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Effects of Elements Boron and Magnesium on Growth in Culm
and Shoot-producing Stands of Moso Bamboo

Lichao Wu*, Hu YueLr**, Cheng JiaNnHUA**,

Wu Xiaoru** and Takakazu SHinzaTo***

Summary

In the paper, the effect of boron (B) and magnesium (Mg) in combination with NPK fertilizers
on bamboo growth in culm and shoot-producing stands of Moso bamboo was studied. The
results indicated the addition B fertilizer (NPK+B) gave high potential in increasing the
number of 1-yr-old bamboo and the bamboo biomass. On the other hand, the addition Mg
(NPK+Mg) was beneficial in increasing the yield of bamboo shoot. To the mean DBH
(diameter at breast height) of 1-yr-old bamboo, no significant increment was observed for
almost all of the treatments. The benefits analysis suggested that the annual incomes of
treatments NPK+B and NPK+Mg were 293, 975 yuan(RMB)/ha more than that of NPK
applied alone, respectively. In the present trials, it was also found that the effect of
fertilization on bamboo growth was positively related to the parent bamboo density of Moso

bamboo stands remarkably.

Key words : boron, magnesium, fertilization, Moso bamboo (Phyllostachys
pubescens), culm and shoot-producing stands

F-O—F:F-TU—KR I KRTE ITXIUL BEBE EIYVIFI, @AK

I. Introduction

Moso bamboo (Phyllostachys pubescens) is mainly distributed in Asia, as well as other areas,
shared the broadest distribution and highest value in all bamboo species (Encyclopedia of
Agriculture of China, 1989; Lichao Wu, 1997). Cultivation of Moso bamboo has a long history
in China (Mao Dashang, 1959; Forestry publication of China, 1991; Jin Chuan, 2000), but so
far in most cases, the widely distributed bamboo plantations are still growing under natural
conditidns (Ma Naishun, 1989; Wang Xiaoming, 1991; Zhang Guofang, 2000). Along with the
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development of national industrial plantation, the reforming of IOW-yielding' plantation of
Moso bamboo has been given great-attention in China during the last 20 years, (Luo Fuxing,
1984; Cooperation group of Moso bamboo research on the reforming of low-yielding stands,
1986; Chen Cunji, 1994). Fertilization has been regarded as the main measures for Moso bam-
boo nutrient management (He Zhunchao, 1992; Chen Jinlin, 1996).

In China, the fertilization of Moso bamboo began at the 50's of last centﬁry (Mao Dashang,
1958; Li Songmao, 1958; Xong Wenyu, 1959). The problems in the study of fertilization were
reviewed by Lichao Wu et al(Lichao Wu, 1997). Some researchers have studied the effect of
NPK on growth of Moso bamboo. Yang Shide reported the effect of element silicon on growth
of Moso bamboo (Yang Side, 1982). Wang maozhi et al pointed out that it takes not only a
abundant of elements NPK from soil, but also a large of Mg, calcium, and some of trace
elements for the growth of Moso bamboo (Wang maozhi, 1985; Zhang Guofang, 2000). However,
except of NPK, the study of other elements, especially, trace elements, on bamboo growth is
insufficient. To develop adequate fertilization techniques, the quantity determination of
fertilization for the major types of forests in south China under different site conditions were
conducted as a cooperative project "Fertilization in Chinese Plantation Forest in South China"
between Central South Forestry University and Norsk Hydro a.s, Oslo, Norway since 1995.
The paper is one part of the studies (Lichao Wu, 2001).

In the paper, we focus on the effect of B and Mg on growth of Moso bamboo in
combination ‘with NPK fertilizers, which were recommended by site nutrient effect model (Wu
Xiaofu, HuYueli. 1994; Lichao Wu, 2001).

II. Material and Methods

1. Material .

The study was carried out at Taojiang Forest Farm, located in Taojiang County(28° 30" N,
111° 36" E), Hunan province, China. The place is famous for its abundant resource of Moso
bamboo and long history of bamboo cultivation, thus being named “Bamboo Counties". The
mean annual temperature is 15~17°C, and the mean temperature in the hottest month, and
the coldest month, are 40°C and -10.3°C, respectively. The mean annual rainfall is 1550mm with
the annual relative humidity 81%. The topography of the area is hilly. The summit is 648m
a.s.l, and the altitude at the study site is between 245~350m a.s.l. The gradient i1s between
15~25° The parent bedrock is sandy slate, and the red soil develops. In addition, the thickness
of soil horizon is more than 60cm. The trial was conducted in the existing Moso bamboo
(Phyllostachys pubescens) forests. The densities of Moso bamboo were 1400~2500stems/ha. The

soil chemical and physical properties of the study site are showed in Table 1.

Table 1. Soil chemical and physical properties at the study site

Organic  Total Available Exchangeable Delayed Bulk density of
pH matter nitrogen phosphorus potassium potassium top layer Soil
(g.kg') (gkg") (mgkg') (mgkg") (mgkg') (g/em?) texture
4550 27.3 2.5 4.0 42.0 168.3 1.0 loam
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2. Methods

1). Investigation and fertilization

Before the fertilization all bamboos in study plots were recorded including height, DBH, age
of the bamboo. After the fertilization, the 1-yr-old bamboos were recorded including height
and DBH in June every year. The fertilizers were manured to the eyebrow-like ditch, which
is 100cm long, 15cm in width and 20cm depth. The fertilization period was in June 1997.

2). Experimental design

The experimenﬁal design included 2 rates of N (0, 71kg N/ha), 2 rates of P (0, 3lkg P/ha)
and 2 rates of K (0, 59%kg K/ha) with 3 treatments for both element boron and magnesium,
showed in Table 2. The fertilizer amount for B and Mg were put according the conventional
applied amount. NPK fertilizers were applied according to the site nutrient effect models (Hu
Yueli, Wu Xiaofu, 1994; Lichao Wu et al, 2001). The treatments in same block were arranged

in contour line. Plot area is 667nf and the fixed labels were set in four corners of each plot.

Table 2 Amount of fertilizers in fertilization treatments

Unit : kg/ha

Element Treatment N P K B or'Mg
NPK-B 71 31 89 0.5
B NPK (CK)) 71 31 &9 0
Control (CKo) 0 0 0 0
NPK-Mg 71 31 59 0.5
Mg NPK (CK,) 71 31 59 0
Control (CKo) 0 0 0 0

II. Resuits and discussion

1. Effect of B fertilizer on bamboo forest growth
The effect of B on growth of Moso bamboo is given in Table 3. The results showed that
addition boron, namely NPK+B treatment, had a positive effect on both the number of
l-yr-old bamboo and the biomass compared with the conventional fertilization treatment
CK.. For the number of 1-yr-old Moso bamboo, the treatment NPK+B gave the increment of
20.0% compared with that of CK,. At the same time, CK, was 32.0% more than that of
non-fertilizer treatment CK,. For the biomass of 1-yr-old bamboo, the NPK+B treatment,
increased the growth of 20.6%, 50.4%, respectively, compared with treatments CK, and
CK,. These suggested the addition B gave the further increase for the number of the 1-yr-old
bamboo and the biomass. To the average DBH of 1-yr-old Moso bamboo, negative effects were
found for all three treatments. This indicated that in a short period the growth for DBH of
1-yr-old bamboos was limited although there is a trend of increasé in average diameter of a
bamboo forest after fertilization. The result was coincided with the previous report (Lichao
Wu, 2001).

To the yield of bamboo shoot, there was no significant difference observed between the
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treatments NPK+B and CK, although both of them were obviously higher than that of
treatment CKo. This suggested addition B did not appear to be necessary for bamboo shoot

increment.
Table 3. Effect of applied B on growth of Moso bamboo

Parent bamboo 1-yr-old bamboo - Bamboo shoot
Treatment DBH Increment Biomass Increment] Yield Increment

No/ha (o | Nofha oy DBH M) ke (%) | (kg/ha) (%)
NPK+B 1480  8.82 450 20 8.61 7.6 20.6 2,265 3.4
NPK(CK, | 1420  8.80 375 0 8.40 6.3 0 2,190 0
Control(CKoy 1450  8.95 255 -32 8.80 44 -29.8 720 -67.1

2. Effect of Mg fertilizer on bamboo forest growth

The effect of Mg fertilizer on Moso bamboo growth is shown in Table 4. The results showed
that to the yield of bamboo shoot, the significant differences were observed among the three
treatments. The additional Mg-treatment, namely NPK+Mg, gave the further increment of
17.3% more than that of the conventional treatment CK,. '

To the number of 1-yr-old Moso bamboo, NPK+Mg treatment shared the highest increment
amongst the three treatments, with 930 stems/ha, which was 43.9% more than that of CK,
(555 stems/ha), and 8.8% more than that of CK,.

To the biomass of 1-yr-old bamboo, no significant difference was observed between the
treatment NPK+Mg and CK; although both of them were much bigger than that of treatment
CKo This indicated that additional Mg was not necessary for bamboo biomass increment.
Furthermore, to the DBH of 1-yr-old bamboo, the increment was also limited although there
were a certain of increments for treatments NPK+Mg and CK..

The results from the present frials indicate clearly the additional B fertilizer given high
potential in increasing the number of 1-yr-old bamboo and bamboo biomass. Relatively, the

addition Mg is beneficial in increasing the yield of bamboo shoot.

Table 4. Effect of applied Mg on growth of Moso bamboo

Parent bamboo 1-yr-old bamboo Bamboo shoot
Treat t
reatmen No/ha DBH No/ha Increment DBH  Biomass Increment| Yield Increment
(cm) (%) (cm) (ton/ha) (%) |(kg/ha) (%)
NPK+Mg 2082 9.02 930 8.8 9.27 17.3 2.8 3,885 17.2
NPK(CK.,) 2100 8.59 855 0.0 9.55 " 16.8 0.0 3,315 0
Control(CKo) 2108 8.36 555 -35.1 8.43 8.6 -48.8 720 -78.3
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3. Economic profits and density effect v

The economic analysis following fertilization is given in Tables 5. The calculation of the yield
_ increment is based on the increment of the 1-yr-old bamboo culm and bamboo shoot. The price
of the bamboo culm is estimated as 420 yuan (RMB) per ton of wet matter, and 2.0 yuan per
Kg for fresh bamboo shoot. Tax is estimated as 12% of rough income. The result showed that
both of fertilization treatments NPK+Mg and NPK+B increased the annual income by more
than 50% compared with those of CKs in all of two density areas. Addition of B gave9 % of
annual income increment than CK,. And addition of Mg hit annual income increment higher
than 14%. The annual incomes of treatments NPK+B and NPK+Mg were 293, 975 yuan
(RMB)/ha more than that of NPK applied alone, respectively.

In the present trials, the effect of fertilization on bamboo growth is related to the original
densities of Moso bamboo stands remarkably. The higher the original density, the higher the
yield of 1-yr-old bamboo and its biomass. For the treatment of addition of Mg whose density
located in density higher than 2000 stems/ha, both of the yield of 1-yr-old bamboo and annual
income, were 2 times higher than those of trials located in lower density area with density
lower than 1500 stems/ha. From the view of annual income, NPK+Mg treatment, with the
annual income over 7800 yuan/ha, was much better than NPK+B, with annual income lower
than 3600 yuan/ha.

In Taojiang, the optimal bamboo forest density is determined as about 4000 stems/ha under
local site conditions. In the present study, the field fertilization was carried out between
1400~2200 stems/ha. As the density of the bamboo in the trial areas was much lower than
the determined optimal figure, the consecutive density fertilization trial should conduct to

confirm the effect of Mg and B fertilization on bamboo growth.

Table 5 Economic benefits analysis for different treatments

Parent | 1-yr-old |Bamboo| Rough Annual

bamboo| bamboo | shoot |income Cost Tax income Increment
Treatment

N N R ilizer-

No/ha hc;/ hc;/ kg/ha |Yuan/ha|Fertilizer Ferttil(lxnzer Cut Ylﬁ‘;n/ Ylﬁn/ (%)
NPK+B 1480 450 7.6| 2,265 6448 1000 - 450 637 | 774 3587 9
NPK(CK.,) 1420 375 6.3| 2,190 | 5970 950 450 560 | 716 3294 0
Control(CKo)| 1450 {255 4.4 720 | 2556 0 0 311 | 307 1938 -41
NPK+Mg 2082 (930 17| 3,885 | 12125 | 1000 450 1322 | 1455 | 17898 14
NPK(CK.,) 2100 855 17| 3,315 | 10866 950 450 1239 | 1304 | 6923 0
Control(CK,)| 2108 |555 8.6 920 4010 0 0 507 | 481 2972 -57

* The percentage of culm is estimated as 60% of total biomass; fee of fertilization 450yuan/ha
Fee of cutting 90yuan/t; fee of bamboo shoot collecting 10% of its rough income.
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EYF 5 (Phyllostachys pubescens) W EICT PT7IZHHT B0, BRENBBENENI LMD
LEL]BREIZN, PETREBIEOCEVWESRZEL TNV, ENF0EERIIRIZEL., FEAEXRARHKN
SONBICKEL THBD, HMHIIBER ECIDIBREBEEROMENEEN TS, RETIIEETHEEE
IVOF I EEREOHREDEL Lo TEL. ARETREAEMMOLEEEZBNE LBAMKIZBEBNT,
EUVUF I DRKICEE T 5 —BNPKIEEIE R IR, TRV LADOEBICXBHRICIER L .

ERIIPEMEE. KILRICHIEAMRKBETREBL 2, —M&IEE (N-T1IKg/ha, P-31Kg/ha,
K-59Kg/ha) 12U #0.5Kg/hazila LOBERIE, —&EHRX & EESRICHEL TIHEEROR
B NAATZABROBRIHEND >/, FURESEBRIE—RIEERXED 1 FA2ZORERT20%,
NAFTZABT06%A LN, EFERBCIIBEELRENEM k. YT XVTLESEHK
(0.5Kg/ha)id. —MIEBIR I D AERTIT2%HMAL M IEERZENA AT ARIIHT DL FI3H
BT hol. EEBHKT, FRUHEK. Y/ R UARGEHX & —RIEEXIE, BEEXICHEEL T
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EIXT9 %, YR UALARSHEERTU4XBEAL ., HHEBIEYYIFIROEEICKEL.
R Z T LARGIERX TiZ20004 /hall £ T, 1EA£FEEERNA & 515004 hall F Ok D 2 £
ULETHo/. MILRICBIZETVIFIROBREFEEIIHN40008 ' haTh 5. 50 DERRII1400
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