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Newly sprouted culm (culm_new) of Moso bamboo can complete its height

growth within 1 or 2 months without growing any leaf. This explosive growth

without enough leaf photosynthesis may rely heavily on external carbon input,

such as carbon storage in the rhizomes or culms from the nearbymother culms

(culm_mother). However, the existing studies have not explored the role of new

photosynthesized carbon by the nearby culm_mother and the corresponding

water dynamics. Therefore, this studymonitored non-structural carbohydrates

in the culm_mother and water transfer between the culm_new and their

attached culm_mother in a 3-month experiment. Nine pairs of newly sprouted

and attached culm_mother were categorized into three groups with three

di�erent treatments, that is, (1) control without any treatment, (2) cutting

o� rhizomes between the culm_new and culm_mother (Treatment I), and (3)

removing all leaves of culm_mother based on the Treatment I (Treatment II). The

di�erences between non-structural carbohydrates of the culm_mother in the

control and treatment I were defined as transferred carbohydrates transferred

outward from culm_mother. The di�erence between treatments I and II was

defined as newly photosynthesized carbohydrates of the culm_mother. Before

the culm_new leafing, there were significant transferred carbohydrates and

newly photosynthesized carbohydrates from the culm_mother. In contrast, the

carbon transfer became fewer after leafing. At the same time, the sap flow

direction in the rhizomes indicated water flows from culm_new to culm_mother

during the day and vice versa at night of the culm_new at the pre-leafing stage.

These findings may suggest that the explosive growth of the culm_new relies

on both previous carbon storage and newly photosynthesized carbohydrates,

and the carbon transfermay be coordinatedwithwater transportation between

the culms. Further study may pay attention to the potential support from the

overall network of the bamboo stand or groves.
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Introduction

In the growing season, newly sprouted bamboo culms can

maintain a high growth rate of 10 to 80 cm per day and can

achieve a height of 12 to 15m in a short period of about 4 weeks

(Zhou, 2006; Zhou et al., 2010; Liese and Köhl, 2015). Under

suitable conditions, some species can grow as fast as 120 cm

day−1 (Durst et al., 1994). This rapid growth is often referred

to as “explosive growth” (Song et al., 2016). Explosive growth is

unique in that the newly sprouted culms produce no leaves and

only a few new roots before completing the height development.

Leaves are the most essential photosynthetic and transpiration

organs of plants. Without leaves, newly sprouted culms cannot

provide themselves with the carbon needed for growth during

the explosive growth period.

In terms of the carbon source of newly sprouted culms,

existing studies have mainly focused on two aspects: the support

of carbon storage in the underground rhizome system (Li

et al., 1998) and the mother culms (Li et al., 1998; Song et al.,

2016). These studies were based primarily on the physiological

integration found in an increasing number of related plants

(Lau and Young, 1988; Chapman et al., 1992; Dong, 1996;

Hutchings and Wijesinghe, 1997; Adonsou et al., 2016). Plants

with connected roots or rhizomes have the possibility to

share resources directly. Resource exchange among connected

individuals is referred to as “physiological integration” (Dong,

1996). As an underground passway connecting the aboveground

culms, rhizomes are thought to have the dual functions of storing

and transporting nutrients simultaneously (Zhou and Fu, 2004;

Huang et al., 2020). Newly sprouted culms without leaves may

rely more on physiological integration to obtain resources,

especially carbohydrates, from other established culms (Song

et al., 2016). Therefore, external carbon input should be the

primary carbon source of newly sprouted culms during the

explosive growth period. It is generally believed that this kind

of source may include the rhizomes and mother culms directly

connected with the newly sprouted culms (Li et al., 1998; Song

et al., 2016), and probably (but not yet proven) other culms in

the same bamboo forests or bamboo groves.

Except for carbon sources of the newly sprouted culms,

the mechanism that drives carbon into the newly sprouted

culms was unclear and might also obey the Münch theory

(Münch, 1927). The theory supposed that carbohydrates

produced in leaves were driven from organs of the carbon

sources to the carbon sinks by hydrostatic pressure. Such

hydrostatic pressure is produced by a high concentration of

carbohydrates in leaf phloem and the process of absorbing

water from nearby xylem. The theory is more logistic in

explaining carbohydrate movement from leaf downward to

other organs than from mother bamboo to newly sprouted

bamboos. Because the pathway of such movement is in U-

shape and has to overcome gravity, the time for transporting

carbohydrates is tricky for newly sprouted bamboos. Our recent

studies have observed water transfer from mother culms to

fast-growing newly sprouted culms using deuterium isotope

tracers and thermal dissipation probe (Mei, 2017; Fang et al.,

2019; Mei et al., 2019). At the same time, by monitoring

the sap flow on the rhizomes, we found that the mother

culms may provide 48% of daily water use of the newly

sprouted culms which have not yet grown leaves and the

newly sprouted culms use water at night, mainly before leafing

(Fang et al., 2019). Furthermore, water transfer between mother

and newly sprouted culms was observed in a bamboo forest

treated with a manipulated summer drought (Tong et al.,

2021). The thermal dissipation probe may partly explain the

carbohydrate movement in newly sprouted culms because such

a method cannot distinguish the solution movement in the

xylem and phloem. Due to lack of leaves and hence transpiration

of newly sprouted culms before leafing, water flux reflected

by thermal dissipation probes might be more related to the

movement of carbohydrates solution in the phloem. Therefore,

former observations of water transfer between mother and

newly sprouted culms may have essential roles in coordinating

carbon transport during specific periods (e.g., rapid growth and

interference pressure).

This study tested the following hypotheses relating to Moso

bamboo’s carbon and water dynamics during the explosive

growth period. (1) The carbon sources of newly sprouted culms

are not only limited to the stem-stored carbon but also newly

photosynthetic fixed carbon of mother culms; and (2) Carbon

input may have a synergistic relationship with water transfer

between the mother and newly sprouted culms.

Materials and methods

Study site and treatment on experimental
sample culms

The study site locates in the Pingshan experimental base

of the Zhejiang A&F University, Lin an, Zhejiang Province of

China. Zhejiang Province is located in southeast China and

belongs to a typical subtropical monsoon climate zone with an

average temperature of 17.6 ± 0.4◦C and an average annual

rainfall of 1,579.7± 263.5mm from 2008 to 2017 (data obtained

from the National Meteorological Information Center; http://

data.cma.cn/site/index.html) (Mei et al., 2020; Tong et al., 2021).

At the beginning of the growing season of Moso bamboo in

2021 (bamboo shoots were observed emerging from the ground

around April 1), bamboo shoots (being referred to as newly

sprouted culms in this study) with about 20 to 50 cm above

the ground were selected as experimental objects (Table 1). The

selected newly sprouted culms should have healthy (thick and

plump) appearances with bright green tips that have guttation
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TABLE 1 Basic information of sample culms of mother bamboo.

Treatment No. of

mother culms

DBH

(cm)

Height

(m)

Age

(Year)

Control No.1 10.15 13.4 5

No.2 11.52 11.2 6

No.3 8.92 14.2 5

Treatment I No.4 10.79 12.8 6

No.5 12.58 12 7

No.6 10.73 11.5 7

Treatment II No.7 9.21 12.3 8

No.8 9.14 12.7 5

No.9 9.59 13.2 6

in the morning. Additionally, there were no degrading trends.

We dug around them after selecting newly sprouted culms

and found the nearest mother culms following the rhizomes.

Mother culms should have no apparent diseases, insect pests,

surface damage, or complete crown. After the mother culm

was identified, we cut off rhizomes around them but only

kept those connected to the selected newly sprouted culms.

In this way, each pair of mother and newly sprouted culms

were isolated, eliminating carbon and water interference from

other standing culms in the system as much as possible.

After determining the mother and newly sprouted culms, the

exposed rhizomes were backfilled with soil in time to reduce

the damage.

With the above criteria, nine pairs of newly sprouted

and attached mother culms were categorized into three

groups (three pairs per group) with three different treatments

(Figure 1), that is, (1) control without any treatment, (2)

cutting off rhizomes between the newly sprouted and

mother culms (Treatment I), and (3) removing all leaves

of mother culms based on the Treatment I (Treatment II).

The difference between non-structural carbohydrates of the

mother culms in the control and treatment I was defined

as the outward transferred carbohydrates of mother culms

(NSC_transferred). The difference between treatments I and II

was defined as the newly produced carbohydrates of the mother

culms (NSC_leaf_produced).

Detection of the non-structural
carbohydrate content in the stem of
mother culms

During the explosive growth period, stems of mother culms

were sampled six times on 19 April, 26 April, 10May, 25May, 23

June, and 11 July 2021. At 7:00 h, 10 g of stems were drilled from

mother culms at 1 to 1.2m height, wrapped with aluminum foil

paper, kept in self-sealing bags, and immediately put into a liquid

nitrogen tank for storage. After sampling, the samples were

taken back to the laboratory and stored in the freezer at minus

40◦C before further treatment. Before testing non-structural

carbohydrates, the samples were first dried for half an hour in

a 105◦C oven to inactivate enzymes and then dried to a constant

weight at 65◦C. Next, the dried samples were then ground by

a grinder, passed through a 100-mesh screen, and sealed into a

self-sealing bag for testing. Non-structural carbohydrate content

(starch and solute sugars) was tested with an improved anthrone

colorimetric method (Jan and Roel, 1993; Yu et al., 2011; Song

et al., 2016; Li et al., 2022). A dried sample with a weight of

0.100 g was transferred to a 15-ml centrifuge tube with 10ml

distilled water. Then, the centrifuge tube sat in a 70◦C water

bath for 30min. After cooling, samples were centrifuged at

3,000 r for 7min, and the supernatant solution was collected.

The processes of centrifugation and collection of supernatant

solution were repeated twice and combined into a 50-ml flask

for constant volume. After that, 1ml of the supernatant solution

was collected, transferred into a colorimetric tube, and mixed

with 5ml anthrone reagent (0.5 g anthrone dissolved in 500ml

of 80% sulfuric acid). The solution was then sat in boiling water

for 15min and cooling to room temperature afterward. Finally,

the soluble sugar contents were determined in a UV-visible

spectrophotometer at 620 nm. The residue left in the tube was

used to determine the starch content. About 3ml of distilled

water was added to each sample tube, boiled for 15min, and

then cooled down. After cooling, 2ml of 74%HClO4 were added

to the tube and mixed eventually with the shaking table. The

supernatant was collected twice and combined into a 50-ml

flask for constant volume. Starch content was determined in a

UV-visible spectrophotometer at 620 nm.

Sap flow monitoring of bamboo culms
and rhizomes

This study monitored sap flow with an improved self-

build thermal dissipation probe (TDP+) based on the classical

Granier type (TDP; Granier, 1985). The classical TDP includes

a pair of heating and reference sensors, which are separately

installed on stems to measure sap flow according to the

temperature differences between the two sensors. However, TDP

is unable to detect the direction of sap flow. Our proposed

solution to this problem is to add another two reference

sensors around the heating sensor (Fang et al., 2019; Tong

et al., 2021). When installing TDP+ on the stems/rhizomes,

the two new reference sensors were installed in the upstream

and downstream positions 5mm from the heating sensor,

respectively. As the heat will be brought by sap flow downstream,

the temperature at the downstream position should be higher

than that of the upstream position. Therefore, by comparing

the temperatures measured by the two additional reference

Frontiers in Forests andGlobal Change 03 frontiersin.org

https://doi.org/10.3389/ffgc.2022.938941
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org


Li et al. 10.3389/�gc.2022.938941

FIGURE 1

Experimental design of the three treatments. (A) The control without any treatment (Control), (B) the cutting o� rhizomes between the newly

sprouted and mother culms (Treatment I), and (C) the removing all leaves of mother culms based on the Treatment I (Treatment II).

sensors, we can determine the sap flow directions in the stems

or rhizomes of Moso bamboo.

The 10-mm-length TDP+ were installed on 1.2m height

stems of both mother and newly sprouted culms, while 5-

mm-length TDP+ were on rhizomes between the mother and

newly sprouted culms. The heating probes were provided with a

constant current of 120mA, generating about 0.1 and 0.05W of

heat for a 10- and 5-mm probe, respectively. The probes were

covered with PVC plastic boxes and reflective and rainproof

film to prevent external damage, solar radiation, and rain. They

were also sealed with waterproof tape and rubber straps on

the upper end of the stem to avoid stem flow on rainy days.

The probe signals were collected by data loggers (CR1000 &

AM32/64, Campbell, USA), which scanned the signals every 30 s

and averaged and recorded them every 10 min.

Judging sap flow direction based on
TDP+ Probe

In the field, we simultaneously recorded the temperature

difference between the heating sensor and each of the two

additional reference sensors (1Tup and 1Tdown). Ideally, when

the sap flow rate is zero, 1Tup = 1Tdown; when the sap flow

is from the upstream to the downstream, 1Tup < 1Tdown,

and on the contrary, 1Tup > 1Tdown. However, due to the

potential displacement of the installation position, the difference

between the absolute values of 1Tup and 1Tdown may not

fully reflect the direction of the flow. Therefore, to eliminate

this potential error, we first standardized 1Tup and 1Tdown
separately on a daily scale to a range of 0 to 1. Then, we compared

the standardized values (|1Tup| and |1Tdown|) to judge the

direction of sap flow (Formula 1).

θ = |1Tup| − |1Tdown| (1)

When θ is positive, it indicates that the sap flow direction is from

the upstream to the downstream. When θ is negative, the sap

flow direction is from the downstream to the upstream.

Statistical analysis

Considering the limited sampling amounts, we applied

a non-parametric test (Wilcoxon rank-sum test) to examine

whether there was a significant difference in non-structural

carbohydrates among the three treatment groups (Control,

Treatment I, and Treatment II) on each sampling day. The

same examination was also conducted on the difference between
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carbon transferred from mother to newly sprouted culms and

newly produced carbon by leaves of mother culms.

To compare the dynamics of sap flow directions in rhizomes

and stems of the monitored culms, we plotted averaged hourly

θ (difference between standardized 1Tup and 1Tdown, see

formula 1) before and after leafing of the newly sprouted culms.

Further, to observe at which hour the sap flow changed its

direction, we plotted histograms and density plots of hours when

there was a change in the sap flow direction in rhizomes, stems of

both mother and newly sprouted culms before and after leafing

of newly sprouted culms.

Data processing, statistical analysis, and plotting were

performed in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Sources of non-structural carbohydrates
in newly sprouted culms

The study period was divided into two stages, that is, before

and after 25 May 2021 (namely, pre-leafing and leafing stages

of the newly sprouted culms, respectively). On 19 April 2021,

when the newly sprouted culms had no leaves and did not receive

any treatment, we conducted a pre-treatment measurement and

found no significant difference in the NSC content of the mother

culms among the three treatment groups (P > 0.05; Figure 2),

indicating that the conditions before treatment were the same in

each group.

After treatment and in the pre-leafing stage, the NSC content

of mother culms in the Control group (no rhizome cut or leaves

removed) decreased continuously before 10 May 2021. It then

increased slightly at the end of the pre-leafing stage. A similar

decreasing trend happened in the treatment II group (rhizome

cut and leaves removed), but NSC content was more stable

from 26 April to 25 May 2021 (Figure 2). In contrast, the NSC

content in the treatment I group (rhizome cut) decreased more

slowly than in the other two groups during the first week after

treatment. Particularly on 10 May 2021, the NSC content in

the treatment I group was significantly higher than in both

the control and treatment II groups (P < 0.05; Figure 2). We

found that the increase in NSC in treatment I was mainly

due to an increase in soluble sugars. Soluble sugar accounted

for about 80% of NSC, while starch accounted for about 20%.

Compared with the increase of NSC on 26 April 2021, the

increase of soluble sugar was 3.22 times that of starch on 10

May 2021. However, in the leafing stage, the NSC content in the

three groups showed a similar continuous decreasing trend and

reached the lowest value at the end of the stage. Additionally,

there was no significant difference among the three groups on

each sampling day (P > 0.05; Figure 2).

From observed NSC differences between different

treatments, NSC_transferred and NSC_leaf_produced were

derived to demonstrate possible carbon transfer patterns

between mother culms and newly sprouted culms during the

explosive growth period (Figure 3). The result may indicate

a significant NSC transfer (P < 0.05) from the mother culm

to the newly sprouted culm in the pre-leafing stage, which

was different from the leafing stage (Figure 3A). Similarly,

newly produced NSC was also increased in the pre-leafing

stage compared to leafing stage (Figure 3A). Soluble sugar

contributes significantly to the newly produced NSC and the

transferred NSC in the pre-leafing stage. However, it makes no

significant contribution in the leafing stage (Figure 3B). At the

same time, starch dynamics showed a different pattern without a

significant difference between the pre-leafing and leafing stages

(Figure 3C).

Characteristics of water transfer in the
bamboo forest during the explosive
growth period

In the pre-leafing stage, the diurnal sap flow of mother

culms showed a typical pattern of “upstream in the daytime

and downstream at the nighttime” with peak values in the

mid-day (Figure 4). On the contrary, the sap flow of newly

sprouted culms showed a reverse pattern of “upstream at the

nighttime and downstream in the daytime” with peak values at

night (Figure 4). Corresponding to these sap flow dynamics in

the culms, the sap flow direction in rhizomes was from newly

sprouted culms to mother culms during the day and vice versa

at night (Figure 4). However, in the leafing stage, the daily sap

flow of both mother and newly sprouted culms showed the

same pattern of “UDDN pattern,” but the sap flow direction

in rhizomes was the same as the newly sprouted culms at the

pre-leafing stage.

To further analyze when the water transfer direction

changed before and after leafing, we plotted the hours at which

the water flow direction changed (Figure 5). In the pre-leafing

stage, the maximum probability (22%) of mother culms’ sap

flow shifts from downward to upward at 6:00 to 8:00 h and

upward to downward at 18:00 to 20:00 h (23%). In contrast,

the maximum probability (17%) of newly sprouted culms’ sap

flow shifts from downward to upward at 14:00 to 16:00 h and

upward to downward at 6:00 to 8:00 h (32%). Corresponding

to the sap flow shift of the culms, the maximum probability

of the rhizome’s sap flow shift from newly sprouted culms to

mother culms at 6:00 to 8:00 h (29%) andmother culms to newly

sprouted culms at 16:00 to 18:00 h (18%).

In the leafing stage, the maximum probability of mother

culms’ sap flow shifting from downward to upward appeared

at 6:00 to 8:00 h (22%) and from upward to downward at 16:00

to 20:00 h (39%). In contrast, the maximum probability (17%)

of newly sprouted culms’ sap flow shift from downward to
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FIGURE 2

Dynamics of non-structural carbohydrates in stems of mother culms over the experimental period.

upward appeared at 6:00 to 8:00 h and 10:00 to 14:00 h (20%

and 30%) and upward to downward at 18:00 to 20:00 h (22%).

However, the sap flow transition in rhizomes was not obvious,

and the probability of occurrence was similar at all times of

the day. Corresponding to the sap flow shift of the culms, the

maximum probability of the rhizome’s sap flow shift from newly

sprouted culms to mother culms appeared at 12:00 to 14:00 h

(15%) and mother culms to newly sprouted culms also at 12:00

to 14:00 h (13%). Therefore, it may indicate a tight competition

for water between the mother and newly sprouted culms in the

leafing stage.

Discussion

The contribution of stored carbohydrates
and newly photosynthesized
carbohydrates in mother culms to the
growth of newly sprouted culms

In the treatment I group of this experiment, the rhizomes

between the mother and newly sprouted culms were cut

off to prevent the non-structural carbohydrates from being

transferred between the culms. In the treatment II group,

the rhizomes were cut off, and all the leaves of mother

culms were removed. The difference between non-structural

carbohydrates of the culm_mother in the control and treatment

I was defined as transferred carbohydrates transferred outward

from culm_mother (NSC_transferred). The difference between

treatments I and II was defined as newly photosynthesized

carbohydrates of the culm_mother (NSC_leaf_produced).

Compared with the Control group, the NSC content in stems

of mother culms in the treatment I group was significantly

increased after cutting off the rhizomes (Figure 2), implying that

the new carbohydrates generated by mother culm leaves may be

accumulated in stems. It may further suggest that the carbon

needed for the growth of newly sprouted culm may come from

both stored carbon of mother culm and newly generated carbon

of mother culm leaves. At the end of height growth of newly

sprouted culm, NSC in the control group was slightly increased.

This may be due to the decreased carbon demand of newly

sprouted culm. In contrast, leaves of the mother culms may

maintain the original productivity level due to less radiation
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FIGURE 3

Dynamics of transferred carbohydrates from stems of mother culms to newly sprouted culms and newly produced carbohydrates from leaves

of mother culms over the experimental period. (A) The dynamics of non-structural carbohydrates, (B) the dynamics of soluble sugar, and (C) the

dynamics of starch. **Indicated a significant di�erence (P < 0.01) between two data sets at the two ends of the bracket.
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FIGURE 4

Diurnal hourly sap flow direction shifts before (A) and after (B) leafing of the newly sprouted culms. For the mother and newly sprouted culms,

positive and negative θ indicated upward and downward sap flow, respectively. For the rhizomes, positive and negative θ indicated sap flowing

to newly sprouted and mother culms, respectively.

and temperature fluctuation over the observation period (The

average temperatures in April, May, and June of 2021 are 11◦C

to 20◦C, 18◦C to 26◦C, and 20◦C to 29◦C, respectively).

Previous studies suggested that the carbon required for

explosive growth mainly comes from the non-structural

carbohydrate stored in the stems and rhizomes of mother culms

(Li et al., 1998; Song et al., 2016). Similarly, this study implied

possible support of NSC stored in mother culms to newly

sprouted culm for its explosive growth. However, the traditional

view emphasized the contribution of carbon storage too much

and neglected the role of new carbon fixation in mother bamboo

leaves during explosive growth. This study showed that the

production of new carbon also increased significantly during the

same period when carbon transfer took place (Figure 3). Our

study indicated that the contribution of newly produced carbon

by mother bamboo to the total transferred carbon to freshly

sprouted bamboos should not be ignored.

Potential negative feedback regulation of
stem non-structural carbohydrates on
leaf photosynthesized carbohydrates of
mother culms

Contrary to the ascending trend of mother culm in the

Control group in the pre-leafing stage, the NSC of mother culm

in the treatment I group was significantly decreased at the same

time, which was inconsistent with our expectation. This may

be caused by the regulatory feedback generated by the increase

of NSC content in the rhizome-cut mother culm stem. This

regulatory feedback path may include (1) upward regulation of

carbon sources, that is, inhibition of leaf production of newNSC.

Compared with leaves that mainly contain newly fixed NSC,

stems have larger quantities of stored NSC. Over-saturation

of NSC in culms, for example, in treatment I where culms

with continuous leaf photosynthesis but lack of output due to

rhizome cutting may impair fixation of carbohydrates in leaves

(Asao and Ryan, 2015); and (2) downward movement to the

underground root system due to sink-control (Friend et al.,

2019; Cabon et al., 2022), for example, repairing wound tissues

due to cutting off rhizomes in treatment I.

When the rhizomes of the mother culms were cut off, NSC

was no longer transferred to newly sprouted culms. In this case,

the stem accumulated a certain amount of NSC, becoming the

carbon source compared with the rhizomes. The NSC stored

in the stem was transferred from the source to the reservoir

of rhizomes. Studies have pointed out that the source-sink

relationship of different functional organs will change at various

stages of plants, and the distribution pattern of carbon resources

will also change (Wang et al., 2004; Ji et al., 2016; Savage et al.,

2016). Therefore, it is speculated that the change of stem NSC

content of the mother culms may lead to the shift in source-

sink relation. And the NSC concentration of the mother culm

can be restored to the same level of the same period by the

feedback. This study was expected to have different levels of

NSC concentration after different treatments while observing

only a short period of NSC change after treatments. Bamboos
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FIGURE 5

Probabilities at which hours when there was a change in the sap flow direction in rhizomes (C,D), stems of both mother (A,B), and newly

sprouted (E,F) culms at the pre-leafing and leafing stages of newly sprouted culms.
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seem to have resilience in stabilizing NSC concentrations to the

disturbances, that is, treatments in this study. Such resilience

may be due to the carbon source-sink feedback, although its

mechanism is not fully understood.

Possible rhythm of carbon and water
supply of mother to newly sprouted
culms

Previous studies found that the stem sap flow pattern of

newly sprouted culms was opposite to that of their mother

culms at the same time before completing their height growth

(Fang et al., 2019; Mei et al., 2019). The maximum value of sap

flow occurred at night and daytime for newly sprouted culms

and mother culms, respectively, indicating that they were using

water resources of bamboo forest at alternate peaks. Such water

use characteristics may be related to how carbon enters newly

sprouted culms. Munch’s theoretical framework explains how

carbon produced by leaves is transported from leaves to other

organs through the phloem using pressure generated by water

potential differences (Münch, 1927, 1931). However, bamboo

lacks leaves before completing its height growth, and the carbon

required for its growth comes frommother culms (Li et al., 1998;

Song et al., 2016). The carbohydrates transportation from the

mother to newly sprouted culms involved additional pathways

from rhizomes upward to the newly sprouted culms, which

creates an additional gravitational resistance along the transport

path of unstructured carbon.

Bamboo’s gravity-defying carbohydrate transport may

require strong forces to overcome, and the power generated at

the source and sink may not be enough to overcome gravity. The

nighttime root pressure of bamboo may act as an external force

against gravity, thus guaranteeing successful transportation

of carbohydrates. Root pressure is the pressure formed by the

water potential difference between the inside and outside of

the cell membrane (Cao et al., 2012). We hypothesized that

the mother culms transported carbohydrates to the rhizomes

neighboring the newly sprouted culms, producing a lower water

potential, which encouraged the roots to absorb water and

promote the sap flow in rhizomes. During the day, due to the

mother culms’ vigorous transpiration, the water absorbed by

the rhizomes is more supplied to the mother culms. Instead,

as the mother’s transpiration decreases at night, intense root

pressure sends water to newly sprouted culms. Along with the

water, non-structural carbohydrates are transported to newly

sprouted culms. This study supports the coordinated transfer

of carbon and water at night to provide carbohydrates for the

growth of newly sprouted culms. Studies have shown that NSC

is involved in regulating xylem water transport (Adams et al.,

2017; Tomasella et al., 2019, 2020) and indirectly supported the

idea of carbon-water collaborative transport.

Experimental deficiencies and future
research prospects

The NSC content of the mother culm in the Treatment

II group remained stable after treatment but decreased

significantly after the leafing of newly sprouted culms (starting

from 25 May). We conducted the difference analysis of NSC of

mother culms stems in the Treatment II group before treatment

(19 April) and after leafing stage (25 May, 23 June, and 11

July) (p > 0.05, p > 0.05, p < 0.05). Significantly higher air

temperature after leafing (11◦C to 20◦C in April vs. 18◦C to

26◦C in May) may lead to increased respiration of the mother

culms in the treatment II group. Before reaching the optimal

temperature, plant respiration rate increases with temperature

(Smith and Dukes, 2012). In addition, the carbon input for the

stems was zero due to the removal of leaves, while the carbon

stored in the stems was consumed by continuous respiration,

which significantly reduced the NSC content. Due to the lack

of a sustainable carbon source, two of the three mother culms

that were treated with rhizome removal died at the end of July

and August, respectively. Studies have shown that too low NSC

content may lead to plant death (Tomasella et al., 2019, 2020).

However, as stem respiration was not monitored synchronically

in this study, there was a lack of data support to explain the

decline in NSC content of the mother culms in the Treatment

II group. Follow-up studies could monitor related indicators.

Due to the lack of defoliation treatment (without rhizome

cut) in this study, the contribution of new carbon produced

by the leaf of mother culms to the growth of newly sprouted

culm cannot be determined. Therefore, the amount of new

carbon (Treatment I and Treatment II) obtained in this study

only indicates the amount of new non-structural carbohydrates

generated by mother culms during the experiment. Whether

this NSC is wholly or partially involved in the growth of Newly

sprouted culm needs to be further studied.

Conclusion

In this study, we hypothesized that carbohydrates

supporting the growth of newly sprouted culms were from both

stored and newly produced carbohydrates of mother leaves,

and carbohydrates were reallocated to the newly sprouted

culms along with the water use rhythm of the “UNDD pattern.”

This study found a significant amount of newly produced

carbohydrates from mother leaves during the explosive growth

period. Furthermore, the study demonstrated that the stored

carbohydrates could contribute to newly sprouted culms.

The above results supported the multi-source carbohydrates

supporting the growth of newly sprouted culms. Furthermore,

the mother-rhizome-new bamboo system showed specific water

use characteristics linked to the explosive growth of newly

sprouted culm, that is, “UNDD pattern.” Such water use rhythm
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may be related to the transportation of carbohydrates from

mother culms to their related newly sprouted culms.
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