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The objective is to provide a piatform for researchers, sclentists, practitioners, and policy makers to share and presert new advances,
research findings, perspectives, and experiences in Paddy and Water Environment and reiated disciplines. Special attentions will be givente

developing certain skills or competence, or general upgrading of performance ability for climate change adaptation, participatory irfigation and
environmental management, and sustainable developmernt in irngation and drainage in the monsoon Asia. The conference will bring together
leading resesrchers, engineers, scientists, and ofMcials in the domain of interest from sround the worid

Scope

Session A Climate Change and Uncertainty
Session B Participatory Management for Irrigation Projects

Session C Emerging Technologies in Water Management -
Session D Environmental Sustainability in Paddy Irrigation and Drainage

Tuesday, November 27 th

08.30 AM- 04.30 PM

Keynote Speech:

Mr. Lertviroj Kowattana, Director General of Royal Irrigation Department
Mr. Hiroyuki Konuma, Assistant Director General of FAO

Featured Speech:
Session A Climate Change and Uncertainty

Dr. Chan-Yong Sung, President of KSAE. Korea

Assoc. Prof. Chaiyuth Suksri, Chulalongkorn University. Thailand

Session B Participatory Management for lrrigation

Mr. Va-Son Boonkird, Royal lrrigation Department

Session C Emerging Technologies in Water Management

Mr. Wei-Fuu Yang, President of TAES, Taiwan

Prof. Fi-John Chang, National Taiwan University, Taiwan

Session D Environmental Sustainability in Paddy Irrigation and Drain

Dr. Sho Shiozawa, President of JSIDE, Japan

Plenary Session Pres;.n::tion (about 76 papers)
[

08.30 AM- 04.30 PM
Plenary Session Presentation{(cont.)

Award ceremony Organizing Committee
Agenda |- PWE publication Facuity of Engineering. Chulalongkorn University
Agenda Il- Management of PAWEES Faculty of Engineering at Kamphangsaen. Kasertsart University
Agenda llI- International cooperation opportunities Royal Irrigation Department
among member countries PAWEES
November
mm' 29 th Information and Contacts:
Technical tour to Irrigation project and industrial estate (Optional) Tel: 02-2186426
Registration fee Fax: 02-2186425
) E-mail: laum_m@hotmall.com
US $200 for International participants ASSredes
US $100 for Thai national participants Water Resources System Research Unit
US § 50 for Students Room 203, Bldg. 2 Faculty of Engineering,

registration fee can be paid at the Conference Chulalongkorn University . Bangkok

Visit the website for more information and pre-registration (seating is limited)
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International Society of Paddy and Water
Environment Engineering (PAWEES)

Paddy and Water Environment Journal (PWE)
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1st Anmouncement : PAWEES 2012-International
Conference on “Challenges of Water &
Environmental Management in Monsoon Asia”
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By admin | January 1,2012 | Uncategorized | No Comments |

« 21st International Congress on Irrigation & Drainage, 62nd |IEC meeting, 8th
International Micro Irrigation Congress

1st Announcement and Call for Papers : PAWEES 2013-The 12th Conference of
International Society of Paddy and Water Environment Engineering —

https://pawees.net/?p=449

Links of SWS and IDDC

IDDC
SWS Asia Chapter

THE RECORD OF 2016

Dr. Watanabe, a former President of PAWEES,
was invited to the following conferences
and gave a keynote speech. SWS Asia
Chapter& International Dryland
Development Comission(IDDC)

NATIONAL SOCIETY
MEMBERS
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LINKS

American Society of Agricultural and
Biological Engineers (ASABE)

European Society of Agricultural Engineers
(EurAgEng)

Food and Agriculture Organization of the
United Nations (FAO)

Indonesian Society of Agricultural
Engineering (PERTETA)

International Commission of Agricultural
and Biosystems Engineering (CIGR)
International Commission on Irrigation and
Drainage (ICID)

International Rice Research Institute (IRRI)
International Union of Soil Sciences (IUSS)
International Water Management Institute
(IWMI)

Korean Society of Agricultural Engineers
(KSAE)

National Institute for Agro-Environmental
Sciences (NIAES)

Taiwan Agricultural Engineers Society (TAES)
Thai Society of Agricultural Engineering
(TSAE)

The Monsoon Asia Agro-Environmental
Research Consortium (MARCO)
EERLERAS T 552 (JSIDRE - The Japanese
Society of Irrigation, Drainage and Rural
Engineering

Copyright ©2023 International Society of Paddy and Water Environment Engineering
(PAWEES) | Theme by: Theme Horse | Powered by: WordPress
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3nd Announcement

PAWEES 2012International Conference on
“Challenges of Water & Environmental Managementin
Monsoon Asia”

27-29 November 2012, Thailand

k]

International Society of Paddy and Water Environment Engineering (PAWEES)
Faculty of Engineering, Chulalongkorn University (CU)
- Faculty of Engineering at Kamphaengsaen, Kasertsart University (KU)
Royal Irrigation Department (RID)

100th Anniversary of
Chula Engineering 2013

The objective is to provide a platform for researchers, scientists, practitioners, and policy makers
to share and present new advances, research findings, perspectives, and experiences in Paddy
and Water Environment and related disciplines. Special attentions wili be given to developing
certain skills or competence, or general upgrading of performance ability for climate change
adaptation, participatory irrigation and environmental management, and sustainable
development in irrigation and drainage in the monsoon Asia.

The conference will bring together leading researchers, engineers, scientists, and officials in the
domain of interest from around the world topics of the conference are:

« Climate Change and Uncertainty

= Participatory Management for Irrigation Projects

= Emerging Technologies in Water Management

+ Environmental Sustainability in Paddy Irrigation and Drainage

The official Iaage enereceeEngI:sh. All abstracts, papes and posters should be
submitted in English.

DAY 1: PAWEES 2012 International Conference
DAY 2: PAWEES 2012 International Conference (cont.)

11*" PAWEES Award Ceremony and Cultural events (Individual)
DAY 3: Technical tour to irrigation project and industrial estate (optional)
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Date: 27 November 2012
Venue: XujatiKambhu Convention Hall & NEWMASIP Training Center

PAWEES 2012 International Conference

( 5 minutes for each
remarks; 25 minutes
for each keynote
speech)

_ Time ~ PlenarySession
08.30-09.00 Registration
09.00- 10.10 Opening Ceremony and Opening Remarks

- Dr. BoonsomLerthirankul (Dean of Faculty of Engineering, CU)

- Dr. PiromKamol-ratanakul (President of Chulalongkorn University)
- Dr. VudtechaiKapilakanchana (President of Kasetsart University)

- Dr. Tai-cheol Kim (President of PAWEES)

Keynote Speech

- Mr. LertvirojKowattana (Director General of RID)
- Mr. Hiroyuki Konuma (Assistant Director General of FAO)

10.10-10.30

Coffee

break

10.30- 12.10

(20 minutes for each
keynote speech)

Session A Climate Change and Uncertainty
- Keynote Speech
Dr. Jin Soo Kim (President-elect of KSAE)
Session B Participatory Management for Irrigation Projects
- Keynote Speech

Mr.Va-Son Boonkird (Royal Irrigation Department)

Session C Emerging Technologies in Water Management
- Keynote Speech

Mr. Wei-Fuu Yang (President of TAES, Taiwan)
Prof. Fi-John Chang (National Taiwan University)
Session D Environmental Sustainability in Paddy Irrigation and

Drainage

- Keynote Speech
Dr. ShoShiozawa (President of JSIDE)

12.10- 13.00 Lunch break

13.00- 15.00 Session A Session B Session C Session D

(15 minutes for each | Climate Change | Participatory Emerging Environmental

presentation) and Uncertainty | Management for Technologies in Sustainability in
Irrigation Projects | Water Paddy Irrigation

Management and Drainage

15.00- 15.30 Coffee break

15.30- 16.30 Session A Session C Session D Session D

(15 minutes for each | Climate Change | Emerging Environmental Environmental

presentation) and Uncertainty | Technologies in Sustainability in Sustainability in
Water Paddy Irrigation Paddy Irrigation
Management and Drainage and Drainage

18.00-20.00 Reception Dinner




PAWEES 2012 International Conference (cont.)

Date: 28 November 2012
Venue: XujatiKambhu Convention Hall & NEWMASIP Training Center

= Time : - ~___ Plenary Session (Tentative)

08.30-09.00 Registration

09.00-10.00 Session A Session C Session D

(15 minutes for each | Climate Change and | Emerging Technologies | Environmental

presentation) Uncertainty in Water Management | Sustainability in
Paddy Irrigation and
Drainage

10.C0-10.30 Coffee break

10.30-12.00 Session C Session C Session D

(15 minutes for each | Emerging Emerging Technologies | Environmental

presentation) Technologies in in Water Management | Sustainability in

Water Management Paddy Irrigation and

Drainage

12.00- 13.00 Lunch break

13.00- 14.00 Award ceremony '

International Award
Paper and Review Award

14.00-15.00 Agenda I-PWE publication

15.00- 15.30 Coffee break

15.30-15.45 Agenda II- Management of PAWEES

15.45-16.00 Agenda III- International cooperation opportunities among
member countries

16.00-16.20 Bangkok Statement

16.20-16.30 Closing Remarks

17.30 Dinner with cultural events: Loy Krathong

Session A Climate Change and Uncertainty
(15 minutes for each presentation)
Invited paper: Farmers’ responses to climate change adaptation in irrigation project
(Thailand Case Study) by Assoc. Prof. Chaiyuth Suksri,
Chulalongkorn University, Thailand.
Al. A review of land-use change scenarios by new climate change scenarios in Korea
(Oh, Y.-G.*, S.-H. Yoo, D.K. Lee, 1.-Y. Choi)
A2. Simulation of GHG emission from paddy by DNDC model for climate change impact in Korea
(Shin, M., 1. Jang, Y. Sung, J. Choi)
A3. Agricultural Infrastructure Database Establishment for Vulnerability Assessment According to
Climate Change in Korea (Kim, S.M.*, S.M, Kim, M.W. Jang)
A4. Coping with uncertainties in climate change by stochastic storm rainfall simulation
(Cheng, K.-S.*,Y.-C. Wu, Y.-F. Su, J.-1. Liou)
A5. The study to parameter sensitivity analysis of the Denitrification-Decomposition (DNDC)
model (Vanichsan, D.*, and 8. Kwanyuen)




D16. A Study on Nonpoint Pollution Management in Korea for Sustainable Water Resource (Lee,
S.*, C. G. Yoon, S.-]. Lee, J.-h. Choi)

D17. Land use management and rice cropping pattern for sustainable solution to reduce flood
risk at Chaophraya River Basin, Thaialnd (Kwanyuen, B. and N. Cherdchanpipat)

D18. Challenges in the decontamination of radioactive cesium of Fukushima: a rural planning
perspective (Hashimoto, S.*, H. Arita, T. Yasutaka and Y. Iwasaki)

D19.Evaluation of effects of soil moisture content and wind condition on wind erosion in bare soil
field (Yuge, K.*, M. Anan, and Y. Shinogi)

D20. Shift of Functional Roles of Irrigation Ponds in Agricultural Society- a Case Study in
Taoyuan Tableland (Tan, C.-H.*, H.-Y. Hsu)

D21. Impacts of irrigation sources and practices on the nonpoint source pollution loadings from
paddy fields (Cho, 1., J.R. Jang, I. Song*, 1.S. Kim, 1.B. Lee, M.S. Kang, C.-G. Yoon, and 1.S.
Kim)

D22. Soil Macro Nutrient (N, P, K) during Growth Stages under Conventional and SRI (System of
Rice Intensification) Practices in Tropical Soil (Ardiansyah*, Masrukhi, C. Arif, S.K. Saptomo,

. B.I. Setiawan)
D23. M@awm&mw&mﬁ,

G T MRRERTR

D24 A study of the reason why the reported yields of the System of Rice Intensification (SRI)
are so widespread (Wakimoto, Y.*, E. Yamaji and S. Sato)
D25. Monitoring of Shallow Groundwater Infiltration of Pollutant Loads in Greenhouse and
Conventional Farming Practices (Hong, E.M.*, 1.-Y. Choi, M. S. Kang, S.-H. Yog, J.-R. Jang)

A D & sian
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Advisory Committee
Chairperson
1. Mr. Lertviroj Kowattana, Director General of Royal Irrigation Department
Co-Chairperson
2. Dr. Pirom Kamol-ratanakul, President of Chulalongkorn University
3. Mr. Vudtechai Kapilakanchana, President of Kasetsart University
4. Dr. Tai-cheol Kim, President of PAWEES, Vice-President of ICID
Advisor
Dr. Yohei Sato, Honorary President of PAWEES
Dr. Hiroyuki Konuma, Assistant Director General of FAO
Dr. ShoShiozawa, President of JSIDRE, Japan
Dr. Chan-Yong Sung, President of KSAE, Korea
Mr. Wei-Fuu Yang, President of TAES, Taiwan

VoMo

Scientific Committee
Chairperson

1. Dr. Bancha Kwanyuen

Dean of Faculty of Engineering at Kamphaengsaen, Kasetsart University, Thailand

Co-Chairperson

2. Dr. Masaru Mizoguchi, Editor-in-chief, PWE (University of Tokyo, Japan)

3. Dr. Yoshiyuki Shinogi, Chief Managing Editor, PWEES (Kyusyu University, Japan)
Member
Dr. Nobumasa Hatcho, Kinki University, Japan
Dr. Yutaka Matsuno, Secretary General of PAWEES (Kinki University, Japan)
Dr. SeongJoon Kim, Konkuk University, Korea
Dr. Sang Min Kim, Gyeongsang National University, Korea
Dr. Fi-John Chang, National Taiwan University, Taiwan
. Dr. Ke-Sheng Cheng, National Taiwan University, Taiwan

10.Dr. Sucharit Koontanakulvong, Chulalongkorn University, Thailand

11.Mr. Chaiyuth Suksri, Chulalongkorn University, Thailand

12.Dr. Aksara Putthividhya, Chulalongkorn University, Thailand

13.Dr. Somchai Donjadee, Kasetsart University, Thailand

14.Dr. Chirakarn Sirivitmitrie, Kasetsart University, Thailand

15.Dr. Pongsathorn Sopaphun, Kasetsart University, Thailand

16.Dr. Wisuwat Taesombat, Kasetsart University, Thailand

17.Mr. Santi Thongphamnak, Kasetsart University, Thailand

18.Dr. Varawoot Vudhivanich, Kasetsart University, Thailand

19.Dr. Watchara Suidee, Royal Irrigation Department (RID), Thailand
Member and Secretary

20.Dr. Ekasit Kositsakulchai, Kasetsart University, Thailand

CENOU A

Local Organizing Committee
Faculty of Engineering, Chulalongkorn University (CU)
Faculty of Engineering at Kamphangsaen, Kasertsart University (KU)
Royal Irrigation Department (RID)
Chairperson
1. Dr. Bonsoom Lerhrunwong, Dean of Faculty of Engineering, Chulalongkorn University
Co-Chairperson
2. Dr. Sucharit Koontanakulvong, Chulalongkorn University, Thailand
3. Dr. Bancha Kwanyuen, Kasetsart University, Thailand
4. Mr. Va-Son Boonkird, Royal Irrigation Department (RID),Thailand

12



Member
5. Dr. Thanet Aksorn, Royal Irrigation Department (RID), Thailand Member

6. Dr. Ekasit Kositsakulchai, Kasetsart University, Thailand
7. Dr. Yutaka Matsuno, Secretary General of PAWEES (Kinki University, Japan)

Secretary
8. Miss Mada Iaumsupanimit, Chulalongkorn University, Thailand

Participants or visitors must pre-register for the international conference on website:
http://project-wre.eng.chula.ac.th/watercu_eng/ because seating is limited and pre-registration

closes on November 23, 2012
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Water flow pattern in lettuce growing soil under cotton (CM), plastic (PM), arr%eﬁrorn%ﬂcl?(C) erage
was identified, and corresponded with its electrical conductivity (EC) and temperature distribution dufthg Japan
summer of 2009. Three cultivation plots of 300 cm x 100 cm large were prepared. Soil-water content, EC, and
temperature at 10 and 20 cm depth were hourly monitored. Water flow in each soil profile was characterized and
modeled by using van-Genuchten model. The CM soil showed higher water content (0.29-0.33 cm’ cm™) than
the PM (0.29—0.31 em’ cm™) and C (0.26 cm® cm‘3). The soil EC with CM (0.22-0.30 dS m™ at rainfall rate of
32.1 mm d™) was higher than others (< 0.02 dS m™). The soil temperature with CM was respectively 2-3 and 4-

5°C lower than with PM and C. The CM plot had higher soil K, (3.1-4.4 cm d™') compared to the PM (0.18-
0.21 ecm d") and C plot (0.36 cm d ". The results reflect a unique characteristic of the cotton mulch, in which it
is able not only to improve a sufficient water and nutrients availability, but also to control temperature in its
underlined soil for an effective growth of the crop.

Keywords: cotton mulch, water flow, lettuce, hydraulic conductivity, loamy-sandy soil

1. Introduction

During last couple of decades, mulch has been utilized in agriculture due to its benefit in maintaining soil
moisture and temperature, reducing erosion impact, suppressing weeds and insects, and enhancing soil nutrients
(Aladesanwa and Adigun, 2008; Rabary et al., 2008; Jin et al., 2007; Dahiya et al., 2007; Babola et al., 2007;
Doring et al., 2005). Over various types of mulches, plastic is most common mulch, which is low cost and easy
to applied (Zhou et al., 2009). The mulch also is effective in reducing evaporation rate from soil surface by 55%
(Xie et al., 2005). However, an intensive use of plastic mulches may deteriorate soil condition as well as
environmental risks (Tarara and Ham, 1999). For instance, polyethylene films generally causes an extreme high
temperature inside soil especially in hot-summer, resulting in low soil microbial activities as well as organic
matter mineralization, and high rate of soil nutrients volatilization (Moreno and Moreno, 2008). Moreover, the
application of a huge amount of plastic mulches, i.e., 60,000 ton yr', in Japan, has brought to an agricultural
field pollution by its landfill disposal (Ueno et al., 2008).

Cotton sheet is a new type of biodegradable mulch, produced from cotton waste. Ehime University and
Marusan Sangyo Co. Ltd., Japan, has proposed the use of cotton mulch in fruits and vegetables cultivation in
Ehime’s Masado or loamy-sandy soil, as an alternative way to minimize potential risk of CO, emission by its
waste incineration in surrounding areas. Through some experiments on cabbage field by Ueno et al. (2008), it
was found that the mulch is effective in suppressing weeds, improving growth and yield of the crop, enhancing
so0il-N uptake by the crop, and is potential to prevent soil and nutrient loss by erosion. Moreover, the application
of the cotton waste on the lettuce crop in summer can provide a suitable nutrient added into the soil (Asagi et al.,
2008) as well as good productivity (Kinebuchi et al., 2008). However, the effect of the cotton mulch sheet on the
dynamic change of water and temperature in the soil profile including their inter-correlation and relation to
nutrients distribution in the soil and uptake by the crop hasn’t been evaluated yet.

This research was aimed to characterize the distribution pattern of water, electrical conductivity, and
temperature as well as their inter-correlation in the lettuce field soil with the cotton mulch, compared to those
with plastic and zero mulch application. This information is essentially required for modeling water and
nutrients transports within lettuce field soil in further steps to support the development of a sustainable farming
system for the lettuce crop.
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distribution pattern of water, electrical conductivity,
and temperature as well as their inter-correlation in
the lettuce field soil with the cotton mulch,
compared to those with plastic and zero mulch
application. This information is essentially required
for modeling water and nutrients transports within
lettuce field soil in further steps to support the
development of a sustainable farming system for the
lettuce crop.

2. Methodology

2.1. Experimental plot and data collection

The research was conducted at Field Science
Center, Ehime University, Japan during summer of
2009 (soil type: decomposed-granite or Masado in

Japanese, Table 1). Three lettuce plots with 300 cm
x 100 cm large each were prepared for cotton mulch
(CM), plastic mulch (PM), and zero or zero mulch
(C), respectively, and the seeds were sowed on each
plot with interval of 30 cm x 30 cm (Fig. 1, top).
Water content, electrical conductivity (EC), and
temperature of soil with depth of 0-10 and 10-20 cm
was hourly monitored at each plot by using 5TE
moisture sensors coupled with EM50 data logger
(Decagon Devices, Inc.) (Fig. 2, bottom).
Undisturbed soil samples in the same depths were
also sampled for laboratory analysis of water
content, dry bulk density, and saturated hydraulic
conductivity of soil. Meteorological data, mainly
precipitation, aerial temperature, relative humidity,
wind speed, and solar radiation was summarized
from the local weather station.

No Plastic Cotton
mulch mulch mulch

Plot 1 Plot 2 Plot3

Mulch
Em50 Data
Logger = 0.10 I
cm Y| Soif
profile
E=10-20
5TE Soil cm
Moisture

Fig. 1. Schematic diagram of the field monitoring for water content, temperature, and EC in the lettuce growing

soil with three different mulches coverage.

Table 1. Physical properties of Shikoku’s decomposed-granite soil

Parameters Value
Texture (Gravel/sand : Silt : Clay) (Kg Kg™) 82.9: 9.6 : 7.6 (loamy-sand) ¥
Particle density (g cm™) 2.67-2.687
Dry bulk density (g cm™) 1.40-1.437
Porosity (%) 60709
Hydraulic conductivity (cm d™*) 50.9 —419.9 >
Soil organic matter or C-N ratio (%) 8.68—11.017

Y Farmanullah et al. (1998); 2 Fujimaki et al. (2004); ¥ Dahal et al. (2008); ¥ Razafindrabe et al. (2010)
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2.2. Laboratory analysis and water flow modeling

Prior to field monitoring, 5TE moisture sensors
were specifically calibrated by using local Masa or
loamy-sandy soil to gain more representative field
data. This step was conducted by repacking soil into
an acrylic cylinder with 8 cm diameter and 7 cm
height, and followed by sensor operation into sample
for several seconds. Sensor output (in mV) was
recorded by using Em50 data logger. Volumetric water
content of repacked sample was then measured
gravimetrically by using oven dryer, and then was
plotted against the output voltage data by employing
least square method to obtain a calibration formula.

Soil physical properties mainly dry bulk
density and saturated hydraulic conductivity were
measured by using gravimetric and falling head
method, respectively. The latter was used as one of the
inputted hydraulic parameters in water flow (K(6) in
cm d™) simulation based on the monitored field data
(Fig. 1, bottom) with help of van-Genuchten model
(Ritter et al., 2003), as shown in Eqn. (1-3).

K@) = KS.H[1— (1 -S."™m]
S,=0—06,/0,—6, =1/(1+ |ah|™)™

m=1-—1/n n>1
where, K(0): unsaturated hydraulic conductivity, as a
function of volumetric water content (cm d™), Kq:
saturated hydraulic conductivity (cm d), S,: effective
saturation (cm*® cm™®), #: actual or field volumetric
water content (cm3 cm'3), 6,: residual volume wetness
(cm® cm®), 6, saturated volumetric water content
(cm® cm®), and n, o, |: fitting parameters

The hydraulic properties data is usually
required to determine soil water and nutrients
dynamics as well as their balance in an agricultural
field, since the parameters are inter-correlated. In this
study, water balance at each lettuce plot was
determined by quantifying the incoming and outgoing
water flow into root zone over certain period of time.
The rainfall and irrigation add water to root zone, and
part of them might be lost by runoff and deep
percolation toward groundwater recharge. The water
in the root zone might be also depleted to atmosphere
by evapotranspiration. Therefore, the dynamic change
in water within soil profile (ASW) was calculated by
using Eqn. (4).

ASW = (P +1)— (R, + P. + ET)

where, P, I, R,, P., and ET: added or depleted water
by the rainfall (mm), irrigation (mm), runoff (mm),
percolation (mm), and actual evapotranspiration
(mm), respectively.

The ET was determined by comparing ASW
and potential evapotranspiration (ET,, in mm d™) of

Penman-Monteith (Egn. (5)), in which if the former is
superior to the latter, the ET was equalized to the ET,,
instead of ASW, and vice versa (Eqgn. (6)).

900
_ 0408A(Rn - G) + ymuz(es - ea)

ET, =
° A+y(1+0.3uy)
o7 {ETO ET, < ASW
= eT, ET, > ASW

where, R,: net radiation at crop surface (MJ m? d™),
G: soil heat flux density (MJ m? d?), T: mean daily
air temp. at 2 m height (°C), u,: wind speed at 2 m
height (m s™), es: saturated vapour pressure (kPa), e:
actual vapour pressure (kPa), A: slope of vapour
pressure curve (kPa °C™), and y psychrometric
constant (kPa °C™).

3. Results and Discussions
3.1. Calibration of 5TE moisture sensors

Fig. 2A shows specific calibration results for
5TE moisture sensors, of which relationship between
volumetric water content and output voltage was
expressed in a linear regression with R® of 0.90. Jhe
calibrated equation (Eqgn. (7)) was reliable within
range of 0.05 — 0.50 cm® cm™ volumetric fer
content, and was overestimated the default equation
proposed by Decadon Devices Inc., and also the
general calibration results of the previous dielectric
constant-based moisture sensors such as TDR
proposed by Topp et al. (1980) and Whalley (1993).
The former was about 5 — 8 % higher in its calculated
data compared to the latters. Furthermore, fitting the
data against the gravimetric volumetric water content
(Fig. 2B) shows that the calculated data agreed well
with the measured ones with high accuracy (R® =
0.88) or low error and (RSME = 0.04 cm® cm™). This
was similar with the results of the specific calibration
for several upland field soils, namely andosol,
alluvial, and regosol reported by Wijaya et al. (2003,
2004) and Wijaya and Kuncoro (2008). The whole
results above reveals that the specific calibration can
be more reliable and applicable, as compared to the
default or general ones, to use for the measurement of
soil physical properties.

6 = 0.0468 + 0.000648v )

where, @: calculated or predicted volumetric water
content by specific calibrated eqution (cm? Cr‘(lf?, and
v: output voltage of 5TE moisture sensors read by
EM50 data logger (mV).
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3.2. Spatio-temporal change in soil water content,
EC, and temperature

The distribution pattern of water content in
lettuce growing soil profile with various mulches
coverage at 0-10 and 10-20 cm depth in response to
rainfall and irrigation during 20 — 46 days after
transplanting (DAT) is presented in Fig. 3A. In
general, the water content change was sensitively
depended on rainfall or irrigation rate, due to the basic
characteristics of loamy-sandy soil having high total
macro-pore inside (Yang et al., 2004; Yamanaka,
1999). The maximum soil water content with CM was
higher (0.290 — 0.333 cm® cm™) than that with PM
(0.297 — 317 cm® cm™®) and C (0.267 cm® cm™®). The
higher capability of CM over others in intercepting
and then distributing rainfall and irrigation water
downward, as well as in preventing upward water loss
through evaporation (Tolk et al., 1999) might
corroborate above results.

Fig. 3B shows the distribution pattern of EC in
the lettuce growing soil profile with various mulches
coverage at 0-10 and 10-20 cm depth during 20 — 46
DAT. Change in the soil EC, mainly for the cotton
mulch (CM) plot, strongly corresponded with rainfall
or irrigation rate, in which it reached a maximum
value of 0.30 dS m™ when total water supply was in
highest rate, i.e., 32.1 mm d™. Higher decomposed-
granite content in Masado reflecting higher plasticity
or cation exchange capacity (CEC) than common
sandy soils (Nishikawa, 1991) might affect such
condition. In fact, the plasticity or CEC of a soil
generally increases with increasing its water content
(and vice wversa), since water might act as an
electrolyte medium conducting mineral ions to move
easily through soil pore (Rhoades et al., 1989;
Rhoades and Corwin, 1981). Furthermore,
Kachanoski et al. (1988) and Hartsock et al. (2000)
reported that when clay is low, as it occurs in loamy-
sandy soil, its water content has a greater effect on
EC. Accordingly, the higher EC value in CM soil, as
compared to that in PM and C soil, was because of its
better capability in transmitting the incoming water as
well as maintaining or holding the underlined soil
water.

Unlike EC that had positive correlation with
rainfall or irrigation rate, soil temperature inversely
corresponded to both parameters, in which it was
decreased with increasing water supply rate and soil
water content (Fig. 4A). This was due to high capacity
of water in conducting and then transmitting a heat
from soil after rainfall or irrigation added to
surrounding profile, hence reduced its temperature.

Specifically, the soil temperature change in CM plot
within both depth was lowest, and consecutively
followed by PM and C plot. Lower capacity of PM, as
compared to CM, to transmit a heat from soil to
atmosphere might be a reason for such condition
(Anikwe, 2007; Tarara and Ham, 1999). On other
hand, C plot or bare soil could transmit a heat from
soil to atmosphere as effective as CM, but it also
absorbed a heat directly from solar radiation, resulting
in its highest soil temperature. An effective soil
temperature reducing by CM, mainly in hot-summer
condition, allowed crop to be healthy grown, since
leaf and root of the crop are sensitive to hot
temperature (Ueno et al., 2008; Ueno, 2010).
Moreover, change in microclimate parameters such as
aerial temperature and relative humidity were also
related to rainfall rate (Fig. 4B), and in turn might
correspond to heat or water vapor rate released from
lettuce growing soil (Diaz-Perez, 2007).

3.3. Water flow pattern within Lettuce growing soil
profile

Unsaturated hydraulic conductivity (K, is an
essential parameter to understand, mainly in upland
agricultures and forests, since it represents the
dynamic of water in its soil profile (Chen et al., 2009;
Shinomiya et al., 2001). Having knowledge of K will
help us in quantifying water and nutrient budget
within certain cropping field including lettuce, which
is useful to determine an appropriate irrigation
scheduling (Leenhardt et al., 1998; Andreu et al.,
1997) as well as a suitable dosage of fertilization
(Wang et al., 2008; Jackson et al., 1994). In this study,
Kys was predicted by employing evaporation inverse
analysis (i.e., van Genuchten model in Hydrus-1D)
based on the observed volumetric water content of the
lettuce growing soils, especially after heavy rainfall
and irrigation during 30 — 46 DAT (Fig. 3A). As a
result, the volumetric water contents of the soils at 10
and 20 cm depth was fitted well with R? values of
0.982 — 0.996 (Fig. 5A and Table 2), and it was
comparable to the results of Takeshita and Kohno
(1993), Fujimaki et al. (2004), and Yang et al. (2004).
Concerning with the 1:1 relation, there were a good
agreement between the predicted and observed
volumetric water content with R? of 0.996 and RMSE
of 0.0028 cm® cm™ (Fig. 5B). This suggests that such
fitted parameters is acceptable for predicting the water
characteristics and hydraulic conductivity as well as
modeling water flow in the lettuce cropping soils
under different mulch coverage.
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Table 2. Fitted hydraulic parameters of the lettuce cropping soils with cotton, plastic, and zero mulches coverage
at 10 and 20 cm depth

Cotton mulch (CM) Plastic mulch (PM) | Zero mulch (C) vG model”
Parameters 10-cm 20-cm 10-cm 20-cm 10-cm (Masa or Loamy-
sandy soil)
& 0.138 0.144 0.032 0.0000111 0.00813 0.028 — 0.060
6, 0.298 0.344 0.308 0.317 0.267 0.314-0.350
a 0.116 0.272 0.106 0.094 0.0819 0.079 - 0.940
n 1.335 1.98 1.226 1.140 1.34 1.148-1.611
Ks 27.49 9.79 7.07 1.19 5.92 -
[ 0.5 0.5 0.5 0.5 0.5 -
R 0.991 0.982 0.961 0.985 0.996 0.690 — 0.820
SSQ** 0.0000716 | 0.000332 | 0.000461 0.000209 0.0000666 -

> Takeshita and Kohno (1993); Fujimaki et al. (2004); Yang et al. (2004)
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Fig. 8. Water balance, in term of: (A) temporal change, (B) cumulative, and (C) budget in lettuce cropping field

with various mulches coverage throughout a cultivation period.

Regarding soil water characteristics curve of each
cropping plot (Fig. 6A, B), it was found that CM plot,
mainly at 10 cm depth, had highest soil water holding
capacity, followed by PM and C, while at 20 cm depth
it was relatively similar to others. This was related to
the results shown in Fig. 3A, of which CM plot was
more effective in transmitting as well as maintaining
rainfall and irrigation water input than PM and C plot.
Moreover, since CM is biodegradable, it also might
improve the underlined soil physical conditions such
as bulk density, porosity, and hydraulic conductivity,
and also the soil organic matters, especially during the
middle to the end of cultivation period (Fig. 7C).
Accordingly, the hydraulic conductivity of CM soils
at 10 and 20 cm depth were significantly higher
compared to that of PM and C soil, in which at field
capacity they were ranged between 3.1 — 4.4, 0.18 —
0.21, and 0.36 cm d*, respectively (Fig. 6B). This
reveals that the water flow rate within CM soil profile
was either temporary (Fig. 7A) or spatially (Fig. 7B)
higher than other mulches covered soils.

3.4. Soil water balance

Fig. 8 shows the water balance in the lettuce
growing plot under various mulches coverage within
10 and 20 cm depth during 20 — 46 DAT. The soil
water storage in most plots observed was temporary
fluctuated, dependent upon the rate of water input.
Specifically, CM plot had larger fluctuation in (-14.3
to 23.8 mm) as well as higher cumulative amount of
the soil water storage (7.3 mm), mainly during rainfall
or irrigation, than PM (fluctuation: -5.4 to 14.7 mm;
cumulative: 5.9 mm) and C plot (fluctuation: -4.8 to
13.2 mm; cumulative: -3.0 mm) (Fig 8A, B, C). As
compared to PM plot, the ET of CM plot was higher
during the initial 20 — 29 DAT, but lower during the
last 30 — 46 DAT, while that of C plot was lowest
among those three plots and throughout the
cultivation period (Fig. 8B). Accordingly, the
cumulative ET of CM plot (43.42 mm) was as higher
as that of PM plot (43.17 mm), but significantly
higher than that of C plot (34.27 mm) (Fig. 8C). In
addition, by assuming surface runoff (R,) was zero
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due to typically high infiltration rate of sandy soil, it
was found that soil water loss by percolation tended to
be higher in C plot (16.47 mm within 10 cm depth or
5.15 mm within 0-20 cm depth) than that in CM and
PM plot, of which the value was -3.04 mm -1.43 mm,
respectively (negative indicated the upward or
capillary movement of the soil water) (Fig. 8C).

The above results suggest that the cotton
mulch is sufficiently effective in maintaining the
underlined soil water that is available to crop. It not
only can transmit, and then redistribute the water
input from rainfall or irrigation within soil profile, but
also can prevent the upward water loss by either
evaporation or deeper downward water movement by
percolation. Such condition may in turn keep the soil
temperature in suitable condition for crop growth
(Ueno, 2010; Ueno et al., 2008). Furthermore, the
cotton mulch is easily biodegraded in soil, which
contributes to a significant improvement of soil
physical properties and organic matter (Moreno and
Moreno, 2008), hence soil water holding capacity.
Although the plastic mulch is almost as effective as
the cotton mulch in supporting ET and preventing soil
loss by percolation (Zhou at al., 200), it has negative
impact on reducing soil water storage, due to its lower
transmissible to water input. This plot then may result
in higher temperature within its soil profile compared
to the cotton plot. In contrast, the zero mulch may
allow more water to infiltrate and percolate into the
deeper profile, thus reduces its soil water holding
capacity as well as ET.

Information on the water balance, like as
shown in Fig. 8, is essentially required to support a
better water management in a crop cultivation,
including irrigation  scheduling and fertilizer
application to enhance good yield of the crop
(Sangare et al., 2012, Pathak et al., 2003). The water
balance represents the dynamic movement of water
within a crop and its surrounding environment over a
cultivation period, in which the effective water uptake
by a crop can be determined based on its WUE (water
used efficiency) coefficient. The WUE coefficient is
calculated by comparing the total aboveground dry
matter yield to the cumulative ET value (Mastrorilli et
al., 1995). In this study, it was expected that the CM
plot might have WUE higher than PM plot, since the
former had higher fresh and dry matter compared to
the latter, even though both ET values were relatively
similar. The high yield of lettuce crop in CM plot was
affected by the typical characteristic of the cotton
mulch, which was transmissible to water from rainfall
or irrigation to produce an appropriate soil water
availability and temperature for crop growth.
Furthermore, it also was easily biodegraded to
enhance organic matters and nutrients accumulated in
both the sheet and underlined soil, and to suppress
weeds in the field up to about 89%, mainly in hot-
summer condition (Ueno, 2010).

4, Conclusions

Water distribution as well as flow in the lettuce
field soil under various mulches application such as
cotton mulch, plastic mulch, and zero mulch was
characterized and modeled with help of 5TE sensor
specific calibration and Hydrus-1D analysis. The field
with cotton mulch coverage had higher soil water
content as well as water holding capacity compared to
that with plastic and zero mulch, resulted in its higher
soil water and nutrients availability and lower soil
temperature than others. The application of the cotton
mulch into the lettuce field, mainly in hot-summer
condition might contribute to high yield as well as
water use efficiency (WUE) of the crop, which was
corresponded to its capability in maintaining water
and nutrient availability, good temperature condition,
and also in suppressing weeds, which is never seen in
other mulches.
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Effect of Cotton Mulch Sheets on Water Flow, EC, and Temperature
Pattern in Masa (Loamy-sandy) Soil under Lettuce Crop Cultivation

Krissandi Wijaya * Hideto Ueno * Budi Indra Setiawan Ardiansyah

Abstract The distribution pattern of water, EC, and
temperature in the lettuce cropping (Masa or loamy-
sandy) soil under cotton (CM), plastic (PM), and
zero mulch (C) coverage was identified during
Japan summer of 2009. Three cultivation plots with
300 ¢m x 100 ¢m large were prepared for each crop-
mulch combination. Soil-water content, EC, and
temperature with 0-10 and 10-20 c¢m in depth were
monitored using STE moisture sensors and EMS0
data logger (Decagon Devices, Inc.). Water flow
within each soil profile was characterized and
modeled from the soil water content data using
Hydrus-1D. The CM soil showed higher water
content (max: 029 — 033 cm” ¢cm™) than the PM
(max: 0.29 — 031 em® em™) and C (max: 0.26 cm®
cm"“). The soil EC with CM (max.: 0.22 — 0.30 dS
m™ at rainfall rate of 32.1 mm d') was significantly
higher than others (max: < 0.02 dS m"). The soil
temperature with CM was 2 — 3 and 4 — 5 °C lower
than with PM and C, respectively. The CM plot had
higher soil unsaturated hydraulic conductivity (K,,,)
(3.1 -44¢cm d") compared to the PM (0.18 —0 .21
emd™) and C plot (0.36 cm d™"). The results reflect a
unique characteristic of the cotton mulch, in which it
is able not only to improve a sufficient water and
nutrients availability, but also to control heat in its
underlined soil for an effective growth of the crop.

Keywords cotton mulch, water flow, lettuce,
hydraulic conductivity, loamy-sandy soil
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1. Introduction

During last couple of decades, mulch has
been utilized in agriculture due to its benefit in
maintaining soil moisture and temperature, reducing
erosion impact, suppressing weeds and insects, and
enhancing soil nutrients (Aladesanwa and Adigun,
2008; Rabary et al., 2008; Jin et al., 2007 Dahiya et
al., 2007; Babola et al., 2007; Doring et al., 2005).
Over various types of mulches, plastic is most
common mulch, which is low cost and easy to
applied (Zhou et al., 2009). The mulch also is
effective in reducing evaporation rate from soil
surface by 55% (Xie et al.,, 2005). However, an
intensive use of plastic mulches may deteriorate soil
condition as well as environmental risks (Tarara and
Ham, 1999). For instance, polyethylene films
generally causes an extreme high temperature inside
soil especially in hot-summer, resulting in low soil
microbial activities as well as organic matter
mineralization, and high rate of soil nutrients
volatilization  (Moreno and Moreno, 2008).
Moreover, the application of a huge amount of
plastic mulches, i.e., 60,000 ton yr", in Japan, has
brought to an agricultural field pollution by its
landfill disposal (Ueno et al., 2008).

Cotton sheet is a new type of biodegradable
mulch, produced from cotton waste. Ehime
University and Marusan Sangyo Co. Ltd., Japan, has
proposed the use of cotton mulch in fruits and
vegetables cultivation in Ehime’s Masado or loamy-
sandy soil, as an alternative way to minimize
potential risk of CO, emission by its waste
incineration in surrounding areas. Through some
experiments on cabbage field by Ueno et al. (2008),
it was found that the mulch is effective in
suppressing weeds, improving growth and yield of
the crop, enhancing soil-N uptake by the crop, and is
potential to prevent soil and nutrient loss by erosion.
Moreover, the application of the cotton waste on the
lettuce crop in summer can provide a suitable
nutrient added into the soil (Asagi et al., 2008) as
well as good productivity (Kinebuchi et al., 2008).
However, the effect of the cotton mulch sheet on the
dynamic change of water and temperature in the soil
profile including their inter-correlation and relation
to nutrients distribution in the soil and uptake by the
crop hasn’t been evaluated yet.

This research was aimed to characterize the
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distribution pattern of water, electrical conductivity,
and temperature as well as their inter-correlation in
the lettuce field soil with the cotton mulch,
compared to those with plastic and zero mulch
application. This information is essentially required
for modeling water and nutrients transports within
lettuce field soil in further steps to support the
development of a sustainable farming system for the
lettuce crop.

2. Methodology
2.1. Experimental plot and data collection
The research was conducted at Field Science

Center, Ehime University, Japan during summer of
2009 (soil type: decomposed-granite or Masado in

Japanese, Table 1). Three lettuce plots with 300 cm
x 100 cm large each were prepared for cotton mulch
(CM). plastic mulch (PM), and zero or zero mulch
(C), respectively, and the seeds were sowed on each
plot with interval of 30 cm x 30 c¢m (Fig. 1, top).
Water content, electrical conductivity (EC), and
temperature of soil with depth of 0-10 and 10-20 ¢m
was hourly monitored at each plot by using 5STE
moisture sensors coupled with EMS50 data logger
(Decagon Devices, Inc) (Fig. 2, bottom).
Undisturbed soil samples in the same depths were
also sampled for laboratory analysis of water
content, dry bulk density, and saturated hydraulic
conductivity of soil. Meteorological data, mainly
precipitation, aerial temperature, relative humidity,
wind speed, and solar radiation was summarized
from the local weather station.

Fig. 1. Schematic diagram of the field monitoring for water content, temperature, and EC in the lettuce growing

soil with three different mulches coverage.

Table 1. Physical properties of Shikoku’s decomposed-granite soil

Parameters Value
Texture (Gravel/sand : Silt: Clay) (Kg Kg™) 82.9:96: 7.6 (loamy-sand) '
Particle density (g cm™) 2.67-268"
Dry bulk density (gcm™) 140-143"
Porosity (%) 60-70"
Hydraulic conductivity (cm d™) 509 -419.9
Soil organic matter or C-N ratio (%) 8.68—11.017

" Farmanullah et al. (1998); % Fujimaki et al. (2004); “Dahal et al. (2008); *' Razafindrabe et al. (2010)
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2.2. Laboratory analysis and water flow modeling

Prior to field monitoring, STE moisture sensors
were specifically calibrated by using local Masa or
loamy-sandy soil to gain more representative field
data. This step was conducted by repacking soil into
an acrylic cylinder with 8 cm diameter and 7 cm
height, and followed by sensor operation into sample
for several seconds. Sensor output (in mV) was
recorded by using Em50 data logger. Volumetric water
content of repacked sample was then measured
gravimetrically by using oven dryer, and then was
plotted against the output voltage data by employing
least square method to obtain a calibration formula.

Soil physical properties mainly dry bulk
density and saturated hydraulic conductivity were
measured by using gravimetric and falling head
method, respectively. The latter was used as one of the
inputted hydraulic parameters in water flow (K(#) in
cm d") simulation based on the monitored field data
(Fig. 1, bottom) with help of van-Genuchten model
(Ritter et al., 2003), as shown in Eqn. (1-3).

K@) = KS.'[1 - (1 - 5.™™]
Se=10—0./0,— 6. =1/(1+|ah|™)™

m=1-1/n n>1
where, K{f): unsaturated hydraulic conductivity, as a
function of volumetric water content (cm d7), K
saturated hydraulic conductivity (cm d"). 5, effective
saturation (cm" c1_r|""),_r’1‘: actual or field volumetric
water content (cm” cm™), #,: residual volume wetness
(cm" cm"‘), 1, saturated volumetric water content
(cm" c:m"'), and n, a, [: fitting parameters

The hydraulic properties data is usually
required to determine soil water and nutrients
dynamics as well as their balance in an agricultural
field, since the parameters are inter-correlated. In this
study, water balance at each lettuce plot was
determined by quantifying the incoming and outgoing
water flow into root zone over certain period of time.
The rainfall and irrigation add water to root zone, and
part of them might be lost by runoff and deep
percolation toward groundwater recharge. The water
in the root zone might be also depleted to atmosphere
by evapotranspiration. Therefore, the dynamic change
in water within soil profile (ASW) was calculated by
using Eqn. (4).

ASW = (P +1) — (R, + P. + ET)

where, P, I, R,, P., and ET: added or depleted water
by the rainfall (mm), irrigation (mm), runoff (mm),
percolation (mm), and actual evapotranspiration
(mm), respectively.

The ET was determined by comparing ASW
and potential evapotranspiration (ET,, in mm d") of

Penman-Monteith (Eqn. (5)), in which if the former is
superior to the latter, the ET was equalized to the ET,,
instead of ASW, and vice versa (Eqn. (6)).

900
0.40BA(Ry — G) +¥ 73573 2 (es — €2)

ETo A+ y(1+03u,)
ET = {ETO ET, < ASW
~ ET, ET, = ASW

where, R, net radiation at crop surface (MJ m’ d").
G: soil heat flux density (MJ m> d"), T: mean daily
air temp. at 2 m height (“C), u»: wind speed at 2 m
height (m s"), e,: saturated vapour pressure (kPa), e,:
actual vapour pressure (kPa), A: slope of vapour
pressure curve (kPa 0C"), and p psychrometric
constant (kPa °C™").

3. Results and Discussions
3.1. Calibration of 5TE moisture sensors

Fig. 2A shows specific calibration results for
5TE moisture sensors, of which relationship between
volumetric water content and output voltage was
expressed in a linear regression with R* of 0.90, The
calibrated equation (Eqn. (7)) was reliable within
range of 005 — 050 em’ cm” volumetric vtejljcr
content, and was overestimated the default equation
proposed by Decadon Devices Inc., and also the
general calibration results of the previous dielectric
constant-based moisture sensors such as TDR
proposed by Topp et al. (1980) and Whalley (1993).
The former was about 5 — 8 % higher in its calculated
data compared to the latters. Furthermore, fitting the
data against the gravimetric volumetric water content
(Fig. 2B) shows that the calculated data agreed well
with the measured ones with high accuracy (R
0 .88) or low error and (RSME = 0.04 cm® ¢m™). This
was similar with the results of the specific calibration
for several upland field soils, namely andosol,
alluvial, and regosol reported by Wijaya et al. (2003,
2004) and Wijaya and Kuncoro (2008). The whole
results above reveals that the specific calibration can
be more reliable and applicable, as compared to the
default or general ones, to use for the measurement of
501l physical properties.

0 = 0.0468 + 0.000648v (7N
where, #: calculated or predicted V()lulrl‘elric‘welter
content by specific calibrated eqution (cm’ (:l*(q‘)). and
v: output voltage of STE moisture sensors read by
EMS50 data logger (mV).




PAWEES 2012 International Conference

27-29 November 2012, Thailand

Challenges of Water & Environmental Management in Monsoon Asia

3.2. Spatio-temporal change in soil water content,
EC, and temperature

The distribution pattern of water content in
lettuce growing soil profile with various mulches
coverage at 0-10 and 10-20 cm depth in response to
rainfall and irrigation during 20 — 46 days after
transplanting (DAT) is presented in Fig. 3A. In
general, the water content change was sensitively
depended on rainfall or irrigation rate, due to the basic
characteristics of loamy-sandy soil having high total
macro-pore inside (Yang et al., 2004; Yamanaka,
1999). The maximum soil water content with CM was
higher (0290 - 0.333 ¢cm’ ¢cm™) than that with PM
(0.297 — 317 cm” em™) and C (0267 cm™ cm™). The
higher capability of CM over others in intercepting
and then distributing rainfall and irrigation water
downward, as well as in preventing upward water loss
through evaporation (Tolk et al., 1999) might
corroborate above results.

Fig. 3B shows the distribution pattern of EC in
the lettuce growing soil profile with various mulches
coverage at 0-10 and 10-20 cm depth during 20 — 46
DAT. Change in the soil EC, mainly for the cotton
mulch (CM) plot, strongly corresponded with rainfall
or irrigation rate, in which it reached a maximum
value of 0.30 dS m™ when total water supply was in
highest rate, i.e., 32.1 mm d' Higher decomposed-
granite content in Masado reflecting higher plasticity
or cation exchange capacity (CEC) than common
sandy soils (Nishikawa, 1991) might affect such
condition. In fact, the plasticity or CEC of a soil
generally increases with increasing its water content
(and wvice wersa), since water might act as an
electrolyte medium conducting mineral ions to move
easily through soil pore (Rhoades et al., 1989;
Rhoades and Corwin, 1981). Furthermore,
Kachanoski et al. (1988) and Hartsock et al. (2000)
reported that when clay is low, as it occurs in loamy-
sandy soil, its water content has a greater effect on
EC. Accordingly, the higher EC value in CM soil, as
compared to that in PM and C soil, was because of its
better capability in transmitting the incoming water as
well as maintaining or holding the underlined soil
water.

Unlike EC that had positive correlation with
rainfall or irrigation rate, soil temperature inversely
corresponded to both parameters, in which it was
decreased with increasing water supply rate and soil
water content (Fig. 4A). This was due to high capacity
of water in conducting and then transmitting a heat
from soil after rainfall or imrigation added to
surrounding profile, hence reduced its temperature.

Specifically, the soil temperature change in CM plot
within both depth was lowest, and consecutively
followed by PM and C plot. Lower capacity of PM, as
compared to CM, to transmit a heat from soil to
atmosphere might be a reason for such condition
(Anikwe, 2007; Tarara and Ham, 1999). On other
hand, C plot or bare soil could transmit a heat from
soil to atmosphere as effective as CM, but it also
absorbed a heat directly from solar radiation, resulting
in its highest soil temperature. An effective soil
temperature reducing by CM, mainly in hot-summer
condition, allowed crop to be healthy grown, since
leaf and root of the crop are sensitive to hot
temperature (Ueno et al., 2008; Ueno, 2010).
Moreover, change in microclimate parameters such as
aerial temperature and relative humidity were also
related to rainfall rate (Fig. 4B), and in turn might
correspond to heat or water vapor rate released from
lettuce growing soil (Diaz-Perez, 2007).

3.3. Water flow pattern within Lettuce growing soil
profile

Unsaturated hydraulic conductivity (K,,) is an
essential parameter to understand, mainly in upland
agricultures and forests, since it represents the
dynamic of water in its soil profile (Chen et al., 2009;
Shinomiya et al., 2001). Having knowledge of K, will
help us in quantifying water and nutrient budget
within certain cropping field including lettuce, which
is useful to determine an appropriate irrigation
scheduling (Leenhardt et al., 1998: Andreu et al.,
1997) as well as a suitable dosage of fertilization
(Wang et al., 2008; Jackson et al., 1994). In this study,
K,, was predicted by employing evaporation inverse
analysis (i.e., van Genuchten model in Hydrus-1D)
based on the observed volumetric water content of the
lettuce growing soils, especially after heavy rainfall
and irrigation during 30 — 46 DAT (Fig. 3A). As a
result, the volumetric water contents of the soils at 10
and 20 c¢m depth was fitted well with R* values of
0982 — 0996 (Fig. 5A and Table 2), and it was
comparable to the results of Takeshita and Kohno
(1993), Fujimaki et al. (2004), and Yang et al. (2004).
Concerning with the 1:1 relation, there were a good
agreement between the predicted and observed
volumetric water content with R® of 0.996 and RMSE
0f0.0028 ¢’ cm™ (Fig. 5B). This suggests that such
fitted parameters is acceptable for predicting the water
characteristics and hydraulic conductivity as well as
modeling water flow in the lettuce cropping soils
under different mulch coverage.
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Table 2. Fitted hydraulic parameters of the lettuce cropping soils with cotton, plastic, and zero mulches coverage
at 10 and 20 ¢m depth

Cotton mulch (CM) Plastic mulch (PM) Zero mulch (C) vG model”
Parameters 10-cm 20-em 10-cm 20-cm 10-cm (Masa or Loamy-
sandy soil)
o, 0.138 0.144 0.032 0.0000111 0.00813 0.028 — 0,060
o, 0.298 0.344 0.308 0.317 0.267 0.314-0.350
@ 0.116 0.272 0.106 0.094 0.0819 0.079 - 0.940
n 1.335 1.98 1.226 1.140 1.34 1.148 - 1.611
K, 27.49 979 707 1.19 5.92 -
! 0.5 0.5 0.5 05 0.5 -
R 0991 0.982 0.961 0.985 0.996 0.690 - 0.820
SSQ** 00000716 | 0000332 | 0000461 0.000209 0.0000666 -

¥ Takeshita and Kohno (1993); Fujimaki et al. (2004); Yang et al. (2004)
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with various mulches coverage throughout a cultivation period.

Regarding soil water characteristics curve of each
cropping plot (Fig. 6A, B), it was found that CM plot,
mainly at 10 ¢cm depth, had highest soil water holding
capacity, followed by PM and C, while at 20 cm depth
it was relatively similar to others. This was related to
the results shown in Fig. 3A, of which CM plot was
more effective in transmitting as well as maintaining
rainfall and irrigation water input than PM and C plot.
Moreover, since CM is biodegradable, it also might
improve the underlined soil physical conditions such
as bulk density, porosity, and hydraulic conductivity,
and also the soil organic matters, especially during the
middle to the end of cultivation period (Fig. 7C).
Accordingly, the hydraulic conductivity of CM soils
at 10 and 20 cm depth were significantly higher
compared to that of PM and C soil, in which at field
capacity they were ranged between 3.1 — 44, 0.18 -
0.21, and 036 cm d*, respectively (Fig. 6B). This
reveals that the water flow rate within CM soil profile
was either temporary (Fig. 7A) or spatially (Fig. 7B)
higher than other mulches covered soils.

3 4. Soil water balance

Fig. 8 shows the water balance in the lettuce
growing plot under various mulches coverage within
10 and 20 cm depth during 20 — 46 DAT. The soil
water storage in most plots observed was temporary
fluctuated, dependent upon the rate of water input.
Specifically, CM plot had larger fluctuation in (-14.3
to 23.8 mm) as well as higher cumulative amount of
the soil water storage (7.3 mm), mainly during rainfall
or irrigation, than PM (fluctuation: -5.4 to 14.7 mm;
cumulative: 5.9 mm) and C plot (fluctuation: -48 to
132 mm; cumulative: -3.0 mm) (Fig 8A, B, C). As
compared to PM plot, the ET of CM plot was higher
during the initial 20 — 29 DAT, but lower during the
last 30 — 46 DAT, while that of C plot was lowest
among those three plots and throughout the
cultivation period (Fig. 8B). Accordingly, the
cumulative ET of CM plot (43.42 mm) was as higher
as that of PM plot (43.17 mm), but significantly
higher than that of C plot (34.27 mm) (Fig. 8C). In
addition, by assuming surface runoff (R,) was zero
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due to typically high infiltration rate of sandy soil, it
was found that soil water loss by percolation tended to
be higher in C plot (16.47 mm within 10 ¢m depth or
5.15 mm within 0-20 c¢m depth) than that in CM and
PM plot, of which the value was -3.04 mm -1.43 mm,
respectively (negative indicated the upward or
capillary movement of the soil water) (Fig. 8C).

The above results suggest that the cotton
mulch is sufficiently effective in maintaining the
underlined soil water that is available to crop. It not
only can transmit, and then redistribute the water
input from rainfall or irrigation within soil profile, but
also can prevent the upward water loss by either
evaporation or deeper downward water movement by
percolation. Such condition may in turn keep the soil
temperature in suitable condition for crop growth
(Ueno, 2010; Ueno et al., 2008). Furthermore, the
cotton mulch is easily biodegraded in soil, which
contributes to a significant improvement of soil
physical properties and organic matter (Moreno and
Moreno, 2008), hence soil water holding capacity.
Although the plastic mulch is almost as effective as
the cotton mulch in supporting ET and preventing soil
loss by percolation (Zhou at al., 200), it has negative
impact on reducing soil water storage, due to its lower
transmissible to water input. This plot then may result
in higher temperature within its soil profile compared
to the cotton plot. In contrast, the zero mulch may
allow more water to infiltrate and percolate into the
deeper profile, thus reduces its soil water holding
capacity as well as ET.

Information on the water balance, like as
shown in Fig. 8, is essentially required to support a
better water management in a crop cultivation,
including irrigation scheduling and fertilizer
application to enhance good yield of the crop
(Sangare et al., 2012, Pathak et al., 2003). The water
balance represents the dynamic movement of water
within a crop and its suwrrounding environment over a
cultivation period, in which the effective water uptake
by a crop can be determined based on its WUE (water
used efficiency) coefficient. The WUE coefficient is
calculated by comparing the total aboveground dry
matter yield to the cumulative ET value (Mastrorilli et
al., 1995). In this study, it was expected that the CM
plot might have WUE higher than PM plot, since the
former had higher fresh and dry matter compared to
the latter, even though both ET values were relatively
similar. The high yield of lettuce crop in CM plot was
affected by the typical characteristic of the cotton
mulch, which was transmissible to water from rainfall
or irrigation to produce an appropriate soil water
availability and temperature for crop growth.
Furthermore, it also was easily biodegraded to
enhance organic matters and nutrients accumulated in
both the sheet and underlined soil, and to suppress
weeds in the field up to about 89%, mainly in hot-
summer condition (Ueno, 2010).

4. Conclusions

Water distribution as well as flow in the lettuce
field soil under various mulches application such as
cotton mulch, plastic mulch, and zero mulch was
characterized and modeled with help of STE sensor
specific calibration and Hydrus-1D analysis. The field
with cotton mulch coverage had higher soil water
content as well as water holding capacity compared to
that with plastic and zero mulch, resulted in its higher
soil water and nutrients availability and lower soil
temperature than others. The application of the cotton
mulch into the lettuce field, mainly in hot-summer
condition might contribute to high yield as well as
water use efficiency (WUE) of the crop, which was
corresponded to its capability in maintaining water
and nutrient availability, good temperature condition,
and also in suppressing weeds, which is never seen in
other mulches.
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