ISSN: 2277-3754

ISO 9001:2008 Certified
International Journal of Engineering and Innovative Technology (1JEIT)
Volume 3, Issue 6, December 2013

The Different Vegetation Materials with Cement and
Mushroom Waste Compost for Hydro seeding Test

Yi-Chang Chen?, Shin-Hwei Lin? Edward Ching-Ruey Luo® (Corresponding Author)
(1) Assistant Professor, Department of Water Resources Engineering and Conservation, Feng Chia
University,
Taichung, Taiwan R.O.C. e-mail:yc.chen@mail.lceb.gov tw
(2) Professor, Department of Soil and Water Conservation National Chung- Hsing University,
Taichung,
Taiwan, R.O.C. e-mail:shlin@dragon.nchu.edu.tw
(3) Assistant Professor, Department of Civil Engineering, National Chi-Nan University. Nantou ,
Taiwan, R.O.C.
e-mail:edward.luo@msa.hinet.net

Abstract—The application and improvement of mixed
materials of hydro seeding allows fast planting and greening for
rapidly covering landslides and reducing runoff to decrease
second damage and provide basement conditions for plant
growth. Total 13 test recipes containing Portland cement, loamy

sandy soil and mushroom compost with land-slope 35° are studied.

The physicochemical properties, such as pH value, hardness,
water retention, germination potential and electrical conductivity
(EC) are analyzed with the mushroom compost ratio and cement
ratio. The significant results are presented with the situation of
slope land protection.

Index Terms—Hydro seeding materials; Mushroom compost;
Portland cement; Seed germination percentage;

I. INTRODUCTION

Slope land is quite easily eroded and it also results to the
nude land surface and the shallow layer fertile soil, which is
good for plants living, lost from the damage flood erosion and
soil collapsing. In order to quickly cover to large area of
eroded slope land, inducing the hydro seeding method with
the adhesion, water retention, and reformation materials and
the land-sliding protection engineering to effectively make
the slope-land safe becomes a benevolent topic. Telysheva
and Shulga ([1]) found silicon cohesive agents could form a
membrane to prevent the water lost. Shulga et.al,([2]) used
the by-production of papermaking and developed NH3 resin
man-made-soil mixed materials to reinforce the resistance of
0.16~0.98 MPa for the anti-interpenetration on the slim layer,
1.2~10.2 mm of the soil surface, and these mixed materials
also could reduce the soil lost to 20~25% with wind speed 25
m/s, 30~35% because of rain-drop impact and 40~45% from
the runoff erosion. S. H. Lin et. al,([3]) showed the different
hydro-seeding concentration prescription and obtained the
thicker the concentration the larger the soil pH with the larger
geometric-mean grain diameter; meanwhile, the water
retention and the ability for anti-erosion could arise with
material tension O~2bar. Igwe et al.([4]) gave that the
parameter of water retention of unit weight and found it,
besides potential energy, was an important factor on plant

217

growth. Ferndndez-Gélvez J. & Barahona E. ([5]) constructed
the water contain curve of Hydro-seeding materials for
prediction on water usability and water mobility in soil.
Lolium multiflorum with various adhesive agents is a very
popular study nowadays. Wu ([6]) presented hydraulic
conductivity tests of adhesive agent recipes, and he obtained
higher saturated hydraulic conductivity. Chiang ([7]) and ([8])
showed the function of different macromolecular adhesive
agent concentrations on mudstone and red earth for the
purpose of efficiency of adhesion and germination
percentage. Yet, we are lack of the utilization of cement as the
adhesion agents of hydro seeding materials, and that is why
recipes containing Portland cement, loamy sandy soil and
mushroom compost are selected for this study.

I1. MATERIAL FOR TESTING AND THE RESEARCH METHODS

A. Contains of the mixed materials

Mushroom compost is made from the surplus of
mushroom picked with the process of compost and ferment. It
contains 95% saw dust and 5% rice ~ corn and wheat bran.
Loamy sandy soil is taken from the Jhuoshuei River and the
Portland type | cement is used as the adhesive agent.

B. Research Methods

With the different prescription ratio among mushroom
compost loamy sandy soil and Portland cement and
completely mixing them up, the mushroom compost mixed
materials recipes will be used to progress the series of
physicochemical property testing, such as pH - wet-sieve
analysis -~ electric conductivity (EC) ~ hardness and water
retention, consistent the germination test, too in order to find
out the optimum ratio of prescription for hydro-seeding.

C. Compost of the testing recipes

Group I: volume ratio of mushroom compost to loamy
sandy soil, 6. and 40%; Group I1: 80% and 20 , and Group IlI:
90% and 10%. Each group is added Portland cement 195 ~ 3
9% ~ 5% or 7% of weight of dried mixed materials recipes;
Group IV (the original sample) with 100 9% mushroom
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compost. Totally 13 test recipes (Table 1) are presented in
Table 1. Dry bulk densities of mushroom compost and loamy
sandy soil are 0.2115g/ cm®and 1.96g/ cm?, respectively. The
bulk density of loamy sandy soil is 1.5g/ cm®; Referenced on
the mix ratios of cement-sand mortar, the maximum soil water
contain will be between 60 to 80% and the man-made slope is
35"
Table 1 Test medium scale form.

HSM Mixed Material
Group / PCR Remark
Test MC compost LSS
1 60% 40% 7%
________ (507.6g)_ | (3136g) | (204g) | . __
I 2 60% 40% (154%9)
(3. ..80% | .40% 3% (88g) | . . _.
4 60% 40% 19 (30g)
20% 7%
5 POCTOB) | (1eag) | (1msg) |
m| 6 | . 80% | _.20% 5% (95¢) | . . _.
0. 80% | 20% 3% (579) | .. _.__.
8 80% 20% |19 (19g)
0,
9 (72(1)2’@ 10% (784g) |7% (95g)
m| 10| 90% | __: 10% 5% (68g) | .. __
AL 90% | 10% . 3% (419) .. __
12 90% 10% 19 (14g)
IV | 13 |100% (846g) 0% 0% Original

HSM: Hydro-seeding materials;
MC: mushroom compost; LSS: loamy sandy soil; PCR:
Portland cement ratio;

D. Test Methods

Mixed material pH-value and the electric conductivity
could be tested by portable pH meter (EUTECH ECOSCAN)
and conductivity meter (330i/set), respectively ; soil hardness
is obtained from the mean values of three testing by soil
hardness tester, Yamanaka type [ AF153] . The testing
methods with their processes of water retention and polisoil
wet-sieve analysis (or gradation test) are described as
following :

1. Water retention test

The test of investigation for water retention is a main
instrument to evaluate the application on germination
efficiency, including the percentage and the potential. Each
recipe is added water to the saturated condition and we weigh
it after 24hrs. The weight is measured one time per day for
28days long and at the same time for recording the data.

2. Test of wet-sieve analysis

We randomly form the recipe in grains with2-5mm
diameter. The grain is put into water and vibrated in the
frequency of 30 times per minute. These grains are screened
from the test of sieve analysis for analysis of aggregate. The
grains on each sieve is in air-dried and baked in 105°C. We

measure the dry weight and record its corresponding
representative diameter for each sieve. The relationship
between diameter (in form of logarithm) and accumulate
weight percentage is constructed. Geometric-mean diameter
and its responding standard deviation are calculated, the new
multiple range test statistical method on significant analysis
by D. B. Duncan is used for the determination of the stability
on the diameter.

3 .Germination Test
(1).Germination percentage=> A/Nx100
where A:total number of seed germination; N: total
number of seed tests;
(2) Germination potential :

day ™ _100x(A1+ A2+ -+ An(ALXT1 + A2xT2

+ -+ AnxTn)

where An: Number of seed germination each day n; Tn:
days following tests;

I1l. RESULTS AND DISCUSSION
A. Analyses of physicochemical characteristics for
mushroom compost
From the results of recipe tests, EC of mushroom compost
is 2.61dS/m which shows a little higher than normal value and
it is bad for germination. The optimum value of C/N ratio for
germination is less than 20 while the test is 23.8. The others,
Table 2 Material analysis of physicochemical characteristics
for Mushroom waste compost

Items WH

O.M [N |[P205|K,0 |pH |[EC [C/N |G P. CEC

2.61 56.1c
1.7 |2.77 |0.69
0,
1% | 9% % 6.63 |dS/ P3.8 92/0% molc/
m kg

quantit|88.4
y 0%

G.P.: Germination percentage

WHC: water holding capacity
such as O.M., N, P20s, and K20, are within the normal ranges.
All the testing results are shown in Table 2.

B. pH value of hydro seeding materials

Comparing the dried recipes with recipe 13 (no cement
with pH ), we find the higher the cement ratio, the larger the
pH is.

C. Electrical conductivity (EC) of hydro seeding materials
From Table 3, the EC of recipe 13 is the highest with 1.340
dS/m, the others are lower than 2.8 dS/m with 59§ significant
level, it means cement is the most important factor for the
influence to EC. Generally speaking, pH-value will

Table 3 The pH & EC value of different material treatments
Group I recipe 1 recipe 2 recipe 3 recipe 4
PH(F.S) |10.75,832 | 932,820 |8.76,8.16 |8.64,7.88
EC (dS/m) 0.975 0.971 0.937 0.903
Group I recipe 5 recipe 6 recipe 7 | recipe 8
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pH(F, S) 9.30,8.14 | 8.73,8.10 |8.68,8.15 | 7.8,7.98
EC (dS/m) 1.080 1.100 1.114 0.940
Group I recipe 9 | recipe 10 | recipe 11 | recipe 12

PH(F,S) | 8.77,8.26 | 869,819 [8.61,8.15 |7.75,7.63
EC (dS/m) 1.294 1.328 1.335 1.088
Group IV recipe 13

PH(ES) | 646,630 |
EC (dS/m) 1.340

always be reducing after recipe dried. In table 3, pH (F,S)
means the pH-value of (first time, second time) after dried.

D. Stabilities of polis oil for hydro seeding materials

The results of wet-sieve testing are seen in Table 4. The
grain diameter is 0.0185 and is the smallest. The more the
cement in the mixed material, the bigger the diameter of the
adhesive agent is, and it will be more stable for anti-erosion.

Table 4 The results of wet-sieving analysis.
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PCR5% —&—Group 1 —B-Group Il GroupIll = GrouplV
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I
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/
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LM dm LM dm . M dm PCR7% ——Group 1 ~m-Group I GroupTl ¢ GrouplIV
Group I | Group II | Group III 200 add water
(mm) o (mm) o (mm)
_______________________________________________________________ 350
. ' 0.3115, | recipe5 ! 0.2347, | recipe9 ! 0.3035, 200 |
recipe 1 | . . \
___________ e e e oo __________.:___________ 250
: : 200
recipe 2 0.21654, recipe 6 ! 0.21064 recipel0 0.21554 o
1 1 : 100
recipe 3 ! 0.1807 recipe 7 | 0.1838 recipe 11 | 0.1871 s |
. U A 0
recipe 4 E 0.10824 | recipe 8 E 0.1795¢4 recipe 12 '+ 0.12874 days 1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Group IV 0.0185
Fig 1 The water amount of different material treatments

Remark : New multiple range test ( by D. B. Duncan ) is used with 5
9% significant level. Recipes 2, 6, 10 are the significants.

LM dm: lognormal geometric mean diameter of mixed materials

E. Water retention of hydro seeding materials

In Figure 1, the water contain is after gravity drainage of
the mushroom compost, the higher the mixed material of the
mushroom compose, the stronger the water retention. The
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water retention is higher when cement ratio is greater than 59.

F. Hardness of hydro seeding materials

In Table 5, the hardness is tested after the mushroom
compost mixed material was made. The hardness is shown as
0.5mm~10.3mm, and it indicates us increasing cement ratio
will make the hardness increased which is good for seed
adhering seed with soil to be protected From the D. B.
Duncan’ s new multiple range test - significance level 59¢,
the cement ratio is a significant factor for determining
hardness. While the loamy sandy soil in mushroom compost
can reduce the hardness to advantage of plant growth.

Table 5 The hardness of different material treatments after 60
days duration

PCR
Group % 5% 3% 1%
I 10.34 10.3y4 4.0, 0.7,
o 8.3, 3.04d 1.5, 1.2,
I 8.7, 4.8,4 1.34 0.5,
v 20
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Ps : Use D. B. Duncan’ s new multiple range test »
significance level 59 > The same footnote alphabet means
those treatments non-achieve significance level 5%.

G. The seed germination percentage for the Lolium
multiflorum with various recipes
The seed germination percentage of Lolium multiflorum
with various mushroom compost recipes in Table 6 shows the
pH-value and the hardness have insignificant function but the
higher ratio the cement , the less germination potential is. It
means that the cement ratio has significant influence on the
seed germination potential because the seed germination
period is significantly postponed.
Table 6 Lolium multiflorum seed germination rate and
germination potential of different material

treatments
Group I recipel recipe 2 recipe 3 recipe 4
seRP | 0@9)| 86103 90021 91139)
Group I recipe 5 recipe 6 recipe 7 recipe 8
SGRP | 93(1L5) | 95(13.4) 100140) 95(134)
Group II recipe 9 | recipe 10 | recipe 11 | recipe 12
soRe | saain)| w13y 9r42)| 97050)
Group IV recipe 13
Cser | 00058 |

SGRP: seed germination rate and potential

Lin ([9]) has done the vegetation effect and succession
analysis of mixed medium used on hydro-seeding - case study
on the slope land of Jhuo-she forest road, good results are
found.

IV. CONCLUSIONS
In this paper, cement, and loamy sandy soil are used with
mushroom compost in various ratio to progress the
physicochemical property analysis in order to find the
optimum situations for seed germination and the anti-erosion
of the slope land. And we have the following conclusions:

e The cement ratio is a significant factor for
determining hardness and pH value. While the
loamy sandy soil in mushroom compost can change
the physical property of soil and reduce the hardness
to advantage of plant growth.

e The larger the cement ratio, the larger of the diameter
for the adhesive agent is.

e The EC value has be strongly affected by the loamy
sandy soil ratio which will influence the seed
germination. The higher the loamy sandy soil ratio,
the larger the EC value is.

e The more volume ratio the mushroom compost, the
larger the water retention is.

REFERENCES
[1] Telysheva, G., and Shulga, G., “Silicon-Containing
Polycomplexes for Protection Against Wind Erosion of Sandy
Soil,”, Jagric. Engng Res, 62 : 221-227. 1995.

[2] Shulga, G., Rekner, F. J., and Varslavan, “Lignin-based
Interpolymer Complexes as a Novel Adhesive for Protection
against Erosion of Sandy Soil,”, Soil and Water. 78, ( 3 )09-316.
2001.

[3] S.H.Lin, B.W. Huang, J.F. Hsu, “A Study of polisoil spray on
the laterite erodibility and the influence of plant germination,”
Journal of Slope land Hazard Prevention, vol. 3, no.1, pp.15-27,
April 2004. (Ch)

[4] lgwe, CA, Akamigbo, FOR, Mbagwu, JSC., Soil moisture
characteristics in relation to erodibility and texture of some
soils of Southeastern Nigeria. East African Forestry Journal 68
(1) 17-21. 1997.

[5] Ferndndez-Gélvez, J., Barahona, E., “Changes in soil water
retention due to soil kneading. Agricultural Water
Management, VVol.76, pp.53-61 2005.

[6] Y. J. Wu, “Characteristic and Applicability Analysis of the
Cohesive Agent for Hydro seeding,” Department of Soil and
Water Conservation National Chung Hsing University, Master
Dissertation. July 2005. (Ch.

[7] H.W. Chiang, “Application effect of soil erodibility with
cohesive agent protection,” Department of Soil and Water
Conservation, National Pingtung University of Science and
Technology, Master Dissertation. July 2007. (Ch)

[8] Y. H. Chu, “The characteristics and application of fiber
materials and adhesive used on hydro-seeding,” Department of
Soil and Water Conservation National Chung Hsing University,
Master Dissertation. July 2011. (Ch)

[9] C.S. Lin, “Vegetation effect and succession analysis of mixed
medium used on hydro-seeding - case study on the slope land
of Jhuo-she forest road,” Department of Soil and Water
Conservation National Chung Hsing University, Master
Dissertation. July 2013. (Ch)

AUTHOR BIOGRAPHY

Yi-Chang Chen was born on 3, December 1968 in Taiwan. He has PhD
degree in Soil and Water Conservation (2000-2004, National Chung- Hsing
University, Taiwan, R.O.C.) with major in landscape ecology, land
consolidation, land use and ecological engineering.

Job Experience:

Dec. 1998 and continue, Engineer of Land Consolidation Engineering
Bureau Ministry of the Interior, Taiwan

Jan. 2005 and continue, Part-time Assistant Professor of Feng Chia
University

Jan. 2005 to Aug. 2013, Part-time Assistant Professor of National Chin Yi
University of Technology

220



IJEIT

ISSN: 2277-3754

ISO 9001:2008 Certified
International Journal of Engineering and Innovative Technology (1JEIT)
Volume 3, Issue 6, December 2013

Jan. 2011 to Jan. 2013, Part-time Assistant Professor of Chung-Chou
University of Technology

Certified License:

Senior Professional Soil and Water conservation Engineer, Taiwan

S.H.Lin was bron on 7,0ct. 1950 in Taiwan. He has PhD degree in
Batony(National Chung-Hsing University,Taiwan,1982-1987) with major
in  Vegetation Engineering, Plant Conservation, Soil and Water
Conservation.

He got the he paper award from Association of Chinese Soil and Water
Conservation (2007); obtained meritorious awards of National Chung Hsing
University Cooperative Education Program Teacher (2007-2013) and the
Executive Yuan forestry conservation (2009); and he is the reviewer on the
Journal of paddy and water Environment.

Job Experience:

1975-1996 Assistant, Instructer, Associate Professor, Dept. of Soil and
Water

Conservation, NCHU.

1991/08-1992/07 Postdoctoral Study, Kyushu University and Tokyo
University of Agriculture.

1996- to now Professor, Dept. of Soil and Water Conservation, NCHU.
1997/7-1997/10 Visiting professor, Department of botany, the University of
Kansas, USA.

1998-2001 Chief, Department of Soil and Water Conservation, NCHU.
2002-2008 President, Association of the Republic of China green
environment.

Edward, C. R. Luo was born on 21, March 1957 in Taiwan. He has PhD
degree in Business Administration Management, (PALLADIUM University,
PALLAMA, 2004-2007) with major in Conflict and Strategic Management;
PhD in Psychology (University of Central Nicaragua, NICARAGUA) with
major in Theory and Practice on Psychotherapy and Counseling (2004-2007)
and PhD in Hydrodynamics Engineering (1990—1993, Asian Institute of
Technology, Thailand) with Major in River, Estuary, Marine, Ecological
Engineering, and Debris Flow Engineering.

He has the following professional memberships as follow:2007 to now:
Deputy Director General (DDG) of International Biographical Centre (IBC),
Cambridge, England;2006 to now: Committee Member on Research and
Development of American Biographical Institute (ABI) U.S.A; Certified
Licenses: EMF, International Engineers (Hydraulic Engineering);
Asia-Pacific Engineers (Hydraulic Engineering); Senior Professional
Hydraulic Engineer (P.E.), Taiwan; Arbitration Member, Taiwan.

Job Experience:
Jan. 2010 and continue, Chief Engineer of Hunghua Construction Co., Ltd.
Taichung, Taiwan

Jan. 2001 and continue, Part-time Assistant Professor of National Chi Nan
University, Nantou, Taiwan.

Sep.2010 to Aug.2013, Part-time Professor of Palladium University

Sep.2010 to Aug.2013, Part-time Professor of Southern Christian

University

Sep.2010 to Aug.2013, Part-time Professor of University Central of
Nicaragua

July 1997 to 2009, Chief Engineer , Hsing-Nan —Lung Construction
Company

Jan. 2000 to Dec. 2006, President of Ching-Chan Eng. Ltd
Feb. 1994 to June 1995, Researcher, ITR

March 1984 to Dec. 1986, Advanced Engineer, WRB, MOE.
Aug. 1979 to Feb. 1984, Basic Engineer, WRB, MOE

Certified Licenses:

IPE, International Engineers ( Hydraulic Engineering )
Asia-Pacific Engineers ( Hydraulic Engineering )
Senior Professional Hydraulic Engineer (P.E.), Taiwan
Arbitration Member, Taiwan

Member on Quality Control, Taiwan

Senior Counselor in China, PRC

Senior Health Management Division in China, PRC
Senior Hydraulic Engineer in China, PRC

Senior Architect Engineer in China, PRC

Senior Municipal Utility Engineer in China, PRC
Senior Cost Analysis Engineer in China, PRC

221



