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Abstract

The fiber index including fiber length, width, wall thickness and lumen diameter of Ferrocalamus strictus
culms (1, 2, and = 3 years) from Jinping, Mojiang and Lvchun counties of Yunnan Province was
determined and the elemental content of the soil was also determined to analyze the influence of the
culm age and height and soil content on the fiber characteristics. The average relative fiber index
measured for F. strictus culms were fiber length (1.30 mm), width (21.57 pm), slenderness ratio (60.79
pum), wall thickness (4.21 pm), lumen diameter (7.22 um), and runkel ratio (1.22 ym), which belonged to
the range of middle and long fibers. The fiber length increased with the culm age. The proportion of long
fiber increased while short fibers decreased along with culm maturing. The fiber morphology did not show
a specific trend with the culm height. Fiber length reached the maximum in the bottom portions of the
culms. There is a correlation between fiber morphology and soil elements, the content of organic matter,
total potassium, total sulfur, total aluminum, total zinc, total iron, total boron, alkali-hydrolyzed nitrogen
amd available silicon in the soil affects fiber morphology. The content of organic matter, total boron,
available potassium and alkali-hydrolyzed nitrogen in the soil from Mojiang County was largest.
Comparatively, the culm fiber in Mojiang County had the best fiber index performance for utilization, since
the greatest proportion of medium and long fibers and the optimal distribution of fiber length frequency
was obtained from the culms in Mojiang County. This study can provide a theoretical basis for large-
scale bamboo forest cultivation and the development and utilization of bamboo culm fiber.

1 Introduction

Bamboo is considered to be an important type of forest resource with long fiber length, rapid growth and
excellent timber properties (Ogunwusi et al. 2022). China is rich in bamboo resources, with a total of 941
species in 43 genera, nearly 50% of which are distributed in Yunnan Province (Xu et al. 2023). With the
overextraction of timber resources, the conflict between supply and demand continues to aggravate, the
expansion of bamboo plantations for pulp and papermaking (Cai et al. 2020), furniture decoration
(Raydan et al. 2021), artificial composite boards (Fu et al. 2012) and fiber textiles (Lian et al. 2022)
provides an alternative solution.

Ferrocalamus strictus is a type species of Ferrocalamus in the subfamily Bambusoideae. It was
discovered by Bojie Geng and Jiru Xue in 1982 and named for its hard culm (Geng et al. 1982; Li et
al.2015). It is one medium-sized monopodial bamboo (Yu et al. 2018), with the internode length above
100 cm, which is a good material for making chopsticks and woolen needles (Geng et al. 1982; Li et al.
2015). At present, F. strictus is known to be distributed only in Honghe and Pu'er prefectures in Yunnan
Province of China. It was listed as one of the very small population species in Yunnan Province in 2007
due to the characteristics of narrow distribution and sparse population (Li et al. 2015), and listed as a
China key national first-class protected wild plant in 2021 (Kou, 2021).

Research on bamboo fiber morphology provides a basis for the cultivation, processing and utilization of
bamboo. Bamboo fiber morphology exhibits anisotropy. Analyzing the anisotropy of bamboo fiber
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morphology can achieve reasonable utilization for bamboo resources. Wang et al. (2009) and Niu et al.
(2023) found that the culm age and different portions had a significant effect on the fiber morphology of
Fargesia yunnanensis and Phyllostachys edulis. Li et al. (2010) analyzed the fiber morphological
characteristics of Oxytenanthera abyssinica and concluded that the maximum utilization of bamboo can
achieve by considering harvesting age and portion. Chen et al. (2015) found that the different ages and
parts of sympodial bamboo culms had their own advantages and disadvantages in papermaking
performance. In addition, bamboo fiber can also be used in board processing and product packaging and
other fields. The research of Meng et al. (2011) showed that under different experimental conditions,
fibrous bamboo reconstituted board has excellent physical and chemical properties and can be promoted
for production. Delgado et al. (2012) analyzed the availability of bamboo fiber composites in product
packaging. Zhan et al. (2022) studied the fiber morphological characteristics of culm sheaths of different
bamboo species, indicating that the sheaths could be used for papermaking, which improved the
availability of unconventional raw materials. F. strictusis the bamboo species with the longest and
hardest internodes reported in the world, however, there is no report on the morphological characteristics
of its fiber and its potential for large-scale industrial utilization has yet to be further explored.

Accordingly, this study endeavors to analyze the fiber morphological characteristics of F. strictus culms of
different ages from different geographical distribution regions to explore the morphological variation of £
strictus fiber to provide a theoretical reference for its economic and germplasm value.

2 Materials and methods
2.1 Materials

Materials were collected from three geographical distribution areas of F. strictusin Yunnan Province
(Table 1). eg, Huotandong Village in Jinping County (JP), Lazhu Village in Mojiang County (MJ) and
Taihong Village in Lvchun County (LC).
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Table 1
Sampling locations

Location
JP MJ LC

Longitude E103°2'27.6" E101°50'22.3" E102°27'52.2"

Latitude N22°36'45.4" N22°57'14" N22°50'9.28"

Altitude (m) 1380 1720 1180

Climate type Tropical Subtropical Subtropical mountain
monsoon monsoon climate monsoon climate
climate

Average annual 18 17.8 16.6

temperature (°C)

Average daily maximum 22 26 23

temperature (°C)

Average daily minimum 15 14 15

temperature (°C)

Average annual rainfall 2330 1345 2400

(mm)

Annual sunlight duration 1680 2160 1368

Sampling was referred to the method from Xu et al. (2023). Three bamboo culms of F strictus from three
distribution areas in each of the three age groups (1, 2, and = 3 years old) were cuted. Three samples of
each age group totaling 27 culms were used for replication. The culm internodes were consecutively
numbered from bottom to top and then divided into three portions, each with an equal number of
internodes, i.e., 1st for bottom, 4th for middle and 7th for top portion.

Soil collection was referred to the method from Wang et al. (2022).

Culm samples were cleaned with pure water and then cleaned again with an ultrasonic cleaner to ensure
the removal of debris. Then culm samples were dried in an oven at 80°C and cool in a drying basin for 12
hours. The soil was cleared of debris and passed the screens for 400 mesh and 200 mesh sieves.

2.2 Methods

Referring to the segregation method of Zhang et al. (2007), the fibers of F. strictus culm were obtained
(Fig. 1). Slides were made, more than 50 photos were taken of each slide, and the basic index of length,
width, wall thickness, lumen diameter of the fiber were determined using the Image - J measurement
software. Two derived values were calculated according to the fiber dimensions measured (Slenderness
ratio (fiber length/fiber width) and Runkel ratio [(2x fiber cell wall thickness)/ fiber lumen diameter]). The
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soil element content determination refers to the China Forestry Industry Standard, LY/T 1270-1999 (CFIS
1999). SPSS26.0 and Origin2021 software were used for data analysis.

3 Restults
3.1 Fiber morphology

The mean fiber length of F. strictus from three distribution areas was 1.30 mm, the mean width was 21.57
pum, the mean slenderness ratio was 60.79 pm, the mean wall thickness was 4.21 ym, the mean lumen
diameter was 7.22 pm, and the runkel ratio was 1.22 pm.

3.1.1 Morphological characteristics of culm fiber in
different locations

Fibers of F. strictus culms from different locations had different performance in terms of fiber
characteristics (Fig. 2). The average fiber length in MJ was significantly larger than that in JP and LC. The
average fiber width was decreased in the order of MJ > LC > JP, and significant differences was observed
among the three locations. The mean of fiber slenderness ratio was the greatest in LC (62.54 pm) with
insignificant difference among different locations. The mean wall thickness and runkel ratio was the
greatest in MJ. However the lumen diameter of the culm in MJ was the smallest. The wall thickness of
the MJ was significantly larger than that of JP and LC. The lumen diameter of the JP was larger than that
of the MJ. The runkel ratio of the MJ was larger than that of the JP and LC. (Table 2).

In JP, the fiber length, width, slenderness ratio and wall thickness of 3-year culms was larger than that of
1- and 2-year culms. The wall thickness of 3-year culms was significantly larger than that of 1-year culms.
However, insignificant difference in fiber length was observed among different portions of the culm

(Fig. 3). The lumen diameter of the bottom portion of the culm was significantly greater than the middle
portions.

In MJ, the greatest fiber length and slenderness ratio was found in 2-year culms. 3-year culms had greater
width and lumen diameter than that of 1- and 2-year culms. The wall thickness and runkel ratio of 2-year
culms was larger than that of 2- and 3-year culms. (Fig. 3) The middle portions had significantly larger
the width than the top and bottom portions. No significant difference in length, slenderness ratio, wall
thickness, lumen diameter and runkel ratio were observed among different portions of the culm (Fig. 2).

In LC, 3-year culms was the longest fibers. The width of 1- and 2-year culms was significantly greater than
that of 3-year culms, whereas the smallest slenderness ratio was observed in 1-year culms. The fiber
slenderness ratio presented a decreasing trend with increasing culm ages (Fig. 3). The bottom portion
had greater fiber length and lumen diameter than the top and middle portions. No significant differences
in the width, slenderness ratio, wall thickness and runkel ratio were observed among different culm
portions (Fig. 2).
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3.1.2 Morphological characteristics of culm fibers in
different ages

The fiber wall thickness in F. strictus culm increased with the culm age and reached the maximum values
in 3-year culm (Table 2). For 1-year culm, the fiber length, width, slenderness ratio, wall thickness, lumen
diameter and runkel ratio was the largest in MJ, while the fiber slenderness ratio of the 2-year culms was
the smallest in MJ. The fiber length, width, slenderness ratio and lumen diameter were the smallest in 1-
year culms. Significant differences in wall thickness was observed among different 1- and 3-year culms,
the fiber wall thickness of 3-year culms was larger than that of 1-year culms (Fig. 2).

Table 2
Fiber morphology of bamboo culm in different locations, ages and portions
Length Width Slenderness  Wall Lumen Runkel
Ratio thickness  diameter Ratio
(mm) (um)
(L/W) (um) (um) (2Wt/Ld)
Location JP 1.08+ 18.57 58.11¢ 3.95% 8.16 ¢ 1.00+
0.05b 0.48b 1.73a 0.18b 0.50a 0.07b
MJ 145+ 2349+ 62.00+ 493+ 6.11+ 1.62+
0.05a 0.81a 2.46a 0.17a 0.15b 0.06a
LC 1.36 ¢ 21.80+ 62.54 + 3741+ 7.38% 1.05+
0.04a 0.67a 1.99a 0.15b 0.62ab 0.06b
Age 1 131 2150+ 60.55+ 396+ 740+ 114+
0.09a 1.17a 2.47a 0.22a 0.61a 0.11a
2 123+ 20.92 + 58.98 + 424+ 6.54 + 1.33%
0.05a 0.82a 2.11a 0.27a 0.47a 0.11a
3 1.38% 2231 61.79% 442+ 7.71¢% 1.20+
0.06a 0.89a 1.58a 0.23a 0.49a 0.12a
Position  Top 127+ 21.48 + 59.02+ 397+ 6.86 + 121+
0.07a 0.94a 1.38a 0.27a 0.49a 0.11a
Middle 131z 2227 58.81 426+ 6.87 1.28+
0.07a 0.98a 1.57a 0.25a 0.46a 0.11a
Bottom 1.33+ 20.98 + 63.49 + 440 7.93+ 118+
0.08a 1.00a 2.72a 0.25a 0.671a 0.13a
Mean 130+ 21.57 + 60.79+0.59 421+ 7.22+0.31 122+
0.01 0.18 0.14 0.07
Note: Means followed by the same letter in the same column are not significantly different at 0.05
probabilities
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For the 1-year culms, the value of fiber morphology were the largest in the MJ. The value of fiber
morphology were the smallest in the JP (Fig. 3). The fiber length and width of MJ and LC was larger than
that of JP. The fiber runkel ratio of MJ and JP was larger than that of LC. No significant differences in the
slenderness ratio, wall thickness and lumen diameter were observed among different locations.

For the 2-year culms, the fiber length of the MJ and LC had significantly larger than that of the JP. The
fiber width, wall thickness and runkel ratio of the MJ were significantly larger than that of the JP and LC.
The slenderness ratio of the LC was largest and the lumen diameter of the JP was largest (Fig. 3).

In the 3-year culms, the fiber length of JP had significantly smaller fiber length than the MJ and LC. The
fiber width of culm had significant difference in locations and the fiber width of the MJ was largest. The
LC had significantly smaller fiber wall thickness than the MJ. The JP and LC had significantly smaller
runkel ratio than the MJ. No significant differences in the slenderness ratio and lumen diameter were
observed among different locations.

3.1.3 Morphological characteristics of culm fiber in
different portions

The fiber length, slenderness ratio, wall thickness and lumen diameter average in bottom portions of F.
strictus culm showed the greatest, the fiber width and runkel ratio average in middle portions of F. strictus
culm showed the greatest (Table 2). The slenderness ratio was increased in the order of bottom portions
>middle portions >top portions. The lumen diameter in bottom portions of JP had significantly larger
than that in middle portions of JP. The width in middle portions of MJ had significantly larger than that in
bottom portions of MJ (Fig. 2). No significant difference in fiber length, slenderness ratio, wall thickness
and runkel ratio were observed among different portions of the culm.

For the top portion of the culms, the fiber length, width and runkel ratio of MJ had significantly larger than
that of JP. The lumen diameter of JP had significantly larger than that of MJ. No significant difference in
the slenderness ratio and wall thickness were observed among different portions of the culm.

For the middle portion of the culms, the fiber length of MJ had significantly larger than that of JP, the fiber
width was significant difference in the order of MJ >LC > JPR, the wall thickness of MJ had significantly
larger than that of JP and LC, the runkel ratio was significant difference in the order of MJ >JP >LC. No
significant difference in the slenderness ratio and lumen diameter were observed among different
locations.

For the bottom portion of the culms, the fiber length of MJ and LC had significantly larger than that of JR,
the fiber width of MJ had significantly larger than that of JP and LC, the lumen diameter of JP had
significantly larger than that of MJ, the runkel ratio of MJ had significantly larger than that of JP and LC.
No significant difference in the slenderness ratio and wall thickness were observed among different
locations.

3.1.4 Frequency distribution of the mean fiber length
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According to the classification standards of the International Council of Wood Anatomy, the length of
short fiber is below 0.9 mm, medium fiber is in the range of 0.9 mm and 1.6mm, and long fiber is above
1.6 mm (Li et al. 2017). The proportion of long and medium fibers were larger in F. strictus culm, the
proportion mean of long fiber was 23%, the medium fiber was 59.5% and the short fiber was 17.5%. The
frequency distribution of fiber length of F. strictus culm varied greatly between locations, ages and
portions. The proportion of long fiber was the highest in MJ (36.6%), followed by LC (23.0%) and JP
(10.0%), while JP had the highest proportion of short fiber. The medium fibers demonstrated an
increasing trend with culm ages, and the proportion of long fibers reaches its maximum in 3-year culms.
The proportion of long and medium fibers in the middle portion of the culm was greater than that in the
top and bottom portions (Table 3).

Table 3
Frequency distribution of fiber length of Ferrocalamus strictus culm in locations, ages and positions
Fiber Length Location (%) Age (%) Portion (%) Mean
(mm) | (%)
JP MJ LC 1 2 3 Top Middle Bottom
L=0.9 346 6.4 10.7 200 204 11.2 204 146 19.6 17.5

09=<L<16 554 57 66.3 559 621 60.7 593 61.3 57.4 99.5
1.6=<L 10 36.6 23 241  17.5 28.1 203 241 23.0 23.0

3.2 Soil elemental in different locations

The content of organic matter, total boron, available potassium and alkali-hydrolyzed nitrogen in the soil
from MJ was largest than those in JP and LC. The organic matter content in the soil from MJ (109.57

g-kg™ ") was significantly higher than that from JP (59.51 g-kg™ ), the total boron content in the soil of MJ
(26.50 mg-kg™ ") and LC (23.6 mg-kg~ ') were significantly higher than that in JP (6.10 mg-kg™ "), and the
alkali-hydrolyzed nitrogen content in MJ (271.00 mg-kg™") and LC (260.00 mg-kg™ ') was significantly
greater than that in JP (200.67 mg-kg™") (Table 4).

The contents of total phosphorus, total sulfur, total calcium, total copper, total aluminum available
potassium and available phosphorus in the soil from LC was largest (Table 4). The total phosphorus
content in the soil from JP (0.53 g-kg™') and MJ (0.56 g-kg™ ') was significantly smaller than that in LC

(1.52 g-kg™ ). The soil from LC had higher total sulfur content (0.57 g-kg™ ") than JP (0.40 g-kg™'). The
content of total calcium, total copper, available potassium and available phosphorus was the greatest in
the soil from LC but lowest in JP. The total potassium content showed the regularity in the soil, followed

by JP (35.64 g-kg™ '), LC (22.37 g-kg™ "), MJ (7.96 g-kg™ ). The total magnesium, total iron, total zinc
content showed the regularity in the soil, followed by LC, JB MJ. (Table 4).
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Table 4

Differences in soil elements in locations

Element Location Mean

JP MJ LC
o. M(g-kg'1) 59.51+2.25B 109.57 £ 15.54A 70.96 + 3.53AB 84.30+10.35
TK(gkg™ ") 35.64+0.89A  7.96+0.59C 22.37+0.13B 20.39+4.30
T.P(gkg ") 0.53+0.02B 0.56+0.01B 1.520.17A 0.77+0.15
T.Mg(gkg™") 3.30+0.11B 1.16 £ 0.08C 5.57+0.33A 2.85+0.61
T.S(gkg 1) 0.40+0.01B 0.49 £+ 0.02AB 0.57+£0.06A 0.47+0.03
T.Fe(gkg™") 27.08+0.86B  23.00%0.88C 42.84+0.37A 28.77+2.77
T.Mn(mgkg™") 1 %5387 + 159.75 + 5.04B ; ggozcjgo + ?gg:gg +
T.zn(mgkg™") 83.33+1.76B  37.00+11.03C  120.00+1.00A  70.89+12.56
TAl(gkg™ ) 9510+1.67A  41.18+2.69C 80.96 + 0.75B 67.9918.76
T.Ca(g-kg™ 1) 0.34+0.03B 0.38+0.04B 6.71+2.49A 1.77+1.02
T.Cu(mgkg™") 7.10+0.85B 8.68+1.37B 45.80+ 1.30A 16.40 £ 5.60
T.B(mgkg™ ") 6.10 £ 0.90B 26.53 1+ 1.66A 23.60+3.10A 19.07 £ 3.39
Hy.N(mg-kg~ ") 39608.87 + 271.00+£16.91A  260.00 + 2.00A %154.; 14
AK(mgkg™") qégsggi 13%25 195.50 + 11.50A 1421%87i
A.P(mg-kg™ 1) 2.26+0.40C 6.87 +0.94B 12.70 £ 2.23A 6.63 1+ 1.46
A.Si(mg-kg™ 1) 65.00+ 3.06B 24.50+2.99B 156.50 £+ 52.50A  67.33+20.05

Note: O.M = Organic matter; T.K = Total potassium; T.P = Total phosphorus; T.Mg = Total magnesium;
T.S = Total sulfur; T.Fe = Total iron; T.Mn = Total aluminum; T.Zn = Total zinc; T.Al = Total aluminum;
T.Ca = Total calcium; T.Cu = Total copper; T.B = Total boron; Hy.N = Alkali-hydrolyzed nitrogen; A.K =
Available potassium; A.P = Available phosphorus; A.Si = Available silicon.

3.3 Correlation between fiber morphology and soil elements

There were correlation between fiber morphological of F. strictus culms and the soil elements content.

The fiber slenderness ratio mean of F. strictus culms was positively correlated with the total sulfur

content (P < 0.05) (Fig. 4). In the 1-year culm, the fiber width was significant positively correlated with the
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content of total boron and alkali-hydrolyzed nitrogen in soil (P < 0.05). The slenderness ratio was
extremely significant positively correlated with organic matter content (P <0.01) and significant
negatively correlated with the content of the total aluminum (P < 0.05). The wall thickness was significant
negatively correlated with the content of the total potassium (P < 0.05). In the 2-year culms, a extremely
significant positive correlation was observed between the fiber width and organic matter content (P <
0.01) and a significant negative correlation with total aluminum content (P < 0.05). The wall thickness
was significant negatively correlated with the content of the total zinc (P < 0.05). In the 3-year culms, the
fiber length was significantly positively correlated with the content of total nitrogen and alkali-hydrolyzed
nitrogen (P < 0.05) and extremely significant positively correlated with the total boron content (P < 0.01).
The fiber slenderness ratio was significantly positively correlated with total iron and available silicon
content (P < 0.05), the wall thickness was significantly negatively correlated with the content of total zinc
(P<0.05).

4 Discussion
4.1 Fiber morphology

Analysis of the fiber morphology of F. strictus culms in different locations showed that the fiber
morphology of culm in MJ was more stable. The maximum fiber index including fiber length, width,
slenderness ratio, wall thickness and runkel ratio was obtained in the 1-year culms in MJ. This was
inconsistent with the conclusions of Zhan et al. (2016), who studied the morphological characteristics of
Dendrocalamus hamiltonii culm fibers and concluded that the fiber length and fiber slenderness ratio
reached the maximum in the 2-year culms average. This was probably due to the fact that bamboo
properties were characterized by its individual characteristics (Liese, 1985). This study found that the
altitude, daily temperature difference, average annual sunshine duration and organic matter content were
the largest in MJ were the highest among three geographical distribution regions of F. strictus. While
other regions were adjacent to residential areas. Further research was needed to determine whether these
factors affect the morphology of F. strictus culm fibers.

Generally, the slenderness ratio for good pulp raw materials needs to be larger than 30 (Gao et al. 2010).
The mean slenderness ratio of F. strictus culms in different locations was above 30, showing good
suitability for pulp raw material.

The average fiber length of F. strictus culm was in the range of 1.29 ~ 1.31 mm, the proportion of long
and medium fibers were larger in F. strictus culm, which could be considered as pulping raw material for
paper (Jing et ai. 2022; Yusuf et al. 2018). The proportion of medium fiber and long fiber was large in the
middle portion of F. strictus culms, this was consistent with the conclusion that most bamboo species
have the best fiber morphology in the middle bamboo culm (Cao, 2022; Mayowa et al. 2016), the fiber
slenderness ratio of F. strictus culm was close to that of Melocalamus compactiflorus, Bambusa
blumeana, Schizostachyum funghomii and Bambusa vulgaris (Wang, et al., 2008), and the fiber length,
width, wall thickness and runkel ratio were smaller, but the lumen diameter was larger. The larger the fiber
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length, the greater the tear degree of the paper, and the smaller the runkel ratio improves the interweaving
performance of the fiber, the F. strictus of culms can be a high-quality papermaking raw material. But the
fiber runkel ratio was taken as one of the criteria for assessing the suitability of fibrous materials for the
paper industry. The runkel ratio below 1 is fine fiber raw material, greater than 1 was inferior, and equal to
1 was the secondary fiber raw material (Wang et al. 2008). So papermaking also needs to consider
multiple fiber morphological indicators in F. strictus of culms.

4.2 Soil elemental in different locations

The content of soil elements varied in different geographical distribution regions of F. strictus, and some
elements showed significant differences, possibly due to plant distribution (Wyszkowski et al. 2016),
climate (Zupancic et al. 2017) and even human production activities (Ivani et al. 2021) in different
regions. The variation of soil element content may cause changes in fiber morphology of F. strictus culm
in different regions. The content of organic matter, total nitrogen, boron, silicon and hydrolytic nitrogen in
soil was the highest in MJ, which may support the stability of fiber morphology of F. strictus culm in MJ.
The content of soil elements in MJ can be used as a reference for bamboo forest cultivation.

4.3 Correlation between the fiber morphology and soil
elements

In this study, the contents of organic matter, total nitrogen and alkali-hydrolyzed nitrogen were the highest
in MJ, and the length, width, wall thickness and runkel ratio of culm fibers were the highest in MJ. The
correlation analysis between the morphology of F. strictus culm fibers and soil elements content found
the fiber slenderness ratio mean was significant positively correlated with the total sulfur content, no
significant correlation in the others fibers morphology and the soil elements content. In ages, an increase
in organic matter content might be beneficial for the increase in width and slenderness ratio of the F.
strictus fiber, while a high total aluminum content might hinder the change in fiber width and slenderness
ratio. Wu et al. (2023) and Zhang et al. (2021) suggested that soil elements promote or inhibit each other,
and their positive correlation indicated that there may be similar input sources for elements. Elements
that were positively correlated with fiber morphology could be considered for the cultivation of bamboo
forest, and elements that negatively correlated with fiber morphology could be regulated, which can
conduct further research on the cultivation management and development and utilization of bamboo
with high-quality fibers.

In order to increase the proportion of medium and long fibers, the F. strictus of 1-year can be
supplemented with organic fertilizer in an appropriate amount, and the 3-year bamboo can be applied
with nitrogen and boron. The fiber morphology index was minimum at 2-year culms, and the total
aluminum content may have an antagonistic effect on it. The fiber length increased with F. strictus culm
age, reaching its maximum at 3 year, and was significantly positively correlated with the contents of total
boron and alkali-hydrolyzed nitrogen. The increase in fiber length may increase the demand for nitrogen,
which was consistent with the research from Bai et al. (2016) that the growth of moso bamboo forest
required a large amount of nitrogen. The F. strictus culm fiber showed a widening trend in the 1-year
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culms, which might be positively affected by boron and nitrogen, as the fiber width was significantly
positively correlated with total boron and alkali-hydrolyzed nitrogen content. In the 2-year culms, the fiber
widening rate might decrease due to the inhibition of aluminum, as the fiber width was significantly
negatively correlated with total aluminum content.In the 3-year culms, the widening trend of fiber width
was not obvious, which may be due to the different elements absorbed by F. strictus at different growth
stages, this was consistent with the conclusion from Liu et al. (2010) that the content of nitrogen,
phosphorus, calcium, magnesium and other elements in bamboo culms varied with the increase of
bamboo age.

5 Conclusion

The average relative fiber index measured for F. strictus culms were fiber length (1.30 mm), width (21.57
pum), slenderness ratio (60.79 pm), wall thickness (4.21 pm), lumen diameter (7.22 ym), and runkel ratio
(1.22 pm), which belonged to the range of middle and long fibers. The fiber index of £ strictus varied with
culm age, height and also geographical distribution regions. The fiber length increased with the culm age.
The proportion of long fiber increased while short fibers decreased along with culm maturing. The fiber
morphology did not show a specific trend with the culm height. The fiber length reached the maximum in
the bottom portions of the culms.

The organic matter was applied to the F. strictus of 1-year, and nitrogen and boron fertilizers were applied
to the F. strictus of 3-year to obtain medium and long fibers. There is a correlation between fiber
morphology and soil elements, the content of organic matter, total potassium, total sulfur, total
aluminum, total zinc, total iron, total boron, alkali-hydrolyzed nitrogen amd available silicon in the soil
affects fiber morphology. The content of organic matter, total boron, available potassium and alkali-
hydrolyzed nitrogen in the soil from MJ was largest.

In comparison, the fiber index of MJ was the best application, since the greatest proportion of medium
and long fibers and the optimal distribution of fiber length frequency was obtained from the culms in MJ.
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Figure 1

Fibers of Ferrocalamus strictus culm obtained by segregation
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Figure 2

Fiber morphology of Ferrocalamus strictus in different culm portions

Note: “L” indicated fiber length, “W” indicated fiber width, “Wt” indicated fiber wall thickness, “Ld”
indicated fiber lumen diameter, “T” indicated top portion of the culm, “M” indicated middle portion of
culm, “B” indicated bottom portion of culm.
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Figure 3

Fiber morphology of Ferrocalamus strictus culm in different ages
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Figure 4

Correlation analysis of fiber morphology and elements of iron bamboo (*P < 0.05 **P < 0.01)
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