvey 
bamboo resource at district and species levels in order to have appropriate strategy for 
exploitation and management.  

In this study, we use remote sensing technology and ground truth points as well as the 
available surveyed plots to quantify bamboo areas in Hoa Binh, Thanh Hoa, Nghe An, Quang 
Nam, Quang Ngai, Kon Tum and Dak Lak provinces. Landsat5-TM, Landsat7-ETM and 
SPOT 5 are the main RS data source for interpretation.  ERDAS Imagine image processing 
package and MapInfo were employed for image interpretation and map generation 

The result of bamboo area and stock were presented in the following table. 
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   Unit: Area: ha; Stock: 1000 culms 

Total Mixed bamboo Natural bamboo Plantation bamboo  

Province 
Area Stock Area Stock Area Stock Area Stock 

Hoa Binh 27,219 311,617 7,462 119,392 12,784 178,976 6,973 13,248 
Thanh Hoa 194,679 1,830,339 52,473 577,203 80,727 1,130,178 61,479 122,958 

Nghe An 134,307 1,500,829 48,708 467,597 81,730 1,021,625 3,869 11,607 

Quang Nam 8,969 224,225   8,969 224,225   

Quang Ngai 3,374 57,358   3,374 57,358   

Kon Tum 107,537 1,140,548 38,368 498,784 69,169 64,1764   

Dak Lak 30,331 401,206 11,687 140,244 18,644 261,016   

At the scale of this project, 1/100,000 and spatial resolution of Landsat ETM+ and SPOT 5, 
we were able to identify 3 main type of bamboo: mixed bamboo with woody forest, natural 
bamboo and plantation bamboo. However given the nature of bamboo is mixed with woody 
forest, it is not possible to map it to species level. 
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INTRODUCTION 
 
From the market and macro planning demands for the quantitative data on bamboo resource, 
there is a need for accurate bamboo mapping. In Vietnam, bamboo has been mapped as part 
of the National forest inventory conducted every 5 years at 1:100.000 scale. Result of this 
program while being considered as the official data, were not detail enough to use for 
quantitative measurement. Bamboo, being just 1 category among many others, may not given 
priority compare to other woody forest classes. There are also time gap between 2 inventories 
that need to take into account. 
 
Another source of bamboo information is the data provided by provincial inventory which 
were aggregated from lower level annual update. Quality of this data varies a lot from one 
province to another, depends on the skill of field staff and also on resource allocated to the 
task. 
 
Although forest mapping using imagery data have been used for long time and become 
operational standard in forestry, mapping bamboo in particular is still remain a difficult task. 
Image classification is one of the most powerful tools in digital image processing. It allows 
one to take a multitude of spectral band data and convert it to a value-added product that 
conveys the type of land cover in the study site (Jensen 1996). However, natural bamboo 
often been mixed with other woody species, it does not show a clear spectral signature on the 
image which is the key of classification process. Then, even when pure bamboo is found in a 
large scale, species identification directly from image is still subject to uncertainty. In 
addition, the formal characteristics of land use such as its effect on cover structure, phenology 
and composition, is more relevant than the purpose of function of land use (Veldkamp et. al., 
1996).  

In this study we tried to bride the gap in previous studies by using updated image (LandSat 
ETM+ and SPOT 5), carried out extensive field survey which was focused only on bamboo. 
We also utilized data from the system of permanent plots monitored by FIPI as part of the 
National Forest Inventory program. Adopting this “hybrid approach” is the most efficient way 
to deliver a reasonable result within the frame of time and resources of this project. 
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PART I: BAMBOO MAPPING METHOD  

1.1 Data, Software and Hardware 

1.1.1 Data 

Spot 5 imagery, acquired on 1st quarter 2005, spatial resolution 2.5m -10 m 

Landsat ETM+, acquired on 1st quarter 2005, spatial resolution 15m – 30 m 

Forest status map updated on 2005 

Digital topographic map, scale 1: 50.000 in VN 2000 projection. 

1.1.2 Software and tools 

Software 

� ERDAS IMAGINE 8.5: for image processing. 

� MapInfo: for map digitizing and layout preparation. 

� ARC/VIEW: for spatial analysis, map interaction, and data aggregation. 

� EXCEL: for statistical analysis and report creation. 

� GAR/FILE (MapSource): for GPS data processing 

Hardware 

� PC station with relevance software installed. 

� GPS: to locate sample point on the field (GARMIN GPS V)  

� Digital camera: to take picture on the field, and assists image interpretation 

� Compass: for field navigation 

� Binocular 

1.2 Bamboo category 
According to FIPI forest classification definition, bamboo can be grouped into following 
categories: 
 
Pure bamboo: bamboo covers more than 70% 

·  Stage 1: Small bamboo: Diameter <= 2cm; Density: more than 10,000 culms per ha 
·  Stage 2: Medium bamboo: Diameter = 3-4cm; Density: 10,000  to more than 20,000 

culms per ha 
·  Stage 3: Great bamboo: Diameter > 5cm ; Density: 5,000 to more than 15,000 culms 

per ha 
Mixed bamboo: bamboo covers less than 70% 
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·  Stage 1: Bamboo mixed with wood (bamboo cover more  than 50% area) 
·  Stage 2: Wood mixed with bamboo (woody species cover more than 50% area) 

1.3 Method for Bamboo Mapping  

To simplify the image processing and retain a high accuracy result, we followed a 2 stages 
approach. In the 1st stage, images from different date were visually inspected to find out the 
most suitable ones. The selected images were mosaic to produce coverage of the relevance 
province. standard image correction was applied such as: histogram matching, image 
stretching and image sharpening, to enhance the image quality (Jensen 1996; Schowengerdt 
1997). The enhanced image was pre-classified, using expert knowledge. Classification keys 
were visually identified on the image. The result of 1st stage classification was used to prepare 
the fieldwork plan, designed sampling plots and transacts. 

In the 2nd stage, the results from 1st stage classification were validated on the field. 
Misclassification area was withdrawal from the classification keys; new classes were added 
based on field validation. In the last step, the bamboo map was created using the new 
classification keys. 

The image processing was summarized in the Figure 1 and Figure 2. 
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Figure 1: Bamboo mapping process from LANDSAT 7 ETM+ 
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Figure 2: Bamboo mapping process from SPOT 5 
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1.4 Image Pre-processing   

Remote sensing data is taken from difference times, difference weather condition, difference 
geometric setting due to the spin of the earth and angle of image acquisition, therefore pre-
processing is needed in order to archive comparable, reliable results (Nicholas 2003). In this 
project, we used ERDAS IMAGINE 8.6, the powerful image processing software which is 
widely used in Vietnam.  

1.4.1 Color Composite 

SPOT5 images were acquired in different wave length (bands). Each band is sensitive to 
different type of land cover on the earth surface. However a single band is displayed in gray 
scale and is not very convenient for visual interpretation. It’s a common practice to produce a 
color composite which display 3 bands in Red, Green, Blue (RGB) (Wilkie 1996). A color 
composite is easier to understand for human eyes than a gray scale image. For SPOT 5 image, 
we used a natural color composite which put band 3 (Red), band 2 (Green), band 1 (Blue) in 
RGB order. Natural color composite display object with the real color in the ground, so the 
vegetation is green, water is dark, urban area is white. 

1.4.2 Geometry Correction 

Geometric correction is undertaken to avoid geometric distortions from a distorted image, and 
is achieved by establishing the relationship between the image coordinate system and the 
geographic coordinate system using calibration data of the sensor, measured data of position 
and attitude, ground control points (GCP).  

For each SPOT 5 image, 30 GCPs were carefully selected from clear landmark which easily 
to find on map and not likely to move, e.g. road intersection. GCP were taken across all over 
image to archive best accuracy after the process of transformation. 

The step of geometric correction for SPOT 5 images can be summarized as followed: 

·  For color composite image we followed “map to image” method which taken GCP 
from the topographic map VN2000. GCPs were carefully selected from clear landmark 
on the map, points with RMS errors bigger than 1 pixel will be eliminated. 

·  For Panchromatic image we followed the image to image correction method. Color 
composite corrected from the first step image were used as the reference images. 

In the last step, the topographic map was overlay on top of the geo-corrected image to visually 
accuracy assessment. Areas where errors are bigger than 2.5 m (spatial resolution) will be 
further corrected. 

1.4.3 Image Enhancement 
Spatial resolution enhancement:  
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Panchromatic band of SPOT5 with resolution of 2.5 m were fused with color composite 
image. The result is a color composite with higher resolution. This technique is widely used in 
remote sensing to improve the quality of visual interpretation (ERDAS 1999) 

 
Image before spatial enhancement 

 
          Image after spatial enhancement 

Figure 3: Spatial Resolution Enhancement 

 
Contrast stretching and image sharpening:  

Contrast stretching was used to enhance the visual interpretation and ability to separate 
different ground target. Image sharpening was also applied in order to increase the visibility 
of linear target such as road, river, and border between different land use types.  

 

1.5 Initial Bamboo Map Interpretation 

1.5.1 Develop the Interpretation Keys 

Each forest type, also called end-members, has their own interpretation’s characteristic on the 
image, including: color, brightness, texture. However because of differences in light intensity, 
slope aspect, shadow, each end-member may have variation in interpretation key. Therefore 
we need to develop a set of interpretation keys for each end-member, taking into account the 
relationship between forest’s type and image characteristics: 

Step 1: Initial development of interpretation keys.  

Based on FIPI system of long-term observation plots with known ground information, we 
developed an initial set of interpretation keys for bamboo forest. Each end-member’s 
interpretation keys were recorded with detail about: image characteristics (color, light 
intensity, texture) and forest type, forest structure, and also the relation of the target with 
surrounding environment such as road network, river, and artificial objects. 

Step 2: Fieldwork verification 
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Field surveys were carried out to verify interpretation keys for each end-member. Navigation 
to sample plots was conducted with the help of GPS. At each plots following information 
were recorded: 

� Identify forest type 

� Take digital picture of the plot  

� Description of forest status with a 500 m2 plot: species information, density, trees high 

and diameter, volume, canopy closure.  

The field survey also give the interpreter an inside understanding of the target area including 
actual forest status, land use management which are essential for accurate image interpretation 

Step 3: Finalized the interpretation keys. 

Combine the field verification with initial interpretation keys. Confirmed the correct keys, 
remove and replace the missing keys with new keys based on field observation. Finalize the 
set of interpretation keys for bamboo forest. 

ID Forest type Interpretation 
key 

Image characteristic Geographical 
characteristic 

41a Closed canopy  
natural bamboo 
 

 

Dark green, waved, fine 
texture 

Hill top, mountain slop 

41b Semi-opened 
canopy natural 
bamboo   

 

Yellowish green mixed 
with light brown, very 
fine texture 

Hill top, mountain slop 

41c Open canopy 
natural bamboo  

 

Light green, medium 
fine texture, spotted 
with light orange 

Hill top, mountain slop 

36a Mixed bamboo 
with every green 
closed canopy 
forest  

 

Dark green, roughly 
waved, fine texture 

High hill land or 
mountain 

36b Mixed bamboo 
with every green 
semi-opened 
canopy forest  

 

Green mixed with 
yellowish brown. 
Medium fine texture 

High mountain 

36c Mixed bamboo 
with every green 
opened canopy 
forest 

 

Light green, mixed 
with yellowish green, 
rough texture  

Hill or mountain slop  
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60a Closed canopy 
plantation bamboo  

 
 

Blueish green, very fine 
texture, clear boundary 

Hilland, near 
agriculture land  

60b Semi-opened 
canopy plantation 
bamboo 

 

Light blueish green, 
very fine texture, clear 
boundary 

Hilland, near 
agriculture land 

60c Opened canopy 
plantation bamboo 

 

Very light blueish 
green, very fine texture, 
linear feature 

Hilland, near 
agriculture land 

60d Very opened 
canopy plantation 
bamboo 

 

Very light green on top 
of dark reddish brown, 
very fine texture 

Hilland, near 
agriculture land 

Table 1: Set of Interpretation Key for LandSat 7 ETM+ 

1.5.2 Image Interpretation 

Apply the interpretation keys for the SPOT5 and LandSat ETM+ images. Forest types were 
visually interpreted, boundaries of forest plot were drawing on the image using MapInfo on-
screen digitizing program. Each plot was assigned with a pre-coding system, so that the result 
was available in form of database readily to further analysis.  

 

Figure 5: Visual Interpretation of LandSat ETM+ 
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Figure 6: Visual Interpretation of SPOT 5 image 

1.5.3 Field Survey Verification 

Objective of the field survey 

� Confirm uncertain target found in interpretation 

� Correct miss interpretation target 

� Collection of ground parameters for stock estimation  

Field survey preparation and implementation 

Following material were printed for field checking: 

� Color composite image printed on top of topographic map 

� Interpretation result printed on top of topographic map 

� Map of long-term observation plots 

� Pre-designed transactions 

� Random plot for ground check 

Field navigation to plots was done using GPS. Local forest rangers were mobilized to assist 
on the field for species identification and land use history. At each plot, important parameter 
such as: land use, site condition, species composition, high, density, diameter and canopy 
closure were recorded. Transects were surveyed to understand and identify the change in 
image characteristics, landscape condition, and species composition between different 
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bamboo types. All ground plots were transferred to GIS environment and use for species 
identification and stock estimation. 

Finalize Map Result  

Map result were finalize with field survey information. Uncertain object were identified with 
ground observation and re-interpreted. Verify map topology to create polygon, and assigned 
attribute data. 

Bamboo species, density were assigning to each plot using field data. Volume was estimated 
using established algometric equation (FIPI 1995). 
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PART II: ESTIMATE OF BAMBOO AREA AND STOCK 

2.1 Hoa Binh Province 

Area by forest type

47%

27%
26%

Mixed bamboo: 7,462 ha

Natural bamboo: 12,784 ha

Plantation bamboo: 6,973 ha
 

Volume by Forest Type

38%

58%

4%

Mixed Bamboo: 119,392 

Natural Bamboo: 178,976

Plantation Bamboo: 13,248

 
Unit: 1,000 culms 

Figure 7: Area and stock of bamboo forest distribution by forestry type in Hoa Binh 

As shown in Figure 1, natural bamboo is dominated term of area. However, plantation 
bamboo, with high investment from 661 programs, has better potential in the future with their 
contribution to the total stock surplus their area (31% and 26% respectively). As the 
plantation bamboo grow-up it can be expected that this gap was expected to be increased. 

Unit: Area: ha; Stock: 1,000 culms 

Total Mixed woody & 
bamboo forest 

Natural bamboo Plantation bamboo 
District 

Area N/ha Stock Area Stock Area Stock Area Stock 

SUM   27,219 11,000 311,617 7,462 119,392 12,784 178,976 6,973 13,248 

 Cao Phong  1,325 9,000 12,236 570 9,120 139 1,946 616 1,170 
 Kim Bui  1,134 15,000 17,264 694 11,104 440 6,160 0 0 
 Ky Son  1,653 13,000 21,239 906 14,496 440 6,160 307 583 
 Luong Son  1,423 15,000 21,742 910 14,560 513 7,182 0 0 
 Lac Son  1,968 15,000 30,030 1,239 19,824 729 10,206 0 0 
 Lac Thuy  1,454 15,000 21,379 1,123 17,968 230 3,220 101 191 
 Mai Chau  4,562 8,000 37,752 682 10,912 1,609 22,526 2,271 4,314 
 T.X Hoà Binh 1,394 8,000 11,767 524 8,384 143 2,002 727 1,381 
 Ton Lac  597 14,000 8,283 253 4,048 296 4,144 48 91 
 Yon Thuy  1,249 15,000 18,608 561 8,976 688 9,632 0 0 
 Da Bac  10,460 11,000 111,314   7,557 105,798 2,903 5,515 

Table 2: Estimate bamboo area and stock for Hoa Binh province 
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Hoa Binh province has totally 27.000 ha bamboo distributed over 11 districts. Tre Gai 
(Bambusa blumeana) and Nua (Schizostachyum funghomii) have highest area of 13.000 ha, 
second is Luong (Dendrocalamus barbatus) with area of 7.000 ha, mainly planted at Da Bac 
and Mai Chau district. These two districts having natural condition very suitable for bamboo 
with high moisture and water availability. Mixed bamboo and woody species occupied an 
area of 7.000 ha mainly at Lac Son and Lac Thuy district. Over the last 15 years Luong 
(Dendrocalamus barbatus) is widely accepted in Hoa Binh province as a valuable fast 
growing species, suitable to local condition and stable in market value. 

 

Figure 8: Bamboo distribution in Hoa Binh Province 
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2.2 Thanh Hoa Province 
 

Area by forest type

27%

41%

32%

Mixed bamboo: 52,473 ha

Natural Bamboo: 80,727 ha

Plantation Bamboo: 61,479 ha

 

 

Volume by forest type

32%

61%

7%

Mixed bamboo: 577.203 culm

Natural Bamboo: 1.130.178 culm

Plantation Bamboo: 122.958 culm
 

Unit: 1,000 culms 

Figure 9: The area and stock of bamboo forest distribution by forestry type in Thanh 
Hoa 

Unit: Area: ha; Stock: 1000 culms 

District Total 
Mixed woody & 
bamboo forest 

Natural bamboo 
forest 

Plantation 
bamboo 

  Area N /ha Stock Area Stock Area Stock Area Stock 

Sum 194,679 9,000 1,830,339 52,473 577,203 80,727 1,130,178 61,479 122,958 

Dong Son                  

Ba Thuoc 8,402 4,000 30,019 1,139 12,529 247 3,458 7,016 14,032 

Cam thuy 3,251 6,000 18,043 673 7,403 457 6,398 2,121 4,242 

Ha Trung                  

Hau Loc                  

Hoang Hoa                  

Lang Chanh 19,943 7,000 135,070 3,332 36,652 5,433 76,062 11,178 22,356 

Muong Lat 23,59 12,000 291,653 10,893 119,823 12,203 170,842 494 988 

Nong Cong                  

Nga Son                  

Ngoc Lac 9,679 3,000 25,073 175 1,925 345 4,830 9,159 18,318 

Nhu Thanh 5,256 10,000 51,300 600 6,600 2,949 41,286 1,707 3,414 

Nhu Xuan 16,132 13,000 205,703 6,159 67,749 9,834 137,676 139 278 

Quang Xuong                  

Quan Hoa 28,157 5,000 143,734 4,48 49,280 3,925 54,950 19,752 39,504 

Quan Son 43,556 11,000 494,920 13,84 152,240 23,604 330,456 6,112 12,224 

Thach Thanh 805 7,000 5,555 197 2,167 181 2,534 427 854 
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Tho Xuan 793 2,000 1,586         793 1,586 

Thuong Xuan 34,819 12,000 425,393 10,839 119,229 21,517 301,238 2,463 4,926 

Thieu Hoa 16 2,000 32         16 32 

TP Thanh Hoa                  

Trieu Son 134 5,000 652     32 448 102 204 

Tinh Gia 146 11,000 1,606 146 1,606         

TX Bim Son                   

TX Sam Son                   

Vinh Loc                   

Yen Dinh                   

Table 3: Estimate bamboo area and stock for Thanh Hoa province 

Thanh Hoa has the largest bamboo area in all 7 provinces. The Luong (Dendro Calamus) 
were planted widely planted for decades due to suitable soil and weather condition. Total 
bamboo area is about 195,000 ha, mainly distributed at the western part of the province. The 
plantation Luong (Dendro Calamus) is 65,000 ha distrusted at Quan Hoa, Lang Chanh, Ba 
Thuoc, Ngoc Lac and Quan Son province 

 
Figure 10: Bamboo distribution in Thanh Hoa 
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2.3 Nghe An Province 

Nghe An has a large area of bamboo distributed mainly in the west area. Total bamboo area is 
134.307 ha, including 82.000 natural Nua (Schizostachyum funghomii), 49.000 ha mixed 
bamboo and 4.000 ha plantation Luong (Dendrocalamus barbatus) 

Area by forest type

3%

36%

61%

Mixed bamboo: 48,707 ha

Natural bamboo: 81,730 ha

Plantation bamboo: 3,869 ha
 

Stock by forest type

1%

31%

68%

Mixed bamboo: 467,597 culm

Natural bamboo: 1,032,625 culm

Plantation bamboo: 11,607 culm

 
Unit: stock= 1,000 culms 

Figure 11: The area and stock of bamboo forest distribution by forestry type in Nghe An 

Unit: Area: ha; Stock: 1,000 culms 

Total Mixed woody & 
Bamboo 

Natural bamboo Plantation 
bamboo 

District 
Area Nbq 

/ha 
Stock Area Stock Area Stock Area Stock 

Sum 134,307 8,000 1,500,829 48,708 467,597 81,730 1,021,625 3,869 11,607 
TP Vinh                   
Do Luong 22 8,000 66         22 66 

TX Cua Lo                   

Con Cuong 18,337 8,000 195,791 6,352 60,979 10,406 130,075 1,579 4,737 
Dien Chau                   
Que Phong 32,702 8,000 371,771 12,714 122,054 19,974 249,675 14 42 
Quy Chau 27,256 8,000 302,474 12,559 120,566 14,507 181,338 190 570 
Quy Hop 4,146 8,000 48,410 873 8,381 3,180 39,750 93 279 
Quynh Luu                   
Tuong Duong 22,970 8,000 257,533 6,378 61,229 15,424 192,800 1,168 3,504 
Yen Thanh 154 8,000 462         154 462 
Ky Son 11,767 8,000 128,486 6,398 61,421 5,364 67,050 5 15 
Thanh Chuong 6,382 8,000 76,577 929 8,918 5,400 67,500 53 159 
Anh Son 7,305 8,000 79,628 2,473 23,741 4,357 54,463 475 1,425 
Tan Ky 2,292 8,000 27,548     2,176 27,200 116 348 
Nghia Dan 974 8,000 12,082 32 307 942 11,775     
Hung Nguyen                   
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Nghi Loc                   
Nam Dan                   

Table 4: Estimate bamboo area and stock for Nghe An province 

 

 

Figure 12: Bamboo distribution in Nghe An 

2.4 Quang Nam Province 

Quang Nam have very small area of bamboo. There were 9.000 ha of bamboo distributed 
manily at Dong Giang, Tay Giang, and Nam Giang district. The number of culming tree is 
about 224 million. Tre gai (Bambusa blumeana) were planted along the rivers with the 
estimation of 50 million trees. However, it’s difficult to present tre gai (Bambusa blumeana) 
on the map due to its small area and scatter distribution. 

Unit: Area: ha; Stock: 1,000 culms 

Total Mixed woody 
& Bamboo 

Natural 
bamboo 

Plantation 
bamboo 

 District 
Area N/ha Stock Area Stock Area Stock Area Stock 
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Sum 8,969 25,000 224,225   8,969 224,225   

Tay Giang 2,451   25,000 61,275   2,451 61,275   

Dong Giang 3,451 25,000 86,275   3,451 86,275   

Dai Loc 46 25,000 1,150   46 1,150   

Nam Giang 1,065 25,000 26,625   1,065 26,625   

Que Son 435 25,000 10,875   435 10,875   

Bac Trà My 1,521 25,000 38,025   1,521 38,025   

Nam Tra My                   

Dien Bàn                   

Thi xo Hoi An                   

Duy Xuyon                   

Thang Binh                   

Thi xa Tam Ky                   

Nui Thanh                   

Phuoc Son                   

Hiep Duc                   

Tien Phuoc          

Table 5: Estimate bamboo area and stock for Quang Nam province 
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Figure 13: Bamboo distribution in Quang Nam 

2.5 Quang Ngai Province 

Quang Ngai having the least area of bamboo, compare to other 6 provinces. There were only 
3.000 ha of bamboo (Nua-Schizostachyum funghomii) at Son Mua, Son Dung, Son Bua 
commune of Son Tay district. 

Tre Gai (Bambusa blumeana) was widely planted along the river side with the estimation of 
20 million culms. 

Unit: Area: ha; Stock: 1,000 culms 

Total Mixed woody 
& Bamboo 

Natural 
bamboo 

Plantation 
bamboo 

District 

Area Nbq 
/ha 

Stock Area Stock Area Stock Area Stock 

Sum 3,374 17,000 57,358   3,374 57,358   

Toy Trà          

Trà Bong          

Bonh Son          

Son Ha          

Son Tinh          

TP.Q.Ngoi          

Tu Nghia            

Mo Duc                   

Duc Pho                   

Son Tay  3,374  17,000  57,358     3,374  57,358     

Ba To                   

Nghia Hành          

Ly Son                   

Table 6: Estimate bamboo area and stock for Quang Ngai province 
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Figure 14: Bamboo distribution in Quang Ngai 

2.6 Kon Tum Province 

Three main bamboo species of Kon Tum is Le (Oxynanthera nigrocilliata), Nua 
(Schizostachyum funghomii) và Lo o (Bambusa procera). There is 23.000 ha Le tep (O. 
allocilliata), this area how ever still under regeneration period thus can not be accounted for 
stock yet.  
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Figure 15: The area and stock of bamboo forest distribution by forestry type in Kon 
Tum 

Area by forest type

36%

8%
5%

26%

3%

22%

Mixed: 38,368ha
Lo O: 8,523ha
Nua: 5,681ha
Le: 28,176ha
Giang: 2,909ha
Le Tep: 23,880ha

 

Stock by forest type

44%

9%5%

40%

2%

Mixed Bamboo: 498,784 culm

Lo o: 102,276 culm

Nua: 62,491 culm
Le: 450,816 culm

Giang: 26,181culm

Unit: stock= 1,000 culm 
 

Unit: Area: ha; Stock: 1,000 culm 

Total Mixed bamboo Lo o Nua Le Giang 

District 

Area Stock Area Stock Area Stock Area Stock Area Stock Area Stock 

Le top 

Sum 107,5371,140,548 38,368 498,7848,523 102,2765,681 62,49128,176 45,8162,909 26,18123,880

DakGlei 7,939 110,072 989 12,857 2,797 30767 4,153 66,448

Dak Ha 9,674 143,090 13 169 309 3,708 55 605 8,663 138,608 634

Dak To 2,845 22,271 157 2,041 98 1,176 859 13,744 590 5,310 1,141

Kon Ray 5,391 9,608 7 91 7 77 590 9,440 4,787

Ngoc Hoi 15,525 191,995 6,919 89,9473,527 42,3241,364 15004 1,832 29,312 1712 15,408 171

Sa Thay 45,076 445,508 30,084 391,0921,774 21,288 72 792 2,021 32,336 11,125

Tu M'Rung 18,073 198,643 199 2,5872,264 27,168 227 249710,058 160,928 607 5,463 4,718

Kon Plong 3,014 19,361 551 6,6121,159 12749 1,304

N/Ha 13 13 13 12 18 9

Table 7: Estimate bamboo area and stock for Kon Tum province 
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Figure 16: Bamboo distribution in Kon Tum 
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2.7 Dak Lak Province 

Figure 17: The area and stock of bamboo forest distribution by forestry type in Dak Lak 

Area by forest type

39%

61%

Mixed Bamboo: 11.687 ha

Lo o: 18.644 ha

 

Stock by forest type

35%

65%

Mixed Bamboo: 140.244
culm
Lo o: 261.016 culm

Unit: stock= 1,000 culms 

 

Unit: Area: ha; Stock: 1,000 culms 

Total Mixed bamboo Lo o 
District  Area 

 
N 

/ha Stock Area Stock Area Stock 

Sum 30,331 13,000 401,260 11,687 140,244 18,644 261,016 

Ea H’Leo 413 13,000 5,612 85 1,020 328 4,592 

Ea Sup 139 13,000 1,668 139 1,668     

Krong Nang            

Krong Buk            

Buon Don 389 13,000 5,446     389 5,446 

Cu M’Gar            

EaKar 150 13,000 1,828 136 1,632 14 196 

Ma’Drak 1,818 13,000 22,152 1,650 19,800 168 2,352 

Krong Pak              

Buon Ma Thuot              

Krong Ana 465 13,000 6,356 77 924 388 5,432 

Krong Bong 6,376 13,000 85,012 2,126 25,512 4,250 59,500 

Lak 20,581 13,000 273,186 7,474 89,688 13,107 183,498 

Table 8: Estimate bamboo area and stock for Dak Lak province 
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Dak Lak province has more than 30,000 ha of bamboo. There is three main bamboo species 
which is including Nua, Le and Lo O. However, Lo O is majority of species which is 
distribution in Lak (20,581 ha) and Krong Bong (6,376 ha) districts. 

 

 

Figure 18: Bamboo distribution in Dak Lak
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PART III: CONCLUSION, POLICY RECOMMENDATION AND 
DISCCUSSION 

 

3.1 Accuracy Implication 

3.1.1 Accuracy Assessment 

Accuracy of the map results were accessed using a set of 30 sample point for each province.  

The set of ground truth sample points were selected from FIPI long-term observation plots, 
which were independent from the image classification process. 

Accuracy matrixes were implemented automatically using ERDAS build-in Accuracy 
Assessment Report Toolbox (ERDAS 1999). Map accuracy for 7 provinces was averaged in 
Table. The overall accuracy is 62% + 18% + 12 % = 92 % 

 
        Ground truth      
 
Map result 

Natural 
bamboo Mixed bamboo 

Plantation 
bamboo Sum 

Natural bamboo 62 % 5 % 0 % 67 % 
Mixed bamboo 2 % 18 % 0 % 20 % 

Plantattion bamboo 0 % 1 % 12 % 13 % 
Sum 64 % 24 % 12 % 100 % 

 Table 9: Accuracy assessment matrix averaged for 7 provinces. 

3.1.2 Compare result from remote sensing with provincial inventory data 

A comparison was made, in order to find out the difference between our results with previous 
inventory data. Result was presented in table 10. 

Unit: Area: ha 
Mixed bamboo Natural Bamboo Plantation Bamboo 

Province RS 
data 

(2007) 

Inv 
data 

(2005) 
Diff % 

RS 
data 

(2007) 

Inv 
data 

(2005) 
Diff % 

RS 
data 

(2007) 

Inv 
data 

(2005) 
Diff % 

Hoa Binh 7,462 9,152 -1,690 -18.5 12,784 9,360 3,424 36.6 6,973 262 6,711 2561.5 

Thanh Hoa 52,475 56,115 -3,640 -6.5 80,727 81,493 -766 -0.9 61,479 61,090 389 0.6 

Nghe An 48,708 17,811 30,897 173.5 81,730 80,243 1,487 1.9 3,869 3,210 659 20.5 

Quang Nam 0 0 0 0.0 8,969 9,559 -590 -6.2 0 2 -2 -100.0 

Quang Ngai 0 0 0 0.0 3,374 2,267 1,107 48.8 0 0 0 0.0 

Kon Tum 38,368 68,724 -30,356 -44.2 69,169 129,062 -59,893 -46.4 0 0 0 0.0 

� ak Lak 11,784 15,906 -4,122 -25.9 18,514 28,107 -9,593 -34.1 0 0 0 0.0 

Note: Date sources from “The program on Inventory, Evaluation and Monitoring of Forest Resource Change in 
Vietnam”, (Period 2001 to 2005), published by FIPI (Forestry Inventory and Planing Institute, Vietnam) up to 
31/12/2005 
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RS data stand for result of this study; Inv data stand for Inventory data by FIPI; Value in the % 
column is the ratio of differences and RS data 

Table 10: Comparison between RS result and provincial statistics 

From table 10, it can be seen that while in some provinces (Thanh Hoa, Quang Nam) the 
difference between the two results was small; on other provinces the changes were significant. 
There are two main explanations to these differences. The first is due to the difference in 
methodology and approach. In this study, at the very beginning of the method formulation we 
define our main target is bamboo, therefore eliminate many area which was confirmed belong 
to other type of forest or land use. While in the case of other studies, the purpose is general 
forest classification, of which, bamboo is just one category among many others. By focusing 
just on bamboo, in this study we are able to report better result, not only in term of area 
estimation but also on species composition, density, and volume estimation for some species. 

The second result for difference is due to land use change during the time of FIPI inventory 
(2005) and our inventory (2007) 

� Hoa Binh: the difference between our RS result and inventory data can be explained 
by land use changes: deforestation, shifting cultivation, and 661 program in Da Bac 
and Mai Chau districts. 

� Thanh Hoa: minor difference between RS result and inventory data 

� Nghe An: the major increase of bamboo area in Nghe An province can be explained 
by deforestation. As the result of natural regeneration, many deforested area was 
changed to mixed bamboo or pure natural bamboo forest. 

� Quang Nam: There is just a minor difference in this province. It worth notice that Tay 
Giang is a newly established district and a large number of immigrant moved and keep 
moving here for there new life. These are mainly the poor people thus the destruction 
of nua forest for upland rice cultivation is unavoidable. However, as our witness in 
Tay Giang, it took only 3-4 years for an exploitable nua forest to take shape from a 
complete burned site. Therefore, the rate of bamboo forest destruction almost similar 
to the rate of reforestation with the assumption that the fallow period is 3-4 years. 

� Quang Ngai: 48.8% differences in natural bamboo can be explained by the land use 
change between the 2 surveys, it can also be partly explained by the higher accuracy of 
the new survey. The area increased in the new survey is the one that changed from 
abandon land after shifting cultivation to young bamboo. 

� Kon Tum: there are considerable differences of -30,356 ha for mixed bamboo and -
59,893 ha for natural bamboo between our new result and inventory data. This can be 
explained by the fact that Kon Tum has a very high rate of converting forest into 
agriculture land for coffee plantation. The inventory data form 2005 was not 
accounted for these changes yet. 

� Dak Lak province: 4,122 ha decreased in mixed bamboo, and 9,593 ha decreased in 
natural bamboo between RS result and inventory data – that can be explain by the high 
rate of deforestation for coffee, rubber, cashew plantation and shifting cultivation. 
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3.2 Conclusion 

Most of the natural bamboo in 7 provinces were in poor condition, being natural regenerated 
after slash-and-burn agriculture, and under different stage of flowering. However, several area 
where bamboo is concentrated, physically assessable, natural bamboo can be designated and 
developed into natural raw material zones. In order to do this, significant silviculture 
treatments and sustainable exploitation mechanisms should be applied.   

Luong (Dendrocalamus barbatus) were planted in large area and good quality in three 
provinces in the North: Hoa Binh, Thanh Hoa, Nghe An, especially in Thanh Hoa province. 
Currently, Luong from these provinces is an important bamboo raw material supply for the 
northeastern region craft villages, especially in Ha Tay province. The central and local 
governments should consider establishing bamboo raw material plantation in these areas.  

Tre gai (Bambusa blumeana) also widely planted with considerable stocks along rivers. 
However given the scale of the mapping project (1:100.000) it was not possible to include 
those area on the map. Though this species is not occurred on a large area, its appearance 
really plays important roles in self-consumption handicrafts of the rural dwellers and 
maintaining ecological function for the rice cultivation along the coastal provinces.   

Natural forest Giang (Maclurochloa sp) only remain in very small area, mostly in the form of 
mixed bamboo – woody forest.  

Due to the limited time available, and the difficulty in bamboo mapping, we followed 
comprehensive approaches which combine data from difference sources such as Landsat 
ETM+, SPOT5, and also utilized data 500 long-term observation plots from FIPI. 

3.3. Remark 

Plantation bamboo was superior to natural bamboo in term of stock and bamboo quality can 
actively be adjusted depending on the using purpose.  

Bamboo plantation expansion needs to be planed carefully in order to meet both market 
demand and provincial land use planning. It is recommended that bamboo phenology need to 
be considered when deciding commercial cycles to avoid flowering. 

Since the majority of local people still have not been aware of the value and development 
potential of bamboo related goods, it is recommended that people’s understanding of bamboo 
as a high beneficial crop need to be strengthened.  

Improve extension service on bamboo plantation technique, product processing and promote 
modern technology as well as traditional craft/art to create more value added to bamboo 
product. 
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Hoa Binh 

Luong plantation (6,700 ha accounted for 26% area and 4% stock) were largely cultivated as 
the result of 661 (472) program. This program has purposed to help the local people is living 
on Da hydropower dam watershed to improvement living standard. 

Bamboo plantation play important role in household income pattern, especially for Mai Chau 
and Da Bac districts. Bamboo production market include: construction material, bamboo 
furniture or handicraft, paper material and bamboo shoot. Compare to other tree plantation 
species, Luong have the highest rate of income over investment. 

For natural bamboo, although available in large area, their quality is poor and distributed at 
remote areas that lead to difficulty in harvesting and transportation. 

Thanh Hoa 

Thanh Hoa having the largest Luong plantation area in Vietnam. Due to suitable soil and 
weather condition, Luong plantation in Thanh Hoa have good quality and high production. 
Main production areas are in Quan Hoa, Lanh Chanh and Ba Thuoc districts. If the first 
bamboo raw material zone needs to be developed, this province is likely the most ideal place. 

Natural bamboo is under degraded due to over harvesting.  

Flowering occurred in many bamboo plantation areas due to long production circle (over 20 
years). This problem can lead to bamboo production shortage in the next 3-4 years. To 
overcome this, further research need to be implemented in terms of silviculture treatment.  

Nghe An 

Natural Nua and Giang were widely harvested since forest lands were allocated to household. 
In current Forest protection law, household can use ~ 10% of the contracted forest land, 
however it was observed that people over exploited bamboo for paper material. It is necessary 
to monitor the harvesting of protection forest including bamboo shoot and logging. 

Luong plantation was successfully planted in Con Cuong, Anh Son and Tuong Duong 
districts due to suitable site condition. It is also recommended to expand the bamboo 
plantation area. 

Quang Nam 

There was little commercial market for bamboo production in Quang Nam province. It was 
mainly use for bamboo shot and household consumption. Natural bamboo were heavily 
exploited and converted to agriculture land.  
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Quang Ngai 

Areas of natural bamboo in Quang Ngai are small (3,300 ha) and still at their very young age 
(2 year). It was expected to have commercial volume in the next 3 years. 

Tre gai were widely planted at small scale at household level in the flat area, especially along 
rivers. This specie although commonly available but is difficult to cultivate in large scale due 
to land availability.   

Kon Tum and Dak Lak 

There is no bamboo plantation. 

Kontum and Dak Lak have a large area of natural bamboo (107.537 ha and 30,331 ha 
respectively) with a well mixed of species composition (Lo O (Schizostachyum Zollingeri 
Stend), Nua (Neohouzeanua dulloa), Le (Oxynanthera nigrocilliata),  Giang (Dendrocalamus 
sp), Le tep (O. albocilliata)). However, the quality of bamboo forests is poor and is under 
degradation due to slash-and-burn agriculture and industrial crop cultivation. 

There is little bamboo processing workshops or commercial market. Bamboo was mainly used 
for bamboo shoot and household use that leading to overall low value of bamboo product. 
Therefore, it is necessary to develop bamboo processing industries and traditional handicraft 
production in order to better utilize the local bamboo resources. For making this happen, an 
investment in forest infrastructure development and silviculture measures should be 
considered.  
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APPENDIXES 

Appendix 1: Field Result 
 

Mapping bamboo is difficult task given the resolution of Landsat ETM+ and even the SPOT5. 
In this study, it was able to separate bamboo from other type of forest, but species mapping 
were not fully successful, especially with mixed natural forest. 

Field surveys were carried out using method as discussed in section 0. At each province 
representative plots were identified using images with the help of expert knowledge. Sample 
plots were measured for species, tree density, diameter and high. Results of field survey were 
presented in following section. 

Hoa Binh Province 

Da Bac district 

3 communes were surveyed; results were presented in following table. 

Coordinate Commune Plot Species 
D   

(cm) 
H  

 (m) 
N/ha 

 (culm) X(m) Y(m) 

Hi� n L�� ng Plot1 Lu� ng 99 8 12 2,000 2306162 525252 

Hi� n L�� ng Plot2 Lu� ng 2004 6 10 2,000 2305884 525101 

Hi� n L�� ng Plot3 Lu� ng  8 12 2,200 2304820 523406 

Hi� n L�� ng Plot4 Lu� ng+b�� ng   7 11 2,100 2304743 523480 

Cao S� n Plot5 Lu� ng  7.7 11 2,220 2305959 515789 

Cao S� n Plot6 V� u �� ng 4.6 9 7,500 2305959 515790 

Cao S� n Plot7 V� u �� ng  5.1 10.6 8,000 2305560 516769 

Tân Minh Plot8 N� a lá to  3 7.1 5,025 2315797 509280 

Tân Minh Plot9 N� a lá to 3 7 7,250 2316000 509248 

Tân Minh Plot10 Lu� ng 2002 7 10.5 2,250 2315925 509388 

Tân Minh Plot11 N� a lá nh	   2.5 6.6 20,800 2315298 510552 

Tân Minh Plot12 N� a h
 n giao  3 6.5 18,000 2315343 510652 

Tân Minh Plot13 Lu� ng  9 11.6 1,000 2307546 529335 

* Most of the natural bamboo forest was of poor quality: flowered, natural generation with small 

diameter. This type of forest is not yet ready for harvesting but need to keep for natural regeneration 

Table 2: Da Bac district, Hoa Binh province field result 
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The planted Luong (Dendrocalamus barbatus) were in good condition, plots older than 5 
years were underfed selective cutting. Average diameter was 7.5 cm, high was 11 m, and 
average density was 2000 culm/ha.  

Mai Chau district 

Three representative communes were visited: Phuc San, Cun Pheo, Van Mai 

Coordinate Commune Plots Species 
D   

(cm) 
H  

 (m) 
N/ha 

 (culm) X(m) Y(m) 

Phúc San Plot15 Lu� ng tr� ng  8.5 10 1,995 2293116 503592 

Phúc San Plot16 Lu� ng tr� ng  8 12 2,250 2293347 503532 

Phúc San Plot17 Lu� ng tr� ng  7 12 2,400 2293388 504514 

Phúc San Plot18 Lu� ng tr� ng  7 13 2,000 2293412 505269 

Phúc San Plot19 Lu� ng tr� ng  9 14.5 3,000 2293593 506152 

Phúc San Plot20 Lu� ng tr� ng  8 13.5 1,500 2292630 506026 

Cun Pheo Plot21 Lu� ng tr� ng  8.5 14 2,100 2287772 491957 

Cun Pheo Plot22 Giang + g
  4 9 19,800 2288410 488317 

Phi� ng vê Plot23 Tre gai tr� ng  6 13 3,570 2285251 495424 

Vân Mai Plot24 Lu� ng tr� ng  7 12 1,500 2278690 505062 

Vân Mai Plot25 Lu� ng tr� ng  8 12 1,500 2277795 504019 

Vân Mai Plot26 Lu� ng tr� ng  4 7 2,400 2275426 503350 

Vân Mai Plot27 Lu� ng tr� ng  8 11.5 1,500 2274849 502902 

Vân Mai Plot28 Lu� ng tr� ng  10 13.5 2,100 2274232 502114 

Vân Mai Plot29 Lu� ng tr� ng  6 11.5 1,500 2274185 501576 

Table 3: Mai Chau district, Hoa Binh province field result 

Luong (Dendrocalamus barbatus) were planted in large scale along the Da river, quality were 
very good with average diameter of 7.5 cm, high 12 m, and average density of 2000 culm/ ha. 
There are also some Giang (Maclurochloa sp.), and Nua Tep (Schizostachyum pseudolima) 
distributed at Cun Pheo, Bao La, and Na Meo commune.  

Lac Thuy district 
 

Coordinate Commune Plot Species 
D   

(cm) 
H  

 (m) 
N/ha 

 (culm) X(m) Y(m) 

H� ng Thi Plot30 Tre gai tr� ng   6 9 3,500 2268076 570894 

H� ng Thi Plot31 N� a tép 2 7 14,000 2266926 568129 

H� ng Thi Plot32 N� a lá to 2 7 19,800 2267207 568211 
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H� ng Thi Plot33 Tre gai tr� ng  6 9 3,500 2268025 569616 

Phú Thành Plot34 B�� ng tr� ng   11.5 10 2,720 2275386 570645 

Phú Thành Plot35 Lu� ng tr� ng  8 11 1,440 2275207 570803 

Phú Thành  Lu� ng tr� ng     2275090 571187 

Table 4: Lac Thuy district, Hoa Binh province field result 

Lac Thuy district is located to the South East of Hoa Binh province, the landscape is a 
combination of limestone mountain and low hilly land. Natural bamboo can only be found in 
some small area at Hung Thi commune, Luong (Dendrocalamus barbatus) and Buong  
(Dendrocalamus aff. Sinicus) planted in valley of the limestone mountain are in very good 
condition. There are also some Tre gai (Bambusa blumeana ) planted along river Boi.  

Thanh hoa Province 

Thanh Hoa province was surveyed from 22 March to 29 March 2007. Main bamboo 
distribution can be found at Quang Hoa, Lang Chanh, Ngoc Lac, and Ba Thuoc districts 

Quan Hoa and Ba Thuoc district  

Coordinate Commune Plot Species 
D   

(cm) 
H  

 (m) 
N/ha 

(culm) X(m) Y(m) 

Thanh Xuân Plot1 
Lu� ng tr� ng 
(Dendrocalamus barbatus) 6 11.5 2,400 2257283 507213 

Thanh Xuân Plot2 Lu� ng tr� ng 8 12.5 1,456 2264837 504189 
Thanh Xuân Plot3 Lu� ng tr� ng 8 13 1,100 2263543 504231 
Thanh Xuân Plot4 Lu� ng tr� ng 8.5 11.5 1,540 2261767 504145 
Thanh Xuân Plot5 Lu� ng tr� ng 8 12.5 1,900 2261112 504814 
H� i Xuân Plot6 Lu� ng tr� ng 8 12 3,000 2256580 508342 
H� i Xuân Plot7 Lu� ng tr� ng 8 12.5 2,400 2256006 508721 
Nam Ti� n Plot8 Lu� ng tr� ng 7 10.5 1,600 2254682 496305 

Nam Ti� n Plot9 
V� u+g
  TS  
(Indosasa angustata ) 4 10.5 10,000 2254927 496252 

Nam Ti� n Plot10 
V� u+g
  TS 
(Indosasa angustata ) 3.5 9.5 21,600 2254744 496065 

Nam Ti� n Plot11 Lu� ng tr� ng 9 14 1,600 2254580 495980 
Nam Ti� n  Lu� ng tr� ng    2254211 496066 
Nam Xuân Plot12 Lu� ng tr� ng 9 14 2,800 2252922 503467 
Nam Xuân Plot13 Lu� ng tr� ng 7 12.5 2,500 2252976 503488 
Nam Xuân Plot14 Lu� ng tr� ng 7 12.5 2,500 2253119 503370 
Nam Xuân Plot15 Lu� ng tr� ng 9 14 2,400 2253081 503159 
H� i Xuân Plot16 Lu� ng tr� ng 8 12 1,100 2255345 508725 
TT Quan Hoá Plot17 Lu� ng tr� ng 7 12 1,875 2252755 512259 
Xuân Phú Plot18 Lu� ng tr� ng 8 13 2,000 2251799 514827 
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Xuân Phú Plot19 Lu� ng tr� ng 7 11 2,800 2248846 516757 
Thi� t K� (BT) Plot20 Lu� ng tr� ng 7 11 1,960 2244652 517162 
Thi� t K� (BT) Plot21 Lu� ng tr� ng 8 12 2,340 2243806 517954 
Thi� t � ng II(BT) Plot22 Lu� ng tr� ng 7 10 1,960 2237905 522570 

Table 5: Quan Hoa and Ba Thuoc district, Thanh Hoa province field result 

Quan Hoa is a mountainous district in the north of Thanh Hoa province. There is very little 
natural bamboo forest; Luong (Dendrocalamus barbatus) plantation is commonly found in the 
foot slope and middle slope of the mountain. The growing of Luong (Dendrocalamus 
barbatus)  is in good condition, and were underfed several circle of selective cutting; average 
diameter is 7.8 cm, high is 12.4 m, and density is 2050 culm/ha 

Lang Chanh district  

Coordinate Commune Plot Species 
D   

(cm) 
H  

 (m) 
N/ha 

 (culm) X(m) Y(m) 
Yên Kh�� ng Plot23 N� a+ g
   5 11.6 17,280 2226792 502506 
Yên Kh�� ng Plot23 N� a+ g
   5 11.6 17,280 2226859 502549 
Yên Kh�� ng Plot24 V� u+ g
  6 12 10,000 2227413 502673 
Yên Kh�� ng Plot25 V� u+ g
  6 12 10,800 2227313 503565 
Yên Th� ng Plot26 N� a+ g
   6.5 13 9,540 2223677 506408 
Yên Th� ng Plot26 N� a+ g
   6.5 13 9,540 2223701 506321 
Yên Th� ng Plot27 V� u t
  nhiên 5 12.5 19,600 2224098 506771 
Yên Th� ng Plot28 V� u+ g
  5 11 10,780 2224539 506658 
�� ng L�� ng Plot29 V� u tr� ng 3.5 6.5 6,700 2231228 524397 
�� ng L�� ng Plot29 V� u tr� ng 3.5 6.5 6,700 2231278 524393 
�� ng L�� ng Plot30 Lu� ng tr� ng  7 11.5 2,500 2231212 524513 
�� ng L�� ng Plot31 Lu� ng tr� ng  7 12 1,650 2229975 526388 
�� ng L�� ng Plot32 Lu� ng tr� ng  8 12.5 1,400 2230276 525804 

Table 6: Lang Chanh district, Thanh Hoa province field result 

Some good natural Nua (Schizostachyum funghomii) and Vau (Indosasa angustata) mixed 
with woody forest remaining in the high mountain area 

Ngoc Lac district 

Coordinate Commune Plot Species 
D   

(cm) 
H  

 (m) 
N/ha 

 (culm) X(m) Y(m) 
Vân An Plot33 N� a  3 6.5 23,240 2217365 529489 
Vân An Plot34 Lu� ng tr� ng  7 10.5 2,800 2217412 529581 
Vân An Plot35 N� a+g
  4 9.5 16,800 2215594 529999 
Vân An Plot36 Lu� ng tr� ng  7 11 3,000 2215445 530074 
Vân An Plot37 Lu� ng tr� ng  7 11.5 2,380 2214693 530520 
Vân An Plot38 V� u tr� ng 5 12 13,400 2215181 535257 
Vân An Plot39 Lu� ng+g
    7 11 1,520 2215591 533240 
Minh S� n Plot40 Lu� ng tr� ng  7 11.5 2,240 2214247 540607 
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Minh S� n Plot41 Lu� ng tr� ng  8 12.5 2,040 2213987 540195 
Minh S� n Plot42 Lu� ng tr� ng  6 10.5 2,000 2214856 541231 

Table 7: Ngoc Lac district, Thanh Hoa province field result 

Main bamboo area is Luong (Dendrocalamus barbatus) plantation; 

D average=7cm; H average= 11,5m; Density average =2300 culm/ha 

Nghe An Province 

Nghe An province were surveyed from 30 March to 6 April 2007. Three main bamboo 
distribution districts were surveyed: Anh Son, Con Cuong and Thanh Chuong. 

Anh Son district 

Coordinate 
Commune Plot Species 

D   
(cm) 

H  
 (m) 

N/ha 
 (culm) X(m) Y(m) 

Phúc S� n Plot1 N� a+g
  6 14 11,400 2087656 506203 
Phúc S� n Plot2 N� a �� i  5 12.5 23,600 2088153 506553 
Phúc S� n Plot3 Giang+g
   4 9 22,800 2082688 501377 
  Giang nhánh 1 2 6 45,600 2082688 501377 
Phúc S� n Plot4 N� a+g
  3 9 35,000 2084245 501916 
Phúc S� n Plot5 N� a �� i  5 13.5 18,600 2084414 502118 
Phúc S� n Plot6 N� a �� i  5 12 18,760 2085117 505101 
Phúc S� n Plot7 N� a �� i  5 10 20,460 2087403 507202 
Phúc S� n Plot8 N� a �� i  5 11 19,230 2088040 508430 
Thành S� n Plot9 Lu� ng tr� ng  8 12 1,600 2105427 500850 
Thành S� n Plot10 Lu� ng tr� ng  7 11.5 2,000 2104971 500532 
Thành S� n Plot11 Lu� ng tr� ng  8 13 2,400 2105539 499843 
Thành S� n Plot12 Lu� ng tr� ng  7 10.5 2,000 2105307 499495 

Table 8: Anh Son district, Nghe An province field result 

Natural Giang (Maclurochloa sp.) and Nua (Schizostachyum funghomii) were mainly 
distributed at Phuc Son commune, near to the Cao Veu mountain range;  lager leaf Nua 
(Schizostachyum funghomii) were found in good growing condition with following 
parameters D average=5cm; H average =12m; Density average =18,500 culm/ha. Luong 
(Dendrocalamus barbatus) were mainly planted at Thanh Son commune, main parameters are 
as followed D average=7,5cm; H average =11,5m; Density average /ha=2000 culm/ha. 

Con Cuong district 

Coordinate 
Commune Plot Species 

D   
(cm) 

H  
 (m) 

N/ha 
 (culm) X(m) Y(m) 

Môn S� n Plot13 N� a tép+g
  2 7 27,000 2090945 498265 
Môn S� n Plot14 N� a �� i  4 8.5 18,000 2091006 499041 
Môn S� n Plot15 N� a+ g
  5 9 14,000 2096630 495371 
Môn S� n Plot16 Lu� ng tr� ng 7 10.5 2,000 2096262 494857 
Môn S� n Plot17 Lu� ng tr� ng 7 11 1,400 2096827 494201 
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Môn S� n Plot18 Lu� ng+g
  8 12.5 2,800 2095155 494659 
Châu Khê Plot19 Lu� ng tr� ng 8 13 2,600 2108029 473538 
Châu Khê Plot20 Lu� ng tr� ng 7 11.5 2,000 2108758 474170 
Châu Khê Plot21 Lu� ng tr� ng 6.5 10.5 1,800 2111543 476248 
B� ng Khê Plot22 Lu� ng tr� ng 9 14 3,200 2107894 486655 

Table 9: Con Cuong district, Nghe An province field result 

Natural Nua (Schizostachyum pseudolima) mixed with woody forest and Nua Tep 
(Schizostachyum pseudolima) natural regeneration were found at Mon Son commune. Luong 
(Dendrocalamus barbatus) plantation was mainly distributed at Chau Khe commune. 

Thanh Chuong district 

Natural Giang (Maclurochloa sp.) and Nua (Schizostachyum pseudolima) were found at 
Thanh Duc commune, the result as showed in the following table 

Coordinate Commune Plot Species 
D   

(cm) 
H  

 (m) 
N/ha 

 (culm) X(m) Y(m) 
Thanh �� c Plot23 Giang + n� a     2084971 510256 
  Giang  3 7 9,000 2084971 510256 
  Nhánh 1 2 5 9,000 2084971 510256 
  N� a �� i 4 8 2,800 2084971 510256 
Thanh �� c Plot24 Lu� ng tr� ng  7 11 2,250 2085445 510448 
Thanh �� c Plot25 N� a to 4 10 36,500 2085352 510169 
Thanh �� c Plot26 N� a + giang    2085314 509730 
  N� a 4 10 22,500 2085314 509730 
  Giang  4 8 1,600 2085314 509730 
  Nhánh 1-2 2 5 3,200 2085314 509730 
Thanh Liên Plot27 Lu� ng tr� ng 6 9.5 2,700 2081514 528608 
Thanh Liên Plot28 Lu� ng tr� ng 6 11 2,950 2080883 529544 
Thanh Thu�  Plot29 G
 +n� a 4 8.5 11,880 2061990 524070 

Table 10: Thanh Chuong district, Nghe An province field result 

Thanh Lien commune have some area of Luong (Dendrocalamus barbatus) planted along 
Giang river. At Thanh Thuy commune, there are some area of natural Nua (Schizostachyum 
pseudolima) mixed with woody species. 

Quang Nam Province 

The main bamboo in Quang Nam province distribution in Tay Giang and Nam Giang districts. 
So that, the fieldtrip was conducted in these districts and a results are following:  

Dong Giang district 

Coordinate 
Commune Plot 

Species 
 

D   
(cm) 

H 
 (m) 

N/ha 
 (culm) X(m) Y(m) 

Song Con sgcon1 Nua 4 7 18,000 798781 1768256 
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Song Con sgcon2 Nua 3 6 15,000 795868 1766561 
Song Con sgcon3 Nua 4 10 20,160 795733 1766357 
Jo ngay jongay1 Nua 3 7 10,400 798681 1766243 
Jo ngay jongay2 Nua 4 8 13,500 799325 1766237 
A Tinh Ating1 Nua 3 6 10,800 801191 1768750 
A Tinh Ating2 Nua 3 6.5 11,200 800898 1768575 

Table 11: Dong Giang district, Quang Nam province field result 

Tay Giang district 

Coordinate 
Commune Plot Species 

D   
(cm) 

H 
 (m) 

N/ha 
 (culm) X(m) Y(m) 

ATieng Atieng1 Nua 3.5 7 17,600 767494 1759944 
ATieng Atieng2 Nua 3 6 9,300 768005 1760081 
ATieng Atieng3 Nua 7 14 11,450 766257 1763776 
A vuong Avuong1 Nua 3 6 14,000 780248 1763767 
A vuong Avuong2 Nua 3.5 7.5 16,000 778546 1763884 
A vuong Avuong3 Nua 4 8 14,400 777176 1763463 

Table 12: Tay Giang district, Quang Nam province field result 

Quang Ngai Province 

Natural bamboo (Nua) in Quang Ngai is concentrated in Son Tay district, however the 
reasearch team is also conducted a fieldtrip in some district to carry out a distribution, volme 
of Tre Gai planted on bank of rivers. The result of fieldtrip are following:   

Son Tra district 

Coordinate 
Commune Plot Species 

D 
(cm) 

H 
(m) 

N/ha 
 (culm) X(m) Y(m) 

Son Bao Plot1 Tre gai 9 14 42/grove 222673 1667427 
Son Bao   Tre gai     224090 1664471 
Son Bao Plot2 Tre gai 9 15 37/grove 226167 1662625 
Son Mua   Nua top     211217 1659820 
Son Mua Plot3 Nua top 2 5 25,200 211325 1659841 
Son Mua   Nua top     211857 1660202 

Son Dung Plot4 Tre Bat do   733grove/ha 214079 1657464 

Table 13: Son Tra district, Quang Ngai province field result 

Son Tay district 

Coordinate 
Commune Plot Species 

D 
(cm) 

H 
(m) 

N/ha 
 (culm) X(m) Y(m) 

Son Mua   Nua top     211217 1659820 
Son Mua Plot3 Nua top 2 5 25,200 211325 1659841 
Son Mua   Nua top     211857 1660202 

Son Dung Plot4 Tre Bat do   733grove/ha 214079 1657464 
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Table 14: Son Tay district, Quang Ngai province field result 

Minh Long district 

Coordinate 
Commune Plot Species 

D 
(cm) 

H 
(m) 

N/ha 
(culm)  X(m) Y(m) 

Long Hiep Plot5 Tre gai 9 14 4,200 254658 1650463 
 Bo sung Ve   Tre gai     260804 1654995 

Table 15: Minh Long district, Quang Ngai province field result 

Nghia Hanh district 

Coordinate 
Commune Plot Species 

D 
(cm) 

H 
(m) 

N/ha 
(culm)  X(m) Y(m) 

Hành Minh Plot6 Tre gai 10 15 2,420 261284 1663357 
 TT Cho chua Plot7 Tre gai 9 15 8,960 261951 1665311 
 Hành Thuan   Tre gai     262094 1668942 

Table 16: Nghia Hanh district, Quang Ngai province field result 

Quang Ngai town 

Coornidate 
Commune Plot Species 

D 
(cm) 

H 
(m) 

N/ha 
(culm)  X(m) Y(m) 

 Bo sung Trà Khuc Plot8 Tre gai 9 15 7,500 265141 1673488 

Table 17: Quang Ngai town, Quang Ngai province field result 

Son Tinh district  

Coordinate 
Commune Plot Species 

D 
(cm) 

H 
(m) 

N/ha 
 (culm) X(m) Y(m) 

Tinh An   Tre gai     268324 1675878 
Tinh An Plot9 Tre gai 9 15 7,500 266763 1675228 

Table 18: Son Tinh district, Quang Ngai province field result 

Kon Tum Province 

The Kon Tum province has a second larger natural bamboo in seven provinces were surveyed. 
However, these areas have been declined by cafe plantation. The result of field survey have 
synthesize in below. 

Ngoc Hoi district 

Coordinate 
Commune Plot Species D 

(cm) 
H 
(m) 

N/ha 
 (culm) X(m) Y(m) 

Bo Y   Lo o        782537 1622812 

Bo Y   Lo o        778647 1623067 

Bo Y   Lo o        778167 1621980 

Bo Y Plot1 Lo o  4 8 14800 777158 1621985 
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Bo Y   Lo o        778533 1621848 

Sa Loong   Lo o        778517 1613121 

Sa Loong Plot2 Lo o  7 15 16,500 776980 1613220 

Sa Loong   Lo o        782753 1614013 

Table 19: Ngoc Hoi district, Kon Tum province field result 

Tu M’rong district 

Coordinate 
Commune Plot Species D 

(cm) 
H 
(m) 

N/ha 
(culm)  X(m) Y(m) 

Dak to can           813788 1636414 

Dak to can           807086 1638287 

Dak to can Plot3 Lo o mixed wood 7 14 6,000 806550 1638710 

Dak Ha Plot4 Lo o mixed wood 7 14.5 5,750 806905 1638307 

Dak Ha           820528 1633213 

Dak Ha Plot5 Le  3 6 22,800 819533 1633655 

Dak Ha   Le        818387 1634853 

Table 20: Tu M’rong district, Kon Tum province fiel d result 

Dak To and Dak Ha district 

Coordinate 
District Commune Plot Species D 

(cm) 
H 
(m) 

N/ha 
 

(culm) X(m) Y(m) 

Dak To Sa Lem   Lo o       814456 1636493 

Dak Ha Dak Uy   Le        821898 1611273 

Table 21: Dak To and Dak Ha district, Kon Tum province field result 

Dak Lak Province 

Natural bamboo in Dak Lak are distributed in Lak and Krong Bong district, the result of 
fieldtrip as below:  

Lak district 

D H Coordinate 
Commune Plot 

O.T. C 
Species 

(cm) (m) 
N/ha 

(culm)  X(m) Y(m) 
Krung Knu Plot1 Lo o 4 8 14.000 190065 1352350 
Krung Knu Plot2 Lo o mixed wood 4.5 8.5 15.000 187646 1354208 
Krung Knu           186109 1356214 
Krung Knu           186665 1356289 
Nam Ka Plot3 Lo o 4 6 9.000 186644 1358080 
Nam Ka Plot4 Lo o mixed wood 5 8 8.000 187117 1358135 
Dak Phoi           201258 1363436 
Dak Phoi Plot5 Lo o  3 6 16.300 201371 1362969 



 
 

46 

Dak Phoi           201337 1362715 

Table 22: Lak district, Dak Lak province field result 

Krung Bung district 

Toa do(GPS) 
Commune Plot Species D 

(cm) 
H 

(m) 
N/ha 

(culm) X(m) Y(m) 
Hoà Le Plot6 Nua mixed wood 7 14 9.600 215510 1384148 
Hoà Le           215014 1384339 
Yang Mao   Le        235285 1371593 
Yang Mao Plot7 Le  3 5.5 14.000 235365 1371158 
Yang Mao   Le       234823 1372519 
Yang Mao Plot8 Lo mixed wood 5 11.5 10.000 238776 1374299 
Yang Mao   Le       237756 1374924 
Yang Mao   Le       233696 1376750 
Yang Mao Plot9 Lo o 6 12 8.600 233631 1376667 
Hoà Phong   Le       223644 1383285 
Hoà Phong Plot10 Nua mixed wood 4 9 9.000 223310 1382572 

Table 23: Krung Bung district, Dak Lak province field result 

 



 
 

47 

Appendix 2: List of Major Bamboo Species  
 
 
1. N� A (Neohouzeaua dulloa) 
 

 
 

 
Description 

Clump medium sized 5-12 m. Culm dark green covered with silvery white pubescence, very 
much elongated (0.4-1.2 m) intemode, thinnest (3-5 mm) wall compare to other species of the 
country, diameter 3-7 cm. Branching from mid-culm to top. Growing naturally in the forest 

Distribution 
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Mainly distributed in the Northern part of Vietnam, however it can be found as far as central 
highland or coastal lowland. This species naturally grow in semi-opened canopy forest or as a 
single species forest in fallow land. 

Use 

Use for handicraft, housing material, weaving, and paper industry 

2. TRE GAI (Bambusa Arundinacea Var Spinoses.Cam) 

 
Description 

Large clump 10-32 m. Culm dull to deep green diameter 3-9 cm. root rings on young culm 
nodes, nodes prominent. Branching throughout, spreading, thorny. Thorns strong, curved, 2.5-
5 cm long. Cultivated. 

Tall woody bamboo, stems thorny, numerous, tufted, up to 40 m tall, curving at top; branches 
numerous, internodes 30–45 cm long, prominent, bearing in lower parts of stems dense half 
whorls of stiff, naked, horizontal branches, armed with 2–3 recurved, stout spines; lowest 
nodes rooting; stem-sheaths leathery, orange-yellow when young, hairy outside, shining and 
ribbed inside, 30–45 cm long; blade triangular, glabrous, covered with a brown felt of bristly 
hairs inside; leaves thin, linear, up to 20 cm long, glabrous above, hair beneath; leaf-sheaths 
hairy, small; inflorescence an enormous panicle, often occupying the entire stem; branchlets 
loose clusters of pale, glabrous spikes. 

Distribution 

Naturally distributed all over Vietnam. Most suitable site for this species is in the lowland, 
along river, or planted in home garden. This bamboo species tolerates annual precipitation of 
ca 6 to 40 dm, annual temperature of ca 18 to 29°C, and pH of 4.3 to 7.3. Thrives in tropical 
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to subtropical climates, growing in warm humid temperate areas as well, but thriving best 
under frost-free conditions, in rich to medium fertile soils with good water supply. 

Cultivation 

Bamboos may be produced by means of seeds, vegetative portions or by layering the stems 
and letting them root at the nodes. Seeds are sown in soil about 0.6 cm deep and about 2.5 cm 
apart in rows 7.5–10 cm apart. Germination occurs in about a week and seedlings grow 
rapidly. When plants are 15–20 cm tall, they are transplanted to individual containers. 
Transplanting to the field is done when plants are about 1 m tall. Growing plants from seed is 
the most economical and convenient method of propagating large numbers of plants. Clump 
division is the traditional and most generally prevalent method of propagating bamboos 
vegetative. Active growth of young shoots from buds on the rhizome in this group of 
bamboos is initiated during the summer. The commonly recommended practice is to process 
vegetative propagates just before the initiation of growth of these buds. A clump is divided 
into two equal parts, retaining the root system, branches and leaves of each part as fully intact 
as possible. Properly set out, these propagates usually give the highest degree of success. 
Clump divisions taken from the edge of the clump are apt to give superior results. The 
rhizome should be severed at one point only, at the neck of the oldest rhizome axis in the 
propagate. Cut should be made at the slender neck where the minimum damage to the 
rhizome is done. Roots are best preserved and protected keeping them in a ball of earth when 
the propagate is taken from the parent plant. Some species, as B. tulda, has been successfully 
propagated by rhizomes planted in situ, with 95% survival not uncommon. Culm segments, 
with one or more nodes, bearing buds or branches, are used widely as a means of propagation 
in both the Old and New World. Branches are usually pruned to 30 cm or less, with no foliage 
retained. Such cuttings are set upright or at an angle, with at least one node well covered. B. 
vulgaris is often propagated this way. 

Use 

Bamboos are harvested for food when the young shoots are 30–75 cm tall. Other parts of the 
plant are harvested whenever needed, as the leaves, branches and woody stems. Used for 
building materials, weaving and cordage, for paper pulp and for making all types of utensils.  

3. L�  Ô (Schizostachyum Zollingeri Stend) 
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Description 

Culms 5–10 m, 3–5 cm in diam.; internodes 20–50 cm, initially white powdery, hairy, later 
concavely tuberculate; wall 5–8 mm thick; nodes flat; sheath scars corky, initially with a ring 
of dense, brown hairs. Branches many from distal nodes, subequal. Culm sheaths deciduous, 
ca. 1/2 as long as inter-nodes or less, leathery, finely white powdery, initially minutely golden 
or brown hispid, apex truncate; auricles minute; oral setae 3–5 mm; ligule 1–2 mm, serrulate; 
blade reflexed or horizontal, base ca. 1/3 as wide as sheath apex, adaxially hispidulous. Leaf 
sheaths glabrous; auricles usually minute; oral setae minute; blade lanceolate, 5–16 × 0.8–1.6 
cm. Pseudo-spikelets 1.3–1.8 cm; florets 4–6. Glumes 1 or 2; lemma 8–10 × 8–10 mm; palea 
about as long as lemma. Anthers 5–6 mm.  
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Ovary ca. 2.5 mm, pubescent; styles 2–3 mm; stigmas 1–3, 5–9 mm. Caryopsis ca. 8 mm. 
New shoots Sep–Oct, fl. Sep–Oct. Hilly areas, streams; 300500 m. Sichuan.  

The culms are used for weaving 
 

Distribution 

Mainly distributed in Central highland and Western of Mekong delta 

Use 

Used for building materials, weaving and cordage, for paper pulp  

4. LU� NG TR� NG (Dendrocalamus membranaceus Munro) 
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Description 

Culms 8-15 cm in diameter, internodes 34-42 cm, initially thinly white powdery, becoming 
glossy; wall thick to thin. Branches from culm base, 3 to several, subequal, main mid-culm 
ones 3, central not dominant. Culm sheaths deciduous, initially orange-grne, elliptical to 
oblong, usually longer than internodes, papery, margins ciliate; auricles small, oral setae 
short, ligule 8-10 mm, seerulate, blade reflexed, linear-lanceolate, 30-40 ´  2-3 cm. Leaf 
sheaths initially sparsely hairly, becoming glabrous; ligule short, serrulate; blade lanceolate, 
12.5-25 ́  1.2-2 cm. Pseudospikelet cluster dense, 2.5-5 cm in diameter, prophylls broad, 2-
keeled. Spikelets 8-15 mm, glabrous; fertile florets 2-5. Glumes 2 or more, 8-9 mm, long 
mucronate; lemma 9-10 mm, apex long mucronate; palea 7-8 mm. tnthres yellow or purple, 4-
5 mm, apex apiculate. Ovary turbinate; style 5-6 mm; stigma purple. Caryopsis 6-8 mm. 

 

Distribution  

Dendrocalamus membranaceus was widely planted in Thanh Hoa, Nghe An, Ha Tinh, Hoa 
Binh and Son La province. Its suitable site condition is river valleys to hilly forested area, 
500-1000 m abs. 

Use 

Paper material, housing and construction, furniture, handicraft 
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Appendix 3: Allometric variable of some bamboo species 
 
1. Nua (Neohouzeanua dulloa) 
 
High prediction by diameter for Neohouzeaua dulloa (N� a) 

Stage 
I II III 

Diameter (cm) 

High (m) 
1 2,0 – 2,9 3,0 – 4,1  4,2 – 5,5 
2 4,5 – 6,1 6,2 – 8,2 8,3 – 10,2 
3 6,5 – 9,0 9,10 – 11,5 11,6 – 14,1 
4 8,0 – 11,3 11,4 – 14,5 14,6 – 16,7 
5 8,5 – 13,2 13,3 – 16,8 16,9 – 21,0 
6 10,5 – 14,8 14,9 – 19,2 19,3 – 23,5 
7 11,5 – 16,2 16,3 – 20,8  20,9 – 25,6 
8 11,9 – 16,9 17,0 – 21,9 22,0 – 27,0 
9 12,1 – 17,2 17,3 – 22,5 22,6 – 27,7 

 
Weight prediction by diameter for Neohouzeaua dulloa (N� a) – stage I 

Weight per culm (kg) Diameter 
(cm) 

1 2 3 4 5 6 7 8 9 

1 0.091 0.182 0.273 0.364 0.455 0.546 0.637 0.728 0.819 

2 0.496 0.992 1.488 1.984 2.48 2.976 3.472 3.968 4.464 

3 1.342 2.684 4.026 5.368 6.71 8.052 9.394 10.736 12.078 

4 2.719 5.438 8.157 10.876 13.595 16.314 19.033 21.752 24.471 

5 4.701 9.402 14.103 18.804 23.505 28.206 32.907 37.608 42.309 

6 7.354 14.708 22.062 29.416 36.770 44.124 51.478 58.832 66.186 

7 10.730 21.460 32.190 42.920 53.650 64.380 75.110 85.840 96.570 

8 14.900 29.800 44.700 59.600 74.500 89.400 104.300 119.200 134.100 

9 19.880 39.760 59.640 79.520 99.400 119.280 139.160 159.040 178.920 
 
Weight prediction by diameter for Neohouzeaua dulloa (N� a) – stage II 

Weight per culm (kg) Diameter 
(cm) 1 2 3 4 5 6 7 8 9 

1 0.118 0.236 0.354 0.472 0.590 0.708 0.826 0.944 1.062 

2 0.628 1.256 1.884 2.512 3.140 3.768 4.396 5.024 5.652 

3 1.667 3.334 5.001 6.668 8.335 10.002 11.669 13.336 15.003 

4 3.553 7.106 10.659 14.212 17.765 21.318 24.871 28.424 31.977 

5 5.708 11.416 17.124 22.832 28.540 34.248 39.956 45.664 51.372 

6 8.858 17.716 26.574 35.432 44.290 53.148 62.006 70.864 79.722 

7 12.830 25.660 38.490 51.320 64.150 76.980 89.810 102.640 115.470 

8 17.700 35.400 53.100 70.800 88.500 106.200 123.900 141.600 159.300 

9 23.500 47.000 70.500 94.000 117.500 141.000 164.500 188.000 211.500 
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Weight prediction by diameter for Neohouzeaua dulloa (N� a) – stage III 

Weight per culm (kg) Diameter 
(cm) 1 2 3 4 5 6 7 8 9 

1 0.153 0.306 0.459 0.612 0.765 0.918 1.071 1.224 1.377 

2 0.787 1.574 2.361 3.148 3.935 4.722 5.509 6.296 7.083 

3 2.050 4.100 6.150 8.200 10.250 12.300 14.350 16.400 18.450 

4 4.046 8.092 12.138 16.184 20.230 24.276 28.322 32.368 36.414 

5 6.852 13.704 20.556 27.408 34.260 41.112 47.964 54.816 61.668 

6 10.540 21.080 31.620 42.160 52.700 63.240 73.780 84.320 94.860 

7 15.150 30.300 45.450 60.600 75.750 90.900 106.050 121.200 136.350 

8 20.780 41.560 62.340 83.120 103.900 124.680 145.460 166.240 187.020 

9 27.440 54.880 82.320 109.760 137.200 164.640 192.080 219.520 246.960 

 
2. Lo O (Schizostachyum Zollingeri Stend) 
High prediction by diameter for Schizostachyum Zollingeri Stend (L�  ô) 

High (m) Diameter (cm) 
Good state Average state Poor state 

2 9.70 8.80 8.00 
3 11.30 10.10 9.25 
4 12.90 11.55 10.30 
5 14.25 12.80 11.35 
6 15.55 13.95 12.40 
7 16.75 14.90 13.30 
8 17.80 15.90 14.20 
9 18.70 16.80 15.10 
10 19.50 17.70 16.00 

 
 
Weigh prediction by diameter for Schizostachyum Zollingeri Stend (L�  ô) 

High (m) Diameter (cm) 
Good state Average state Poor state 

3 4.27 2.80 1.53 
4 7.05 4.80 2.75 
5 10.35 7.21 4.37 
6 14.24 10.13 6.42 
7 18.30 13.43 9.62 
8 22.50 17.17 12.14 
9 26.83 21.32 15.91 
10 31.86 25.58 19.40 
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3. Luong (Dendrocalamus barbatus) 
 
High prediction by diameter for Dendrocalamus barbatus (Luong) 

High level (m) 
I II III Diameter 

(cm) H 
Limited 

H 
Average 

H 
Limited 

H 
Average 

H 
Limited 

H 
Average 

H 
Limited 

4 6.8 6.1 5.5 4.8 4.2 3.5 2.8 
5 11.7 10.6 9.4 8.3 7.2 6.0 4.9 
6 15.9 14.4 12.8 11.3 9.8 8.2 6.7 
7 19.7 17.8 15.9 14.0 12.1 10.2 8.3 
8 23.1 20.9 18.6 16.4 14.2 11.9 9.7 
9 26.2 23.7 21.1 18.6 16.1 13.5 11.0 
10 28.9 26.1 23.3 20.5 17.7 14.9 12.1 
11 31.3 28.3 25.2 22.2 19.2 16.1 13.1 
12 33.4 30.2 26.9 23.7 20.5 17.2 14.0 
13 35.3 31.9 28.4 25.0 21.6 18.2 14.8 
14 36.9 33.4 29.8 26.2 22.6 19.0 15.5 
15 38.2 34.5 30.8 27.1 23.4 19.7 16.0 
16 39.2 35.4 31.6 27.8 24.0 20.2 16.4 
17 40.0 36.1 32.3 28.4 24.5 20.6 16.8 
18 40.6 36.7 32.7 28.8 24.9 20.9 17.0 
19 40.9 36.9 33.1 29.0 25.0 21.1 17.1 
20 41.2 37.2 33.2 29.2 25.2 21.2 17.2 
 
Weigh prediction by diameter for Dendrocalamus barbatus (Luong) 

High level 
I II III Diameter 

(cm) H 
Average 

(m) 

P 
(kg) 

H 
Average 

(m) 

P 
(kg) 

H 
Average 

(m) 

P 
(kg) 

4 6.1 5.61 4.8 3.97 3.5 2.60 
5 10.6 8.28 8.3 6.71 6.0 5.17 
6 14.4 13.86 11.3 11.14 8.2 8.94 
7 17.8 21.78 14.0 17.07 10.2 13.32 
8 20.9 31.53 16.4 24.31 11.9 18.69 
9 23.7 43.57 18.6 32.72 13.5 25.40 
10 26.1 54.36 20.5 42.11 14.9 33.80 
11 28.3 66.37 22.2 52.32 16.1 44.33 
12 30.2 79.07 23.7 63.19 17.2 57.30 
13 31.9 88.92 25.0 74.55 18.2 65.80 
14 33.4 98.38 26.2 86.20 19.0 76.60 
15 34.5 105.93 27.1 98.01 19.7 86.00 
16 35.4 11.04 27.8 109.80   
17   28.4 121.41   
18   28.8 132.65   
19   29.0 140.38   
20   29.2 153.41   

Source: Guildbook for Forestry Inventory  and Planning, Agriculture Published, 1995.  


