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Dynamic allocation and transfer
of non-structural carbohydrates,
“a possible mechanism for the
e, explosive growth of Moso bamboo
e (Phyllostachys heterocycla)

Xinzhang Song?, Changhui Peng%3, Guomo Zhou?, Honghao Gu?, Quan Li* & Chao Zhang!

: Moso bamboo can rapidly complete its growth in both height and diameter within only 35-40 days

. after shoot emergence. However, the underlying mechanism for this “explosive growth” remains

. poorly understood. We investigated the dynamics of non-structural carbohydrates (NSCs) in shoots

. and attached mature bamboos over a 20-month period. The results showed that Moso bamboos
rapidly completed their height and diameter growth within 38 days. At the same time, attached
mature bamboos transferred almost all the NSCs of their leaves, branches, and especially trunks and
rhizomes to the “explosively growing” shoots via underground rhizomes for the structural growth and
metabolism of shoots. Approximately 4 months after shoot emergence, this transfer stopped when the

. leaves of the young bamboos could independently provide enough photoassimilates to meet the carbon

: demands of the young bamboos. During this period, the NSC content of the leaves, branches, trunks

. and rhizomes of mature bamboos declined by 1.5, 23, 28 and 5 fold, respectively. The trunk contributed

. the most NSCs to the shoots. Our findings provide new insight and a possible rational mechanism

- explaining the “explosive growth” of Moso bamboo and shed new light on understanding the role of

. NSCs in the rapid growth of Moso bamboo.

. As the main product of plant photosynthesis, carbohydrates can largely be partitioned into structural carbohy-
* drates (SCs) and non-structural carbohydrates (NSCs) according to their roles! . SCs, including lignin, cellulose,
. hemicelluloses and pectin, are mainly used for the structural growth of plants*. The NSC pool is the sum of
. soluble sugars and starch®”. As major components of the carbon reserves, NSCs can be remobilized for use and
: play a fundamental role in plant germination, growth, reproduction, defense and survivorship under stress'~>%.
: NSCs can provide a temporary source of carbon when current photosynthesis cannot meet the immediate carbon
. demands of the plant. Once mobilized, NSCs can be used to support metabolism, structural growth, defense, and
© reproduction® L.

: Previous investigations have usually focused on the responses of NSCs to drought stress'*"!4, treeline>!°, and
- flushing or bud break!®-!8, Recent studies have suggested that a large fraction of a tree’s annual Carbon budget
. is allocated to the NSC pool'®?°. The NSC pool is depleted when demand exceeds supply, such as when metab-
: olism and growth requirements are high or when the production of photoassimilates is limited, and is refilled
. when the supply exceeds demand, such as when metabolism and growth requirements are low"”*22, NSCs are
. the most important Carbon reserves in the tissues of deciduous and evergreen tree species and serve as carbon
© sources to satisfy the carbon demand during the flushing of new leaves and shoots in spring'®-'#?. The NSC con-
: centration has been observed to decrease sharply in response to the increased carbon demands during flushing
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Figure 1. Sketch of relationships among shoot, mature Moso bamboo and rhizome. The map was designed
and created by Xinzhang Song and Chao Zhang using Adobe Photoshop 7.0 (Adobe Systems Software Ireland
Ltd).

or bud break!¢-18. The lack of photosynthetically active tissues at bud break results in broad-leaved trees that are
dependent on last season’s carbon reserves for flushing?!. The high carbon demand during bud break may exceed
the carbon supplied by current photosynthesis in evergreen species®® and also depend partly on the NSC pool.
Fast-growing plants have high carbon demands during periods of fast growth. However, the NSC dynamics dur-
ing such fast growth periods have received little attention.

Moso bamboo (Phyllostachys pubescens Mazel ex H. de Lehaie) forests are currently the most important source
of non-wood forest products in China, covering an area of 3.87 million ha, representing 70% of the country’s
bamboo forest area and 80% of the global distribution of P. pubescens®**’. As a woody rhizomatous plant, Moso
bamboo is a monopodial giant bamboo with a mean height of 10-20 m and diameter at breast height (DBH) of
8-16 cm, and it is well-known for its fast growth rate?®*. In contrast to the arborous species, Moso bamboos can
complete their growth in height and diameter within 35-40 days after shoots emerge from the soil in the spring.
Afterwards, the height, diameter and volume remain unchanged because of the scarce secondary cambium, and
the bamboo begins to slowly accumulate dry matter?*. Our previous study observed the mean height of each
shoot of young bamboo to increase 28 times (from 0.46 to 12.83 m), whereas the mean carbon storage amount
increased 45 times (from 0.04 to 1.82kg) in 28 days (from April 13 to May 10)%. Ueda®! also reported that Moso
bamboo shoots can even elongate by up to 1 m per day during the period of fastest growth. The rapid growth of
Moso bamboo is called “explosive growth” by local people. However, the underlying mechanism of this “explosive
growth” remains unclear and mysterious.

The recruitment of new bamboo is carbohydrate-dependent®. However, during the “explosive growth period
(EGP),” there is no photosynthesis because the new bamboos begin to expand their branches and leaves only
after completing their growth in height*®?. Therefore, it was speculated that the carbohydrates and nutrients
needed for the construction of new bamboo are provided by other attached mature bamboos via underground
rhizomes?**? (Fig. 1). However, this hypothesis lacked support from direct evidence and needed to be tested by
field observations. To our knowledge, no previous studies have been conducted to measure the NSC dynamics of
Moso bamboo and its potential relationship with seasonal growth dynamics.

Here, we present a series of observations and experiments that examine the NSC changes in Moso bamboo
shoots and attached mature bamboos during fast growth of bamboo shoots to test the hypothesis that the carbo-
hydrates (in the form of NSCs) needed for the construction and metabolism of bamboo shoots during EGP are
provided by attached mature bamboos via underground rhizomes.
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Figure 2. Height growth and biomass accumulation of Moso bamboo shoots: young bamboos after shoot
emergence. The bar denote the standard error (n =3). The same notation is used below.
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Figure 3. Dynamics of the non-structural carbohydrate (NSC) content of Moso bamboo shoots: young
bamboos after shoot emergence.

Results

Dynamics of height and biomass of shoots - young bamboos. In approximately the first 15 days
after Moso bamboo shoots emerge, the height growth and biomass accumulation of the shoots were relatively
slow (Fig. 2). Approximately 15 days after emergence, however, the shoot height showed a sharp increase from
1.78 m on April 15 to 13.26 m on May 7, combined with a rapid biomass accumulation from 0.39kg to 3.89kg.
After that point, the height growth tended to stop, but the rapid accumulation of biomass continued until October
1 and then tended to slow.

NSCs dynamics of shoots - young bamboos. In approximately the first 7 days after Moso bamboo
shoots emerged, the NSC content of the bamboo shoots showed an increase to 8.25% (Fig. 3). However, approxi-
mately 15 days after emergence, the NSC content of the shoots sharply declined. After 22 days (May 7), this sharp
decline tended to slow. The NSC content reached a minimum on August 2 (approximately 4 months after shoot
emergence) and then began to increase again until the following January. Then, the NSC content declined again
and reached a minimum in May, followed by rising again. On May 29 of 2014, new leaves and branches had grown
out from the Moso bamboo shoots, indicating that the bamboo shoots had become young bamboos. The NSC
content of the leaves and branches showed the same changing trend as the trunks of the young bamboos, but the
NSC content of the leaves was always significantly higher than that in the branches and trunks at every sampling
(P<0.05).

NSC dynamics of mature Moso bamboos. The changes in the NSC content of the leaves, branches,
trunks and rhizomes of mature bamboos attached to each sampled shoot are shown in Fig. 4. The NSC content
of the leaves began a rapid and significant decline after April 24 and reached its lowest levels on July 1, having
been reduced by 1.5 fold, and then gradually rose and approached the levels prior to shoot emergence until the
following January. The NSC content then began to decline again and reached a minimum in May, followed by
rising again (Fig. 4a). The NSC content of the branches declined continuously from January 2 to August 2 with
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Figure 4. Dynamics of the non-structural carbohydrate (NSC) content of each part of attached mature
Moso bamboos over a 20-month period (from January 2014 to August 2015). (a) leaf; (b) branch; (¢) trunk;
(d) rhizome. Different lowercase letters indicate significant differences (P < 0.05) in the NSC content among
samplings.

a large change from 7.16% to 0.29%, a reduction of 23 fold, and then gradually rose and declined repeatedly, fol-
lowing the same changing pattern as the leaves (Fig. 4b). The NSC content of the trunks showed a rapid increase
before April 7, from 4.48% to 13.12%, and then declined until August 2 with a minimum of 0.45%, a reduction of
28 fold (Fig. 4c). In particular, the NSC content declined sharply by 4 fold from 12.72% to 2.73% in the 44 days
from April 15 to May 29. After August 2, the NSC content of the trunks also began to gradually increase and then
decline repeatedly, following the same changing pattern as the leaves and branches. After a temporary decline,
the NSC content of the rhizomes linking the shoots and mature bamboos showed a stable period from March
9 to April 24 (Fig. 4d). Then, the NSC content also underwent a fast decline until August 2 with a minimum of
0.88%, a reduction of 5 fold. After August, similar to the trunks and branches, the NSC content of the rhizomes
also exhibited the same fluctuating pattern.

Discussion

Moso bamboo shoots rapidly completed their height growth within 38 days after emerging and reached an aver-
age height of 13.26 m, which was consistent with the previous studies?**!. The biomass also accumulated rapidly
during the EGP (Fig. 2). There were no new leaves growing from the shoots, and therefore photoassimilates could
not be produced during this period. Thus, the composition of the shoot biomass could come from only attached
matured bamboos through underground rhizomes?>*2. Our observations showed that the NSC content of the
leaves, branches, and especially the trunks and rhizomes of attached mature bamboos declined sharply during
this period (Fig. 4). These missing NSCs were thought to be re-allocated and transferred to the emerging shoots
through the underground rhizomes, then transformed and utilized in the structural growth (i.e., height growth)
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Organ Biomass (kg) Percentage (%)
Leaf 0.94+0.52 7.61
Branch 1.57+0.68 12.70
Trunk 9.85+2.17 79.69

Table 1. Aboveground biomass allocation and proportion of mature bamboos (mean = SD, n=36).

and metabolism of the shoot. It has been observed that the coarse fiber concentration of the shoots increases dur-
ing rapid growth®. In our study, the trunks accounted for a higher proportion (79.69%) of aboveground biomass
than the leaves (7.61%) and branches (12.70%) (Table 1), which indicated that the trunks contributed the most
NSCs to the shoots. The sharp decline in the NSC content of the shoots from the high levels at emergence also
supported this inference (Fig. 3). Ding et al.>* observed that the sap flow rate of trunks of mature Moso bamboos
showed a pronounced increase from the middle of April to the end of May. This change in the rate of sap flow, the
transport carrier of NSCs, also supported the hypothesis.

After height growth was completed (approximately May 7), new leaves and branches began to grow out from
the young bamboo, and this period continued until the middle-to-end of July*>*. The structural growth and
metabolism of the leaves and branches, as well as the strengthening of the young bamboos, also consume large
amounts of NSCs*. These growth processes led to a continuous decline in NSCs in both young bamboos and
attached mature bamboos after May 7, at which time the height growth was completed (Figs 3 and 4). Moreover,
the NSCs were first distributed to leaves to maximize the photosynthetic capacity to independently supply car-
bohydrates for the young bamboo itself as early as possible. Therefore, the NSC content of the leaves was always
higher than that in the branches and trunks of the young bamboos (Fig. 3). It was observed that the NSC content
of Scots pine (Pinus sylvestris L.) decreased during bud break'®!”. Landhéusser and Lieffers'® also observed the
sharp reduction of NSCs in the branches and stems of Populus tremuloides clones during leaf flushing. It was also
reported that the bud break of broad-leaved trees depended on last season’s carbon reserves.. Schidel et al.?
demonstrated that the high carbon demand during bud break in evergreen species also partly depended on the
NSC pool.

After August 2, the NSC pool in the leaves, branches and trunks of young bamboos gradually recovered
(Fig. 3). It has been reported that after leaves sprouted from the young bamboos, the content of chlorophyll
aand b in the leaves increased quickly until October, indicating a rapid enhancement of the photosynthetic
capacity of the leaves of the young bamboos®**. After August, photoassimilation production gradually exceeded
the demands of the young bamboos for carbohydrates, and thus the NSC content started to rise, which may rea-
sonably explain the NSC recovery in the young bamboos. Then, the attached mature bamboo no longer needed
to transfer NSCs to the young bamboo. At that time, in summer, the highest daily photosynthetic production of
mature bamboo during the year also occurred®. Therefore, the NSC content of each part of the mature bamboo
also gradually increased from then on (Fig. 4). In fact, the NSC content of the leaves of mature bamboos began to
rise after July 1, indicating that the recharging of the NSC pools in the leaves, the most important photosynthetic
organ, had begun earlier.

The leaves of young bamboo all fall in the following spring, and then new leaves with a lifespan of two years
grow?2, Therefore, the sampled leaves of both young and mature bamboo on May 17, 2015 were senescent leaves,
which may explain the sharp decline in the NSC content of leaves in May 2015. This defoliating period in spring
also resulted in the decline of the NSC content in branches and trunks. Then, as the new leaves grew, the NSC
content began to increase again.

Conclusion

Within 38 days after emerging, Moso bamboo shoots completed their “explosive growth” and reached an average
height of 13.26 m and biomass of 3.89 kg. During this period, almost all the NSC content of the leaves, branches,
and especially trunks and rhizomes of attached mature bamboos was re-allocated and transferred to the “explo-
sively growing” shoots via underground rhizomes for both the structural growth and the metabolism of the
shoots. The transfer process of NSCs from attached mature bamboos to shoots (young bamboos) stopped when
the leaves of the young bamboos could provide enough carbohydrates (photoassimilates) to meet the immediate
carbon demands of the young bamboos. Afterward, the depleted NSC pool of the attached mature bamboos
gradually recovered.

Materials and Methods

Study site. The study site was located in Qingshan Town, Lin‘an city (30°14'N, 119°42/E), Zhejiang Province,
China. This area has a monsoonal subtropical climate with four distinct seasons. The mean annual precipitation
is 1,420 mm, and the mean annual temperature is 15.6 °C, with maximum and minimum temperatures of 41.7°C
and —13.3°C, respectively. The area receives an average of approximately 1,847 hours of sunshine per year and an
average of 230 frost-free days per year.

The Moso bamboo plantations were originally established in the late 1970 s from native evergreen broadleaf
forest in sites of similar topography (southwest slope of approximately 6 degrees) and soil type. The soils are
classified as Ferrisols derived from granite*!. Management practices, including annual fertilization, plowing,
and weeding with herbicide, have been conducted since 2001. In September of each year, fertilizer compounds
(N:P,04:K,0: 15:6:20, 450 kg ha~?) are distributed and followed by a deep plowing to 0.3 m. Twelve understory
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Stand density SBD SOC TN
(trees ha=") DBH (cm) (gem™) (mgg™) (mgg™") | AN(mgg™') | TP (mgg™') | AP(mgg™') | SoilpH
3428 4283 10.42+0.15 1.05+0.08 22.87+£0.3 1.244+0.04 0.11+£0.004 0.4540.02 0.003 +0.000 4.514+0.04

Table 2. Initial stand and soil characteristics of the study sites in the Moso bamboo forest (mean + SD,
n=3). DBH: diameter at breast height; SBD: soil bulk density; SOC: soil organic C; TN: soil total N; AN:
available nitrogen; TP: soil total P; AP: available phosphorus.

species, dominated by Viola prionantha, achieve a mean height of 0.1 m, a forest floor coverage of 7%, and a total
herbal biomass of 16.3kg ha ™.

Experimental design and sampling. The growth of the shoots of Moso bamboo is strongly seasonal.
Shoots are usually initiated from solitary lateral buds on below-ground rhizomes every summer (June-August),
then begin to emerge aboveground at the end of the following March and attain their full size approximately two
months after emergence. By the middle-to-end of May, the shoots reach the top of the canopy and develop to their
full height and DBH, becoming young bamboos?*?°. Moreover, Moso bamboo plantations are characterized by
alternating high- and low-recruitment years in the shoots due to long-term management practices?*>*2. In the
present Moso bamboo stands, the recruitment of shoots is high in every even-numbered year (2012, 2014, and so
on) and low in every odd-number year (2011, 2013, and so on). To observe the changes in the NSCs of bamboo
shoots and attached mature bamboos during explosive growth, we performed a 20-month field investigation
experiment beginning in a high-growth year, from January 2014 to August 2015.

In November 2013, three plots of 30 x 30 m were established. The initial stand and soil characteristics are sum-
marized in Table 2. Twenty two-year-old bamboos near the mean DBH were selected and marked in each plot.
Before the shoots emerged on April 1, two samplings were performed on January 2 and March 9, respectively.
One marked bamboo in each plot was cut during every sampling, the fresh weight of the sample was weighed and
subsamples of leaves, branches, trunks and attached rhizomes were collected in insulated cases at 4 °C for transfer
to the laboratory as soon as possible. After shoot emergence on April 1, all the shoots emerging on April 1 and 2
were marked for the next sampling. Samples of the marked shoots and attached marked bamboos were collected
on April 7, April 15, April 24, May 7, May 29, July 1, August 2, September 1, October 1, November 3, December
28, January 22, May 17, and August 28. During every sampling, a marked shoot with normal growth was first
selected in each plot, and then a markedly attached bamboo was also selected along the underground rhizome,
which was mainly distributed in the top 30 cm of the soil. One selected shoot, attached rhizome and two-year-old
bamboo were cut during every sampling in each plot. The height of the shoot was recorded, and the fresh weights
of the shoot, rhizome and bamboo samples were measured. The subsamples of shoots, attached rhizomes, leaves,
branches and trunks of the attached bamboo were also weighed and collected in insulated cases at 4 °C for transfer
to the laboratory as soon as possible. Subsamples were heated at 105 °C for 30 minutes, then oven-dried at 65°C
to a constant weight to analyze the water content and NSC content of the fresh samples. After November 3, only
200 g for each sample of leaves, branches and trunks was collected from one marked young and mature bamboo
pair by tree trimmer, without cutting. Samples were heated at 105 °C for 30 minutes, then oven-dried at 65 °C to
a constant weight. It is important to note that after completing their height growth at the middle-to-end of May,
the bamboo shoots become young bamboos and begin to grow branches and leaves. Thus, during the last several
samplings after May 7, the leaves and branches of young bamboos were also sampled.

The oven-dried samples were ground with a grinder (DFT-50 A, Wenling LINDA Machinery Co. Ltd., China).
The NSC concentration was determined using an improved colorimetric method***,

Data and statistical analysis. One-way analysis of variance (ANOVA) and least significant difference
(LSD) tests were used to determine the statistical significance of the differences in the NSC content of leaves,
branches, trunks and rhizomes among sampling events. The data were checked and satisfied the assumptions of
homogeneity of variance. These analyses were conducted using SPSS (Statistical Package for the Social Sciences)
16.0 for Windows software (SPSS Inc., Chicago, Illinois).

References

1. Chapin, E S., Schulze, E. D. & Mooney, H. A. The ecology and economics of storage in plants. Annu. Rev. Ecol. Syst. 21, 423-447
(1990).

2. Hoch, G. Cell wall hemicelluloses as mobile carbon stores in non-reproductive plant tissues. Funct. Ecol. 21, 823-834 (2007).

3. Dietze, M. C. et al. Nonstructural carbon in woody plants. Annu. Rev. Plant Biol. 65, 667-687 (2014).

4. Pan, Q., Han, X,, Bai, Y. & Yang, ]. Advances in physiology and ecology studies on stored non-structure carbohydrates in plants.
Chin. Bull. Bot. 19, 30-38 (2002).

5. Li, M. et al. Mobile carbohydrates in Himalayan tree line trees. I. Evidence for carbon gain limitation but not for growth limitation.
Tree Physiol. 28, 1287-1296 (2008).

6. Yin, ], Guo, D., He, S. & Zhang, L. Non-structural carbohydrate, N, and P allocation patterns of two temperate tree species in a semi-
arid region of Inner Mongolia. Acta Scientiarum Naturalium Universitatis Pekinensis 45, 519-517 (2009).

7. Richardson, A. D. et al. Seasonal dynamics and age of stemwood nonstructural carbohydrates in temperate forest trees. New Phytol.
197, 850-861 (2013).

8. Galvez, D. A, Landhiusser, S. M. & Tyree, M. T. Low root reserve accumulation during drought may lead to winter mortality in
poplar seedlings. New Phytol. 198, 139-148 (2013).

9. Li, M., Hoch, G. & Korner, C. Source/sink removal affects mobile carbohydrates in Pinus cembra at the Swiss treeline. Trees 16,
331-337 (2002).

SCIENTIFICREPORTS | 6:25908 | DOI: 10.1038/srep25908 6



www.nature.com/scientificreports/

10. Wiley, E. T. Towards a better understanding of nonstructural carbohydrate storage and carbon limitation in trees. PhD thesis.
(University of Pennsylvania, 2013).

11. O’Brien, M. ], Leuzinger, S., Philipson, C. D, Tay, J. & Hector, A. Drought survival of tropical tree seedlings enhanced by non-
structural carbohydrate levels. Nat. Clim. Change 4, 710-714 (2014).

12. McDowell, N. et al. Mechanisms of plant survival and mortality during drought: why do some plants survive while others succumb
to drought? New Phytol. 178, 719-739 (2008).

13. McDowell, N. G. Mechanisms linking drought, hydraulics, carbon metabolism, and vegetation mortality. Plant Physiol. 155,
1051-1059 (2011).

14. Adams, H. D. et al. Nonstructural leaf carbohydrate dynamics of Pinus edulis during drought-induced tree mortality reveal role for
carbon metabolism in mortality mechanism. New Phytol. 197, 1142-1151 (2013).

15. Richardson, A. D. Foliar chemistry of balsam fir and red spruce in relation to elevation and the canopy light gradient in the
mountains of the northeastern United States. Plant Soil 260, 291-299 (2004).

16. Fischer, C. & Holl, W. Food reserves of scots pine (Pinus sylvestris L.). 1. Seasonal-changes in the carbohydrate and fat reserves of
pine needles. Trees 5, 187-195 (1991).

17. Terziev, N., Boutelje, J. & Larsson, K. Seasonal fluctuations of low-molecular- weight sugars, starch and nitrogen in sapwood of Pinus
sylvestris L. Scand J. For. Res. 12, 216-224 (1997).

18. Landhiusser, S. M. & Lieffers, V. J. Seasonal changes in carbohydrate reserves in mature northern Populus tremuloides clones. Trees
17,471-476 (2003).

19. Barbaroux, C. & Breda, N. Contrasting distribution and seasonal dynamics of carbohydrate reserves in stem wood of adult ring-
porous sessile oak and diffuseporous beech trees. Tree Physiol. 22, 1201-1210 (2002).

20. Gough, C. M., Flower, C. E., Vogel, C. S., Dragoni, D. & Curtis, P. S. Whole ecosystem labile carbon production in a north temperate
deciduous forest. Agric. For. Meteorol. 149, 1531-1540 (2009).

21. Grulke, N. E., Andersen, C. P. & Hogsett, W. E. Seasonal changes in above- and belowground carbohydrate concentrations of
ponderosa pine along a pollution gradient. Tree Physiol. 21, 173-181 (2001).

22. Gleason, S. M. & Ares, A. Photosynthesis, carbohydrate storage and survival of a native and an introduced tree species in relation to
light and defoliation. Tree Physiol. 24, 1087-1097 (2004).

23. Hoch, G., Richter, A. & Kérner, C. Non-structural carbon compounds in temperate forest trees. Plant Cell Environ. 26, 1067-1081
(2003).

24. Kozlowski, T. T. & Pallardy, S. G. Physiology of woody plants. 2nd Edn. (Academic Press, 1991).

25. Schidel, C., Blochl, A., Richter, A. & Hoch, G. Short-term dynamics of nonstructural carbohydrates and hemicelluloses in young
branches of temperate forest trees during bud break. Tree Physiol. 29, 901-911 (2009).

26. Li, H. & Lei, Y. Estimation and evaluation of forest biomass carbon storage in China. (China Forestry Publishing House, 2010).

27. Song, X. et al. Carbon Sequestration by Chinese Bamboo Forests, and Their Ecological Benefits: Assessment of Potential, Problems,
and Future Challenges. Environ. Rev. 19, 418-428 (2011).

28. Li, R, Werger, M. ]. A., During, H. J. & Zhong, Z. C. Carbon and nutrient dynamics in relation to growth rhythm in the giant bamboo
Phyllostachys pubescens. Plant Soil 201, 113-123 (1998a).

29. Zhou, G., Jiang, P. & Xu, Q. Carbon fixing and transition in the ecosystem of bamboo stands. (Science Press, 2010).

30. Peng, B. & Song, J. High efficient cultivation of bamboo. (Fujian Science & Technology Publishing House, 2004).

31. Ueda, K. Studies on the physiology of bamboo, with reference to practical application. Bull Kyoto Univ. For. 30, 1-169 (1960).

32. Li, R, Werger, M. ]. A, de Kroon, H., During, H. J. & Zhong, Z. C. Interactions between shoot age structure, nutrient availability and
physiological integration in the giant bamboo Phyllostachys pubescens. Plant boil. 2, 437-446 (2000).

33. Hu, C,, Zhou, ], Lan, X. & Yang, L. Changes in nutrient composition of bamboo shoots of different ages. J. Bam. Res. 5, 89-94 (1986).

34. Ding, E, Wang, B. & Zhao, G. Sap flow changes of Phyllostachys edulis and their relationships with meteorological factors. Scientia
Silvae Sinicae 47,73-81 (2011).

35. Chen, X. Cultivation and utilization of Moso bamboo. (China Forestry Publishing House, 1996).

36. Li, D. & Liao, S. A preliminary study on growth rhythm of Moso bamboo. Hunan For. Sci. Technol. 25, 28-30 (1998).

37. Liu, Y. Nutrient dynamics in the shoot stage of Moso bamboo. For. Res. 3, 363-367 (1990).

38. Qiu, R,, Chen, C., Dong, J., Liang, Y. & Zhang, W. A study on chlorophyll content dynamics and relationship of new bamboo of
Phyllostachys heterocycla cv. pubescens from different provenances. Acta Agric. Univ. Jiangxiensis 24, 522-527 (2002).

39. Shi, J., Guo, Q. & Yang, G. Study on the photosynthetic dynamic variation of Phyllostachys edulis. For. Res. 18, 551-555 (2005).

40. Huang, C., Ge, Y. & Chang, J. Studies on photosynthesis and Respiration of Blades of phyllostachys heterocycle cv. Pubescens in
Eastern mid-subtropical Zone, China. J. Zhejiang For. Sci. Technol. 20, 14-16 (2000).

41. Song, X., Zhou, G., Gu, H. & Qi, L. Management practices amplify the effects of N deposition on leaf litter decomposition of the
Moso bamboo forest. Plant Soil 395, 391-400 (2015).

42. Li, R., Werger, M. ]. A,, During, H. J. & Zhong, Z. C. Biennial variation in production of new shoots in groves of the giant bamboo
Phyllostachys pubescens in Sichuan, China. Plant Ecol. 135, 103-112 (1998b).

43. Buysse, ]. & Merckx, R. An improved colorimetric method to quantify sugar content of plant tissue. J. Exp. Bot. 44, 1627-1629
(1993).

44. Yu, L., Wang, C. & Wang, X. Allocation of nonstructural carbohydrates for three temperate tree species in Northeast China. Chin. J.
Plant Ecol. 35, 1245-1255 (2011).

Acknowledgements

This study was funded by the National Natural Science Foundation of China (Grant No. 31270517, 31470529), the
“948” Project of the State Forestry Bureau of China (Grant No. 2013-4-55), and the Pandeng Project for Young &
Middle-aged Discipline Leaders of Zhejiang Province (Grant No. pd2013234).

Author Contributions

X.S. and C.P. conceived and designed the experiments; X.S., C.P. and G.Z. wrote the manuscript; H.G. and C.Z.
prepared the figures and redacted the manuscript; and X.S. and Q.L. performed most experiments and data
analyses.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Song, X. et al. Dynamic allocation and transfer of non-structural carbohydrates, a
possible mechanism for the explosive growth of Moso bamboo (Phyllostachys heterocycla). Sci. Rep. 6,25908;
doi: 10.1038/srep25908 (2016).

SCIENTIFICREPORTS | 6:25908 | DOI: 10.1038/srep25908 7



www.nature.com/scientificreports/

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

G oy other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFICREPORTS |6:25908| DOI: 10.1038/srep25908 8


http://creativecommons.org/licenses/by/4.0/

	Dynamic allocation and transfer of non-structural carbohydrates, a possible mechanism for the explosive growth of Moso bamb ...
	Results

	Dynamics of height and biomass of shoots - young bamboos. 
	NSCs dynamics of shoots - young bamboos. 
	NSC dynamics of mature Moso bamboos. 

	Discussion

	Conclusion

	Materials and Methods

	Study site. 
	Experimental design and sampling. 
	Data and statistical analysis. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Sketch of relationships among shoot, mature Moso bamboo and rhizome.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Height growth and biomass accumulation of Moso bamboo shoots: young bamboos after shoot emergence.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Dynamics of the non-structural carbohydrate (NSC) content of Moso bamboo shoots: young bamboos after shoot emergence.
	﻿Figure 4﻿﻿.﻿﻿ ﻿ Dynamics of the non-structural carbohydrate (NSC) content of each part of attached mature Moso bamboos over a 20-month period (from January 2014 to August 2015).
	﻿Table 1﻿﻿. ﻿  Aboveground biomass allocation and proportion of mature bamboos (mean ± SD, n = 36).
	﻿Table 2﻿﻿. ﻿  Initial stand and soil characteristics of the study sites in the Moso bamboo forest (mean ± SD, n = 3).



 
    
       
          application/pdf
          
             
                Dynamic allocation and transfer of non-structural carbohydrates, a possible mechanism for the explosive growth of Moso bamboo (Phyllostachys heterocycla)
            
         
          
             
                srep ,  (2016). doi:10.1038/srep25908
            
         
          
             
                Xinzhang Song
                Changhui Peng
                Guomo Zhou
                Honghao Gu
                Quan Li
                Chao Zhang
            
         
          doi:10.1038/srep25908
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep25908
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep25908
            
         
      
       
          
          
          
             
                doi:10.1038/srep25908
            
         
          
             
                srep ,  (2016). doi:10.1038/srep25908
            
         
          
          
      
       
       
          True
      
   




