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» Welcome Message

The 4™ IWA-ASPIRE Conference & Exhibition will take place in Tokyo, the capital of Japan, for five
days from October 2 to 6, 2011.

The 21t century is called “the age of water.”
creating suitable water environment have become urgent issues worldwide. The Asia-Pacific region,
also, needs to maintain and develop its sound water supply and recycling systems with the increasing
population and the accelerating urbanization.

Securing safe and sufficient water supplies and

Under these circumstances, the main theme of the 4" [WA-ASPIRE Conference has been set as
“Toward Sustainable Water Supply and Recycling Systems.” We believe that this conference will
provide great occasions for experts in all water-related sectors including governments, academics,
utilities and industries to gather together for making beneficial presentations and discussions in
various fields in a timely manner and actively communicating with the various parties concerned.
There will be session meetings, poster sessions, and workshops. Moreover, social events to allow the
participants to exchange information in a relaxed atmosphere.

The Exhibition to be held at the same venue will present the latest technologies, products and
services in a variety of areas, offering excellent opportunities for business exchanges.

We very much look forward to your participation in the 4™ IWA-ASPIRE Conference & Exhibition.

[Co-chairs of the Organizing Committee]

Professor Shinichiro Ohgaki Dr. Masaru Ozaki Mr. Yoshihiko Misono
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» Call for Papers

O Key Dates

Abstract Submission Open
Early October, 2010

Abstract Submission Deadline
January 31, 2011

March 31, 2011 Authors notified of acceptance

June 15, 2011
June 30, 2011

Full paper submission deadline
Early bird registration deadline

O Abstract Submission Information

English

@ Maximum Number of Words

500 words or less

® Points to Note in Preparing Abstract

Abstracts are to be text only — no tables, diagrams,
photographs, etc.

@ Conference Topics

Please select the field from below, and

submit the abstract according to the chosen field.
(1) New Vision, Governance and Regulation

(2) Environmental Issues and Sustainability

(3) Environmental Sanitation and Health Related Issues
(4) Risk Management

(5) Finance and Efficient Management

(8) Education, Training and Capacity Building

@)
(8)

Customer Service / Communication

Improvement of Revenue Water Ratio
(Non Revenue Water Reduction, Leakage Prevention)

Maintenance and Renewal of Facilities
10 Instrumentation and Operation

(1) Water Quality Management

(12 Drinking Water Treatment

(13 Water Distribution and Supply Systems
(14 Wastewater Treatment

(9)
(0

(15 Sewage and Industrial Wastewater Collection,
Treatment and Management

(1) Small Scale Treatment Systems

(17 Water Reuse, Rainwater Harvesting

(19 Water Quality Monitoring and Modeling

(19 Water Resource Management and Protection
(0 Watershed Management and Eutrophication
@1 Wetland Systems

@) Sludge Management and Resources Recovery

® Abstract Submission Deadline

January 31, 2011

® Abstract Submission Guidelines

eAbstracts are to be submitted online. Please follow the
submission guidelines on the website-

http://www.aspire2011.org/abst.html

e Abstracts can be submitted as “oral” or “poster”.
Please note abstracts submitted as “oral” may get accepted
as poster after peer review;Oral and poster presentations
will be regarded equal status.

eNon-members of IWA may be welcomed to submit abstracts.
eYou may submit more than one abstract.
eYou may amend or withdraw abstracts online until the
submission deadline.
eObtain consent from co-authors prior to submission.
e The official language of the conference is English.
No simultaneous interpretation service will be available.

O Presentation Selection

e Abstracts will be selected based on logicality, originality, novelty
and benefit, etc.

ePapers for the purpose of advertising products will not be
accepted.

e The decision on acceptance or non-acceptance will be made by
the 4" IWA-ASPIRE Program Committee.

O Events Following Abstract Submission

e\When contributors are notified of their tentative selection into
the program, they will be notified of the type of presentation they
will be invited to give (i.e.“oral” or “poster”).

eFor an oral presentation, please submit a full paper (eight A4
pages or shorter including all references, tables and figures) on
or before the deadline (June 15, 2011).

eFor a poster presentation, submission of a full paper is optional.
Please submit a full paper, however, if the presenter wishes to
publish the paper in IWA journals, etc.

eAll the full papers accepted will be published on proceedings to
all delegates who attend the conference other than the
collection of abstracts.

O OQutstanding Papers

Selected oral and poster papers, will be published in the following
media after peer review:
o|WA journals
*Water Science and Technology
*Water Science and Technology :Water Supply
*Water Practice and Technology, etc.
e “Journal of Water and Environment Technology,”
electronic journal in English of the Japan Society on Water
Environment

oA student competition will be organized for the Best Student Awards.
oA poster competition will be organized for the Best Poster Awards.

-

~
l For Call for Papers Information

The 4t IWA-ASPIRE Call for Papers Desk
c/0 Japan Convention Services, Inc.

TEL : +81 3 3500 5935 (Mon.-Fri.7/9:30-17:30 JST)
FAX:+81 3 5283 5952

E-mail : abstract@aspire2011.org
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0 Organizing committee

"'* " Co-chairs - Shinichiro Ohgaki

National Institute for Environmental Studies

Bureau of Waterworks, Tokyo Metropolitan Government
Japan Water Works Association

Ministry of Health, Labour and Welfare

Ministry of Land, Infrastructure, Transport and Tourism
Ministry of Land, Infrastructure, Transport and Tourism
Ministry of the Environment

Bureau of Sewerage, Tokyo Metropolitan Government
The University of Tokyo

Japan Sewage Works Association

Japan Water Research Center

Federation of Japan Water Industries. Inc.

Japan Sewage Treatment Plant Constructors Association
Japan Institute of Wastewater Engineering Technology

"Tom MoIIenkopf (Australla)

- Ek Sonn Chan (Cambodia) .

*" Michael Storey (Australia)

Program Commlttee

Chalrman Kelsuke Hanak| The University of Tokyo

Internatlonal Advisory Committee [tentative]

‘Guang-Hao Chen(Hong Kong, China) Romeo P. Calara (Philippines)

H. Syaiful (Indonesia) Say-Leong Ong(Singapore)

Zuwhan Yun (Korea) Chan Yoon Kum (Singapore)
Doa'Young Cheong (Korea) Chettiyappan Visvanathan (Thailand)

Jurg Keller (Australia)

Yi Qian(China) * ... -

Jiuhui Qu(China). Felix Xiaojun Fan(Macao, China) Vu Kim Quyen (Vietnam)

Shang-Lien Lo(C-'hineseJ Taiwan) Ahmad Zahdi Jamil (Malaysia) Yoshihiko Misono (Japan)

Tsung-Shen Liao (Chinese Taiwan) Mohd Azraai Kassim (Malaysia) Yoshimasa Watanabe (Japan)
/'L T MA(Hong Kong, China) *  Andy Shilton(New Zealand)

International Program Committee [tentative]

Goen Hao (Australia) Chongrak Polprasert (Thailand)
Thammarat Koottatep (Thailand)
Viet Anh Nguyen (Vietnam)
Yasumoto Magara (Japan)
Hiroshi Tsuno (Japan)

Mitsumasa Okada (Japan)
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Herbert H. P.. Fang (Hong Kong, China) Ryan Yuen(Singapore)

Darryl Day (Australia)

I Contact Details

The 4t IWA-ASPIRE Organizing Committee Secretariat
c/o0 Japan Convention Services, Inc.

Daido-Seimei Kasumigaseki Bldg.18F

1-4-2 Kasumigaseki Chiyoda-Ku Tokyo 100-0013 Japan

TEL: +81 3 3508 1246 FAX: +81 3 3508 0820

E-mail : inquire@aspire2011.org Website : www.aspire2011.org
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I Oral Presentation Program

13:30 - Monday October 3

Membrane (1)

13:30 - 15:00 Monday October 3
12-1: Drinking Water Treatment Room : Hall B5 (1)

Satoshi Takizawa (The University of Tokyo, Japan)

el Masaru Oneda (Tokyo Metropolitan Waterworks Bureau, Japan)
Time Session Code | Title/Authors

Comparison between Pre-treatment Methods in Water Purification Process Using NF-membrane
13:30-13:45 12-1-1 Kazuhiro Ehara

Tokyo Metropolitan Waterworks Bureau, Japan

Effect of Mixing-enhanced Preoxidation on Fouling Mitigation of Microfiltration in Groundwater Treatment
13:45-14:00 12-1-2 Jr-Lin Lin, Chih-Pin Huang, Yao-Shian Wang

National Chiao-Tung University, Taiwan

Performance of Hybrid MF Membrane Systems Using Polytetrafluoroethylene(PTFE) and Ceramic

D A (¥ (S S 0 0 W
14:00-14:15 12-1-3 lkuma Hayakawa', Hiroyuki Nishimura', Masayuki Hara', Yoshimitsu Komatsu', lwao Tsuda’, Masami

Oya

'Osaka Municipal Water Bureau, Japan, “Hanshin Water Supply Authority, Japan

High Concentration PAC-MF System for Drinking Water Treatment at Low Temperature
14:15-14:30 12-1-4 Cong Ma, Shuli Yu

Harbin Institute of Technology, China,

A Study on the Effect of Feed Water Quality and Pretreatment on NF Membrane Fouling
14:30-14:45 12-1=8 Chun-Hsi Lai, Yu-Heng Chen, Hsuan-Hsien Yeh

Cheng Kung University School of Environmental, Taiwan

Application of CFD Simulation in the Design of Microfiltration System for Potable Water Treatment
14:45-15:00 12-1-6

Heekyong Oh, Jungyeol Eom, Seounghun Kang, Heecha Yoo, Euisin Lee
DAEWOO Institute of Construction Technology, Korea

13:30 - 14:45 Monday October 3
14-1: Wastewater Treatment
Membrane Process

Room : Hall B5 (2)

Co-chairs

Taro Urase (Tokyo University of Technology, Japan)
Masaki Takaoka (Kyoto University, Japan)

Time

Session Code

Title/Authors

13:30-13:45

14-1-1

Development of Water Reclamation System from Treated Wastewater Using Ceramic Membranes

Shinya Saito', Motoharu Noguchi?, Michiko Aoki', Hideki Kozono'
'Bureau of Sewerage Tokyo Metropolitan Government, Japan, Metawater Co. LTD., Japan

13:45-14:00

14-1-2

Fouling of a Reverse Osmosis Membrane by Three Types of Surfactants

Naoyuki Kishimoto, Honami Kimura
Ryukoku University, Japan

14:00-14:15

14=1=3

Preliminary Experiment of Combined Sewer Treatment by Ceramic Membrane

Masaaki Hinoue', Yuji Furuya’, Norihide Nakada', Naoyuki Yamashita', Hiroaki Tanaka'
'Kyoto University, Japan, "METAWATER Co., Ltd., Japan

14:15-14:30

14-1-4

Preparation of Single-walled Carbon Nanotubes/PVC Membrane and Its Antibacterial Property

Fangbo Zhao', Feng Qiu', Xiaohui Zhang’, Han-Shin Kim?®, Shuili Yu‘, Hee-Deung Park’, Satoshi Takizawa®
"Harbin Engineering University, China, “No 4 Hospital of Harbin Medical University, China, *Korea

University, Korea, “Tongji University, China, *University of Tokyo, Japan

14:30-14:45

14-1=5

Separation of Qil/Water Emulsion Using Nano-particlesTiO,/Al,0;PVDF UF Membranes and Evaluation
of Fouling Mechanism

Xuesong Yi', Shuili Yu?, Wenxin Shi', Yong Wang', Nan Sun’, Shuo Wang', Limei Jin', Cong Ma'
"Harbin Institute of Technology, China, “Tongji University, China
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9:00 - 10:30 Wednesday October 5
2-6: Environmental Issues and Sustainability

Environmental Water (2)

Room : G408

Yosuke Matsumiya (Japan Sewage Works Association, Japan)

Co-chairs | \j3sahiko Sekine (Yamaguchi University, Japan)
Time Session Code | Title/Authors
Performance of Gracilaria Edulis Growth in Brackish Shrimp Pond Water Using Tank Culture System.
9:00-9:15 2-6-1 Lavania Baloo, Mohd Fadhil Md Din, Shamila Azman, Akira Kikuchi, Haryati Jamaludin
University of Technology Malaysia, Malaysia
iz zaiion o bizreliel Benmint; Leclerineifio) FC eezs. niln e Presemee iftal o 8
9:15-9:30 2-6-2 Chunfang Zhang, Lizhen Ye, Zhiling Li, Daisuke Suzuki, Toyoko Demachi, Arata Katayama
Nagoya University, Japan
Benthic Remediation by Oxygenation of the Mixed Effluent from the Desalination Plant and the Sewage
9:30-9:45 2-6-3 'T—'r—e'a't—mgn_—tr—l—?l—qm—'—'—;——'—'—'—'—; —————————————————————————— s YTV NI
Koreyoshi Yamasaki, Ryouich Watanabe, Hiroki lyooka, Tomoko Minagawa
Fukuoka University, Japan
Identification of Water and Nutrient Dynamics in Sweet Sorghum Plantation under Different Fertilizing
BT 244 | Scenarios toSupport Better Agro-ecological Management
) ’ Krissandi Wijaya, Tasuku Kato, Koushi Yoshida, Keigo Noda, Hisao Kuroda
Ibaraki University, Japan
STl goge | - eI ey © e reclerize Do of Lol Pefarn SRRERNGIEREET o ol
10:00-10:15 2-6-5 Kazi Akter', Md. Rahman®
'University of Tokyo, Japan, “Bangladesh University of Engineering and Technology, Bangladesh
Microsensor Meas R ts of 5o e [ LaC anrd arinEs Sl
10:15-10:30 2-6-6 Lashitha Rathnayake', Hisashi Satoh', Shigeru Montani', Hideaki Maki’, Masahiro Thakahashi', Satoshi

Okabe'
"Hokkaido University, Japan, “National Institute for Environmental Studies, Japan

9:00 - 10:30 Wednesday October 5
14-17: Wastewater Treatment
Monitoring and Modeling of Wastewater Treatment Processes

Room : G410

Hiroki ltokawa (Japan Sewage Works Agency, Japan)

Cereils Guanghao Chen (The Hong Kong University of Sciences and Techreology, Hong Kong)
Time Session Code | Title/Authors

Performance Evaluation of Wastewater Treatment Facilities by the Use of Activated Sludge Model (ASM]
09:00-09:15 14-17-1 Takao Araki, Kaoru Kariya, Naofumi Furuyashiki, Kiyoshi Mizufune

Tokyo Engineering Consultants, Japan

A Kinetic Expression for the Growth and Decay of Nitrite Oxidising Bacteria
09:15-09:30 14-17-2 | Bing Liu', Daisuke Naka', lan Jarvis', Rajeev Goel’, Hidenari Yasui'

'The University of Kitakyushu, Japan, Hydromantis Environmental Software Solutions, Inc., Canada

A et et e et T ST T e P s e e o Loz giglly itinciss W .
09:30-09:45 14-17-3 | Yuki Ishizaki', Daisuke Naka', Rajeev Goel’, Hidenari Yasui'

'"The University of Kitakyushu, Japan, "Hydromantis Environmental Software Solutions, Inc., Canada

[ee T e e e = - DEME R = '
09:45-10:00 14-17-4 | Magnus So', Daisuke Naka', Rajeev Goel?, Hidenari Yasui'

'The University of Kitakyushu, Japan, Hydromantis Environmental Software Solutions, Inc., Canada

Treatment Performance of Domestic Sewage in a Full-scale Oxidation Ditch with Dual DO Control

e A R = SR A/, F )
10:00-10:15 14-17-5 Pkﬁ Ii_ujiwaraw, Xiaogiang Chen?, Kazuo Nakamachi®, Toshikazu Hashimoto*, Yukio Kawaguchi’, Hiroshi

suno

"Kochi University, Japan, “EhimeUniversity, Japan, *Maezawa Industries, Inc, Japan, “‘Japan Sewage

Works Agency, Japan, *Kyoto University, Japan

Feed forward Air Volume Control System for GHG Reduction in Wastewater Treatment -Development of
10:15-10:30 | 14-17-¢ | NewAir Yolume Control System by Monitoring Electric Conductivity as an Indicator of Water Quality-

Mayuko Takahashi, Kazuki Furusawa
Bureau of Sewerage, Tokyo Metropolitan Government, Japan

59
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11:00 - 12:30 Wednesday October 5
2-8: Environmental Issues and Sustainability Room : G408
Others
Co-chairs | Krissandi Wijaya (Ibaraki University, Japan)
Liew Wai Loan (Universiti Teknologi Malaysia, Malaysia)
Time Session Code | Title/Authors
Water Supply Business Alongside Environmental Challenges
11:00-11:15 2-8-1 Tetsuya Murakami
Yokohama Waterworks Bureau, Japan
“Win-Win Approach” in New Cooperation between Water Wholesaler and Retailer
11:15-11:30 2-8-2 Akihiro Miyagawa, Masuhiro Hamamoto, Shinji Ito
Hiroshima City Waterworks Bureau, Japan
Ergreiagscesmant o ol e VELTRERER e et |
11:30-11:45 2-8-3 Nishimura Shunsuke, Masashi Ogoshi, Ayako Miyamoto
National Institute for Land and Infrastracture Management, Japan
Analysis of Climate Change and Its Effect on the Tokyo Waterworks .
11:45-12:00 2-8-4 Yoichi Yamamoto, Norio Arai, Kenta Furukawa, Chihiro Takamatsu
Tokyo Metropolitan Waterworks Bureau, Japan
Evaluation of the Earth Plan 2004 and Action in the Future
12:00-12:15 2-8-5 Toshifumi Sasaki, Masaki Ishiguro
Bureau of Sewerage, Tokyo Metropolitan Government, Japan
Pollutant Discharge Reductions with the "Soft Interventions” in Households and Natural Purification
R N, o .  |Effectsinthe RiverBESSEEE N s v S

Yoshiaki Tsuzuki', Yoneda Minoru®
'Shimane University, Japan, *Kyoto University, Japan

11:00 - 12:15 Wednesday October 5
14-20: Wastewater Treatment
Enhanced Biological Phosphorus Removal

Room : G410

Toshiaki Saito (Nihon University, Japan)

Co-chairs | Aisuko Michinaka (National Cheng Kung University, Taiwan)
Time Session Code | Title/Authors
Selectedinte raellon= ekt SUll = UEEEN ciEN RN Sl B ) cEle Rsghior us Refoval
11:00-11:15 14-20-1 | Stanislaw Rybicki, M. Cimochowicz-Rybicka
Cracow University of Technology, Poland
The Least 5quares Method for the Titrimetric Determination of the Concentrationof VFAs | |\~
11:15-11:30 14-20-2 | Soo Koon Lee, Hak Koon Yeoh, Adeline Seak May Chua, Gek Cheng Ngoh
University of Malaya, Malaysia
The Comparative CharacterizationondPAOinSBR
11:30-11:45 14-20-3 Hansaem Lee, Yun Zuwhan
Korea University, Korea
Effects of High Phosphorus Loading on Enhanced Biological Phosphorus Removal Process under
Shorter SRT
11:45-12:00 (- . e i S I s~ I e o i
Chih-Hsun Hsu, Wei-Chin Chang, Jian-Jyun Chen, Jhong-Syun Wu
National Yunlin University of Science and Technology, Taiwan
Influence of External Carbon Source and Behavior of Cation for Phosphorus Removal Efficiency
S0 . c MR e WEUDERUBREENRIEN - TToCE SO e (5 (N S " )

Kyung-Sok Min, Yoon-Mi Choi, Koo-Ho Kwon, Si-Won Kim, Tae-Woo Lee, Si-yeol Bae
Kyungpook National University, Korea
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Identification of Water and Nutrient Dynamics in Sweet
Sorghum Plantation under Different Fertilizing Scenarios to
Support Better Agro-ecological Management

K. Wijaya*, T. Kato*, K. Yoshida*, K. Noda* and H. Kuroda*

* Department of Regional and Environmental Science, College of Agriculture, Ibaraki University, 3-21-1 Chuo,
Ami, Inashiki, Ibaraki 300-0093 Japan

(E-mail: kwijaya77@yahoo.com; tkato@mx.ibaraki.ac.jp; ayoshid@mx.ibaraki.ac.jp;anod@mx.ibaraki.ac.jp;
kuroda@mx.ibaraki.ac.jp)

Abstract

Materials budget in the sweet sorghum plots with various fertilizations has been quantified to
confirm the effectiveness of the crop in reducing excessive nutrient loads and producing biofuel.
Through the experiment on the three replicated plots (18 m®) of the KCS-105 cultivar with
digested-sludge- (SF), chemical- (CF), and no-fertilizer (NF) each, in which the SF dosage was
equalized to the CF one (120 kgN ha™; 107 kgP ha™; 120 kgK ha™), at the FS Centre of Ibaraki
University, Japan from July to Dec. 2010, we found that materials balance at each compartments,
except soil and percolation zone, were not significantly different among the treatments. In average,
40 and 38% of the total water, 23 and 75% of the total N, and 3 and 97% of the total P input were
respectively uptaken by the crop and percolated, and only 22% (water) and 0.1-2.3% (nutrients)
were leached by the runoff. The high percolated nutrients attributed to the rainstorms during Sep.-
Oct. (10-40 mm h™") involving the soil with high total porosity (70%) and saturated hydraulic
conductivity (18.8 mm h™"). Although the brix were similar among the treatments, the peak crop
height and coverage at the SF plot were 5-30% higher than others.

Keywords
Sweet sorghum; water and nutrients balance; crop uptake; organic sludge fertilizer, agro-
ecological management

INTRODUCTION

Excessive nitrogen and phosphorous induced by agricultural activates over aquatic environment has
been of major concern among researchers as well as stake holders to be identified and remedied for
sustainable ecosystem since both are the most potential eutrophication sources. It arises mainly
from their exaggerated fertilisation on soils susceptible to leaching through the extreme surface and
sub-surface flow mainly during rainstorm events that might be essentially affected by certain land
uses such as type of tillage and cover crops (Yang et al., 2009). The negative implication may also
contribute to rising nitrogen dioxide emission, one of the hazardable greenhouse gasses, to the
atmosphere causing climate change and global warming (Jungkunst, et al., 2006), in which the
impact is about three hundred times higher than carbon dioxide.

Sweet sorghum becomes worldly popular as an alternative energy crop producing high sugar
content for biofuel (Curt et al., 1995). The crop has also good characteristics in wide adaptability,
drought resistance, water logging tolerance, saline resistance, and high yield of biomass for feeds,
so that it can be cultivated, as rotation crop for sugar cane in some tropical countries, at non-
irrigable and dry land where the others are less resistance into drought (Habyarimana et al., 2004;
Farre and Faci, 2006). Furthermore, Yoshida et al. (2010) reported that the crop is effective in up-
taking water and nitrogen respectively up to 60 and 80% depending on the seeding and fertilisation
time. This provides basic information for further studies as well as practical efforts in developing
appropriate bioremediation technology to minimize the excessive nutrients, mainly nitrogen and
phosphorus, contamination on ecological environment within wider and complex system.

The objective of this study was to quantify water, nitrogen, and phosphorus budget at the sweet
sorghum cropping plots under various fertilizer treatments including digested-sludge, chemical, and


mailto:kwijaya77@yahoo.com
mailto:tkato@mx.ibaraki.ac.jp
mailto:ayoshid@mx.ibaraki.ac.jp;anod@mx.ibaraki.ac.jp
mailto:kuroda@mx.ibaraki.ac.jp

no-fertilizer. The study complements and confirms the previous Yoshida et al. (2010) findings, of
which the research was performed with the single type of fertilizer applied.

MATERIALS AND METHODS

Experimental site and field monitoring

A number of the water and nutrient balance-related parameters including soil water content,
groundwater level, surface runoff volume, meteorological and phenological characteristics were
monitored at the sweet sorghum cropping plot of the FS Centre of Ibaraki University, Japan (a clay
loam Humic Allophane soil/Haludands, Haplic Andosolos; Table 1) during a cultivation period
from July to December 2010. Following the soil tillage with approximately 25 cm in depth, three
replicated sub-plots (numbered from the left as P1-P3, P4-P6, and P7-P9; 18 m? in large each) with
three fertilizer treatments such as digested-sludge- (SF), chemical- (CF), and no-fertilizer (SF) were
prepared (Figure 1). The dosage of the SF was equalized to that of the CF, i.e., 120 kgN ha™, 107
kgP ha, and and 120 kgK ha™. The KCS105 cultivar of the sweet sorghum (SS) crop was sowed at
the plots with 0.8 m x 0.15 m in interval. Each plot was bordered by the acrylic sheets to avoid
overland flow from surroundings, and the three southern sub-plots (i.e., P1, P2, and P3) were
equipped with outlet pipes and runoff collectors.

Centred
plots

9 Metearological dafa Jogger|| ||

EmB0 data logger /rm Bl
<1
== /|
— U-oun
Note: Measured parameter and time
= Compartment Parameter measured Time
i Weather/ Atm. pressure, rainfall, Every hour
w— i 1) atmosphere temperature/RH, wind
cm : speed & solar radiation
A Crop Height, coverage, fresh/ Every week;
dry weight & brix; TN & Every month
— 2027 H TP
n Runoff Volume/flow rate, TN & Every rainfall
: TP event
Soil profile Water content (by Every hour;
Groundwater depth sensors); TN & TP (by Every month
dara core sampling)
- Groundwater Water level (by sensors); Every hour;
TN and TP (by water Every week
sampling)

Figure 1. Schematic diagram of the field data collection at the sweet sorghum plot



Table 1. Soil physical properties of the Filed Science Centre, Ibaraki University, Japan

Parameters Unit Value
Texture (sand : silt : clay) gg’ 0.51:0.31:0.18
(Humic Allophane/Haplic Andosolos)
Bulk density gem® 0.74
Total density gem® 2.45
Total porosity % 70
Organic matter % 16
Saturated hydraulic conductivity mm d’ 451

Soil water content at the three centred plots (i.e., P4, P5, and P6) and control point with 5, 15, and
25 cm in depth was measured and monitored by the moisture sensors (P4 and P5: Decagon’s
ECH,0-10 sensors and HOBO data logger; P6 and control: Decagon’s 5TE sensors with Em50
data logger). Groundwater levels of the plots were monitored by HOBO’s water logger, while the
surface runoff flows were measured at every rainfall events by the collectors. The meteorological
parameters including atmospheric pressure, rainfall, temperature, relative humidity, wind speed, and
solar radiation were monitored by HOBO’s weather station. Furthermore, total nitrogen (TN) and
phosphorus (TP) are sampled from all compartments monitored such as crop, surface runoff, soil
profile, and groundwater (parameters and its sampling schedule are tabulated in the Note of Figure
1). The samples were then analyzed in laboratory respectively by the Automatic Total Nitrogen
Analyzer (TN-308P), Yanako and the U-2800 Spectrophotometer, Hitachi.

Water and nutrients budget calculation

Water budget was determined by quantifying the incoming and outgoing water flux into soil profile
or crop root zone over certain period of time. Rainfall (P) and irrigation (/) add water to the root
zone, and part of them might be lost by runoff (R) and deep percolation (Pc) toward groundwater.
The water in the root zone might be also depleted to the atmosphere by evapotranspiration (ET).
Thus, the change in water budget within soil profile (AS,) can be calculated by Equation (1).
Accordingly, the change in nutrients (i.e., nitrogen and phosphorus) load within soil profile can be
determined by Equation (2).

A8y = By + Ky — Ry — PG — BT (1)
Ap=h+h+Eh-F—-P6a—-Urmn (2)

where, P, I,, R,, Pc,, and ET,, is the added or depleted water respectively by the rainfall, irrigation,
runoff, percolation, and evapotranspiration, while P,, I,, F,, R, Pc,, and Up, is the nutrient load
respectively by the rainfall, irrigation, fertilizer application, surface runoff, percolation, and crop
uptake. The ET was determined by comparing the change in soil water content (AS,,) and the actual
evapotranspiration (E7,) by Penman-Monteith, in which if the former is superior to the latter, the
ET was equalized to the ET, instead of AS,,, and vice versa.

RESULTS AND DISCUSSION

Water budget

Although the soil water contents were insignificantly different among the treatments (i.e., 0.49-0.55
cm® cm™), their temporal changes particularly at the top layer of 0-20 cm were sensitively affected
by the rainfall (Figure 2). The high portion in the total pore space (70%) as well as the saturated
hydraulic conductivity (451 mm d') (Table 1) within the root zone might be the reason for the
sensitiveness (Miyazaki, 1996), since they might quickly enhance the water recharge into the soil
profile encouraging the sudden increase in the groundwater level up to 5-10 cm below the soil



surface particularly at the rainstorms during Sep.-Oct (Figure 3A). Accordingly, the runoff rate at
the same period was less sensitive to the rainfall compared to the formers (Figure 3B). It revealed
that both soil physical parameters has essential role in controlling the runoff as well as deep
percolation (Pagliai and Sequi, 1981; Wijaya et al., 2010).
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Figure 2. Change in soil water content at the sweet sorghum plot
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The water uptakes were similar among the treatments (Figure 3C, 4) and strongly correlated to the
soil water content (Figure 2). At the initial stage of 0-65 days after sowing (DAS), 60% of the ET
required water was supplied from the soil, and the remaining was sufficed by the irrigation. It
indicated that the water supply might be major limiting factor for the crop growth at the initial stage
(Curt et al., 1995; Farre and Faci, 2006). In overall, the water budget, of which 40%, 24%, and 36%
of 830 mm in total water input throughout cultivation period were respectively depleted by ET,
runoff and percolation, was identified (Figure 4 and its Note).
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Figure 4. Water budget at the sweet sorghum plot under three fertilizer treatments

Nutrient budget

The soil TN and TP were gradually decreased at each plot at the initial stage of 0-70 DAS, and then
remained constant at the flowering to maturity stage of 70-140 DAS (Figure 5). Specifically, the
decrease in CF was highest (59 kgN ha™'; 132 kgP ha™), followed by SF (32 kgN ha™; 112 kgP ha™)

Figure 5. Change in soil (A), runoff (B) and crop (C) nutrients at the sweet sorghum plot
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and No-F plot (24 kgN ha™; 16 kgP ha'). The losses in overall might attributed to either the
increasing crop uptake at the initial stage (23% TN; 3% TP) or particularly the extreme percolation
during the rainstorms (74% TN; 96% TP), and irrelevant to the runoff (3% TN; 0.9% TP). This
agreed respectively with van Oosterom et al. (2010) clarifying the significant nutrients uptake in the
sweet sorghum at the vegetation stage, and with (Yang et al., 2009) observing the extreme nutrients

losses during the unusual rainstorms.
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Plot Rain  Irr. Fertz. Soil Uptake  Runoff  Perc.

SF 371 029 120 -31.55 37.20 2.93 115.43
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Plot Rain  Irr. Fertz. Soil Uptake  Runoff  Perc.
SF 022 0.15 107 -111.98 7.09 0.33 213.03
CF 022 0.15 107 -132.21 10.59 0.18 232.88
No-F 022 0.15 0 -15.84 2.89 0.40 12.50

Figure 6. TN (A) and TP (B) budget at the sweet sorghum plot under three fertilizer treatments

Rainstorm

The nutrients losses induced by the runoff and other related processes, in which the rainfall intensity
at the unusual storm events is considered to be the most key factor leading to such depletion, has
been investigated (Hussein, 1996; Hollinger et al., 2001; Yang et al., 2009). According to this study,
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the rainstorm of 61.4-113 mm d™' (11-39.4 mm h™") occurred at least four times during Sep.-Oct. 2010
and enhanced the significant losses of nitrogen and phosphorus particularly by the percolation (45%
TN; 88%TP) and subsurface flow (18% TN; 83%TP) (Figure 8 and its Note). The latter was
considered as the In-Outflow of the shallow groundwater that received the water recharge from the
rainstorm percolation with the total porosity of 0.15 (assumed; Table 1). This agreed with
Kolenbrander (1981) study of which the leached nitrogen increases up to 20-25% when the water
surplus (rainfall minus ET) reaches >475 mm at soil water >60 cm. The extreme percolation and
subsurface flow losses was predominantly due to the high saturated conductivity (3.6-57.6 mm h™") as
well as the low dry bulk density (0.67-0.82 g cm™) of the soil (Figure 9) allowing the nutrients to be
easily drained from the soil and shallow groundwater mainly during the rainstorms (Yang et al. 2009).
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Figure 8. Saturated hydraulic conductivity (A) and dry bulk density (B) of the sweet sorghum soil

Growth and yield of the sweet sorghum

Among the treatments, the heights of the crop was similar at 30-35 DAS, and then increased until
its peak (80-90 DAS) at which those of the SF was respectively 6 and 30% higher than those of CF
and No-F plot (Figure 9A). The SF crop was superior in its land coverage (91.4%) compared to the
CF (91.1%) and the No-F crop (85.8%) (Figure 9B). As consequence, the fresh and dry biomass of
the former (50.3; 11.1 t ha™') was higher than others (CF: 46.5; 10.4 t ha™ and No-F: 33.3; 7.8 t ha™)
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Figure 9. Height (A), coverage (B), and harvested (157 DAS) biomass weight and brix (C) of the
sweet sorghum crop under three fertilizer treatments



(Figure 9C), but their brix were in average not different (SF: 12.9; CF: 12.9; No-F:12.4). This
revealed that the treatments effects most on the vegetative growth (Nemeth, 2009), and they have
no direct impact on the sugar content, except at different harvesting stage (Almodares et al., 2007).

CONCLUSIONS

Water and nutrients budget at the sweet sorghum plots with three fertilizer treatments such as SF,
CF, and No-F were confirmed. In general 76% of the total water supplied at the plots was depleted
by the ET and percolation, while the remaining was drained by the runoff. The high losses of the
formers were respectively due to the active crop uptake at the initial stage and the unusual
rainstorms on the plot with high portion of the soil pore space well as saturated hydraulic
parameters contributing to the sensitive change in the shallow groundwater level. As consequence,
the losses of the nutrient applied by the percolation and subsurface flow particularly at CF and SF
plot were extremely high compared to others. The total and dry biomass weights were affected by
the treatments, but the sugar content was not. Regarding the whole results, the appropriate schedule
for the sowing/harvesting and fertilizer application to avoid the potential nutrients losses at the
rainstorm and also to yield the good quality of biofuel are essential for the sustainable sweet
sorghum cultivation as well as for better agro-ecological system.
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Identification of Water and Nutrient Dynamics in Sweet
Sorghum Plantation under Different Fertilizing Scenarios to
Support Better Agro-ecological Management
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Abstract

Materials budget in the sweet sorghum plots with various fertilizations has been quantified to
confirm the effectiveness of the crop in reducing excessive nutrient loads and producing biofuel.
Through the experiment on the three replicated plots (18 m’) of the KCS-105 cultivar with
digested-sludge- (SF), chemical- (CF), and no-fertilizer (NF) each, in which the SF dosage was
equalized to the CF one (120 kgN ha™'; 107 kgP ha'; 120 kgK ha™"), at the FS Centre of Ibaraki
University, Japan from July to Dec. 2010, we found that materials balance at each compartments,
except soil and percolation zone, were not significantly different among the treatments. In average,
40 and 38% of the total water, 23 and 75% of the total N, and 3 and 97% of the total P input were
respectively uptaken by the crop and percolated, and only 22% (water) and 0.1-2.3% (nutrients)
were leached by the runoff. The high percolated nutrients attributed to the rainstorms during Sep.-
Oct. (10-40 mm h™) involving the soil with high total porosity (70%) and saturated hydraulic
conductivity (18.8 mm h™). Although the brix were similar among the treatments, the peak crop
height and coverage at the SF plot were 5-30% higher than others.

Keywords
Sweet sorghum; water and nutrients balance; crop uptake; organic sludge fertilizer, agro-
ecological management

INTRODUCTION

Excessive nitrogen and phosphorous induced by agricultural activates over aquatic environment has
been of major concern among researchers as well as stake holders to be identified and remedied for
sustainable ecosystem since both are the most potential eutrophication sources. It arises mainly
from their exaggerated fertilisation on soils susceptible to leaching through the extreme surface and
sub-surface flow mainly during rainstorm events that might be essentially affected by certain land
uses such as type of tillage and cover crops (Yang et al., 2009). The negative implication may also
contribute to rising nitrogen dioxide emission, one of the hazardable greenhouse gasses, to the
atmosphere causing climate change and global warming (Jungkunst, et al., 2006), in which the
impact is about three hundred times higher than carbon dioxide.

Sweet sorghum becomes worldly popular as an alternative energy crop producing high sugar
content for biofuel (Curt et al., 1995). The crop has also good characteristics in wide adaptability,
drought resistance, water logging tolerance, saline resistance, and high yield of biomass for feeds,
so that it can be cultivated, as rotation crop for sugar cane in some tropical countries, at non-
irrigable and dry land where the others are less resistance into drought (Habyarimana et al., 2004;
Farre and Faci, 2006). Furthermore, Yoshida et al. (2010) reported that the crop is effective in up-
taking water and nitrogen respectively up to 60 and 80% depending on the seeding and fertilisation
time. This provides basic information for further studies as well as practical efforts in developing
appropriate bioremediation technology to minimize the excessive nutrients, mainly nitrogen and
phosphorus, contamination on ecological environment within wider and complex system.

The objective of this study was to quantify water, nitrogen, and phosphorus budget at the sweet
sorghum cropping plots under various fertilizer treatments including digested-sludge, chemical, and




no-fertilizer. The study complements and confirms the previous Yoshida et al. (2010) findings, of
which the research was performed with the single type of fertilizer applied.

MATERIALS AND METHODS

Experimental site and field monitoring

A number of the water and nutrient balance-related parameters including soil water content,
groundwater level, surface runoff volume, meteorological and phenological characteristics were
monitored at the sweet sorghum cropping plot of the FS Centre of Ibaraki University, Japan (a clay
loam Humic Allophane soil/Haludands, Haplic Andosolos; Table 1) during a cultivation period
from July to December 2010. Following the soil tillage with approximately 25 c¢cm in depth, three
replicated sub-plots (numbered from the left as P1-P3, P4-P6, and P7-P9; 18 m” in large each) with
three fertilizer treatments such as digested-sludge- (SF), chemical- (CF), and no-fertilizer (SF) were
prepared (Figure 1). The dosage of the SF was equalized to that of the CF, i.e., 120 kgN ha', 107
kgP ha™', and and 120 kgK ha™'. The KCS105 cultivar of the sweet sorghum (SS) crop was sowed at
the plots with 0.8 m x 0.15 m in interval. Each plot was bordered by the acrylic sheets to avoid
overland flow from surroundings, and the three southern sub-plots (i.e., P1, P2, and P3) were
equipped with outlet pipes and runoff collectors.

—
Centred
plots

_—

Meteorological data Jogger

EmB50 data jogger ——ee
Note: Measured parameter and time
Comparimeni Parameter measured Time
Wearher? ATm. pressure, rainfall, Every hour
atmosphere tempernature/RH, wind
speed & solar radiation
Crop Height, coverage, fresh/ Every week;
dry-weight & brix; TN & Every month
TP
1 Runoff Volume/flow rate, TN & Every rainfall
TP event
Soil profile Water content (by Every hour;
Groundwater depth sensors); TN & TP (by Every month
dara core sampling)
- Groundwater Water level (by sensors); Every hour;
TN and TP (by water Every week
sampling)

Figure 1. Schematic diagram of the field data collection at the sweet sorghum plot




Table 1. Soil physical properties of the Filed Science Centre, Ibaraki University, Japan

Parameters Unit Value
Texture (sand : silt: clay) g g'] 051:0.31:0.18
(Humic Allophane/Haplic Andosolos)
Bulk density gem” 0.74
Total density goem” 2.45
Total porosity Yo 70
Organic matter % 16
Saturated hydraulic conductivity mm d! 451

Soil water content at the three centred plots (i.e., P4, P5, and P6) and control point with 5, 15, and
25 cm in depth was measured and monitored by the moisture sensors (P4 and P5: Decagon’s
ECH>0-10 sensors and HOBO data logger; P6 and control: Decagon’s S5TE sensors with Em50
data logger). Groundwater levels of the plots were monitored by HOBO’s water logger, while the
surface runoff flows were measured at every rainfall events by the collectors. The meteorological
parameters including atmospheric pressure, rainfall, temperature, relative humidity, wind speed, and
solar radiation were monitored by HOBO’s weather station. Furthermore, total nitrogen (TN) and
phosphorus (TP) are sampled from all compartments monitored such as crop, surface runoff, soil
profile, and groundwater (parameters and its sampling schedule are tabulated in the Nofe of Figure
1). The samples were then analyzed in laboratory respectively by the Automatic Total Nitrogen
Analyzer (TN-308P), Yanako and the U-2800 Spectrophotometer, Hitachi.

Water and nutrients budget calculation

Water budget was determined by quantifying the incoming and outgoing water flux into soil profile
or crop root zone over certain period of time. Rainfall (P) and irrigation (/) add water to the root
zone, and part of them might be lost by runoff (R) and deep percolation (£c) toward groundwater.
The water in the root zone might be also depleted to the atmosphere by evapotranspiration (E7).
Thus, the change in water budget within soil profile (AS,) can be calculated by Equation (1).
Accordingly, the change in nutrients (i.e., nitrogen and phosphorus) load within soil profile can be
determined by Equation (2).

ASy =K, +1,- Ry—-Pqg,—ET, (1)
Ap=h+hLh+5-R—Pa-Um (2)

where, Py, I\, R, Pcy, and ET,, is the added or depleted water respectively by the rainfall, irrigation,
runoff, percolation, and evapotranspiration, while P,, 1, F,, R, Pc,, and Up, is the nutrient load
respectively by the rainfall, irrigation, fertilizer application, surface runoff, percolation, and crop
uptake. The £7 was determined by comparing the change in soil water content (AS,,) and the actual
evapotranspiration (£7,) by Penman-Monteith, in which if the former is superior to the latter, the
ET was equalized to the £7), instead of AS,,, and vice versa.

RESULTS AND DISCUSSION

Water budget

Although the soil water contents were insignificantly different among the treatments (i.e., 0.49-0.55
cm’ em™), their temporal changes particularly at the top layer of 0-20 cm were sensitively affected
by the rainfall (Figure 2). The high portion in the total pore space (70%) as well as the saturated
hydraulic conductivity (451 mm d") (Table 1) within the root zone might be the reason for the
sensitiveness (Miyazaki, 1996), since they might quickly enhance the water recharge into the soil
profile encouraging the sudden increase in the groundwater level up to 5-10 cm below the soil




surface particularly at the rainstorms during Sep.-Oct (Figure 3A). Accordingly, the runoff rate at
the same period was less sensitive to the rainfall compared to the formers (Figure 3B). It revealed
that both soil physical parameters has essential role in controlling the runoff as well as deep
percolation (Pagliai and Sequi, 1981; Wijaya et al., 2010).
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Figure 2. Change in soil water content at the sweet sorghum plot
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The water uptakes were similar among the treatments (Figure 3C, 4) and strongly correlated to the
soil water content (Figure 2). At the initial stage of 0-65 days after sowing (DAS), 60% of the ET
required water was supplied from the soil, and the remaining was sufficed by the irrigation. It
indicated that the water supply might be major limiting factor for the crop growth at the initial stage
(Curt et al., 1995; Farre and Faci, 2006). In overall, the water budget, of which 40%, 24%, and 36%
of 830 mm in total water input throughout cultivation period were respectively depleted by ET,
runoff and percolation, was identified (Figure 4 and its Note).

O Ran B krgation O evapotrasp ration O surface minoff M percolbton

Note: Tabulated water budget for the sweet sorghum (mm)

Plot Rain I ET  Rumoff  Pere.

n out n out n cut SE O T83T3 46 30364 18040 30070
N o ) CF 783735 46 31894 18438 28141

No fertilzer D fgest fuid Chem cal No-F 78373 46 31748 15835 30890

Figure 4. Water budget at the sweet sorghum plot under three fertilizer treatments

Nutrient budget

The soil TN and TP were gradually decreased at each plot at the initial stage of 0-70 DAS, and then
remained constant at the flowering to maturity stage of 70-140 DAS (Figure 5). Specifically, the
decrease in CF was highest (59 kgN ha''; 132 kgP ha™"), followed by SF (32 kgN ha'; 112 kgP ha')
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Figure 5. Change in soil (A), runoff (B) and crop (C) nutrients at the sweet sorghum plot




and No-F plot (24 kgN ha'; 16 kgP ha'). The losses in overall might attributed to either the
increasing crop uptake at the initial stage (23% TN; 3% TP) or particularly the extreme percolation
during the rainstorms (74% TN; 96% TP), and irrelevant to the runoff (3% TN; 0.9% TP). This
agreed respectively with van Oosterom et al. (2010) clarifying the significant nutrients uptake in the
sweet sorghum at the vegetation stage, and with (Yang et al., 2009) observing the extreme nutrients
losses during the unusual rainstorms.
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Figure 6. TN (A) and TP (B) budget at the sweet sorghum plot under three fertilizer treatments

Rainstorm

The nutrients losses induced by the runoff and other related processes, in which the rainfall intensity
at the unusual storm events is considered to be the most key factor leading to such depletion, has
been investigated (Hussein, 1996; Hollinger et al., 2001; Yang et al., 2009). According to this study,
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Figure 7. Change in water (A), TN (B) and TP (C) at the sweet sorghum plot during the rainstorms




the rainstorm of 61.4-113 mm d”' (11-39.4 mm h™") occurred at least four times during Sep.-Oct. 2010
and enhanced the significant losses of nitrogen and phosphorus particularly by the percolation (45%
TN; 88%TP) and subsurface flow (18% TN; 83%TP) (Figure 8 and its Note). The latter was
considered as the In-Outflow of the shallow groundwater that received the water recharge from the
rainstorm percolation with the total porosity of 0.15 (assumed; Table 1). This agreed with
Kolenbrander (1981) study of which the leached nitrogen increases up to 20-25% when the water
surplus (rainfall minus ET) reaches =475 mm at soil water =60 cm. The extreme percolation and
subsurface flow losses was predominantly due to the high saturated conductivity (3.6-57.6 mm h') as
well as the low dry bulk density (0.67-0.82 g cm™) of the soil (Figure 9) allowing the nutrients to be
easily drained from the soil and shallow groundwater mainly during the rainstorms (Yang et al. 2009).
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Figure 8. Saturated hydraulic conductivity (A) and dry bulk density (B) of the sweet sorghum soil

Growth and yield of the sweet sorghum

Among the treatments, the heights of the crop was similar at 30-35 DAS, and then increased until
its peak (80-90 DAS) at which those of the SF was respectively 6 and 30% higher than those of CF
and No-F plot (Figure 9A). The SF crop was superior in its land coverage (91.4%) compared to the
CF (91.1%) and the No-F crop (85.8%) (Figure 9B). As consequence, the fresh and dry biomass of
the former (50.3; 11.1 ¢t ha'l) was higher than others (CF: 46.5; 10.4 t ha™ and No-F: 33.3; 7.8 t ha'l)
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Figure 9. Height (A), coverage (B), and harvested (157 DAS) biomass weight and brix (C) of the
sweet sorghum crop under three fertilizer treatments




(Figure 9C), but their brix were in average not different (SF: 12.9; CF: 12.9; No-F:12.4). This
revealed that the treatments effects most on the vegetative growth (Nemeth, 2009), and they have
no direct impact on the sugar content, except at different harvesting stage (Almodares et al., 2007).

CONCLUSIONS

Water and nutrients budget at the sweet sorghum plots with three fertilizer treatments such as SF,
CF, and No-F were confirmed. In general 76% of the total water supplied at the plots was depleted
by the ET and percolation, while the remaining was drained by the runoff. The high losses of the
formers were respectively due to the active crop uptake at the initial stage and the unusual
rainstorms on the plot with high portion of the soil pore space well as saturated hydraulic
parameters contributing to the sensitive change in the shallow groundwater level. As consequence,
the losses of the nutrient applied by the percolation and subsurface flow particularly at CF and SF
plot were extremely high compared to others. The total and dry biomass weights were affected by
the treatments, but the sugar content was not. Regarding the whole results, the appropriate schedule
for the sowing/harvesting and fertilizer application to avoid the potential nutrients losses at the
rainstorm and also to yield the good quality of biofuel are essential for the sustainable sweet
sorghum cultivation as well as for better agro-ecological system.

Acknowledgement

This study was supported the Ibaraki University Bio-fuel Society (IBOS) Project under the Ministry
of the Environment of Japan. We thank to Ms. Arisa Tani and Ms. Saki Hashimoto, also other
members of Laboratory of Water Environment Restoration Engineering, Ibaraki University, Japan
for their helps and supports in conducting the experiment.

References

Almodares, A., Hadi M. R. Ranjbar M. & Taheri R. 2007 The effect of nitrogen treatments, cultivars and harvest stages on stalk yield
and sugar content in sweet sorghum. Asian J. Plant Sci. 6(2), 423-426.

Curt, M. D., Fernandez J & Martinez M. 1995 Productivity and water use efficiency of sweet sorghum (Sorghum bicolor (L.)
Moench) CV. “Keller” in relation to water regime. Biomass and Bioenergy 8(6), 401-409.

Farre, I. & Faci M. Comparative response of maize (Zea mays L.) and sorghum (Serghum bicolour L. Moench) to deficit irrigation in
a Mediterranean environment. Agricultural Water Management 83, 135-143.

Habyarimana, E., Laureti D., Ninno M. D. & Lorenzoni C. 2004 Performance of biomass sorghum [Serghum bicolour (L.) Moench]
under different water regimes in Mediterranean region. Industrial Crops and Products 20, 23-28.

Hollinger, E., Comish P. 5., Baginska B, Mann R. & Kuczera, G. 2001. Farm-scale stormwater losses of sediment and nutrients
from a market garden near Sydney, Australia. Agric. Water. Manage.47, 227-241.

Hussein, M. H. 1996. An analysis of rainfall, runoff' and erosion in the low rainfall zone of the northern Iraq. J. Hydrol. 181, 105-126.
Junkunst, H. F., Freibauer A. Neufeldt H. & Baterh G. 2006 Nitrous oxide emissions from agricultural land use in Germany — a
syhnthesis of available annual field data. J. Plant Nutr. Soil Sci. 169, 341-345.

Kolenbrander, G. J. 198 1. Leaching of nitrogen in agriculture. In Nitrogen losses and surface run-off from landspreading manures, J.
C. Brogan (ed.), Martinus NijhofffDr. W. Junk Publishers, Netherlands, p. 199-216

Miyazaki, T. 1996 Bulk density dependence of air entry suction and saturated hydraulic conductivities of soils. Seil Sci. 161, 191-
215

Nemeth T. 2009. Effect of Nutrient Supply on Nitrogen Uptake, Dry Matter Accumulation and Yield of Sweet Sorghum (Sorghum
Bicolor L./Moench). PhD thesis, Plant Production, Horticulture and Food Seience, University of Debrecen, Debrecen, Hungary
Pigliai, M. & Seque, P. 1981 The influence of applications of slurries on soil properties related to run-off — experimental approach in
Italy. In Nitrogen losses and surface run-off’ from landspreading manures, J. C. Brogan (ed.), Martinus Nijhoff/Dr. W. Junk
Publishers, Netherlands, p. 44-65.

van Oosterom, E. I, Borrell A. K., Chapman 5. C., Broal. I. & Hammer G. L. 2010 Functional dynamic of the nitrogen of sorghum:
I. N demand of vegetative plant parts. Field Crop Research 115, 19-28.

Wijaya, K., Nishimura T., Setiawan B. I. & Saptomo S. K. 2010 Spatial variability of soil saturated hydraulic conductivity in paddy
field in accordance to subsurface percolation. Paddy Water Environ. 8, 113-120.

Yang, J. L., Zhang G. L., Shi X. Z., Wang H. J., Cao Z. H. & Ritsema C. J. 2009 Dynamic changes of nitrogen and phosphorus losses
in ephemeral runoff processes by typical storm events in Shinchuan Basin, Southwest China. Soil & Tillage Res. 105, 292-209.
Yoshida K., Kato T., Noda K. & Wijaya K. & Kuroda H. 2011 Effect of seeding date and fertilizer application rate to nitrogen
uptakes of sweet sorghum for bio fuel. Applied Hydrol. 23, 11-20.




(15)_I_1.PDF

ORIGINALITY REPORT

0., Os

Ou

O

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
Exclude quotes Off Exclude matches <2%

Exclude bibliography On



	A4_8P_ENGver1
	A4_8P_ENGver2
	A4_8P_ENGver3
	A4_8P_ENGver8

