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Spatiotemporal dynamic changes
In transpiration in the shoot
sheath and its relation to water
transportation during rapid
growth of Moso bamboo

Juan Lit, Lei Chen?, Jinge Wang?, Junlei Xu', Huifang Zheng?,
Yucong Bai!, Zhanchao Cheng?, Shaohua Mu* and Jian Gao'*

!International Centre for Bamboo and Rattan, Beijing, China, 2?China National Botanical Garden (North
Garden), Beijing, China

Introduction: Transpiration is the driving force of water transport, which plays a
crucial role in the rapid growth of bamboo shoots. Nonetheless, the transpiration
changes that occur in the shoot sheath of Moso bamboo during the leafless stage
and the physiological processes involved in water transport from the mother
bamboo to bamboo shoots are not completely understood.

Methods: This study investigated the temporal dynamics of the transpiration rate
(Tr) and stomatal conductance (gs) of the sheaths from bamboo shoots to culms
and diurnal variations in Ty and gs as well as the spatial dynamics of T, and gs in
various parts of the shoot sheaths. Water distribution patterns in bamboo shoots
were analyzed using the isotope tracer method, and the water transportation
path in bamboo shoots was determined by soaking the shoots in fuchsine dye
solution.

Results: We observed that the T, was higher in bamboo shoots at heights of
4 and 7m compared to that at 0.5, 1, 2, and 13m, with rates ranging from
6.8 mmol/m?/st to 8.3 mmol/m?/s. Additionally, the T, and gs of the shoot
sheath were lower at noon, but higher in the morning and evening. The T,
in the lower parts of the culm sheath was higher than that that in the upper
part (height: 0.5—-4 m). However, when injected into the mother bamboo, D>,O
was not immediately transported to the shoots via the mother culms but was
transported upward through the vascular bundle, with a larger vascular bundle
near the pulp cavity transporting high volumes of water.

Discussion: These findings provide the foundation for further studies on the
rapid growth of Moso bamboo and establish a theoretical basis for water
management during its shoot developmental period.

KEYWORDS

shoot sheath, spatio-temporal, transpiration rate, isotopic tracing, water transportation
path, shoot rapid growth

Introduction

Moso bamboo (Phyllostachys edulis), a native of China, is widely distributed in the
tropical and subtropical areas of East and Southeast Asia and plays important roles in
regional water and soil loss management, water restoration, and soil conservation (Song
et al., 2017; Zhang et al., 2019). The species is known for the rapid growth of emerging
shoots (Liese and Kohl, 2015), with growth rates reaching up to 10-80 cm per day (Liese
and Kohl, 2015; Song et al., 2016). Furthermore, it takes only 1-2 months for this bamboo
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species to grow from shoot to culm through a stage known as the
“explosive growth” stage (Song et al., 2016).

Water is an important solvent for plant cells as it affects various
life activities and regulates plant growth rate. It is an important
factor that not only directly affects plant growth and development
but is also an essential component of physiological metabolism.
In bamboo species, water supply is thus a determinant of shoot
differentiation, the number of shoots available for harvesting, and
the quality of new growth (Fu et al, 2005). Moso bamboo is
connected by a subterranean rhizome system that serves as a
conduit for water and nutrient exchange between different culms
within the same clone (Wilsey, 2002; Xu et al., 2013). Studies have
found that during the rapid growth phase of Moso bamboo, water
is transferred from the stem through the root, and thus, the rapid
growth of bamboo shoots is related to water transport from the
mother culms to the shoots (Dierick et al., 2010; Zhang R. et al,,
2017; Zhang Z. Z. et al., 2017).

Transpiration is commonly used to indicate the water status of
plants as well as the interactions between plants and environmental
factors (Ruiz-Pdrez et al., 2001). In this regard, the evaporative
surface of the sheath is considered crucial in gramineous plants,
particularly as the plant approaches a critical stage. Sheath
transpiration significantly contributes to overall water loss in
plants, particularly during the night (Sadok et al., 2020). When
bamboo shoots and young culms are branchless and leafless, the
shoot sheath serves as the primary transpiratory organ (Wang
et al., 2018). The culm sheath is also directly connected to the
outer vascular bundle, and its transpiration rate (T;) and stomatal
conductance (gs) are significantly higher than those of the leaf
sheath (Wang et al., 2018). Moreover, the removal of the culm
sheath affects the height of bamboo shoots (Shang et al., 2013;
Wang et al., 2017). However, despite the multiple functions of the
shoot sheath in the rapid growth phase of Moso bamboo, studies
on the spatiotemporal dynamics of the T, of the shoot sheath
are limited.

Deuterium oxide (D,0) tracing is an effective method for
studying water transport among interconnected plants such as
those connected by bamboo culms and rhizomes. In Bambusa
blumeana, increased deuterium concentrations were detected in
the leaves of culms of neighboring bamboos that had been treated
with DO (Dierick et al, 2010). Thermal dissipation probes
(Granier, 1985) in the clumps of Bambusa vulgaris also indicated
water transport from mature culms to newly sprouted culms
during the sprouting stage (Fang et al., 2019). Similarly, a 20%
decrease in water use rates was noted after cutting rhizomes
between neighboring culms (Zhao et al., 2017). Nevertheless,
the relationship between water transport among culms of Moso
bamboo and its effect on shoot sheath transpiration during the
explosive growth stage has not been adequately explored.

In this study, we determined the spatiotemporal dynamics of
T and gs in the shoot sheaths and analyzed the water distribution
patterns in the shoots of Moso bamboo using the isotope tracer
method. An acidic magenta aqueous solution was used to trace
the water transport route. The objectives of this study were
(1) to determine the spatiotemporal variations in shoot sheath
transpiration and its effect on the rapid growth of bamboo shoots
during the branchless, leafless stage and (2) to determine the
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water transport pattern and its relationship with shoot sheath
transpiration. The findings of this study will provide a theoretical
basis for water management during the explosive growth stage of
Moso bamboo shoots.

Materials and methods

Measurement of environmental factors and
plant height

The experiment was conducted in a Moso bamboo forest in Jing
County, Anhui Province, China. We established three plots (10 x
10 m?), containing a total of 41 bamboo culms. Plant height was
measured from the tip of the shoot to the culm using a CGQ-1
direct reading height gauge (Harbin Optical Instrument Factory
Co., Ltd., China) between March 29 and April 28. Measurements
were taken in the morning (06:00-08:00) and evening (18:00-
20:00), ensuring a 12-h interval between successive measurements
and two measurements every 24h. Once the bamboo shoots
attained a height of 4 m, three plants were randomly selected, and
their heights were recorded every hour for 48 h.

The light intensity (Lx), air temperature (T, °C), and relative
humidity (RH, %) were recorded every hour during the study
period using Microclimate meters (Pocket Weather Tracker 4000,
Kestrel Corp., USA), which were installed in the center of each plot.
Thereafter, the vapor pressure deficit (VPD) was calculated using
RHand T.

Determination of physiological indexes of
shoot sheaths

T, and gs were measured using a Li-COR 6400 photosynthesis
apparatus (LI-COR, USA), with a light intensity of 800 mol/m?/s,
CO; concentration of 400 pwmol/mol, and temperature of 25°C.
When the bamboo shoots attained a height of more than 4m, a
researcher needed to climb a ladder and record the measurements.

A total of 18 (out of 41) bamboo plants were selected from
the three plots to measure the changes in T, and gs in the shoot
sheaths and culms of plants with an average height of 0.5, 1, 2, 4,
7, and 13 m (Figures 1b-d, f, g) and average diameter of 4-5cm.
The T, and growth rate were measured for different bamboo plants.
Nonetheless, the Ty and gs of three plants with similar heights were
determined simultaneously from 08:00 to 10:00.

It was difficult to determine the T, and gs in the interior of the
sheath; hence, these parameters were measured for the exterior of
the sheath, which was then peeled immediately to rapidly determine
the values of these parameters in the interior of the sheath. In the
process, bamboo shoots were damaged, and thus, another set of
shoots was used for further estimations. Each sheath of the bamboo
shoots was numbered (at different heights) as follows: 0.5 m (sheath
number: 30, 21, and 23), 1 m (sheath number: 31, 31, and 23), 2m
(sheath number: 31, 31, and 31), 4 m (sheath number: 30, 31, and
31), 7 m (sheath number: 30, 21, and 23), and 13 m (sheath number:
37,38, and 39). The peeled-oft sheath is shown in Figures 1a, c. We
measured the T, and gs of the S-upper, S-middle, and S-lower parts
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FIGURE 1
(a, e) Peeled-off sheath of 0.5-m bamboo shoot, the number (s1, s2, s3...s30) represents the location of the sheath in the bamboo shoots, the same
as (c). The s-upper, s-middle, and s-lower parts of the culm sheath are marked, | represents the innermost layer of the culm sheath. (b-d, f, g)
Photographs of 1-, 2-, 4-, 7-, and 13-m bamboo shoots. The number (s1, s2, s3...s15) represents the location of the sheath, the same as (a, e). S
represents the top of the culm sheath; W stands for culm sheath of internode 13; T represents the upper part of the outermost-layer culm sheath; M
represents the middle part of the outmost-layer culm sheath; B represents the bottom part of the outermost-layer culm sheath.

of all the culm sheaths (s1 to sn; Figure 1a), and the area of each
culm sheath was measured using the grid method (Zhuang, 1979).
Then, average values of the T; and gs of three bamboo shoots of
similar height were analyzed.

As the unit of T; was mmol/m?/s, the unit of transpiration
water consumption (T.) was converted to kilogram per meter
square per hour to facilitate its estimation at different heights
using the following formula: T. = 0.0648T;. The formula used to
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calculate the T of bamboo shoots over 8 h during the day (T, kg)
is as follows.

n
T, = ZTC,-A,-t (n=1,2,3,4...)
i=1

where T,; is the transpiration rate of the sheath i (kg/m?/h), A; is
the area (m?) of the sheath 7, ¢ (8 h) is the time interval, and # is the
number of culm sheaths.
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Three bamboo shoots were then selected to measure the T,
and gs at 09:00, 12:00, 14:00, 15:00, 17:00, and 18:00. The values
for the S-upper part of bamboo sheaths of s1-s5, s10-s15, and
§15-520 culms were measured without any damage to the plants.
Thereafter, we calculated the average of the values obtained from
different sheaths of a bamboo shoot and the values obtained for the
same period.

Isotopic tracing in bamboo shoots

We found that the length of the internode of the shoots of
heights 0.5, 1, 2, and 4 m was extremely reduced, and the amount
of tissue fluid was low. Additionally, as lignification was severe
in the internode of bamboo shoots with a height of over 7m,
the tissue fluid could not be extracted. Moreover, the T, of 7-
m-tall bamboo shoots was the highest; hence, they were selected
for further estimations. Furthermore, the growth rate of bamboo
shoots was not uniform. Therefore, three bamboo shoots with a
height of 7m (collected from 24 April 2019 to 30 April 2019) and
another set of three shoots (collected between 30 April 2019 and 11
May 2019) were used for isotopic tracer experiments.

The mother bamboo of each shoot was identified using the
rhizome. The surface soil of the sample plant was removed,
and 10mL of DO (99.9% D, Shanghai Research Institute of
Chemical Industry, China) was injected into the base of the mother
bamboo. Following Meinzer et al.’s (2006) method, fluid from shoot
guttation was collected after injection. Figure 2 shows three white
water-receiving devices (top, middle, and bottom) around each
bamboo shoot. Fluid from guttation before sunrise was collected,
and the T, of the sheath was measured between 08:00 and 09:00
from the second day to the seventh day of the two experiments.
The s1-s5, s10-s15, and s15-s20 culm sheaths (S-upper part) were
selected to measure the T, and their average was determined. After
7 days, tissue fluid was collected from 5, 10, 15, 20, 25, 30, and
35 internodes of the shoots. All the samples were tested at the
Shanghai Chemical Research Institute, and the relative isotope ratio
(3D) in the guttation and tissue fluid was measured at the Shanghai
Research Institute of Chemical Industry. During the study period,
the annual temperatures were 25.6 £ 5.3°C and 25.5 £ 5.2°C, the
average soil moisture was 28.02 and 29.5%, and the average RH was
93.58 and 88%.

The 3D of guttation before injection was used as the baseline,
and the isotope data were standardized according to the maximum
value of 8D. After standardization, the baseline value was 0, and the
maximum value was 1. When the 3D increased significantly (>10%
from the baseline), it was recorded as time “h”. Simultaneously, the
distance (D) between the bamboo shoot and the mother bamboo
was measured to determine tracer velocity (m/h) as D/h.

Sectioning of bamboo shoots

Six bamboo shoots (height: 2m) were treated with 1% (m/V)
acidic magenta aqueous solution for tracing, according to the
protocol reported by Xie et al. (2011). The bamboo shoots were
randomly divided into two groups. The cavity at the bottom of the
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shoots in the first group was injected with a magenta solution at
06:00. After 24 h, the shoots were excised at the bottom to observe
whether the magenta solution was transported upward along the
bamboo cavity. The bamboo shoots in the other group were excised
at the base and then immersed in the magenta solution for 24 h.
Subsequently, the 10th internode was manually sliced to observe
and record the transportation path of the dye. Each experiment was
performed in triplicate.

Following Li et al. (2017), paraffin sections were cut from the
middle part of the 10th internode at a height of 0.5, 1, 2, 4, 7, and
13 m. The middle part of each shoot was sliced (~1 x 0.5 cm?),
fixed in formaldehyde: acetic acid: ethanol (5: 5: 90%) solution, and
placed in a container equipped with a vacuum pump to extract
air. Each section was dehydrated using a series of gradient alcohol
solutions and embedded in paraffin. Then, 8-pm-thick transverse
slices were stained with Tibetan Red for 10 min and Fast Green for
5-10s. Thereafter, the slices were sealed with a neutral adhesive
and observed under an Olympus BX51 microscope (Olympus
Medical Systems Corp., Japan) equipped with a digital image
acquisition system.

Statistical analyses

Data are presented as mean =+ standard deviation. SPSS
26.0 was used for one-way analysis of variance (ANOVA), least
significant difference test, and multiple comparisons (¢ = 0.05),
and SPSS 26.0 and Excel 2016 were used to create the linear model
and correlation graphs. We determined the coefficient of variation
(CV) using the following formula: CV = standard deviation/mean.
Pearson’s correlation coefficients are presented in tables.

Results

Changes in the T, and gs of the shoot
sheath during the rapid growth phase

The average T, RH, VPD, and light intensity during the daytime
were 21.21 + 5.38°C, 64.56 £ 22.60%, 1.05 £ 0.91, and 3,455.25
=+ 6,053.22 Lx, respectively. The average T, RH, and VPD values
at night were 15.39 £ 4.22°C, 88.01 £ 12.03%, and 0.22 % 0.28,
respectively. Between 10 April 2019 and 12 April 2019, the lowest
temperature was ~10°C, and RH at night increased by 40%. On
20 April 2019, the temperature peaked at 33°C, and on 13 April
2019, light intensity reached its maxima at noon (~39,349 Lx)
(Figures 3A-D).

The height of the 41 bamboo shoots was measured daily from
30 March 2019 to 27 April 2019. The bamboo shoots grew from
15.17 £ 11.19 cm to 1,310 % 19.89 cm (Figures 3F, G). The growth
rate of the bamboo shoots was low during the early stages when
the average plant height was 1 m. Thereafter, the shoots grew more
rapidly, reaching an average plant height of 2m. After 19 April
2019, the growth rate of the bamboo shoots decreased, with an
average plant height of 5m. On 26 April 2019, the growth rate of
the bamboo shoots, with an average plant height of 10 m, decreased
significantly during the late stages (Figure 3L).
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FIGURE 2

Schematic drawing of isotopic tracing experiment; the green bamboo culm is the mother bamboo; next to the three bamboo shoots, the top,
middle, and bottom, three parts of the bamboo shoots are equipped with the device of guttation reception.

Ty and gs of the shoot sheath were the lowest when the shoot
height was 1 m and the highest when the shoot height was 4
and 7 m, respectively (Figures 3F, G). The T, of the lower parts
(s1-s10) of bamboo culm sheaths was higher than that of the
upper parts (s21-s31) when the shoot height was 0.5-7 m, but
the trend was opposite in taller plants, with a height of 7m
(Figures 4A, B). However, the variations in T; and gs in different
parts of the shoot sheaths were not significant, although gs in
the lower parts (Figure 1¢) of the culm sheaths was significantly
higher than those in other parts (Figures4C, D). The T, of
bamboo shoots was the highest in plants of height 4m (Figure 4E).

Frontiersin Forests and Global Change

Additionally, T, was related to T and RH of the microclimate
(P < 0.05) (Table 1).

Diurnal variations in the T, and gs of the
shoot sheath

From 11:00 on 18 April 2019 to 11:00 on 20 April 2019, the

height of bamboo shoots, T, and RH were continuously monitored
(Figures 5A, B). The height of bamboo shoots increased from
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TABLE 1 Correlation coefficient of microclimate change, transpiration,
and plant height growth rate during the period of rapid growth of
bamboo shoots.

Water transportation in bamboo shoots
and its relationship with T,

T(C) RH (%) VPD Ts (kg) D,O was injected into the mother bamboo connected to 7-
Light —0.715 ~0.332 0.080 —0.460 m-tall bamboo shoots; guttation and shoot tissue fluids were
intensity collected; and the path of the isotope tracer was determined
T 0237 0133 0.729* (Figure 6). The results showed that the 3D of the two experiments
was consistent. On days 3 and 7 after injection, the isotope

RH —0.930% 0.777*
was transported to the top of bamboo shoots from the mother
VPD —0515 bamboo through rhizomes, indicating that the injected isotope

*P < 0.05,"P < 0.01. was not transported to the bamboo shoots by the mother bamboo

at once. On day 12, 3D was high in all internodes of the
shoots, indicating that the isotope was completely transported
from the mother bamboo (Figures 6A-D). The 8D of guttation
increased significantly with an increase in T, (P > 0.05)
(Figure 6E), whereas tracer velocity increased with an increase in
Ty (P > 0.05) (Figure 6F).

369.03 £ 13.69cm to 469.3 £ 15.4cm, and the growth rate was
higher during the daytime and lower at night, with the highest
growth rate occurring from 14:00 to 20:00 (Figure 5C). There
was a diurnal variation in T, and gs in 4-m-tall bamboo shoots;
the values were significantly lower at noon and higher in the
morning and evening (Figures 5D, E). The CV of the growth
rate was significantly correlated with T, (P < 0.05) (Figure 5F).
However, there was no significant correlation between CV of
the growth rate and gs (Figure 5G). Moreover, instantaneous Tt
was significantly correlated with T, RH, and VPD (P < 0.01)
(Table 1). The growth rate was influenced by light intensity

Water transportation path in bamboo
shoots

A preliminary study was conducted on the water transportation
pathway in bamboo shoots by soaking them in a fuchsine

(P < 0.01) and correlated with instantaneous T, (P < 0.05)
(Table 2).
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dye solution as well as injecting the fuchsine dye solution in
situ (Figures 7A, E). The results revealed that the fuchsine dye
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(A, B) Diurnal variation of light intensity, T, RH, and VPD in 4-m bamboo shoots. (C) Diurnal variation of height growth rate of 4-m bamboo shoots.
(D, E) Diurnal variation of T, and gs of 4-m bamboo shoots, where L represents leaf sheath and S represents culm sheath. (F, G) Relationship between
growth rate of plant height per hour and T, and gs. Means with different letters are significantly different (LSD test, P < 0.05).
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solution was transported upward along the vascular bundles,
and the staining was deeper in areas with larger conduits,

near the medullary cavity (Figures7B, C).

A transportation

pathway was thus observed along the transverse wall of the
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bamboo in the segments (Figure 7D). However, when the magenta
solution was injected into the pulp cavity of the bamboo
shoots, the dye was not transported upward through the pulp
cavity (Figure 7A).
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TABLE 2 Correlation coefficient of diurnal microclimate, dural transpiration rate, and plant height growth rate in 4-m bamboo shoots.

RH (%) Plant heig
rate (c
Light intensity 0.239 —0.243 0.194 —0.284 —0.844™*
T —0.979"* 0.974* —0.799"* 0.024
RH —0.991** 0.797** 0.039
VPD —0.849** 0.060
T, 0.729*
*P < 0.05,**P < 0.01.
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FIGURE 6
(A) 3D ratio changes in guttation of bamboo shoots in the first test. (B) 8D ratio changes in guttation of bamboo shoots in the second test. (C) Trace
results of 3D ratio in tissue fluid of different stem heights at 3rd day and 7th day after D, O injection in the first test. (D) Tracer results of 3D ratio in
tissue fluid of different stem heights at 7th and 11th days after D, O injection in the second test. (E) Relationship between isotope 8D ratio in guttation
and T, of shoot sheath. (F) Relationship between 8D tracer velocity and T, of shoot sheath; means with different letters are significantly different (LSD
test, P < 0.05).
Discussion gradual development of vascular bundle cells as the shoots matured

Relationship between shoot sheath
transpiration, water transportation, and
shoot growth

This study verified the relationship between the 8D of bamboo
shoot guttation and the T; of shoot sheaths. In this study, the 3D
of guttation increased with an increase in T} (Figure 6E). Previous
studies have also shown that plants exhibiting high guttation show
enhanced metabolism and rapid growth (Singh et al.,, 2013; Chen
et al., 2019).

In this study, the T, of the shoot sheaths varied with shoot
height (Figure 4A). As the vascular bundle matured, it extended
outward from the wall, thereby enhancing the water-carrying
capacity and transpiration in the bamboo culm (Figure 8). Paraffin
sectioning of bamboo shoots at various heights revealed the
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(Figure 8), which developed completely with duct sieves when
bamboo shoots reached a height of 4m (Figure 8D). Furthermore,
the T, values were higher when the shoot height was 4 and 7m
(Figure 3F).

The T, of bamboo sheaths decreased at noon (Figure 5D)
because of the variations in water vapor pressure that may have
led to daily fluctuations in water use (O’brien et al., 2004; Kume
et al, 2007) (Table2). This was consistent with the findings
of previous studies (Wang et al, 2018). However, the growth
rate of bamboo shoots was the highest from 16:00 to 18:00
(Figure 5C), which was different from the findings of previous
studies (Thapa et al, 2015; Fang et al., 2019) in which tropical
bamboo was observed to grow rapidly at night. This could be
attributed to the micrometeorological drivers that exhibited greater
control over the bamboo forests in this study. The growth of
bamboo shoots and daily height variations in Moso bamboo shoots
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FIGURE 7
(A) Cross section of medullary cavity 24 h after injection to the bamboo cavity with a magenta solution. (B) Cross section of bamboo shoots after
soaking for 24 h. (C, D) Longitudinal section of internode of bamboo shoots after soaking for 24 h. (E) Bamboo shoot is soaked in a magenta solution.
Mc, medullary cavity; v, cross section of vascular bundle; lc, longitudinal conduit; ts, the transverse septum of the internode; ¢, culm of sheaths
stripped off; s, sheaths.

correlated with instantaneous variations in T, and light intensity
(Figure 5F; Table 2). Previous studies found that the increase in
liquid flow density was likely driven by enhanced solar radiation
and ventilation, leading to increased transpirational demand in
the canopies of the remaining culms (Whitehead et al, 1984;
Teklehaimanot et al., 1991; Bréda et al., 1995; Sun et al., 2014).

In this study, the T, of the lower culm sheaths (s1-s10) was
higher than that of the upper culm sheaths (s21-s31) at shoot
heights ranging from 0.5 to 4 m (Figure 4A). Previous studies have
suggested that the rate of daytime photosynthesis in the upper
part of the culm sheaths was consistently higher than that in the
lower parts (Wang et al,, 2018). Vertessy et al. (1995) suggested
that T is influenced by the ecological structure of the plants and
environmental factors. Additionally, the upper part of bamboo
culm sheaths (s21-s31) was purplish-brown and densely covered
with brown spines, whereas the lower part (s1-s10) contained
scattered purple spots. Zheng et al. (2022) observed numerous
vascular bundles in the lower part of culm sheaths, where a
greater number of xylem ducts were apparent in a vascular bundle
and their cross-sectional area exceeded that of the phloem. This
suggested that lower parts of the culm sheaths (s1-s10) exhibit
a high capacity for water transport. However, further studies are
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required to understand the relationship between T, and these
morphological characteristics.

Water transportation pathway in bamboo
shoots during the rapid growth phase

Bamboo shoots and culms maintain water balance through an
interconnected network of roots (Marshall, 1996; Hutchings and
Wijesinghe, 1997; Wang et al., 2011; Zhang et al., 2012). In this
study, the isotope tracer revealed that water was transported from
the culm to the shoots through rhizomes during the explosive
growth phase (Figures 6A-D), which was consistent with the
findings of previous studies (Li et al., 1998; Song et al., 2016; Cao
et al., 2018). However, the transported water did not reach all the
shoots in equal quantities (Figures 6C, D). A likely explanation
is that water was transported by diffusion from adjoining cells,
and the amount of water transferred was associated with the leaf
water potential or leaf area of the connected plants (Kroon et al,
1996; Adonsou et al., 2016). Nonetheless, this hypothesis requires
further investigation.
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FIGURE 8
(A) Structure of vascular bundle at 10th internode in 0.5-m bamboo shoots. (B) Structure of vascular bundle at 10th internode in 1-m bamboo

shoots. (C) Structure of vascular bundle at 10th internode in 2-m bamboo shoots. (D) Structure of vascular bundle at 10th internode in 4-m bamboo
shoots. (E) Structure of vascular bundle at 10th internode in 7-m bamboo shoots. (F) Structure of vascular bundle at 10th internode in 13-m bamboo
shoots. pa, parenchyma; v, vessel element; ph, phloem.

Bamboo sheaths play a crucial role in shoot transpiration
and respiration (Wang et al, 2018) as they regulate dynamic
changes in water pressure and transport through guttation at
night and transpiration during the day (Wang et al, 2020).
We observed a significant increase in the 3D of guttation
with an increase in T, (Figure 6E). This was attributed to
the increased water transport velocities owing to transpiration
(Figure 6F), which led to decreased water potentials and the
generation of negative water pressures and potentials in the sink
cells (Deng et al, 2020). According to the cohesion-tension
theory, guttation is the process by which water is pumped
out of parenchyma cells and phloem under tension (Fichtner
and Schulze, 1990; Zhang et al., 2013; Savage et al., 2016).
The shoots of Moso bamboo exhibited high transpiration rates,
which could not be completely satisfied by the water absorbed
through the rhizome system. Thus, mother bamboo supplemented
the water supply through the rhizome system (Figures 6A-D),
indicating that transpiration is a significant factor that influences
water transport.

This study found that the pulp cavity of the bamboo shoots
was unable to transport water (Figure 7A), and the vascular bundle
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adjacent to the pulp cavity of the bamboo wall served as the primary
pathway for water transport (Figures 7B-D). Staining was also
observed in the ducts of the bamboo nodal diaphragm (Figure 7D),
Indicating that these interconnecting ducts played a crucial role in
facilitating an efficient water-transport system in bamboo shoots
(Zheng et al., 2022).

Conclusion

The instantaneous shoot height growth was associated with the
Tr of the shoot sheath. The isotopic tracer experiment revealed
that water transport from the mother bamboo to bamboo shoots
occurred at a slow rate. However, water transport was a systematic
and continuous process in Moso bamboo shoots. The continuous
monitoring of transpiration and stem flow at different shoot heights
were valuable contributions to this study. However, it was difficult
to analyze water transportation in bamboo shoots without branches
and leaves using traditional methods. Nonetheless, this study
provides reliable data and a method to study water transportation
in bamboo shoots.
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