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A new, environmentally friendly, and relatively cheaper fabrication process for mulching boards 
from sugarcane bagasse is described in this paper. The physical properties of the mulching boards 
indicate that a mass density of at least 0.4 g/cm3 was necessary for the durability of the mulching 
boards. In general, the finer boards were more dimensionally stable than the coarser ones. Addition 
of pearlite, which is a material for improving soil conditions, further enhanced the water absorption 
capacities of the mulching boards. However, increasing the composition of pearlite also reduced 
the strengths of the mulching boards. Further tests also revealed that the bagasse-only mulching 
boards as well as the pearlite-bagasse composite mulching boards did not possess any inhibitory 
effect on the germination of lettuce. On the whole, all the evaluations suggest that this new material 
has the potential to replace plastics as mulches in conservation agriculture as well as degraded land 
restoration projects. 
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1. INTRODUCTION 

For some time now, farmers have been using plastic 
mulches in their fields mainly for moisture conservation 
and weed control purposes. However, because plastics can 
potentially release toxins and cause other ecological 
problems, some farmers have started shifting to practices 
that are environmentally friendly. For example, mulching 
boards fabricated from organic residue offer more 
ecological benefits due to their permeability to water and 
are also biodegradable compared with plastic mulches. As 
mulches in the form of wood chips are easily washed or 
blown away, a fabrication process to compress them into 
boards by using high pressure steam was proposed in 
previous studies [1-2]. However, this method is expensive 
due to the use of steam and pressure vessel costs. In our 
study, a simple and relatively cheaper fabrication process 
of mulching boards with aqueous vinyl polymer solution-
isocyanate (API) adhesives is proposed. The mechanical 
properties of different mulching boards all fabricated from 
bagasse by this method were evaluated. 

Furthermore, the various mulching materials were also 
evaluated on the basis of their influence on the growth of 
lettuce. This phenomenon, known as allelopathy, has been 
reported among several plants including Mucuna pruriens 
(L.) DC., Vicia villosa Roth, Fagopyrum esculentum 
Moench and among others [3-5]. It is however important to 
consider the allelopathic interactions among plants when 
choosing mulching materials. 
 
2. MATERIALS AND METHODS 
2.1 Fabrication of Mulching Boards  

The main raw material used was sugarcane bagasse 
obtained from Thailand. Aqueous vinyl polymer solution-
isocyanate (API) adhesive (KR bond, Koyo Sangyo Co., 

Ltd.) was used as the binding agent for the mulching boards. 
API adhesive is known to be environmentally friendly and 
mainly used for particleboard production in Japan as it does 
not contain formaldehydes, phenols, or amines. With the 
proposed method, the API adhesive is diluted with ethyl 
methyl ketone solvent which is initially sprayed on the 
bagasse fibers. In order to ensure uniformity, the bagasse 
fibers with the API adhesive was mixed for 10 minutes 
using an electric mixer. Next, the bagasse fiber was set to a 
mold and cured at 155°C for 10 minutes using a hot-press 
machine (Fig. 2). The same adhesive content of 5% was 

 

 
Fig. 1 Mulching boards from wood chips. 
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used for all the densities. A typical mulching board 
fabricated with the present method is shown in Fig. 3. 

In order to study the effects of material composition on 
the properties of the boards, several kinds of boards were 
manufactured. The following boards were tested: mulching 
boards with different mass densities (0.2-0.8 g/cm3), those 
with fine/coarse bagasse fibers (screened with a 9.5 mm 
nominal openings sieve), and those with different pearlite 
compositions (0-40 wt. %) in order to improve water 
retention. Figure 4 shows a mulching board mixed with 
pearlite. The pearlite was added and mixed with bagasse 
fibers after the spraying process. The perlite boards were 
made with fine bagasse fiber in the present study. 
 
2.2 Bending tests 

Specimens used for the bending tests were cut from a 
board (250 × 250 mm) using a circular saw. The average 
dimensions of the cut specimens were 29.3 mm in width b, 
200.1 mm in length L, and 11.8 mm in thickness t. The 
specimens were dried before tests using an oven (60˚C, 12 
hours) in order to control the humidity. Mass density (mass 
divided by volume) of each specimen was calculated before 
the tests. The bending tests were carried out using a 
universal testing machine (AG-Xplus 50kN, Shimadzu 
Corporation). The loading rate of the tests was 10 mm/min. 
Bending load was applied by a three-point bending fixture. 

Bending span S was 150 mm. Radius of loading and 
supporting points were 5 mm and 0.32 mm, respectively. 
Figure 5 shows the experimental set up of the bending tests.  

Ultimate stress was calculated by following equation: 

 𝜎𝜎𝜎𝜎𝑈𝑈𝑈𝑈 =
3𝑃𝑃𝑃𝑃𝑈𝑈𝑈𝑈𝑆𝑆𝑆𝑆
2𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  (1) 

where, PU is peak load. 
Bending modulus was calculated by following equation: 

 𝐸𝐸𝐸𝐸 =
𝑆𝑆𝑆𝑆3

4𝑏𝑏𝑏𝑏ℎ3
𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  (2) 

where, dP/dδ is slope of load-displacement relationship 
within the linear region. The linear region was assumed to 
be 10-50% respect to peak load and obtained by the least 
mean square method. 
 
2.3 Thickness Swelling and Water Absorption tests  

Specimens for water retention properties were cut from 
the original materials using a circular saw. Hence, thickness 
of the specimens was identical to that of the bending 
specimens. The dimensions of specimen were 
approximately 30 × 30 mm. The water retention properties 
were determined by soaking the specimens in water for 24 
hours. Thickness swelling (TS) was determined by 
following equation: 

 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆 =
𝑏𝑏𝑏𝑏2 − 𝑏𝑏𝑏𝑏1
𝑏𝑏𝑏𝑏1

 (3) 

Water absorption (WA) was determined by following 
equation. 

 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 =
𝑚𝑚𝑚𝑚2 −𝑚𝑚𝑚𝑚1

𝑚𝑚𝑚𝑚1
 (4) 

where t and m are thickness and mass of specimens, 
respectively. Subscript “1” and “2” represent before and 
after soaking. 

 

 
Fig. 2 A hot-press machine. 

 

 
Fig. 3 A mulching board after curing. 

 
Fig. 4 A composite perlite-bagasse mulching board. 

 

 
Fig. 5 Three-point bending test. 
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2.4 Allelopathy tests for the mulching materials 
The sandwich bioassay method [6] was used to test the 

potential plant growth inhibitory effect of the test samples. 
10 or 50 mg of the test samples was weighed into a multi-
well plastic dish. Commercially available agar (Nacalai 
Tesque, Kyoto, Japan) was prepared (0.75% w/v) and 
autoclaved at 115°C for 15 mins. The autoclaved agar was 
then cooled to about 40°C in a water bath. Five mL of agar 
solution was pipetted into each of the well containing the 
test sample (10 or 50 mg). After the agar had gelatinized, 5 
seeds of lettuce were placed on the agar surface. Agar 
without any test sample was used as control. The multi-well 
plastic plates were sealed and incubated for 72 hours at 
22˚C in the dark. The radicle and hypocotyl length of 
lettuce were measured and compared to that of the control. 
Elongation of the radicle and hypocotyl is defined as: 

𝐿𝐿𝐿𝐿 =
𝑥𝑥𝑥𝑥
𝑦𝑦𝑦𝑦 (5) 

where, x is radicle or hypocotyl length of lettuce with 
treated test samples and y is radicle or hypocotyl length of 
lettuce in control. 

3. RESULTS AND DISCUSSION
3.1 Bending tests 

Figures 7 and 8 show the ultimate bending stress and
bending modulus of the mulching boards of various mass 

densities respectively. Both ultimate stress and bending 
modulus increased as mass density increased. The ultimate 
strength and bending modulus markedly increased when 
mass density exceeded 0.4 g/cm3. Both ultimate stress and 
bending modulus of mulching boards made from fine fibers 
(henceforth, fine boards) were larger than those made from 
coarse fiber (henceforth, coarse boards) because waviness 
of the fibers may have occurred during the manufacturing 
process for the coarse boards.  

Figure 9 shows changes in the ultimate bending stress 
with the nominal pearlite content. In order to compare only 
the effects of the pearlite content, mass density in Fig. 9 was 
set to almost constant values (0.34-0.41 g/cm3 in mass 
density). The ultimate stress of mulching boards decreased 
as pearlite density increased mainly because the pearlite 
particles agglomerated for high perlite content boards. 

3.2 TS and WA tests 
Figure 10 shows TS values for the mulching boards at 

different mass densities. As clearly shown, TS slightly 
increased as mass density increased for the fine boards. On 
the other hand, TS significantly increased from 0.2 g/cm3 to 
0.4 g/cm3 and slightly decreased from 0.4 g/cm3 as mass 

Fig. 6 Allelopathy tests. 

Fig. 7 Relationship between ultimate stress and 
density. 

0 0.2 0.4 0.6 0.8
0

5

10

15

20

25

Mass density, g/cm 3

U
lti

m
at

e 
st

re
ss

, M
P

a

 Fine
 Coarse

Fig. 8 Relationship between bending modulus and 
density. 

Fig. 9 Relationship between ultimate stress and 
perlite content. 
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density increased for the coarse boards. The TS values for 
the coarse boards were higher and scattered compared with 
those for the fine boards, meaning that the fine boards were 
more dimensionally stable than the coarse boards. 

Figure 11 shows WA of the mulching boards at different 
mass densities. The WA decreased as mass density 

decreased for both fine and coarse bards. These values were 
in the same range as TS values determined for sawdust 
boards [7]. However, the WA values of the coarse boards 
were higher than those of the fine boards, a trend which was 
similar to the results of TS tests. 

Figure 12 shows WA values for the mulching boards 
with different perlite contents. Bagasse boards without 
pearlite had an average water absorption of 52%, but the 
value slightly decreased until the perlite content pearlite 
content reached 20 wt. %, beyond which the WA increased 
again for boards with perlite content of 30 wt. % and 40 
wt. %. These results are very important in selecting 
mulching boards for different water retention capacities. In 
a similar experiment [8] reported that soaking wood chips 
in liquid urea for 72 hours could increase water absorption 
of boards from 67% to 77%.  

3.3 Allelopathy tests 
The potential plant growth inhibitory effect of the 

mulching board with various proportions of bagasse and 
perlite was tested using lettuce as test plant. In general, none 
of the treatments inhibited lettuce radicle or hypocotyl 
elongation below 50%. The neat perlite did not have any 
significant inhibitory effect on either lettuce radicle and 
hypocotyl elongation (Figures 13 and 14). Even at 50 mg 
perlite per 10 mL agar, the radicle and hypocotyl elongation 
of lettuce only reduced by 10%. Thus, perlite showed no 
potential allelopathic properties. 
Bagasse, either compressed or in its neat form at 50 mg per 
10 mL agar reduced the lettuce radicle elongation to about 

Fig. 10 Relationship between TS and density. 

Fig. 11 Relationship between WA and density. 
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Fig. 14 Hypocotyl growth of lettuce seedling using 
the sandwich method. 
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70% of the control. Thus, there was no difference between 
the inhibition of lettuce radicle elongation by either the neat 
bagasse or the compressed bagasse without perlite. Lettuce 
radicle growth was inhibited more than hypocotyl growth 
for all the test samples. On the contrary, 10 mg of perlite 
stimulated the radicle and hypocotyl growth of lettuce by 
7% and 9% (of the control) respectively. There was no 
inhibitory effect on the germination of lettuce. 
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