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Assessing the Emergence of Shoots and Growth of Culms in Response to Different
Clump Managements in Ye Nwe Reserved Forest, Myanmar

Su Myat Hnin, Range Officer
Forest Research Institute

ABSTRACT

The monthly emergence of shoots and growth of new culms under different clump
managements (Al, A2, Control in different months of a growing season: from May to
September) was investigated using 3x4 factorial experiments in Completely Randomized
Design. The number of harvested shoots, their diameter at ground level and length, gross
weight and net weight per clump were recorded every 10 days. Shoots emerged in the last 10
days of a month was remained for further growth and their growth in diameter at breast
height (DBH) and height (H) was measured in 40 days after their emergence.Different
months were found to vary significantly in number of shoots harvested, their mean gross
weight and net weight per clump. The number of shoots, harvested in July, per clump of 5.28
culms clump™ was significantly higher than those harvested in May and June, August and
September. The mean gross weight and net weight of shoots harvested in July was also
highest with 2,127.00 g clump™ and 1,230.00 g clump™, respectively. The significant effect
of month on the number of new culms which were retained for further growth and their DBH
was revealed. The number of new culms emerged in May and June (4.62 culms clump™), and
July (5.45 culms clump™) was significantly higher than those emerged in August (3.14 culms
clump™) and September (0.81 culms clump™). Similarly, culms emerged in May and June,
and July showed the significant higher mean DBH (7.67 cm, 7.47 cm) than those in August
(5.95 cm). Under different treatments, the significantly higher mean DBH was found under
treatment Al (7.67 cm) and A2 (7.16 cm).In terms of H of new culms, the significant
interaction between treatment and month was revealed. New culms emerged in July under
treatment Al and A2 was higher than those in May and June, August and September. It was
found that the unmanaged clumps produced the new culms in July, with no significant
different growth in height from those produced under treatment Al, A2 and C in May and
June, August and September. It was indicated that clump management was crucial to attain
the better growth in height of new culms. Comparing the mean H of new culms emerged
under Al and A2 in July, the significant higher mean height of culms was investigated under
A2. Therefore, it was recommend that four well distributed new culms within the clump
produced in the last 10 days of July should be retained as mother culms to maintain a
reasonable culm-density in the stand. Shoots emerged in the early growing season (May and
June) and late growing season (August, September) should be harvested for shoot
consumption due to their poor growth in H.

Keywords: monthly growth of shoots and culms, clump management, effect of month and
treatment, interaction between month and treatment
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Assessing the Emergence of Shoots and Growth of Culms in Response to Different

Clump Managements in Ye Nwe Reserved Forest, Myanmar

Introduction

Bamboo, having a significant role in Myanmar’s society due to its diverse utilization,
is a potential species for enhancing the livelihood of rural people through community forestry.
Dendrocalamus strictus, Bambusa polymorpha, Dendrocalamus brandisii, Dendrocalamus
hamiltonii, Dendrocalamus longispathus and Dendrocalamus latiflorus are consumed for
their shoots in different forms: boiled fresh bamboo shoot, salted bamboo shoot and pickled
bamboo shoot. The domestic bamboo shoot consumption was estimated at 13,695 ton in 2005
(ITTO, 2005). According to Food and Agricultural Organization’s report in 2005, the annual
bamboo removal for wood and fuel had risen from 7,752,000 metric tons in 1990 to
9,803,000 metric tons in 2005. Win et al. (2019) reported that the bamboo based Community
Forests (CFs) provided the bamboo cutters, head of cutters and head of CFUG with the
annual income of 820,000 kyats, 2,402,000 kyats and 7,295,000 Kyats. Bamboo is the major
income generator for the rural poor.

Generally, the initial shoots and most of those produced in the summer are harvested,
but those produced towards the end of the shooting period will be selected and retained as
mother culms (Mera et al., 2014). However, based on the experience of a bamboo expert,
bamboo shoots emerged in the late growing season are rather small due to the shortage of
nutrients in the rhizome and are susceptible to insect attack.

Virtucio and Roxas (2003) indicated that poor management practices in a plantation
may contribute to a reduced production of culms and shoots. Lack of management and
repeated shoot harvest likely can be attributed to a low AGB (Hnin, 2019). Although the
different clump managements were tested for increasing the culm yield, not much work has
been attempted on a clump management for producing both edible shoot and culm yield.

Investigating the optimal standing-density, shoot emerging behavior and growth of
newly emerged culms can help arrange the shoot harvesting schedule and efficiently provide
both shoot and culm vyield. In this study, therefore, the monthly emergence of shoot in a
growing season and culm growth under different clump managements was investigated.

Objectives

The overall objective of this study is to investigate the shoot emerging behavior for
harvesting shoot and culm under different clump managements. The specific objectives are as
follows:

% To compare the number of shoots harvested, their diameters, fresh weights under
different treatments in different months of a growing season,

To assess the comparative growth in diameter at breast height and height of new
culms emerged under different treatments in different months of a growing
season.
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Materials and Methods
Materials

The present investigations were conducted in the year 2020 in Ye Nwe Reserved
Forest, Compartment No. 84, Kyauktaga Township, Bago Region, Myanmar as shown in
Figure 1. The experimental site is located in Bago Yoma between 18 3' 11.25" N latitude and
96 19'47.18" E longitude at an altitude of 795 m above sea level. The climate of the region is
broadly humid subtropical with cool winter and hot dry summer. Generally, the monsoon
starts in June and lasts up to September. The mean annual precipitation is 999.9 mm. The
average maximum temperature in summer may reach up to 37° C and average minimum
temperature in winter may fall up to 29° C.
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Figure 1 The map of the study area in Kyauktaga Township, Bago Region, Myanmar

Methods

Based on the criteria of, growing in the same environmental condition, having the
same age of the rhizome system, 150 clumps having at least 5 culms in their 1* year and 5
culms in their 2™ year which were healthy and free from insect attack, of Bambusa
polymorpha were randomly selected using Completely Randomized Factorial Design with 10
replications.

For the 3x5 factorial experiments with 3 levels of treatment (Al, A2, C)and 5 levels
of month (B1, B2, B3, B4, B5) in a growing season, sets of clump management consist of the
following 9 different combination:

Al B1 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 3
culms/age (total of 6 culms/clumps) and
shoot growth in May, 10 replications



Al B2 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 3
culms/age (total of 6 culms/clumps)
shoot growth in June, 10 replications

Al B3 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 3
culms/age (total of 6 culms/clumps)
shoot growth in July, 10 replications

Al B4 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 3
culms/age (total of 6 culms/clumps)
shoot growth in August, 10 replications

Al B5 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 3
culms/age (total of 6 culms/clumps)
shoot growth in September, 10 replications

A2 B1 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 4
culms/age (total of 8 culms/clumps)
shoot growth in May, 10 replications

A2 B2 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 4
culms/age (total of 8 culms/clumps)
shoot growth in June, 10 replications

A2 B3 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 4
culms/age (total of 8 culms/clumps)
shoot growth in July, 10 replications

A2 B4 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 4
culms/age (total of 8 culms/clumps)
shoot growth in August, 10 replications

A2 B5 Combination of cutting all old culms, leaving 1- and 2-year-old culms, 4
culms/age (total of 8 culms/clumps)
shoot growth in September, 10 replications

Control 50 replications

Pandey and Ojha (2013) reported that the optimum harvesting age for Dendrocalamus
asper, Dendrocalamus strictus and Bambusa tulda was on 10—14 days, 6—10 days and 10—16
days (after emergence from the ground) respectively, when their shoots had richer nutritional
composition and lesser concentration of cyanides. Therefore, the following data of the shoots,
emerged in the first 20 days of a month during the growing season, with the height from the
ground ranged from 45 cm and below was collected in every 10 days during the data
collection period from June, 2020 to September, 2020:

» number of new shoots emerged,

» diameter at ground level, length, gross weight and net weight.

However, due to the lock down measures taken place in April, 2020, the data on
shoots emerged in May and early June could not be measured. In June when the lock down
measure was temporarily lifted, the data collection was started and the local villagers were
trained to record the number of shoots emerged in the first 20 days of a month, their diameter
at ground level, length, gross weight and net weight for further data collection. Therefore,
shoot emergence in May and June could not be recorded, separately.



Shoots emerged in the last 10 days of a month, being healthy, well-distributed in a
clump and having larger diameter, were remained for further growth. Their growth in
diameter at breast height (DBH) and height (H) was measured in 40 days after their
emergence (Yen, 2016).

Data analysis

Statistical analysis, analysis of variance (ANOVA) and post-hoc analysis (Tukey’s
HSD), was done in use of 3x4 factorial experiment in completely randomized design to
analyse the difference in number of shoots emerged, their gross weight and net weight, and
DBH and H of new culms resulted from different treatments and months. Statistical analysis
was carried out with the RStudio software package using two factors, i.e, treatment and
month.

Results and Discussion
Shoot emerging behaviour of B. polymorpha

More than 50 percentages of shoots was produced in July which was followed by
August, May and June, and September under 3 treatments. Despite having high number of
rainy days (Figure 2) and rainfall in September, the lowest percentage of shoots was shared to
the total number of shoots emerged in the growing season as shown in Table 1 and Figure 3.
It could be assumed that rainfall is not the only factor which influenced the emergence of
shoots.

Table 1 Percentage of shoot emergences under different treatments in different months

Shooting % per Shooting % per Shooting % per Shooting % per
- clump in May and clump in July clump in August clump in
um
P June September
management

Net Net Net Net

Number ) Number ) Number ) Number )

weight weight weight weight

Al 17.24 9.39 51.72 50.66 26.44 33.26 4.60 6.68
A2 9.68 3.98 54.84 52.11 32.26 41.58 3.23 2.33
C 3.57 2.57 64.29 40.77 26.79 47.92 5.36 8.74
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Figure 2 Number of rainy days and rainfall per month
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Figure 3 Percentage of shoot emergence by month

Effect of treatments and months on the emergence of shoots/ shoot yield

No variation in the number of shoots harvested, and length of harvested shoots, their
mean gross weight and net weight of shoots in a clump was revealed due to the effect of
treatment at p=0.05, as presented in Table 2 and Table 3. However, mean diameter at ground
level of harvested shoots differed significantly at Foos@r 2,59=5.962, p<0.0001. Shoots
emerged under treatment Al and C showed significantly higher mean diameter of 7.01 cm
and 6.75 cm, respectively.



Different months were also found to vary significantly in the number of shoots
harvested, their mean length, mean gross and net weight per clump at Fo st 3,59=20.773,
p<0.0001,; F0_05(df 3,59):5.859, p<0.0001;Fo,05(df 3,59):11.831, p<0.OOOl;F0_05(df 3,59):9.012,
p<0.0001, shown in Table 4 and Figure 4. The significant highest number of shoots per
clump of 5.28 culms clump™ was harvested in the first 20 days of July than those harvested in
May and June (1.85 culms clump™), August (2.62 culms clump™) and September (1.42 culms
clump™). The highest number of shoots in July resulted in the highest mean gross and net
weight of shoots per clump. The mean gross weight and net weight of shoots per clump
harvested in July was significantly highest with 2,127.00 g and 1,230.00 g, respectively,
which were not significantly different from the mean gross weight of 1,591.00 g and mean
net weight of 973.60 g of shoots harvested in August.

In contrast, the mean gross weight and net weight of shoots per clump harvested in
May and June was lowest with 388.60 g and 255.90 g, respectively, which were not
significantly differed from those in September with 756.00 g and 500.40 g, respectively. No
interaction between treatment and month was revealed at p=0.05.

Table 2 Analysis of variance for shoot emerging behaviour from different treatments in
different months

Sum of squares

Source of Diameter of Mean gross ~ Mean net
o d.f.  Number Length of ) ]
variation shoots at weight per  weight per
of shoots shoots
ground level clump clump
Treatment 2 0.69 11.86* 430.00 54669 46816
Month 3 181.56* 22.09* 7783.00* 33653083*  10564315*
Treatment x
6 13.42 5.59 928.00 55943751 1757905
Month
Error 59 171.89 58.66 26122 55943751 23053571

Remark: * represents Significant at the 0.05 level.



Table 3 Variation in number of harvested number of shoots in a clump, their mean diameter,

mean gross weight and net weight due to the effect of treatment

Mean diameter Mean gross Mean net
Number of ) _
of harvested Mean length weight of weight of
harvested
Month ) shoots at of harvested harvested harvested
shoots in a ) )
ground level shoots (cm) shoots in a shoots in a
clump
(cm) clump (g) clump (g)
Al 3.22° 7.07° 28.17° 1,447.23° 869.10°
A2 3.44° 6.27" 23.21° 1,506.53 881.50°
C 3.11° 6.76° 26.85° 1,500.57° 934.10°

Remark: Letters a and b represent post-hoc comparison of means. Figures followed by the
same letters in a column are not significantly different from each other according to
Tukey’s HSD test.

Table 4 Variation in number of harvested shoots in a clump, their mean diameter, mean

gross weight and net weight due to the effect of month

Mean
) Mean gross Mean net
Number of diameter of ) )
Mean length weight of weight of

harvested harvested
Month ) of harvested harvested harvested
shoots in a shoots at ) )
shoots (cm) shoots in a shoots in a
clump ground level
clump (g) clump (g)
(cm)
May and 1.85° 6.01° 9.61° 388.60° 255.90°
June
July 5.28° 7.15° 21.41° 2,127.00% 1,230.00°
August 2.62° 6.80" 37.55%® 1,591.00%° 973.60%
September 1.42° 6.05° 32.06" 756.00™ 500.40™

Remark: Letters a and b represent post-hoc comparison of means. Figures followed by the
same letters in a column are not significantly different from each other according to
Tukey’s HSD test.
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Figure 4 Number of shoots harvested, their mean gross weight and net weight per clump by
months

Analysis of variance for growth of new culms from different treatments in different
months
A two way ANOVA was conducted to examine the effect of treatment and month on
the growth of new culms, and the interaction between treatment and month (Table 5).



Table 5 Analysis of variance for the growth of new culms from different treatments in
different months

Sum of Squares

Source of variation d.f. No. of new Mean DBH of new Mean H of new
culms culms (cm) culms (m)
Treatment 2 11.13 24.50* 73.96*
Month 3 115.16* 47.49* 205.43*
Treatment x Month 5 28.08 10.11 82.09*
Error 177 219.71 79.90 150.23

Remark: * represents Significant at the 0.05 level.

No significant effect of treatment on the number of new culms emerged in every last
10 days of the tested months was revealed, as presented in Table 5 and Table 6. However,
mean DBH of new shoots among different treatments varied at Fo os:2,77)=11.803, p<0.0001.
Mean DBH of new culms under treatment C (6.36 cm) were significantly lower than those
under treatment Al (7.67 cm) and A2 (7.16 cm).

A significant difference in the number of new culms and their DBH among different
months was also revealed at Foos(377=13.452, p<0.0001; Fo.05:377=15.256, p<.0.0001. The
number of new culms emerged in the last 10 days of July (5.45 culms clump™) and, May and
June (4.62 culms clump™) was significantly higher than those emerged in August (3.14 culms
clump™) and September (0.81 culms clump™). Similarly, culms emerged in May and June
(7.67 cm), and July (7.47 cm) showed the significantly higher mean DBH than those in
August (5.95 cm), as shown in Table 7.

Table 6 Variation in the number of new culms and their mean DBH by treatment

Treatment No. of new culms Mean DBH (cm)
Al 4.00°% 7.67°
A2 4.81° 7.16°
C 4.19° 6.36°

Remark: Letters a and b represent post-hoc comparison of means. Figures followed by the
same letters in a column are not significantly different from each other according to
Tukey’s HSD test.

Table 7 Variation in the number of new culms and their mean DBH by month

Month No. of new culms Mean DBH (cm)
May and June 4.62° 7.67%°
July 5.45° 7.47%
August 3.14° 5.95°
September 0.81° 6.79"

Remark: Letters a and b represent post-hoc comparison of means. Figures followed by the
same letters in a column are not significantly different from each other according to
Tukey’s HSD test.
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Variation in the growth of new culms by the interaction effect between treatment and
month
A statistically significant interaction effect between the treatment and month on the

height of new culms was revealed at Foos577= 8.415, p<0.0001, shown in Table 5. Tukey’s
post hoc test was applied for pairwise comparisons. The mean height of new culms emerged
in July under treatment Al (3.56 m) was significantly higher from those under C (0.90 m) in
May and June, Al (1.25 m) in May and June, A2 in May and June (0.91 m), C in August
(0.30 m). Similarly, significantly higher mean height of new culms emerged in July under
treatment A2 (7.41 m) was investigated than those under treatment C in May and June (0.90
m), Al in May and June (1.25 m), A2 in May and June (0.91 m), Al in August (2.47 m), A2
in August (2.75 m), C in August (0.30 m), Al in September (0.76 m) and A2 in September
(0.91 m).

The height of new culms emerged under Al in July and Al in August was not
significantly differed. Considering the significant higher number of new culms and their
DBH in July (5.45, 7.47 cm), however, culms newly emerged in July under Al should be
retained for further growth.

New culms emerged under treatment Al and A2 in July showed significantly better
growth in height. Comparing the new culms emerged under in July Al and A2, the
significant higher mean height of culms was revealed under A2. However, the mean height of
new culms under treatment C (2.33 m) emerged in July was non-significantly different from
those under treatment Al in May and June (1.25 m), A2 in May and June (0.91 m), C in May
and June (0.90 m), Al in August (2.47 m), A2 in August (2.75 m), Al in September (0.76 m)
and A2 in September (0.91 m). It was found that the unmanaged clumps produced the new
culms in July, with no significant different growth in height from those produced under
treatment Al, A2 and C in May and June, August and September. It was indicated that the
clump management was crucial to attain a better growth in height of new culms.

Mera et al. (2014) reported that the initial shoots and most of those produced in the
summer are harvested, but those produced towards the end of the shooting period are selected
and retained as mother culms. However, in this research, it was revealed that new culms
emerged in the early growing season (May and June) and late growing season (August,
September) were lower in their number, mean DBH and H. Therefore, it is recommend that
three or four well distributed new culms within the clump produced in July should be retained
as mother culms to maintain a reasonable culm-density in the stand.

It was also found that the number of new culms which were retained for further
growth in May and June and their mean diameter were higher. However, their growth in
height was significantly lower due to the relatively fewer rainy days and lower rainfall, and
moisture content in soil. On the other hand, despite having the higher rainfall in September,
the lowest number of new culms was recruited. It could be assumed that the emergence of
shoots and their growth were influenced not only by rainfall but the nutrient in the rhizome of
one- and two-year-old culms. Since treatment A2 showed the best growth in height in July,
treatment A2 is recommended for clump management and shoots emerged in July should be
remained to let them grow to their full growth. Shoots emerged during the rest of the growing
season should be harvested within 10 days after their emergence for shoot consumption.
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Table 8 Height growth of new culms in response to different treatment and month

Mean Height (m)
Treatment
May and June July August September
Al 1.25 (£1.03) 3.56 (£1.49) 2.47 (£1.71) 0.76
A2 0.91 (£0.63) 7.41 (£2.73) 2.75 (£1.39) 0.91 (x0.57)
C 0.90 (x0.43) 2.33 (£1.06) 0.30 (x0.17) -

Annual harvestable shoot and culm yield

For shoot consumption, the annual harvestable number of shoots was in the order of
Al (12.07 culms clump™ yr')> A2 (11.23 culms clump™ yr)> C (10.64 culms clump™yr?),
as presented in Table 9. The annual harvestable net weight of shoots of 3.4 kg clump™ under
Al, 3.1 kg clump™ under C and 2.7 kg clump™ under A2 was yielded, shown in Table 10.

Based on the preliminary data collected in January, 2019 prior to clump management,
54 clumps, in average, of Bambusa polymorpha and Cephalostachyum pergracile were
recorded in a 30 x 30 m wide sample plot. Of 54 clumps, 21 clumps of B. polymorpah and 33
clumps of C. pergracile were mixed in a plot. Mean annual harvestable number of shoots
and their mean net weight per hectare, and harvestable number of 3-year-old culms was
computed by multiplying with 23,333 clumps per ha of B. polymorpha. Clumps under
treatment Al yielded the highest annual net weight of shoots of 78.5 ton ha™ yr* which was
followed by C (71.5 ton ha™ yr") and treatment A2 (63.3 ton ha™ yr"), as shown in Table 10.
ITTO (2001) reported that a sympodial bamboo plantation with the culm density of 4,000
culms ha™ (500 clump ha™ x 8 culms clump™) could yield the annual per hectare yields of 10
to 30 ton of edible shoots. It was also reported that a well-managed multipurpose stand with
the culm density of 2,225 culms per hectare can yield 3 tones of edible shoots and 9 tones of
timber per hectare annually (ITTO, 2001). However, the annual harvestable shoot yield
investigated in this research was higher due to the higher culm density of 139,998 - 186,664
culms ha™ (23,333 clumps ha™ x 6-8 culms clump™) in natural stand.

In terms of culm yield, 3-4 culms aged three year per clump could be harvested for
culm yield under treatment Al and A2. Annually, 69,999 culms ha™* yr (23,333 clumps ha™
x 3 culms clump™) under A1 and 93,332 culms ha™ yr* under A2 (23,333 clumps ha™ x 4
culms clump™) could be harvested.

Table 9 Average annual harvestable number of shoots by treatment and month

Number of harvestable shoots per clump No. of annual
g No. of annual
(culms clump™) harvestable
harvestable shoots
Treatment| May and July August | September er clum shoots per
June (cuInF:s clum pl i) hectare
PoYT) dculms hat yrt)
Al 2.14 5.63 2.30 2.00 12.07 281,629
A2 1.80 5.10 3.33 1.00 11.23 262,030
C 1.00 6.00 2.14 1.50 10.64 248,263
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Table 10 Average annual harvestable net weight of shoots by treatment and month

Harvestable mean net weight of shoots per Annual
Annual harvestable
clump ) harvestable
1 net weight of )
Treatment (g clump™) net weight of
shoots per clump
May and July August | September 1 4. [|shoots per ha
(kg clump™ yr™) 11
June (ton ha™ yr™)
Al 314.9 1486.0 780.5 783.8 3.4 78.5
A2 189.4 1240.2 | 1099.5 185.1 2.7 63.3
C 204.1 1079.0 | 1087.1 694.0 3.1 715

CONCLUSION

This study was conducted in order to provide the information on the shoot emerging
behavior and growth of new culms to an interested farmer and community user group, and to
provide them with the clump management in which the shoot harvesting schedule was
arranged so that both shoot and culm vyield could efficiently be harvested. The number of
shoots harvested, their mean height, mean gross and net weight of shoots per clump varied
with different months during the growing season. The number of shoots harvested was
highest in July. The mean net weight of harvested shoots per clump was in the order of July>
August> September> May and June.

In terms of the growth of new culms, the number of new culms and their DBH
emerged in the last 10 days of July and, May and June was significantly higher than those
emerged in August and September. For the height of new culms, however, the significant
higher mean height of culms was revealed under A2 in July. The adoption of a clump
management in which 3-3 culms of 1-2 year of age per clump maintained is recommended to
obtain good performance in DBH and height growth of new culms. New culms emerged in
the last 10 days of July should be kept as mother culms. Culms which emerged in the rest of
the growing season should be harvested every 10 days after their emergence for edible shoots.
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