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The objective of this research was to evaluate the effect of covering the soil surface with the crushed
bamboo and to simulate the soil organic matter dynamics after the crushed bamboo was put into the soil at
farmland. The first experiments in the phytotron (25 °C, 70%) showed that covering the soil with the 2 cm
and 4 cm thick crushed bamboo prevented the decrease of the soil water content as well as vinyl mulching,
and reduced the total amount of the irrigated water 20% less than no mulching. In addition, the crushed
bamboo mulching kept the soil temperature lower than the others and made the electrical conductivity in
the soil high just after irrigation. The second experiment showed that the crushed bamboo mulching applied
the potassium to the crown daises so that the potassium content of the crown daises increased. Finally, the
soil organic matter dynamics was simulated with the CENTURY model. It was predicted that if the 2 cm
thick crushed bamboo was put into the soil, the most was decomposed in 20 years, and when it was put into
the soil every year, the total amount of the soil organic carbon increased 7000 g/m* in 20 years, which made
the C: N ratio keep 20. In this simulation, it seemed that the crushed bamboo of which thickness was less

than 2 cm can be applied.

INTRODUCTION

Since 1960, the development of the chemical prod-
ucts and the aging of farm hands have led to the increase
of the desolate bamboo grove which have caused the bam-
boo invasion to the farm and the simplification in the for-
est ecosystem in the western Japan. As one of the meth-
ods that solve such problems, the crushed bamboo that
made by mashing the bamboo with high pressure and
dried has been used to cover the soil surface as the
mulching stuff and put into the soil after cultivation.
However, Makishima (2009) reported that when the soil
surface was covered with 15 cm thick crushed bamboo,
the electric conductivity (EC) value of saturation water
showed 3.3mS/cm because of potassium ion. On the
other hands, Yamakawa et al. (2009a) reported that the
crushed bamboo mulching increased the harvest and the
potassium emitting from the crushed bamboo cause the
good effect to the crops on soybeans cultivation. And
Yamakawa et al. (2009b) reported that the crushed bam-
boo mulching increased the seed yield more than mixing
the soil with the crushed bamboo. It was because the
inorganic nitrogen changed to the organic matter. It was
necessary for promoting the use of the crushed bamboo
to evaluate the effect of covering the soil surface with
the crushed bamboo and to inspect the safety of putting
it into the soil.

In order to estimate soil organic dynamics after the
crushed bamboo was put into the soil, it was necessary
that the model could simulate in a long term at a farm-
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land. The CENTURY model is one of the some useful
dynamics models of soil organic carbon in the world.
Especially, the CENTURY model can simulate Carbon,
Nitrogen, Phosphorus and Sulfur dynamics. And it is a
site—specific model based on simplified soil-plant—climate
interactions (Smith et al., 2009). The model evaluates
agricultural management practices such as seeding, till-
age, grazing, organic matter addition, and fertilizer appli-
cation. Through a plant production submodel, Century
simulates aboveground and belowground biomass pro-
duction of crops, grasslands, forests, or savanna. A soil
organic matter submodel predicts changes in levels of soil
organic carbon based on microbe decomposed plant resi-
dues and resulting microbial products are the substrate
for humus formation. The extent to which the decom-
posed compounds are stabilized is a function of soil tex-
ture (Parton et al., 1988). Oelbermann (2010) reported
that the CENTURY model accurately evaluated the lev-
els of SOC on a tropical and temperate alley crop.

In this research, the pot cultivation experiments were
conducted to evaluate the effect of covering the soil sur-
face with the crushed bamboo such as water consump-
tion and fertilizer effects. And the simulation of the soil
organic matter dynamics by the CENTURY model were
also conducted to predict the long term dynamics of soil
organic matter after the crushed bamboo was put into
the soil at farmland.

MATERIALS AND METHODS

Pot cultivation experiment
Exl1. The effect to the soil water content, temperature,
EC by covering with the crushed bamboo

A pot cultivation experiment was conducted for 85
days to evaluate the saving water effect of covering the
soil surface with the crushed bamboo. The soybeans
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(Glycine max) were cultivated in the 1/56000 a wagner
pots at the phytotron where temperature and humidity
were constant (25 °C, 70%). There were four treatments
(control, vinyl mulch, 2 cm mulch, 4 cm mulch) and two
pots for each treatment. In brief, the treatments were:
‘control’ covered the soil surface with nothing, ‘vinyl
mulch’ covered the soil surface with a black vinyl, ‘2 cm
mulch’ and ‘4 cm mulch’ covered the soil surface with
2 cm and 4 cm thick crushed bamboo which weighed 65 g
and 130 g, respectively. The soil was decomposed gran-
ite soil that was passed through a 2 mm sieve. The soil
water content, temperature and electrical conductivity
(EC) were measured by TDR (ECH,0-TE) which was
set at 6 cm depth from the soil surface. Irrigation condi-
tion was that when the soil water content reduced to
14%, 224 ml distilled water was irrigated with sprinkling
can. The fertilizer (N: P: K = 600 g: 1000 g: 1000 g) was
applied as a base manure.
Ex2. The effect of potassium fertilizing by covering
with the crushed bamboo

A pot cultivation experiment was conducted for 40
days to evaluate fertilizing effect of covering the soil sur-
face with crushed bamboo. Crown daisies (Glebionis
coonaria (L.)) after 5 days from germinating were culti-
vated in the 1/56000 a wagner pots in a green house at
Kaiduka farm. There were four treatments (control,
2 cm mulch, liquid 1, liquid 2) and two types of fertiliza-
tion (N: P: K =800 g: 800 g: 800 g, N: P: K = 800 g: 800 g:
400 g) for each treatment. In brief, the treatments were:
‘control’ was that the soil surface was covered with noth-
ing and distilled water was irrigated, ‘2 cm mulch’ was
that the soil surface was covered with 2 cm thick crushed
bamboo and distilled water was irrigated, ‘liquid 1’ and
‘liquid 2’ meant that the both soil surfaces were covered
with nothing and the filtrate which passed through 65 g,
130 g crushed bamboo (Fig. 1) was irrigated, respec-
tively. Tablel showed the ingredient of the filtrate which
potassium ion density was so high that the previous
study proved. The soil was decomposed granite soil that
was passed through a 2 mm sieve. Irrigation condition

Distilled water

Fig. 1. Schematic view of Filtrate
passed through the crushed
bamboo.

Table 1. Ingredient of the filtrate passed through the crushed
bamboo

first second third fourth

EC (mS/cm) 0.002 0.351 1.195 0.246

liquid 1 potassiumion 515 7g 900 137.000 45.000
density (mg/L)
EC (mS/em) 0002 0465 1372 0.759
liquid 2 potassiumion 00 97000 370,000 98.000

density (mg/L)

was that the soil was kept wet for 20 days, and then
200 ml distilled water or filtrate was irrigated once every
eight days. Irrigation was conducted at the same time in
each pot not to make the difference of growth. Dry mass
and potassium content were measured after cultivation.

Simulation. Prospecting the soil organic matter
dynamics

The decomposed rate of crushed bamboo in the soil
was calculated, and the long—term soil organic matter
dynamics was predicted on soybeans cultivation between
1977 and 2077 with the CENTURY model. The specific
site was soybeans farm in Itoshima city, western of
Fukuoka prefecture. There were five cases in this simu-
lation: casel was that the crushed bamboo was not put,
case2 was that the crushed bamboo was put only for first
year to calculate the decomposed rate of the crushed
bamboo which weight was 3250 g/m” (2 cm thick), on the
other hand, case3, case4, caseb were that the crushed
bamboo was put every year and its weight was 1625 g/m?
(I em thick), 3250 g/m* (2 cm thick), 6500 g¢/m® (4 cm
thick), respectively (Table 2). The schedule of cultivat-
ing soybeans was determined by hearing from JA
Itoshima and farmers (Table 3). Climate data was taken
from Maebaru weather observatory between 1977 and
2009 (Table 4). The soil texture data was that the sand,

Table 2. Case of crushed bamboo application in the simulation

crushed bamboo (g/m*)

case means of application
thickness mass (g/m?)
1 - 0 _
2 2 cm 3250 only first year
3 lcm 1625 every year
4 2cm 3250 every year
5 4 cm 6500 every year

Table 3. Soybeans cultivation schedule

soybeans management

June Cultivation
July start to grow
fertilizer (N:2g/m®) application
crushed bamboo application

August middle cultivation
September middle cultivation
November harvest
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Table 4. Climate data at Maebaru weather station from 1977 to 2009
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Precipitation

(cm / month) for Precipitation

Standard Deviation = Skewness Value
for Preipitation

Maximum
Temperature ("C)

Minimum
Temperature ("C)

January 75.3 38.3 2.1 15.7 -2.6
February 77.8 37.1 1.0 17.6 -2.5
March 120.7 46.5 0.5 20.7 -0.8
April 120.5 475 0.3 26.0 2.5
May 138.7 67.6 0.2 28.8 8.3
June 260.4 142.3 0.5 31.5 13.2
July 285.6 217.8 0.8 34.0 194
August 193.4 169.4 3.4 34.8 19.9
September 187.0 119.1 1.8 32.5 14.3
October 85.6 69.4 1.6 27.3 7.0
November 93.9 48.7 0.7 23.1 2.3
December 69.1 35.7 0.9 18.4 -1.0

silt, and clay content were 80%, 3% and 2%, which was
taken from the farm in Itoshima. C: N ratio of crushed
bamboo was 85.09 and lignin content was obtained 29%
by detergent analysis.

RESULTS AND DISCUSSION

Pot cultivation experiment
Ex1. Saving water effect

Fig. 2 shows the changes of the soil water content
from August 13 to September 1. Covering the soil sur-
face with the crushed bamboo prevented the decrease of
the soil water content as well as black vinyl. However,
the crushed bamboo absorbed the water that should be
applied to the soil, so the soil water content didn’t
increase little in the irrigation. Compared with in ‘con-
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Fig. 2. Change of the soil water content in each pot.

trol’, the frequency of irrigation was reduced in both
‘2 cm mulch’ and ‘4 cm mulch’, and the total of irrigated
water was decreased 20% off (Fig. 3). There were no
significant differences between ‘2 cm mulch’ and ‘4 cm
mulch’, so ‘2cm mulch’ was enough to prevent the
decrease of the soil water content, and ‘4 cm mulch’
seemed to absorb so much water. Fig. 4 shows the
changes of the soil temperature. 2 cm mulch and 4 cm
mulch made the soil temperature lower than the others.
It seemed to be because that the crushed bamboo insu-
lated the heat from sunshine. Fig. 5 shows the changes
of EC just after irrigation. In the first period, EC value
was a little high because of fertilizer. Especially, EC value
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Fig. 3. Total amount of the irrigated water (n=2).
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Fig. 4. Changes of the soil Temperature in each pot.
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Fig. 5. Changes of the Electrical Conductivity in each pot just
after irrigation.

of ‘4 cm mulch’ showed about 3.0 mS/cm. It seemed that
the potassium was emitted from the crushed bamboo.
So, it is necessary to concern about.
Ex2. Fertilizing effect

Fig. 6 shows the dry mass of crown daisies after the
experiment. As ‘control’ was 100%, ‘2 cm mulch’, ‘liquid
1" and ‘liquid 2" were 70.5%, 94.5% and 132.9% in the
fertilizer (K = 800 mg) and 55.5%, 108.8% and 130.7% in
the fertilizer (K = 400 mg), respectively. Though the dry
mass of ‘liquid 2’ showed the highest, that of ‘2 cm mulch’
was the lowest. It seemed to be because it was too wet
for the crown daisies to grow very well by saving water

0.1 =800mg
0.08

K=400mg

0.06

0.04

Dry Mass (g)

0.02

Fig. 6. Dry mass of crown daisies after pot cultivation experi-
ment for fertilizer effect (n=3).

Potassium Content (%)

Fig. 7. Potassium Content of crown daisies after pot cultivation
experiment for fertilizer effect (n=3).

effect of the crushed bamboo mulch. Fig. 7 showed the
potassium content of crown daisies. As ‘control’ was
100%, ‘2 cm mulch’, ‘liquid 1’ and ’liquid 2’ were 148.7%,
131.2%, and 109% in the fertilizer (K = 800mg), and
109.6%, 110% and 139.7% in the fertilizer (K = 400 mg),
respectively. It was considered that potassium emitted
from crushed bamboo was absorbed by the crops.

Simulation. Prospecting the soil organic matter
dynamics

Fig. 8 shows the changes of the total of the Soil
Organic Carbon (SOC) in the casel and case2. The total
SOC in the case2 approached the casel in 20 years. The
results showed that most of crushed bamboo was seem
to be decomposed in 20 years. Fig. 9 showed the changes
of the total SOC in the casel, case3, case4 and caseb. The
case3, case4 and casb was that the total SOC increased
by about 4000 g C/m?*, 7000 g C/m?, 14000 g C/m®, respec-
tively. Increase of the SOC leads to the rise of C: N ratio.
If C: N ratio in the soil went up over 20, there was the
possibility of nitrogen starvation, the soil microbe inter-
cepts nitrogen that crops should absorb. So C: N ratio in
the soil calculated (Fig. 10). In the case3, C: N ratio didn’t
get over 20. But it remained nearly 20 in the case4 and
it exceeded 20 in the case 5. In the case4, it was con-
cerned that nitrogen starvation occurred, so cultivation
was added in December on the schedule (Fig. 11). It

3000 -
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] 2000 case2
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o 1500 r
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(=) 1000 casel vee
& 500 -
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1977 1997 2017 2037 2057 2077

year

Fig. 8. Changes of total amount of the Soil Organic Carbon of
casel and case2.

16000 r
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Total Soil Organic Carbon (g/m?)

I L L !

Fig. 9. Changes of total amount of the Soil Organic Carbon of
casel, case3, case4 and caseb.
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Fig. 10. Changes of C: N ratio of casel, case3, case4 and caseb.
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Fig. 11. Changes of C: N ratio of casel, case4 and cult+case4.

made C: N ratio decrease and removed the concern of
nitrogen starvation. In this simulation, it seemed that the
crushed bamboo of which thickness was less than 2 cm
can be applied.

CONCLUSION

Pot cultivation experiments were conducted to eval-
uate the effect of the crushed bamboo mulch. In addition,
the CENTURY model simulated the soil organic matter
dynamics after crushed bamboo had been put into the
soil.

Covering the soil surface with the crushed bamboo
prevented the decrease of the soil water content, and
the total of irrigated water was reduced 20% less than
no mulching. But there was no significant difference
between 2 cm and 4 cm thick crushed bamboo mulching.
As regards saving water, 2 cm thick crushed bamboo
mulching gives enough effect. It was necessary to con-

cern that the crushed bamboo mulching insulated the
heat from sunshine and EC in the soil showed about
3.0 mS/cm just after irrigation.

The filtrate which was passed through 130 g crushed
bamboo increased the dry mass of the crown daises, but
the 2 cm thick crushed bamboo mulching kept the soil
too wet for the crown daises and its dry mass decreased.
The potassium content of the crown daises increased
because of the application of crushed bamboo mulching
and the filtrate of the crushed bamboo.

The CENTURY model simulated that most of
crushed bamboo was decomposed in 20 years and the
soil organic carbon increased 7000 g C/m* when 2 cm thick
crushed bamboo was applied every year, which made C:
N ratio keep 20. In this simulation, it seemed that the
crushed bamboo of which thickness was less than 2 cm
can be applied.
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