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Bamboo plantations are in high demand in the global market due to
bamboo’s versatility and fast-growing nature. Dendrocalamus asper is one
of the important species and is utilized in various industries, making it an
economically valuable crop. Increasing yields while maintaining effective
cost management is essential for planters. However, water stress
possesses a significant challenge which can potentially disrupt bamboo
growth and its physiological responses and thus the plant productivity. The
objective of this study was to evaluate the growth and physiological
responses of D. asper under different water treatments. A total of 45
seedlings were placed in a greenhouse and subjected to three different
watering regimes at field capacity. The growth and physiological
parameters including culm diameter, plant height, transpiration rate,
photosynthesis rate, intercellular carbon dioxide concentration, and
stomatal conductance were measured. The study showed that 100% of
water capacity produced the best results for all the growth and
physiological parameters measured. The reduction of water significantly
reduced the growth of the seedlings, and the increment of water
application beyond that point did not contribute to the increment of the
plant growth. This indicates that excessive watering of bamboo did not
improve growth performance, emphasizing the importance in optimizing
water usage and conserving resources for economic sustainability.
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INTRODUCTION

Forest plantations play a vital role in supporting the sustainable management of
Malaysia’s natural resources, contributing significantly to both the economy and
environmental conservation. Malaysia is one of the world’s largest exporters of timber and
timber-based products alongside other countries including Canada, China, Indonesia,
Brazil, Thailand, and the United States (Huang et al. 2024). The importance of establishing
forest plantations has been recognized in Malaysia to meet the growing demand for timber
while reducing pressure on natural forests. The forest plantations provide a sustainable
source of wood and non-wood products, which also contribute to biodiversity conservation
and carbon sequestration (McEwan et al. 2020; Betts et al. 2021). In Malaysia, the
establishment of forest plantations mainly involves fast-growing native or non-native tree
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species to enhance the production of pulp and wood. Fast-growing trees are characterized
by a mean annual increment of at least 10 to in excess 40 cubic meters per hectare
(m3/halyear), though this can vary depending on species traits, soil conditions, climate, and
management practices (IUFRO 2024). According to Malaysian Timber Industry Board
(MTIB) (2021), a total of 11 plant species including Hevea brasiliensis, Acacia mangium,
Tectona grandis, Khaya ivorensis and Khaya senegalensis, Azadirachta excelsa,
Neolamarckia cadamba, Paraserianthes falcataria, Octomeles sumatrana, Paulownia
species, Eucalyptus species, and bamboo species are listed under the Forest Plantation
Development Programme.

Bamboo plantation has become a key focus for sustainable development in
Malaysia, offering economic and environmental benefits. Malaysia’s tropical climate with
warm temperatures and abundant rainfall provides an ideal environment for bamboo
growth (Thuy et al. 2021). In Malaysia, over 60 species of bamboo have been identified,
with both exotic and native varieties thriving all over the country (MTIB 2021). The most
commonly planted bamboos in Malaysia include Dendrocalamus asper, Gigantochloa
albociliata, Gigantochloa scortechinii, Bambusa vulgaris, and Bambusa nutans (Goh et al.
2020). These species are mostly planted because of high yield, fast growth, and the fact
that they can be utilized for various purposes such as furniture, paper production, and
construction materials as well as for mitigation of soil erosion (Ekhuemelo et al. 2018;
Isukuru et al. 2023). The demand for bamboo and bamboo-based products keeps growing
and is expected to further increase in the future. However, the current bamboo plantations
in Malaysia could not meet the market demand due to shortage of bamboo raw materials
(Hamid et al. 2018).

Dendrocalamus asper, which is known as giant bamboo or Buluh Betung, is one of
the most planted bamboos in Malaysia. It is one of the largest and most valuable bamboo
species found in Malaysia and Southeast Asia (Hassan et al. 2022). D. asper can grow to
30 m tall with culms diameters of 12 to 15 cm (Hassan et al. 2022). This species has rapid
growth with mature culms, often to be harvested within 5 to 7 years (Mustafa et al. 2021).
The culms of D. asper are thick and solid, which makes the material suitable for various
purposes such as eco-friendly timber-based products, construction materials, and paper
(Azadeh et al. 2022; Khair and Masrol 2022), besides, the usage for flooring, scaffolding,
textiles, and handicrafts (Felisberto et al. 2019; Umar et al. 2020; Aduldejcharas 2024). D.
asper plays an important role in sustainable agricultural practices by promoting
reforestation, soil conservation, and as an alternative to timber (Singh et al. 2020; Pan et
al. 2023). In addition, a bamboo plantation can absorb 5.1 tons of carbon dioxide per
hectare per year, depending on its size; thus, this huge amount can maintain the dynamic
equilibrium in the atmosphere (Aparecido et al. 2018).

The health and stability of ecosystems are substantially at risk due to the rising
frequency of extreme weather phenomena, such as flash floods and drought. Drought is
characterized by extremely low soil moisture and high evapotranspiration, resulting from
a combination of high temperatures and minimal precipitation (Yao et al. 2020). Research
has shown that water shortages can disrupt bamboo production and quality (Wu et al.
2019). Conversely, other studies indicate that some bamboo species struggle to survive
during flooding seasons (Sungkaew and Teerawatananon 2017). The species D. asper,
which is widely planted globally, is not exempt from growth deterioration due to water
scarcity and excess watering. Furthermore, improper watering and fertilizer application
leads to resource wastage and negatively impacts plant growth and survival. Therefore, it
is crucial to determine optimal watering regimes for D. asper to ensure effective
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silviculture management and maximize yield production. This present study aimed to
evaluate D. asper growth and physiological responses to water stress. Specifically, the
objectives were to:

1. Determine the effect of different watering regimes on the growth rate of D. asper.
2. Determine the effect of different watering regimes on leaf gas exchange of D. asper.

The study will provide a better knowledge of morphological and physiological
responses of D. asper under different water regimes. Additionally, this study will identify
the most effective silvicultural treatments, particularly in terms of irrigation practice for D.
asper. The findings will benefit the bamboo plantations planters by providing information
on suitable watering regime in developing effective nursery water management plans for
bamboo cultivation. Ultimately, this study will contribute to producing high-quality yield,
while minimizing water waste and associated costs through efficient resource management.

EXPERIMENTAL

Experimental Site

The experiment was carried out in a greenhouse at the Plant Nursery, Institute of
Tropical Forestry and Forest Products, Universiti Putra Malaysia (UPM), Serdang,
Selangor, Malaysia (coordinates: 101°42°14.9832” E, 3°0°10.9116” N). In the greenhouse,
the average temperature ranged from 27 °C to 40 °C and relative humidity ranged from
75% to 80%.

Planting Materials and Maintenance

A total of 45 healthy D. asper seedlings were used for this experiment. The
seedlings were raised in the polybag (16 cm width x 19 cm height) and acclimatized for 10
months. The soil medium used was sandy loam topsoil. The plants were maintained in the
greenhouse and watered regularly in the morning and evening. The weeding activity was
done manually every week to avoid any competition to the D. asper plants.

Water Field Capacity Analysis

The water field capacity was conducted prior to the experiment to determine the
water holding capacity of the soil medium. Briefly, 1.0 kg of soil sample was oven dried
for 24 h and sieved with a 2.0 mm sieve. The soil was placed in a pot and saturated with
water. The pot was covered with a black plastic sheet. After 24 h, the water content in the
soil medium was measured using Tome Domain Reflectometer (Trime-Pico 64). The water
field capacity of the soil medium was presented in Table 1. Based on the water field
capacity analysis, the soil medium used in this study was favorable for an optimal plant
growth.

Table 1. Mean Value of Temperature, Electrical Conductivity and Field Capacity

Soil Properties Temperature (°C) Electrlc(zlscr%r_zc)iuctlwty Field Capacity (%)
Value 29 0.16 18.22
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Experimental Design

In this study, the experiment was laid out in completely randomized design (CRD)
with three replications and five plants for each replication (n=15). The plants were
subjected to three levels of water field capacity (50%, 100%, and 150%). The experiment
was conducted from September until December 2023. The growth and leaf gas exchange
parameters were measured the weeks of 1, 3,5, 7, 9, 11 and 13.

Measurement of Growth Parameter

The plant diameter was measured at the basal of the culm by using the vernier
caliper and height was measured from the basal to the top by using the meter tape. The
diameter and plant height were expressed in millimeter (mm) and centimeter (cm),
respectively.

Measurement of Leaf Gas Exchange

The leaf gas exchange parameters including transpiration rate, net photosynthesis
rate, intercellular carbon dioxide (CO2) concentration, and stomatal conductance were
measured using the Portable Photosynthesis System (LI1-6800, Li-COR Inc., Lincoln, NE,
USA). Three fully expanded leaves of each clump were chosen and measurements were
made in the morning (09:00 am to 12:00). Measurements were used with the following
settings: photosynthetically active radiation (PAR) at 1000 pmol m™2 s, 400 umol mol™*
for CO2 in the chamber, 30 °C of cuvette temperature and 60% of relative humidity with
the airflow was set at 500 pmol s™.

Statistical Analysis

All the data for growth and leaf gas exchange parameters were analyzed with two-
way analysis of variance (ANOVA) between the factorials water field capacity and number
of weeks The analysis was performed using Statistical Analysis System (SAS ver. 9.4,
Cary, NC, USA). The mean separation between the treatments was conducted using
Tukey’s Honestly Significant Difference (HSD) test at p<0.05.

RESULTS AND DISCUSSION

The water stress treatments applied to D. asper directly influenced its growth. The
analysis of variance (Table 2) showed that the water field capacity significantly (p < 0.05)
affected the culm diameter of the D. asper. The plants watered with 100% of field capacity
significantly produced the biggest culm diameter with 6.04 mm, followed by treatment of
150% and 50% with the of 5.56 and 4.85 mm, respectively. Based on the analysis by week,
the culm diameter recorded at week 1, 3, 5 and 9 were not significantly influenced by the
application of water at 100% and 150% of field capacity. However, the culm diameter of
plants watered with 100% was significantly increased at week 11 and 13 with the value
recorded 7.08 and 8.07 mm, respectively.

The effect of water stress was observed on the plant growth of D. asper. The
treatment of 100% of water at field capacity significantly exhibited the highest plant height
with 75.4 cm, followed by the treatment of 150% of water at field capacity with 72.3 cm
(Table 2). Meanwhile, treatment of 50% at field capacity exhibited the shortest plant height
with 67.8 cm.
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Table 2. The Effect of Water Field Capacity Application on Growth Parameters of
D. asper

Week
Parameter | Treatment 1 3 5 7 9 ” 13 Mean
50 3.81b 4.00b 433 b 432c 5.00b 6.01b 6.49c 4.85C
100 4.54 a 4.64 a 4.96 a 6.25 a 6.72 a 7.08 a 8.07 a 6.04 A
150 442 a 4.51a 4.81a 574 b 6.38 a 6.28 b 6.81b 5.56 B
. Mean 425 F 438 F 470 E 544D 6.03C 6.46 B 7.13A
Diameter
breast F value
height Water ﬁeld 523 18%**
(mm) capacity '
Week 765.85**
Water field
capacity x 25.30***
Week
1 3 5 7 9 11 13 Mean
50 56.40a | 60.70b | 61.50b | 65.93b 69.43 c 77.13b 83.27b | 67.77C
100 5337a | 6553a | 68.77a| o0 | 7267b | 8547a | 20 | 7538A
150 55.87a | 6160b | 69.40a | 71.87a | 77.30a | 81.83ab | 89.00b | 72.34B
Mean 5521 G | 62.61F 66.56 68.99D | 73.13C 81.48 B 94.82 A
Plant E
height F value
(cm) Water f!eld 132.98%**
capacity
Week 659.89***
Water field
capacity x 43.37***
Week

The values expressed in mean (n=45) followed by the same letter within the columns were not
significantly different at p<0.05 using HSD test. The upper-case letters indicated the overall means
by treatments and weeks. Meanwhile, the lower-case letters indicated the means between the
treatments by weeks.

The ANOVA results show that the plant height was significantly affected as the
number of weeks increased (Table 2). For the plants that received 50% of water at field
capacity, the plant height increased from 56.4 cm (week 1) to 83.3 cm (week 13), showing
a total increment of 26.9 cm over 13 weeks. As for the treatment 100% of water at field
capacity, the plant height increased from 53.4 cm in week 1 to 112.2 cm in week 13 with a
total increment of 58.8 cm. Meanwhile, the plants that received an excessive water
treatment showed an increment of plant height from 55.9 cm to 89 cm over 13 weeks with
a total increment of 33.1 cm, respectively. In this study, it was observed that treatment of
150% water at field capacity produced higher plant height from week 5 to week 11 as
compared to treatment 100% water at field capacity. This might be due to the physiological
and environmental factors. For bamboo plants, some species need high amounts of water
at the early stage, which results in greater plant height. However, after the plant adapts in
a new environment, the growth of the plant including plant height will accelerate under
optimal water treatment.

The treatment of water stress significantly impacted the leaf gas exchange
parameters. The results in Table 3 show that the application of 50%, 100%, and 150% at
field capacity significantly affected the transpiration rate of D. asper. The treatment 100%
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of water capacity significantly produced the highest transpiration rate with 3.78 mmol H20
m2st. Meanwhile, treatments at 50% and 100% of field capacity did not significantly
affect the transpiration rate of D. asper.

The highest transpiration rate was recorded in week 13 after planting. Based on the
weekly analysis, the transpiration rate showed an increment trend for all the water capacity
treatments. The transpiration rate ranged between 2.8 and 3.6 mmol H.0 m2s* from week
1 to week 9 for all the water capacity treatments. At week 11 and week 13, the transpiration
rate of the 100% water capacity was drastically increased to 4.05 and 5.34 mmol H,O m"
251, respectively. In contrast, the highest transpiration rate recorded for the treatment 50%
and 150% at field capacity were 3.94 and 3.70 mmol H.O m?s! on week 13. The
transpiration rate for the treatment 100% of water at field capacity was more intense from
week 9 to week 13 as compared to treatment of 50% and 150% water at field capacity. This
might be due to the fact that plants with 100% water at field capacity received optimal soil
moisture for stomatal conductance, by which the plants were able to maximize
transpiration. In contrast, excess water (150% water at field capacity) might have led to
mild root hypoxia, reducing root function and limiting water uptake and transpiration.

For the net photosynthesis rate, the statistical analysis showed that different water
capacity application on the D. asper significantly affected the net photosynthesis rate from
week 1 to week 13 (Fig. 4). The highest net photosynthesis rate was recorded from the
treatment 100% of water capacity, followed by the treatments with 50% and 150% of water
capacity with 9.02, 8.33 and 8.19 umol CO, m?s?, respectively. Based on the weekly
analysis, a stable increment of net photosynthesis rate was observed from all the water
capacity treatments from week 1 to week 7. Starting from the week 9, the net
photosynthesis rate recorded from the treatment 100% water capacity was drastically
increased and reached the peak at week 13 with 11.30 umol CO, m2st. Meanwhile,
treatment of 50% and 150% of water at field capacity did not significantly affect the net
photosynthesis rate at week 11 and week 13. The more intense increment in photosynthesis
rate at 100% water at field capacity from the week 9 to week 13 was because at 100% water
at field capacity, soil moisture was ideal for maintaining high stomatal conductance and
efficient CO- diffusion into the leaves and resulted with high photosynthesis rate. At lower
water levels, plants might have partially closed the stomata to reduce water loss, limiting
CO: uptake and reducing photosynthesis. Meanwhile, excess water caused root hypoxia,
reducing nutrient and water uptake, leading to lower photosynthetic efficiency.

Next, it was found that water capacity significantly affected the intercellular CO-
concentration in D. asper (Table 3). Application of 100% of water capacity significantly
showed the highest intercellular CO; concentration with 317.82 umol mol™. Meanwhile,
the lowest intercellular CO2 concentration was exhibited from the treatment 150% of water
capacity with 308.52 umol mol?. From Table 3, the 100% treatment at field capacity
exhibited the highest intercellular CO, concentration from week 1 (304 umol mol™?) to
week 13 (335 pmol mol™?). The lowest intercellular CO2 concentration in D. asper was
observed from the treatment 150% at field capacity with 296 umol mol™ (week 1) to 320
pmol mol? (week 13).
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Table 3. Effect of Water Field Capacity Application on Physiological Parameters of D. asper

Week
Parameter Treatment 1 3 5 7 9 1 3 Mean
50 282c 297c | 3.13a | 3.33ab | 3.37ab 3.56Db 3.94b 3.30B
100 3.28 a 3.31a | 343a 3.47 a 3.58 a 4.05a 5.34 a 3.78 A
150 3.06b 3.15b | 3.24a 3.28b 3.31b 3.43b 3.70b 3.31B
Transpiration Mean 3026 | SH | %27 | 337C | 342C | 368B | 4.33A
Rate F value
(mmol H20 -
m-2s-1) Water f!eld 138.93%+*
capacity
Week 146.49***
Water cap.x e
Week 22.02
1 3 5 7 9 11 13 Mean
50 781ab | 8.00a | 8.17a | 8.40ab 8.27b 8.54 b 9.15b 8.33B
100 8.05a 814a | 830a 8.69 a 9.01a 9.65 a 11.30 a 9.02A
150 7.62b 783a | 7.73b 8.23b 8.66 ab 8.37b 8.89b 8.19C
7.99
Photosynthesis Mean 7.82F EF 8.07E 8.44D 8.65C 8.86 B 9.78 A
Rate F value
mol CO2 m2s-! '
(M 2 ) | Water field 231.40%
capac.
Week 227.39***
Water cap.x o
Week 33.78
1 | 3 | 5 7 | 9 11 13 Mean
50 298.54 b 303.73 a| 307.19 a| 314.35b 315.19 ab 322.97a | 326.78b| 312.68B
100 303.48 a 308.38 a| 313.56 a| 317.63 a 320.37 a 326.23a | 335.11a| 317.82A
150 296.25 b 303.19 a| 306.25 a| 309.63 c 310.55 b 313.71a | 320.02b| 308.52C
299.43 | 305.10 | 309.00 | 313.87 315.37 327.32
Intercellular CO2 Mean F E DE CD c 320978 A
Concentration F value
mol mol’ '
(M ) Water field 34.1%+
capac.
Week 60.51***
Water cap.x ok
Week 0.93
1 3 5 7 9 11 13 Mean
50 0.26 b 0.26b | 0.26b 0.27b 0.28b 0.30b 0.32b 0.27B
100 0.30 a 0.31a | 0.32a 0.35a 0.34 a 042 a 0.45a 0.36 A
150 0.25b 0.26b | 0.27b 0.26 b 0.27b 0.29b 0.31b 0.28B
Stomatal Mean 0.27E 0.28 0.28 0.29CD | 0.30C 0.34B 0.36 A
DE CDE
Conductance F value
(mmol Water field
m2s1) aterfie 276.22"**
capac.
Week 60.62***
Water cap.x ok
Week 8.45
Values expressed in mean (n=45) followed by the same letter within the columns were not significantly
different at p<0.05 using HSD test. The upper-case letters indicated the overall means by treatments and
weeks. Meanwhile, the lower-case letters indicated the means between the treatments by weeks.
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As for the stomatal conductance, treatment at 100% of water capacity resulted in
significantly the highest value with 0.36 mmol ms (Table 3). Meanwhile, the treatment
50% and 150% at field capacity did not significantly influence the stomatal conductance
of D. asper, with 0.27 and 0.28 mmol ms, respectively. At the beginning of the planting
duration, the stomatal conductance ranged from 0.27 to 0.30 mmol m2s? from week 1 to
week 9. At week 11 and week 13, the stomatal conductance was significantly increased.
The values recorded were 0.34 and 0.36 mmol m2s, respectively. The individual trend of
the field capacity treatment is presented in Table 3. The stomatal conductance value
recorded for all the water capacity treatment ranged between 0.25 and 0.32 mmol m2s™.

Water availability is a critical factor affecting plant growth and physiological
processes. The results of this study indicate that water field capacity significantly
influenced the growth and leaf gas exchange performances, with optimal water availability
contributing to better growth of D. asper. Field capacity refers to the measurement of water
application on the plant, making it possible to determine an optimal amount of water
needed by plant without excessive leaching (van Lier 2017). The results in this study found
that 100% of watering at field capacity was the optimal field capacity for promoting growth
of D. asper with greatest height at 75.4 cm compared to 50% and 150% water at field
capacity with 67.8 and 72.3 cm, respectively. As 100% watering at field capacity produced
the highest plant height, this treatment also recorded the highest culm diameter with 6.04
cm. In a study conducted by Vaconcelos et al. (2022), the growth and physiological
responses of D. asper were affected by the application of water at 0.25%, 50%, and 100%
of field capacity. The results found that different water field capacity did not significantly
affect the shoot length and diameter of culm of D. asper at days 7 and 30. The results on
physiological responses indicated that watering at 100% of field capacity resulted in the
highest transpiration rate and stomatal conductance of D. asper. Similarly, 100% watering
at field capacity resulted in the highest transpiration rate and stomatal conductance with
3.78 mmol H,0 m?sand 0.36 mmol m2s. A study by Souza et al. (2019) indicated that
Bambusa vulgaris is more sensitive to water stress and reducing the volume of water
resulted in the death of B. vulgaris seedlings. Bamboo species including D. asper are
known for their rapid growth and high water requirements, making bamboo species highly
sensitive to water availability (Kaur et al. 2019). The superior performance of D. asper
under 100% water at field capacity is due to optimal water received by plants to support
physiological and biochemical processes such as nutrient uptake, cell expansion, and
photosynthesis (Wahab et al. 2022). Adequate water supply ensures optimal turgor
pressure which contributes to cell elongation (Nieves-Cordones et al. 2019). Hence, the
increment of plant height and diameter breast height of the culm were observed.

Conversely, excessive application of water (150% at field capacity) negatively
impacted the bamboo morphological and physiological responses. Excessive water creates
hypoxic conditions in the root zone, thus reducing oxygen availability for root respiration.
This anaerobic environment inhibits nutrient update and transport, leading to lower
stomatal conductance and photosynthesis rates (Habibi et al. 2023). The stomatal
conductance and net photosynthesis rate exhibited from D. asper under the treatment of
150% water at field capacity were 0.28 mmol m?s™and 8.19 pmol CO, m?s™* which was
significantly lower than D. asper under the treatment of 100% water at field capacity.
Furthermore, excessive water conditions promote the production of ethylene, a hormone
that inhibits cell division and elongation and decreases the growth rate of the plants (Dubois
et al. 2018). The plant height of D. asper was reduced by 4.03% as the water at field
capacity was increased from 100% to 150%. Meanwhile, the culm diameter also was
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reduced by 7.95% when the plants received 150% water at field capacity. In this study,
the decrement of intercellular CO, concentration from 318 umol mol™® under 100%
watering at field capacity to 309 pmol mol™ under 150% watering at field capacity was
observed. The decrease of intercellular CO2 concentration under excessive water conditions
indicated a disruption in the balance between CO- uptake and assimilation. Under excessive
water conditions, impaired root function limits overall physiological capacity of the plant
(Pais et al. 2022; Zhu et al. 2024). These mechanisms in physiological processes
collectively explain the lower growth performance of 150% of water at field capacity
compared to the optimal conditions at 100% of water at field capacity.

In this present study, water stress particularly at 50% of water at field capacity
significantly affected physiological responses including intercellular CO2 concentration,
transpiration rate, net photosynthesis rate, and stomatal conductance. The transpiration rate
and stomatal conductance of D. asper under 50% of watering at field capacity was
significantly lower than 100% watering at field capacity, however not significantly
different with 150% watering at field capacity. Meanwhile, the net photosynthesis rate and
intercellular CO2 concentration were significantly affected at 50% water at field capacity,
which was significantly higher than 150% water at field capacity. Under water deficit
conditions, the stomata are closed to reduce water loss through transpiration. However, this
stomatal closure limits the diffusion of CO: into the leaf, resulting in a decline in net
photosynthesis (Devi and Reddy 2018). The reduction in photosynthesis translates to lower
carbohydrate production, which directly affects energy availability for cell expansion,
elongation, and biomass accumulation (Shah et al. 2024). For bamboo species,
physiological impairments result in shorter internodes and small culm diameter, which
causes low plant height and diameter breast height. Prolongation of water stress also
triggers oxidative stress by accumulating reactive oxygen species that can damage cellular
structures including chloroplast where the photosynthesis process occurs (Sachdev et al.
2021). In addition, water stress causes an increment of abscisic acid concentration. Abscisic
acid is a hormone that inhibits cell division and elongation and promotes stomatal closure
(Muhammad et al. 2022). This is in line with the current findings, where a decrease of
watering to 50% at field capacity resulted in lower culm diameter and plant height
compared to the D. asper under the 100% and 150% water at field capacity. The reduction
of plant growth and productivity are essential for plants to adapt and survive under water
stress conditions.

For bamboo growers, maintaining water at 100% field capacity is essential for
achieving optimal growth and productivity in D. asper. An optimal water irrigation is very
important to support critical physiological processes, including efficient photosynthesis,
transpiration, and stomatal conductance, which directly influence plant growth and
development. Practical implementation includes precise irrigation techniques such as soil
moisture sensors to monitor water supply in order to ensure that the plants have optimal
growth and development. Additionally, mulching can be applied to conserve soil moisture
and minimize water evaporation. By optimizing water use efficiently, growers can enhance
the production of biomass with low water waste and irrigation costs, making 100% of water
at field capacity a sustainable and economically viable strategy for large-scale bamboo
cultivation. This approach ensures long-term environmental and economic benefits,
aligning with sustainable agricultural practices.
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CONCLUSIONS

The present study demonstrated that water stress was significantly impacted on the
growth and leaf gas exchange parameters of Dendrocalamus asper.

1. The treatment at 100% of water capacity was found to be an optimal amount of
water needed for the D. asper, as it produced the best results in terms of size of
culm diameter, plant height, transpiration rate, net photosynthesis rate,
intercellular carbon dioxide concentration, and stomatal conductance.

2. The plants watered at 50% and 150% of field capacity showed an increment in
the parameters recorded; however, the increment was not as high as the
treatment with 100% of water capacity.

3. The results showed that although D. asper is a fast-growing plant with high
water intake, excessive watering is not needed to produce an optimal growth.

4. This study also found that D. asper can grow under low water supply without
majorly affecting the growth and leaf gas exchange activity.
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