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Potential of implementing irrigation in rainfed agriculture in Quebec:
A review of climate change-induced challenges and adaptation strategies

Viveka Nand, Zhiming Qi

ABSTRACT

Leading to growing-season water stress, eastern Canada's evolving climate has disrupted
the region's rainfed farming systems. Accordingly, this review was conducted to assess the
status of irrigation, climate-induced challenges and opportunities and the impact of adaptation
strategies on economic returns and the environment in Quebec's agricultural regions. While
irrigation is limited mainly to high-value crops, controlled drainage with sub-irrigation (CDSI)
has been implemented at a limited number of field sites. Given the greater rainfall variability
and rising number of growing-season heatwave events anticipated, previous studies have
mainly focused on developing climate change adaptation practices. The present study identified
two research gaps: (i) a lack of analyses of drought frequency and its effect on root zone soil
moisture, crop ET, crop phenology and agricultural production at a regional scale under
historical and future climates and (ii) a lack of regional-scale studies addressing climate change
adaptation options, including supplementary irrigation, and their potential effects on economic
return and water resources under a changing climate. Additional studies must address these
gaps for the development of climate change adaptation practices to secure food demand and

water sustainability
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Towards sustainable agricultural water management

Ashwin B. Pandya

ABSTRACT

For sustaining life on this planet, the food and water are the prime requirements without
which any of the life forms area not able to survive. Over the period of time, the human society
has started depending upon the assured food supplies for ensuring their sustenance. The
components of the food basket be they animal products or crops, depend heavily upon the
availability of water to sustain their biological processes for growth and maturity. Whenever
we see disruption in the water supply due to natural or artificial causes like drought or
nonprovision of water supply systems, we find the disruption in food supplies and enormous
sufferings for the communities affected.

Water being the key ingredient for sustenance of the biological processes in the plants,
sustainability of the water supplies for agriculture has assumed great importance. With the
increasing effects of climate change, this aspect will assume further importance in ensuring

food security to the growing populations across the developing world.
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Climate-resilient water infrastructure in India

Kushvinder Vohra, Saurabh

ABSTRACT

India receives an annual precipitation of about 3880 BCM and the average water
availability is 1999 BCM. Out of this, utilizable water resources are 1126 BCM due to
topographic constraints, distribution effects and so forth. In India, agriculture remains the
principal source of livelihood for about 54.6% of the population. The overall water demand of
the country in 2010 was estimated at 710 BCM, of which the water use in irrigation was about
557 BCM (78%). With limited water resources available for fulfilling the water requirement of
all the sectors, it is projected that by 2050 our overall water demand (1180 BCM) would
outgrow the total utilizable water resources, namely 1126 BCM. Moreover, the groundwater
table in various regions of the country is seeing a decline at an alarming rate. Additionally,
climate change poses significant and far-reaching threats in all spheres of life and the economy.
The erratic rainfall pattern makes a significant contribution to the frequent occurrence of floods
and droughts in the country. This paper attempts to put in context the impact of climate change
observed on various facets of water resources, the need to develop and invest in climate resilient
water infrastructure, and to highlight several initiatives taken by the government of India in this

direction.
KEYWORDS

climate change, groundwater, reuse of treated wastewater, water and food security, water

conservation, water infrastructure
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Climate-resilient irrigation: Essential changes to balance food production
and water security on a livable planet
Amal Talb, Poolad Karimi, Pieter Waalewijn, Francois Onimu, I Jsbrand de
Jong, Esha Dilip Zaveri, Ruyi Li

ABSTRACT

Climate-resilient irrigation is a necessity for sustainable development, aligning with
broader goals of poverty alleviation, food security and environmental stewardship. By
embracing adaptive strategies and fostering collaborative efforts, communities can navigate the
challenges posed by a changing climate, safeguarding livelihoods and ecosystems. Climate-
resilient irrigation can improve coping measures and build resilience for communities through
pathways which help improve agriculture. The relationship between agriculture, irrigation,
water resources and climate change calls for an evolution of traditional irrigation practices
towards climate-resilient irrigation approaches, such as farmer-led irrigation development;
innovation and modernization to ensure the long-term viability and functionality of irrigation
systems and infrastructure; financing mechanisms to support the transition towards climate
resilience; partnerships between governments, international organizations and the private sector
to mobilize resources effectively; and efficient service delivery mechanisms, promoting
equitable access and effective management of water resources. Emphasizing the need climate-
resilient irrigation to balance food production and water security, this essay advocates a
paradigm shift towards sustainable water management, ensuring resilience in the face of climate
uncertainties while safeguarding agricultural productivity and environmental integrity for a

livable planet.

KEYWORDS
agriculture, climate-resilient irrigation, development outcomes, farmer-led irrigation
development, financing, irrigation and drainage, service delivery, sustainable, transformation,

vision, water security, women

29



REFERENCE

Beltran-Pefia, A., Rosa, L. & D'Odorico, P. (2020) Global food self-sufficiency in the 21st
century under sustainable intensification of agriculture environ. Research Letters, 15(9),
095004. Available from: https://doi.org/10.1088/1748-9326/ab9388

Bryan, E., Chase, C. & Schulte, M. (2019). Nutrition-sensitive irrigation and water management.
Retrieved from https://cgspace.cgiar.org, https://doi.org/10.1596/32309

Damania, R., Balseca, E., de Fontaubert, C., Gill, J., Kim, K., Rentschler, J., et al. (2023) Detox
development: repurposing environmentally harmful subsidies. Washington, DC: World Bank.

Gerten, D., Heck, V., Jagermeyr, J., Bodirsky, B.L., Fetzer, 1., Jalava, M., et al. (2020) Feeding
ten billion people is possible within four terrestrial planetary boundaries. Nature Sustain-

ability, 3(3), 200-208. Available from: https://doi.org/10.1038/s41893-019-0465-1

He, L. & Rosa, L. (2023) Solutions to agricultural green water scarcity under climate change.
PNAS Nexus, 2(4), 117. Available from: https://doi.org/10.1093/pnasnexus/pgad117

Izzi, G., Denison, J. & Veldwisch, G.J. (Eds). (2021) The farmer-led irrigation development
guide: a what, why and how-to for intervention design. Washington, DC, USA: World Bank.

Ricciardi, V., Ramankutty, N., Mehrabi, Z., Jarvis, L. & Chookolingo, B. (2018) How much of
the world's food do small-holders produce? Global Food Security, 17, 64—72. Available

from: https://doi.org/10.1016/j.gfs.2018.05.002

Rodella, A.-S., Zaveri, E. & Bertone, F. (Eds). (2023) The hidden wealth of Nations: the
economics of groundwater in times of climate change. In: World Bank. License: creative
commons attribution CC BY 3.0 IGO. Washington, DC, USA: World Bank.

https://doi.org/10.1596/39917

Van Dijk, M., Morley, T., Rau, M.L. & Saghai, 1. (2021) A meta-analysis of projected global
food demand and population at risk of hunger for the period 2010-2050. Nature Food, 2(7),
494-501. Available from: https://doi.org/10.1038/s43016-021-00322-9

Waalewijn, P. (2021) Reformulating the value proposition of water in agriculture under
changing conditions. Irrigation and DrainageSpecial Issue. February 23, 70(3), 388-391.
Available from: https://doi.org/10.1002/ird.2569

Waalewijn, P., Trier, R., Denison, J., Siddiqi, Y., Vos, J., Amjad, E., et al. (2020) Governance in
irrigation and drainage: concepts, cases, and action-oriented approaches - a practitioner's
resource. Washington, DC, USA: World Bank.

Ward, C., Burt, C., Valieva, S., Shawky, A., Meerbach, D. & Casanova, D. (2024) Innovation
and modernization in irrigation and drainage: a guide to why, what, and how. Washington, DC,
USA: World Bank (forthcoming).

30


https://doi.org/10.1088/1748-9326/ab9388
https://doi.org/10.1596/32309
https://doi.org/10.1038/s41893-019-0465-1
https://doi.org/10.1093/pnasnexus/pgad117
https://doi.org/10.1016/j.gfs.2018.05.002
https://doi.org/10.1596/39917
https://doi.org/10.1038/s43016-021-00322-9
https://doi.org/10.1002/ird.2569

73% 185202427 )T 334-345
NSRRI B BE BRIk T ihEed 2 M5
Yadeta Bedasa’?

AR E R 2EHOR T RES 3 e I R F R R R R
FooBEk RO S N ATZ AT SRR L 0 AT KB 2 Y R LW YA S

DAL P2 B FEE KT AT BRI 2 L AL
REIRBFCR o AT REE I E TR TR R AL 2 D

TREA 2 MBS AEN S X 2P e S

d SR A EEFTVRT R F @ * sy i FCRHE (E iy # 552 kR
%ﬂﬂ%’%f<%;é4T%o@%%%ﬁ@@ﬁaﬂ,ﬁgéwg%ﬁ
LN S AR R Y S I Sl R B e T

e REREEL A f#&g&ﬁ‘}‘ﬁg{ F] ’&.’}\;‘X/}ﬁtﬁ‘if‘; ERRA T
BET LI P FRARFLA OB PE c FE AR ANE S
CR A A - ﬁﬁﬁa%éfﬁiﬁzgiﬁﬂ&%,%ﬁﬂg
$AZ MTFIRAEIRE -2 B It B R EFDRILFEAEN DRI ERT G
Zﬁﬁi/ﬂ?ﬁ%i%?%ﬁﬁf?%%Bé%iiﬁﬁ%ﬁ
o BRERH RS ES X 2 5T URF -

Mt 12 s F iR S ML BT R 2R KT R

T3
e

' Department of Agricultural Economics and Agribusiness Management, Jimma University, Jimma, Ethiopia ;
Email: bedasay@gmail.com
2 Department of Agricultural Economics, Wollega University, Shambu, Ethiopia
31



i 2

SRS LR L

e A - BEH AP R O HETRFZE p ARABRE A E S
B ART 2 AR E S BAG B2 AT TENEEAE ML A
E Gk - A %marlmfp)irg,u;gw T A F sl > B ERAENS
PRSP fREs B ey £ 7 LFHEDILE R F o

ip%%e'cﬂ%%éﬁ?ﬂfaéﬁéiﬁ BREIBTFE 2 RFTRES 2
AU AR EFOR R ERPTR Y S a7 X 22 AP o d AT F 0F

i
FROPE S TIREHAY s 2 RPN IER $0 S 2 A hE &
e EE bk o RE R A PR Ao K R T 2R S R AL
FEOFM S AFETEY B EBRA IO EEMNEL S R F D
AP IER B MRS X 2 EEOTERY 'ﬂfaﬂa;u
FHB A RERCOEARTRAY 2 FMEE IR AR R R E ik
if ’i%@%?ﬁ% FRF RN R LA E ML S T L A HIR
}\F/))—?JP‘ Lr?fll?%°
\i%mﬁ%W%ﬁﬁﬁﬁ\%%%ﬁiﬂ
R L T E S 08 T RECE g3 L N
*%ﬁ#iéJ%T\ﬁ%ﬂ%%ﬂﬁﬁl%’u5¢%%@aﬁi&@ﬁ
B FTREPFE IR FRNE ) SR -SRI EEL A4 R4
R r BT R IRG FOREE o fRAdp M ik § SR HIR BR
o T o F R B E o A eI L RGEREV IR EARA AR
IR 4 o
FEFRy v GRBHANEERAE I e L 2w BE A
R E R e 2 G X PR o 2L R X H R F

F
BREG Trgha L E A A N @K RiTH A

\\\

w-%

-n_v\v.‘.\

Rl
FEakE o B A oA AR SR BB G R E A WS



Z >enr PR R A L ezt g fRt EORTRPIR R E A
KEFF E KT RAAZR T L2 TR FTRTRATL ERATRA
FUT 2GR B2 PR S P ok TR R 7 B ok
FUTAR R Lo HHE O REFEFS oV K FRKE T L RY
%ﬁa¢£¢i,gﬁﬁ%@ﬁwrﬁﬁﬁﬁ%@@@*ﬁ%@%%ﬁ’ﬁ@
WG R EM AL R RFTRE LR D Rk o

&%%3%i£’$é%mﬁﬁﬁ4’ﬁ%ﬂé%»%‘éﬁiﬁﬁ
%%ﬁoﬁﬁg%ﬁéﬁﬁﬂ$*fﬁ@%ﬁ%*ﬂéﬁﬁﬁ%iiﬁ%?
BB R gER s o d T A& BB (RYPKR) EFEoFSLLEG A
éf&p&m BB AR R A B AREL BRI ALY
ANIMEIE FFaFBRE - SEEETSHEIHESE BRBITHF J T
JAEE SR AR D S EE X
%*%ﬁ%ﬁi%“*?ﬁgﬂ’{*?ﬁ iﬁ?ﬁé%ﬁ“*”

&R A
E* X A3 @i xEar LD Zgﬁm’izﬁ‘t%i%ﬁﬁﬂ}%@iﬁ%ﬁ BRI

.
l
v?:a
3’&
b
_d‘,
=
=
i
AN
%
TR
A
w
W
X

SEAEAA S AES P B ABAFLEIRIAGHA A R B P
pEigdd 3 ) BB Y G TRanE MERAE B R LAY
BB IEH TR L ARR 0 T P RATA TR S 0 R EB A H S ey
AR LR e iAo 0 el it g v P IRELALE G 10
BHREL D FQAME B ROTREFE EEKE SRR TE ] RERRE
R ot e @ o 3R R B R IAR £ & R FF o

TSN A A ) 1 el ;2\
\éwwmﬁa&%?i%?W*‘ﬁﬁiﬁgg
!
p

g

¢ m\a,% H\
3

s Tml

1N

”1)/7 r&, q*if‘ ;oi,:}'}_," ,;l‘i

BLA

W
i
('S
3‘32
}?’g
o)
1
¥
=)
) 4=
-

F_*

“~

PR EAGRG AR EH TS E 2 BRI B

f‘,? -'Lmﬁ,l},_gr]%ﬁﬁ;ﬂfp»(r’oé_ l&r;ﬂ;%m%gp,%ﬂ'x

\

33



< I -E- e ) R 31%‘&&“%@?%&1 F B R 4
A4 FEBE L2 B4 e e 2 ] g0 3 f
FIr R ok LR T H AN AARES X 20 B I frd B FER
L e gy R ] o

FE4* 2000 3 2018 #2be B RBF 2 6 Fldh (KBFHR) &
BUEHAS I EREFHS A N2 BF AT o T84 F U
R (TR RRE RS BRPP R LA IR EREL S

S 3 262 ?%%5%%)F B R ERAGARED I R 2R EH
T A D2 ed o X &W%%~E@E£1ﬁi%&41£%xia

i ¥ 3
%?ﬁ%éﬂii%ﬂ?ﬁ§§&@Méﬁ%%&o
R &L R332 (GMM) - {3 &% e i gt
RETREEHRELAT DI MFODE AR R B 2
[ fopE o RITE e Tt ferg A
7 TR 1% A B EREE

B FB e AT H NP st BRI RIS R
- REAR G R R E Y AL E R KRB S
Z>hR oo
FERRFTRaBEEAY ML T AZ P RERIFRTIFSNE
TERL AL B BDT M F DR LS R Bk TR Za
T e g AE R L g&k B AR REA S RSB IR IERLIZINPE R
T T L A TSt 2 2 APM NRR R B P et 7@‘ U Al
Poa kAR @ilt s FRAFTRHDDT B 3cfew FFAr > g

=
ETTS

34



2 S R AT

i & ¥ 3R R
R e BREE Y CFRE

SRR ESE F E L RN ST

35



Volume 73, Issue 1 February 2024 Pages 334-345.
Is Africa's food insecurity linked to land use coverage, irrigation adoption
and water scarcity?

Yadeta Bedasa

ABSTRACT

The low agricultural yield and production in Africa, ongoing food insecurity and
ineffective use of farm inputs are the main motivations for this study. Hence, to increase
agricultural productivity, fundamental adjustments to resource management and policy are
needed. However, there has been little prior research on how Africa's food security is affected
by inadequate land usage and water availability. As a result, farmers are given access to
insufficient water projects, which lowers agricultural productivity due to ineffective
government operations and poor water resource management. Despite many unfavourable
changes to their rainfed agricultural systems, many smallholder farmers have not embraced
irrigation investment. The results of this study indicated that more irrigation and better
management of land were required to increase productivity in water-scarce areas. The
acceptance of irrigation by farmers greatly depends on their social and cultural knowledge, their
participation in new projects, methods and technologies, as well as their capacity to adapt. The
key policy implication is an increase in irrigation in an effort to boost agricultural growth and
reduce food insecurity. It is advised that the participation of stakeholders, planners and

policymakers at all levels is the foundation of water development and management.

KEYWORDS

Africa, climate change, food insecurity, irrigation, land usage, water availability
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The role of institutional diversity in sustainable water use:
Performance comparison among water user organizations

Stiheyla Agizan, Zeki Bayramoglu, Kemalettin Agizan, Merve Bozdemir

ABSTRACT

The aim of this study was to compare the performance of water user organizations (WUOQs)
in the agricultural sector in terms of their managerial efficiency. A survey was carried out across
the study area to evaluate 67 WUOs, including irrigation cooperatives, municipalities, village
legal entities (VLEs) and water user associations (WUAs). The findings were then used to
create a management performance index. It has been determined that municipalities excel in
terms of physical performance, irrigation cooperatives in enterprise and social performance and
WUASs in institutional and investment performance. The general management performance
index revealed that the most successful WUOs in the Konya closed basin were WUAs.
Therefore, proposals have been put forward to begin institutionalization processes in other
institutions to attain the successful institutionalization in WUAs. Additionally, the shift towards
prepaid systems is recommended to mitigate collection problems, while water should be priced
according to the full cost method. Finally, supporting the use of alternative energy sources for

irrigation is crucial.

KEYWORDS
irrigation water management, management performance index, performance of the

associations, water user associations
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Research and development needs in agricultural water management to
achieve sustainable development goals

Henning Bjornlund, Andre van Rooyen, Jamie Pittock, Vibeke Bjornlund

ABSTRACT

The United Nations calls for action to achieve 17 sustainable development goals (SDGs).
We argue that the current development paradigm is an impediment to achieving several of these
goals. We identify 14 agricultural research and development (R&D) needs, which ought to be
addressed to achieve critical SDGs. We also identify the paradigm shifts required, particularly
from global and international organizations, to facilitate this R&D and implement its outcomes.
Importantly, the Global North2 would have to divert its focus from securing access to cheap
land, water and labour that is primarily used to generate agricultural exports and business
opportunities for Global North investors. Instead, the focus needs to be on creating
opportunities for local farming communities to produce food for domestic markets, increase
income and generate local jobs and business opportunities. Circular food systems can support
a range of SDG goals, such as no hunger and zero poverty and slow migration, especially of

youth, to big cities or foreign lands with insecure jobs.

KEYWORDS
agricultural water management, food insecurity, Global South, research and development,

sustainable development goals.
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Green technology for water scarcity: An entrepreneurial business may
bring transformation in water management practices

Muhammad Siddique, Manzoor A. Sanjrani, Keenjhar Rani

ABSTRACT

Despite the contributions of modern business practices to environmentally sustainable
transformation, there is not enough information on different types of green technologies and
their applications. Therefore, it is essential to identify and classify business models that focus
on the management practices of green technology. While the literature on green technology
business models has received increasing attention over the last decade, interdisciplinary
research into this growing phenomenon is still in its infancy and fragmented. The study focuses
on the need for green technology for water management worldwide. Such management
practices for green technology represent a research gap in the study area because no one has
worked in this field before. There should be research to address people's management practices
of green entrepreneurial business. The literature highlights that the issue of water crises may be
minimized with the management practices of green entrepreneurial business and by applying
global green water treatment techniques. The authors believe that this study would be very
beneficial for future research on policymaking based on management practices of green

technology that promote environmental sustainability through a green business environment.

KEYWORDS
biological treatment, comprehensive business, environmental sustainability, green

technologies, policymaking
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The adapting Plan

Implementation of the Plan

begins when the Victorian Plan partners have a major stake in Goulburn Broken
First regional Victorian Salinity Strategy, Government announces Catchment's water quality pilot after blue-green algae
salinity Pilot Salt Action-Joint Action support for 1989 Draft blooms in many Murray-Darling Basin water bodies.
Program launched released. Shepparton Irrigation Region Australian, State and Territory governments’ Decade
in Goulburn Broken Murray-Darling Basin Land and Water Salinity of Landcare Plan released, building on Victoria's 1986
Catchment. Commission established. Management Plan. Landcare Program.
c O
A A
il
! First major Plan revision.

SIR uniform planning
controls adopted.

Catchment management authorities established

(as per Catchment and Land Protection Act 1994) Victoria's Cotchment
including former waterway SIR Surface Drainage and Land Protection
and sets path to holistic approach. Draft Goulburn Strategy released. Act enacted; includes

Plan partners have major role in Victoria's Broken Water Agreement to cap many lessons from SIR

pilot biodiversity strategy in the Goulburn Quality Strategy Murray-Darling Basin and Goulburn Broken

Broken Catchment. completed. surface water diversions. Catchment.

Plan partners have major input Revised plan is SIR Catchment Agency partner irrigation

in Goulburn-Murray Water's Strategy, adding floodplain drainage memorandum

water supply protection area management, climate change of understanding,

plan for controlling groundwater and soil health, consistent with developed to show GBCMA

level and salinisation. the broadened scope of the iigation drain appoints

Prime Minister opens stage 1 of Major Plan updated 2003 Goulburn Broken reduces

Muckatah drainage project. review. Regional Catchment Strategy. impact on waterways. Facilitator.
O O O

Plan partners play major role in

Gl Victoria's Northern $2 billion Connections Project Unbundling:
Region Sustainable (upgrade of irrigation delivery separation of Plan (as SIR Catchment
Farm Water Program Water Strategy system that runs until 2020). water from land Strategy) revised in
begins, resulting in released to navigate Intergovernmental inNorthern context of lengthening
81 gigalitres of water hts and Murray-Darling Basin Agreement Victoria's dry sequence and
savings by 2018. the uncertainty of governs water sharing between declared water becomes SIR Catchment
climate change. Basin states. systems. Implementation Strategy.

Q
<

Salt and water balance project narrows main cause of
shallow watertable rise to be rainfall (and not irrigation
tailwater or wastage) on irrigated land.

Major Plan

Plan (as SIR Murray Darling X 2 Z 2 review results in Plan ners
Catchment Baslrman sefs SIR drainage review pivots program to match drier State-endorsed have‘:na:jor rolein
Implementation | the amount of condiions and mduce costs: SIRLWMP 2016-20 developing Goulburn
Strategy) water that can be Land-use study shows transformational changes that emphasises Regional Partnership's
reviewed and taken from the caused by water transfers out of Goulburn Murray critical attributes of Goulburn Murray

updated. Basin each year. Irrigation District. resilience. resilience strategy.

-
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Estimated community
investment in farm
works
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Length of drains
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S 2

Reduced annual salt
loads into Murray
River
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streams
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government investment

in the Plan

.//7

£
73,611
ha

Area of farm and
environment
protected from high
watertables

3,567

Irrigation reuse
systems installed

People employed
in drought, flood,
fruit industry
and environment
employment programs
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Farmer and
community group
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Community and
agency partnership
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4,456

Number of whole
farm plans

Area of whole farm
plans

o

52,847
ha

Number of
groundwater pumps

installed

Area protected by
groundwater pumps

y
1,822
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2,078 )
ha

Native vegetation Native vegetation
planted or direct seeded

land on private land
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Volume 72, Issue 3 July 2023 Pages 706-715
Thirty years of partnerships to achieve sustainable irrigation through
Shepparton Irrigation Region Land and Water Management Plan
Carl Walters, Kelvin Bruce, Megan McFarlane

ABSTRACT

The Shepparton Irrigation Region (SIR) is an environmentally and economically
significant area in northern Victoria of Australia covering 500,000 ha. The 1990-2020
Shepparton Irrigation Region Land and Water Management Plan (SIRLWMP) was developed
in the late 1980s due to community alarm around increasing salinity and groundwater tables.
The regional community (with the support of government, farmers and technical experts)
started implementing the plan in 1990. The plan was unique and innovative in Australia in its
approach to taking a long-term view of environmental sustainability. A long-term and adaptive
partnership approach across all levels was vital because environmental problems did not always
become apparent in the short term. All of the partners involved in the plan learned to persist
and adapt their approach to build resilience in the socio-economic systems. The SIRLWMP has
enabled many serious challenges to be successfully navigated and adapted to including extreme
climate events, changing land use and community demographics. Each of these challenges
required the ongoing collaboration of many partners to continuously improve the direction and
achievements of the SIRLWMP. A 2020 review of the achievements of the 30 years of
implementation showed the quantifiable breadth and depth of achievements against the plan's
goals. However, there is still more work to do, and the SIRLWMP continues beyond 2020 in a
challenging environment. It is expected that partners would continue to work together and

continue to talk through difficult issues—because this is how real change happens.

KEYWORDS
agriculture, biodiversity, community, drainage, irrigation, natural resource management,

partnerships, salinity, water management
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Volume 72, Issue 5 November 2023 Pages 1245-1259

Research and innovation in agricultural water management
for a water-secure world

Mark D. Smith, Alok Sikka, Tinashe L. Dirwai, Tafadzwanashe Mabhaudhi

ABSTRACT

There is increased awareness that the current food system is unsustainable and that
transformative research, development and innovation in agricultural water management (AWM)
are needed to transform water and food systems under climate change. We provide an overview
of research efforts, challenges, opportunities and innovations to improve water resource
management and sustainability, especially in the agricultural sector. We highlight how
sustainable AWM is central to balancing the needs of a growing population and increasing food
demand under increasing water insecurity and scarcity, with environmental and socio-economic
outcomes. Innovative technologies are being developed to optimize water use and productivity
through sustainable irrigation technologies, irrigation modernization and smart water
management. However, these innovations still need to fully address equity, inequality and
social justice concerning access to water, infrastructure and the delayed technological advances
in the global South. This requires adopting transdisciplinary approaches, as espoused by the
water—energy—food (WEF) nexus, to better anticipate and balance trade-offs, optimize
synergies and mitigate risks of maladaptation. Through such transdisciplinary approaches,
AWM innovations could better consider local socio-economic, governance, institutional and
technological constraints, thus allowing for more contextualized and relevant innovations that

can be scaled.

KEYWORDS

sustainable development, transformation, water security, WEF nexus
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Practical approaches to enhance water productivity at the farm level in
Asia: A review
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ABSTRACT

The global population is constantly increasing, reached 8 billion in November 2022 and
is expected to reach 9 billion by 2037. This increased population is expected to increase the
demand for food, clothing and shelter, which in turn are heavily dependent on limited water
resources. The available freshwater resources for agricultural use are further declining due to
overexploitation and changing climate in the major food baskets of the world. This increasing
water scarcity is exacerbated by expanding cities due to increasing urbanization. This calls for
a new look at the allocation of water to agriculture. Therefore, the development of new
strategies to improve agricultural water use may serve as an important adaptation strategy. This
review attempts to include a comprehensive review of the literature on (i) the status and
definition of water productivity and (ii) factors responsible for low water productivity (WP) in
Asian agriculture. Furthermore, it contains practical approaches to enhance water use efficiency
at the farm level covering all field crops and a range of soil types, which include (i) agronomic
interventions; (i1) genetic interventions, such as the identification and cultivation of crop
cultivars with high WP; and (iii) genotype, environment and crop management interactions for

higher WP.
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A review of lysimeters from the perspective of measurement performance
and intelligent development in China

Zehai Gao ~ Dongzhe Yang - Chengcheng Li ~ Jianfeng Zhang ~ Quanjiu Wang

ABSTRACT

Lysimeters are critical instruments for studying infiltration, runoff and evapo-
transpiration processes in the hydrological cycle and play a critical role in pro- moting efficient
water-saving irrigation. This paper provides a systematic review of the development process
and research status of lysimeters, progressing from simple to complex designs, from single
instruments to clusters, and from manual measurement to intelligent monitoring. The working
principles of various types of lysimeter were first described based on Chinese lysimeter patents
over the past 20 years. Second, this paper analyses the measurement performance and
application scope of different lysimeters and further studies the weighting stability of various
weighing lysimeters. Third, by analysing sources of measurement error, the reliability
improvement methods of lysimeters are analysed from the aspects of environment control and
sensor compensation. Fourth, this paper reviews typical research on the automation and
informatization of lysimeters and discusses future intelligent developments and application
prospects for lysimeters in complex environments. Finally, the measurement performance of
different lysimeters is analysed based on experimental data sets. This paper puts forward some
suggestions for developing lysimeters with high performance, high efficiency and high

reliability, hoping to promote the development of intelligent agriculture.

KEYWORDS
intelligent agriculture, lysimeter, measurement performance, reliability improvement, water-

saving irrigation
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Transforming an irrigation system to a smart irrigation system:
A case study from Tiirkiye (Turkey)
Mehmet Akif Balta, Muhammed Imran Kulat

ABSTRACT

The Imamoglu Agricultural Irrigation Automation Project aims to revolutionize water
management and allocation in agricultural irrigation through the establishment of a central
management-based system. By integrating modern irrigation technologies and systems, the
project seeks to optimize water usage by monitoring key variables such as irrigation methods
and plant-water—yield relationships. The electronic water management system (ESYS), at the
core of this initiative, employs a geographic information system (GIS)-based interface and real-
time data to facilitate active participation of farmers and water stakeholders. Through the
utilization of deep learning technology and real-time data analysis, the system enables timely
and informed irrigation planning, resulting in significant water savings and increased
productivity. The project's implementation, focused on the Imamoglu Irrigation System, has
gradually introduced a remote central management-based agricultural irrigation automation
system to 2,240 farmers. Integrated with the ESYS, this system offers benefits including
enhanced water supply security, remote access to irrigation control, soil moisture monitoring,
weather-based irrigation planning and centralized plant pattern management. The project aims
to promote efficient water usage, maximize food production and serve as a model for future
irrigation projects. Key highlights include up to 65%—70% increase in water savings, up to 90%
reduction in energy and fuel savings, up to 90% reduction in labour and personnel savings and

more efficient irrigation management, among others.
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artificial intelligence, irrigation management, smart irrigation, water management
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Estimation of loss in arable land and irrigation requirements
using high-resolution imagery and Google Earth Engine

Majid Farooq, Fayma Mushtaq, Ubaid Yousuf

ABSTRACT

Water resources planning and management are critical in intricate basins such as the Indus
Basin, shared by India and Pakistan under the Indus Water Treaty (IWT) for food security,
conserving the environment, sustainable economic development and supporting livelihoods.
The present study assesses arable land loss within the Padshahi and Sindh Extension (SE) canal
catchments over 54 years, utilizing high-resolution satellite imagery and Google Earth Engine's
normalized difference vegetation index (NDVI) derivations for strategizing irrigation efficiency,
minimizing water loss and ensuring sustainable utilization of limited water resources under the
IWT. Results revealed that irrigated land has decreased from 5127 ha (1966) to 3501 ha (2020)
in both canals. The Padshahi canal sees substantial loss (1278 ha), primarily due to the highest
transitions from agricultural land/crop land (—69%) to built-up areas. The SE canal,
experiencing shifts to horticulture and plantation, records relatively fewer changes in built-up
areas (348 ha). The monthly variation in the NDVI clearly depicted the high demand for
irrigation to cater to agricultural lands with the onset of the sowing season for paddy in the
Padshahi (1900 ha) and SE (2600 ha) canals in May.

KEYWORDS
agriculture, CORONA, GEE, Indus Water Treaty, irrigation, NDVI
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Simulating the impact of subsurface pipe drainage systems on crop water
productivity at a regional scale in the upper Yellow River Basin

Jing Xue, Li Ren

ABSTRACT

Subsurface pipe drainage (SPD) could provide a suitable environment for crop production
in arid and semi-arid agricultural areas; however, less attention has been given to the design
layout of SPD on the regional scale in Hetao Irrigation District (HID). In this study, the
appropriate layout of the final subsurface pipe was determined using the distributed SWAP-
WOFOST (Soil-Water—Atmosphere—Plant and WOrld FOod STudies) model in HID.
Subsequently, the impact of the proper SPD on crop yield and water productivity (WP) were
evaluated. Finally, the crop zoning was adjusted to further enhance crop WP, and the
corresponding newly added cultivated land area was preliminarily estimated based on the
suggested SPD. The results indicated that after zoning in the suggested SPD, the annual average
yields of spring wheat, spring corn and sunflower increased by 19%, 7% and 11%, respectively,
and WP improved by 13%, 5% and 10%, respectively, compared to the traditional layout. The
newly added cultivated land area was estimated to be approximately 3489 ha through the
replacement of traditional end ditches with subsurface pipes in HID. Therefore, the suggested
subsurface pipe designs and cropping pattern adjustment improved crop growth and led to an

increase in the cultivated land area in HID.

KEYWORDS
crop zoning, distributed SWAP-WOFOST model, groundwater depth, subsurface pipe

drainage, water productivity
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Application of artificial neural networks for time series rainfall forecasting

in the Loktak lift irrigation command area of Manipur, India

Satish Yumkhaibam, Bharat C. Kusre

ABSTRACT

The primary source of water for irrigation and other agricultural activities is rainfall. It has
an immediate effect on crop growth and productivity. Forecasting this rainfall in advance allows
farmers to effectively plan their cropping pattern. In recent years, forecasting rainfall has
become very popular due to the availability of the latest computation techniques. Artificial
neural networks (ANNSs) are one such technique widely used for rainfall prediction by a number
of researchers. These models are more reliable as they make better predictions because of their
nonlinear data learning method. In the present study, an ANN model was developed to predict
the annual, monsoon and postmonsoon season rainfall. The model was developed using
34 years of data from 1985 to 2018 in the command area of the Loktak Lift Irrigation Project
in Manipur, India. The ANN model was trained using the rectified linear unit (ReLU) activation
function. The 3-year input model excelled in all seasons, with the best model achieving a 0.36
coefficient of determination (R2), 75.7 root mean square error, 0.60 correlation coefficient and
62.5 mean absolute error. These performance indicators were comparable with studies

performed by other researchers. Thus, the model can be adopted for the study area.

KEYWORDS

activation function, artificial neural network, Python programming, rainfall forecasting
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Volume 72, Issue 4 October 2023 Pages 922-933
Evaluation of new pivoting linear-move precision irrigation
machine

Andrea Szabé, Janos Tamas, Adam Kovesdi, Attila Nagy

ABSTRACT

Due to population growth, freshwater resources around the world are becoming
increasingly scarce, and the water supply in agriculture has emerged as one of the limitations
of food production. Variable-rate irrigation (VRI), a type of precision irrigation, allows water-
efficient irrigation techniques to ensure an optimal water supply. The University of Debrecen,
in collaboration with Magtar Kft., was the first in Hungary to develop a new laterally mobile
irrigation machine equipped with VRI. The subject of our study was the testing of this system.
According to the research, high and homogeneous irrigation uniformity was achieved in
practice, with a Christiansen uniformity coefficient (CUc%) of 9342, distribution uniformity
(DU%) of 88+2 and coefficient of variation (CV) of 942. Irrigation accuracy was also found to
be satisfactory (mean absolute error 0.6+0.1, mean bias error 0.2+0.2, normalized root mean
square error 8.6+2), and only 1.4%=+2% was over-irrigated and 0.4%+0.3% under-irrigated. In
addition, the uniformity and accuracy of irrigation in different management zones along the
pipeline were also investigated, and significant differences (p<0.05) were found between
irrigation water depths. Based on the above, a new laterally mobile irrigation machine equipped
with VRI can be used to develop more uniform and accurate irrigation schedules in the future

in arable fields as this is critical for water-saving irrigation management.

KEYWORDS

irrigation accuracy, irrigation uniformity, linear irrigation system, variable rate
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Development of a smart IoT-based drip irrigation system for
precision farming
Vinod Kumar S, Chandra Deep Singh, K. V. Ramana Rao, K. V. Mukesh
Kumar, Yogesh Annand Rajwade

ABSTRACT

Precision irrigation scheduling using real-time sensors has the potential to boost
water use efficiency while maximizing resource utilization. Traditional farming is
adversely affected by improper resource management. To overcome a farmer's efforts,
an loT-based drip irrigation system was developed and tested for system performance.
It was compared with an ETc-based drip irrigation system for brinjal crops grown in
planter beds filled with vertisols. The developed system, consisting of sensors and
microcontrollers, records the environmental parameters, namely, soil moisture content,
soil temperature, and relative humidity and temperature. Irrigation scheduling was
programmed using upper (field capacity) and lower thresholds (50% plant available
water). Irrigation applications were triggered when the soil moisture value reached the
lower threshold (33%) and ended after the field capacity was attained (46%). The
information captured by the sensors is wirelessly uploaded to the cloud server using
IoT technology, which can be accessed from anywhere in the world. It was observed
that the IoT-based drip irrigation testing plant grew 1.3 cm taller than the ETc-based
drip irrigation testing plant. The length and width of brinjal plant leaves also increased
more than the ETc-based drip irrigation treatments. The IoT-based drip irrigation
treatments improved pump operating time, leaf length and width by 85 min, 4.4 cm and
3.1 cm, respectively, compared to 125 min, 3.7 cm and 2.4 cm for the ETc-based drip
irrigation treatment. During a period of 31 days, water savings of 35% were observed
compared to ETc-based drip irrigation. The developed system was rugged, and a water-

resistant enclosure allowed its use in outdoor agriculture fields.
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185


https://onlinelibrary.wiley.com/toc/15310361/2020/69/1

REFERENCE

Allen, R.G., Pereira, L.S., Raes, D. & Smith, M. (1998) Crop evapotranspiration-
guidelines for computing crop water requirements-FAO irrigation and drainage paper
56. Fao, Rome, 300(9), D05109.

Cobos, D.R. & Chambers, C. (2010) Calibrating ECH20O soil moisture sensors.
Pullman, WA: Application Note, Decagon Devices.

Dasgupta, A., Daruka, A., Pandey, A., Bose, A., Mukherjee, S. & Saha, S. (2019) Smart
irrigation: IoT-based irrigation monitoring system. In: Proceedings of International
Ethical Hacking Conference 2018. Singapore: Springer, pp. 395-403.

Deshpande, P., Damkonde, A. & Chavan, V. (2017) The internet of things: Vision,
architecture, and applications. International Journal of Computer Applications, 975(2),
8887-8814. Available from: https://doi.org/10.5120/ijca2017915722.

Evelyn, G.L., Montiel, J.E., Chadwick, C.A. & Garcia, F.R.M. (2019) Architecture
proposal for low-cost hydroponic IoT based systems. In: International Congress of
Telematics and Computing. Cham: Springer, pp. 305-322.

Garcia, L., Parra, L., Jimenez, J.M., Lloret, J. & Lorenz, P. (2020) IoT-based smart
irrigation systems: An overview on the recent trends on sensors and IoT systems for
irrigation in precision agriculture. Sensors, 20(4), 1042. Available from:
https://doi.org/10.3390/s20041042.

Goap, A., Sharma, D., Shukla, A.K. & Krishna, C.R. (2018) An IoT based smart
irrigation management system using machine learning and open source technologies.
Computers and Electronics in Agriculture, 155, 41-49. Available from:
https://doi.org/10.1016/j.compag.2018.09.040.

Gu, Z., Qi, Z., Burghate, R., Yuan, S., Jiao, X. & Xu, J. (2020) Irrigation scheduling
approaches and applications: A review.Journal of Irrigation and Drainage Engineering,
146(6), 04020007. Available from: https://doi.org/10.1061/(ASCE)IR. 1943-
4774.0001464.

Imran, M.A., Ali, A., Ashfaq, M., Hassan, S., Culas, R. & Ma, C. (2019) Impact of
climate-smart agriculture (CSA) through sustainable irrigation management on
resource use efficiency: A sustainable production alternative for cotton. Land Use
Policy, 88, 104113. Available from: https://doi.org/10.1016/j.1andusepol.2019.104113.

Jagannathan, S. & Priyatharshini, R. (2015) A smart farming system using sensors for
agricultural task automation. In: Technological Innovation in ICT for Agriculture and
Rural ~ Development  (TIAR).  Chennai, India: IEEE, pp. 49-53
https://doi.org/10.1109/TIAR.2015.7358530

Khanna, A. & Kaur, S. (2019) Evolution of internet of things (IoT) and its significant
impact in the field of precision agriculture.

Computers and Electronics in Agriculture, 157, 218-231. Available from:

186


https://doi.org/10.1061/(ASCE)IR

https://doi.org/10.1016/j.compag.2018.12.039.

Kim, Y., Evans, R.G. & Iversen, W.M. (2008) Remote sensing and control of an
irrigation system using a distributed wireless sensor network. IEEE Transactions on
Instrumentation and Measurement, 57(7), 1379-1387. Available from:
https://doi.org/10.1109/TIM.2008.917198.

Krishnan, R.S., Julie, E.G., Robinson, Y.H., Raja, S., Kumar, R. & Thong, P.H. (2020)
Fuzzy logic based smart irrigation system using internet of things. Journal of Cleaner
Production, 252, 119902. Available from: https://doi.org/10.1016/j.jclepro.2019.
119902.

Nolz, R., Kammerer, G. & Cepuder, P. (2013) Calibrating soil water potential sensors
integrated into a wireless monitoring network. Agricultural Water Management, 116,
12-20. Available from: https://doi.org/10.1016/j.agwat.2012.10.002.

Pallavi, S., Mallapur, J.D. & Bendigeri, K.Y. (2017) Remote sensing and controlling of
greenhouse agriculture parameters based on IoT. In: International Conference on Big
Data, IoT and Data Science (BID). Bagalgot India: IEEE, pp. 44-48
https://doi.org/10.1109/BID.2017.8336571.

Pathak, A., AmazUddin, M., Abedin, M.J., Andersson, K.,Mustafa, R. & Hossain, M.S.
(2019) IoT-based smart system to support agricultural parameters: A case study.
Procedia Computer Science, 155, 648—653. Available from:
https://doi.org/10.1016/j.procs.2019.08.092.

Penman, H.L. (1948) Natural evaporation from open water, bare soil and grass.
Proceedings of the Royal Society of London, A193, 120-146.

Pradeep, K. & Byregowda, B.K. (2017) Greenhouse monitoring and automation system
using microcontroller. International Journal of Engineering Trends and Technology,
45(5), 196-201. Available from: https://doi.org/10.14445/22315381.

Segarra, J., Buchaillot, M.L., Araus, J.L. & Kefauver, S.C. (2020) Remote sensing for
precision agriculture: Sentinel-2 improved features and applications. Agronomy, 10(5),
641. Available from: https://doi.org/10.3390/agronomy10050641.

Tzounis, A., Katsoulas, N., Bartzanas, T. & Kittas, C. (2017) Internet of things in
agriculture, recent advances and future challenges. Biosystems Engineering, 164, 31—
48. Available from: https://doi.org/10.1016/j.biosystemseng.2017.09.007.

Zhu, X., Chikangaise, P., Shi, W., Chen, W.H. & Yuan, S. (2018) Review of intelligent
sprinkler irrigation technologies for remote autonomous system. International Journal
of Agricultural and Biological Engineering, 11(1), 23-30. Available from:
https://doi.org/10.25165/j.ijabe.20181101.3557.

187


https://doi.org/10.1016/j.jclepro.2019

74% 1992025227 )T 299-315
# % i 2 ¥ (Opuntia ficus-indica)&FL iTH T E P 5 f § 2
ERBTEERECEY
Hamid Najafinezhad', Mohmmad Ali Javaheri', Nader Koohi?, Seid
Zabihallah Ravari®’, Mohammad Reza Asgharipour?

£ 2

fk%ﬁ@ﬁéﬁﬁhiaw%ﬁ%ﬁm%ﬁiiﬂm»ﬂﬂ%ﬁﬁ%l
# % 2017 & 2019 # Fie (71 = # ch Fp ks
o X EAF RS R 2K 2017 £
¥ RICH RS OREREGE RS Z BRI A F g g
B KIFARGE AR EF e FFE 02017 & 5 100 ~ 140 ~ 180 ®
# 52018 # % 140~190~ 240 % 52019 £ 5 160210260 % i
e LR S W P N S

22018222019 # 7 > & ¥ HBEE G BRI RILT > B RS AT

£

A 4 g gdc(cladodes) A W) 5 B F A D o F AL R A B4 T
ERCRREEETE TR LIRS THASFE T E ARG

¥ 4k s (NDF)f % 4 2 (ADF)E & ] 5 £ £ 2018 #2 2019 & »
LR EEERE B4 PR o L VIR RTHE SR AR R
(2018 102019 &8¢ 5 & 2°F 573 & 112 25 £ 0 5 & 2%

4
2897 o¥p) e RiERFCEFRS T ok 785 8% @ apkE

! Agricultural and Horticultural Research Department, Kerman Agricultural and Natural Resources
Research and Education Centre, Agricultural Research, Education and Extension Organization
(AREEO), Kerman, Iran
2 Agricultural Engineering Research Department, Kerman Agricultural and Natural Resources
Research and Education Centre, Agricultural Research, Education and Extension Organization
(AREEO), Kerman, Iran
3 Seed and Plant Improvement Research Department, Kerman Agricultural and Natural Resources
Research and Education Centre, Agricultural Research Education and Extension Organization
(AREEO), Kerman, Iran
* Department of Agronomy, College of Agriculture, University of Zabol, Zabol, Iran

188



So 4 5 — 2 > _L,:' "“,’7"’}} 3
ERATAE 7% - FTEFET O AEFIRLEEFF TR R

Uk TR AR A ¥ oo

M4EZ: BEBR A ¥ RS G kA2 A AR

189



o
"_an'\
"&:
IS»*
&
B
flm
e
e
Jry
A
9
)
=
o
N

=Y o
) ZERGHPITHF 2 A SRS IRGFZRENLE o7
# % i A ¥ (Opuntia ficus-indica) ] & & @t % ~ mﬁ”‘é‘:}ig&rg}\ln\fgﬁ
G4 AL D I AL (e o WA E S A B S FAeT 6 s
iﬁgﬁééh}%ﬁﬁ_ﬁ’i%%ﬁi*“@%‘%ﬁf@iﬁﬁﬁﬁ?%?(*—?—!
AN N L Sy I ER T Rt
AE A AR DT o B (dry matter) T * ok G 267 o g MAr H s 4
i Bk 42 A3 BFRFHB T AT POt Tm 7 F

—
H
ﬁ
—
P
g‘ﬁ\j
bl
- .
N
=1
=
!
él&
oy
Ay
%

‘-\-\1:

FERBEEAILT > A E AR AR E H Tt £ AR KA T ok
2 BIER R T oA A g R g o

FEp 2017 £ 2019 # fse & 4 Shahmaran #7 7 #pi8 {7 > g5 *
i I S N - Bl P ¥ LRI I L AN S R S R
ZEP LERERFERAAFAEF e ZHFERLLE 2017 £ G
100/140/180 mm > 2018 & 5 140/190/240 mm - 2019 & % 160/210/260

me FEE EAF 40 FEABTERY PR IELRLSERFS
EEZERVRIEZLE EEXI D FFLE -

IR * kK p RRF ;i 4 EE R 2 (cladode)it 7 % 7 - & K
SR A 30tk R FFEL FIE2 2% S HREE 1S 2% o ey
We ZFBges bz EF Gt E iR e £ o BINEEE
oM EER AR BROF B EERE o F RS LR BokA S
TEFA LR E > TR LT Rk £ o
PR LFRE ¢ EEREH, & (cladode)#E LR T A CE
¢~ §5F 42 36 (Kjeldahl %) ~ ¢ /fi % 5k % (NDF/ADF) % 49
LR kYo E R A WA BB ¥ 00 LSD i e 2E

/

190



B 2017 & kA& 0 F]W T B Y R EEEEE S 4T Y
CHAEREFNERES EREFELR > TR HRAN ST BERE -
po2018 #4z » BT ABP BT HERAR D ¥ BT ERANE
ST HaE 22.5(2018) 27.8(2019) 0 B B 3L iz % AJL(4 Y 5 16
BASB)e FREL -TEI L AHFFETPHET S AR DHY
BE RSt TR o

2018 ¥ 2019 E o FiBTASL T E B1isE A B G 1573 &
4.51 wg/ 28 (2018) 5 112 ¥2 8.97 #g/ 2> (2019) » i B >t 7 B ¥ B & iz
ottt B R UG AR 0 R E R IR T E R E
m NDF 22 ADF kM - rHfedas £7 % &
5 8% BrE scF PFE L 7% o K 3,?&%1,?%»..‘@;3-‘3:
EERE TR ?iﬁ & i D

-

g e

%
- o
L%

|

bl

e D 5 R S
K0
|l
F_&
<X
o
&
S
-

F =
bl
&
-Q\“
I

—=
Ju
Eﬁ

N

“r
P
o

—
al

&
-

- S5

O
mf
'__r_.\
>~
4
gl
F_k
(‘.ﬂ -
=
&=
By
o
S
bt
3l
;‘\
ETIRS
<
S
ﬂ N
N
>
7“_.
bt
&
=\
23
ai

HRplz i 248 #1354
S iR
Rz s~ F25RE 188

191



Volume 74, Issue 1 February 2025 Pages 299-315
Optimizing irrigation for cactus (Opuntia ficus-indica) fodder
production under drought conditions in Kerman, Iran
Hamid Najafinezhad, Mohmmad Ali Javaheri, Nader Koohi, Seid
Zabihallah Ravari, Mohammad Reza Asgharipour

ABSTRACT

Water scarcity and droughts are major challenges for cattle production in Iran due
to the resulting feed shortages. Cactus plants were studied for 3 years (2017-2019) for
their agronomic and water productivity. The study used a four-replication randomized
block design. Normal, moderate drought stress and severe drought stress irrigation were
applied in 2017. The irrigation depths applied to the cactus plants were established by
referencing cumulative pan evaporation values, with 100, 140 and 180 mm in 2017,
140, 190 and 240 mm in 2018; and 160, 210 and 260 mm in 2019, representing the total
depth of water added during each irrigation event. In 2018 and 2019, the normal and
severe drought stress treatments produced the most and least number of cladodes per
plant, respectively. As dry stress increased, the cladode length, breadth and diameter
decreased. Severe drought stress had the greatest potassium content and the lowest
neutral detergent fibre (NDF) and acid detergent fibre (ADF) concentrations. Normal
irrigation had the greatest effect on water productivity in 2018 and 2019. The usual
treatment produced the greatest fresh and dry yields in 2018 (57.3 and 4.51 tha—1) and
2019 (112 and 8.97 tha—1). Under mild drought stress, the crude protein content was
8%, and under severe drought stress, it was 7%. The results suggest that Kerman, Iran,

can grow cactus with less water.
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agronomic characteristics, cactus, drought stress, fodder, water productivity, yield
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Evaluation of potential irrigation water savings by assessing the soil
water balance in a vineyard in central Chile

Osvaldo Salazar, Marcela Castro, Ranvir Singh, Helena Ponstein

ABSTRACT

The main aim of this study was to evaluate the potential savings of irrigation
water by assessing the soil water balance during the growing season in a wine vineyard
in the Maule region, Chile. This study provides insights into the influences of different
irrigation water applications on soil water status and its potential effects on grape yields,
water use efficiency (WUE) and the cost of irrigation to help improve irrigation
practices in the region and other similar Mediterranean regions. The field experiment
compared three levels of irrigation water applied: current irrigation of the vineyard (TO0)
and two deficit irrigation treatments with reductions to 75% (T1) and 50% of the
irrigated water (T2). The measurements included volumetric soil water content, shallow
groundwater table, canopy cover and grape yield at harvest during the entire growing
season (October 2017 to April 2018). We found a potential reduction of 25% or 50%
in the current irrigation system while maintaining the grape yield, increasing the WUE
and reducing the cost of irrigation. Consideration of the water stored in the soil by the
accumulation of rainfall in the winter season and the potential for capillary rise of

shallow groundwaters is crucial for adjusting irrigation to vine water requirements.
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bulk wine, deficit irrigation, soil water content, water use efficiency (WUE)
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Providing optimal cropping patterns and water consumption

according to monitored and forecasted drought conditions

Farzaneh Khajehi, Mohammad Mehdi Moghimi, Abdol Rassoul Zarei

ABSTRACT

Drought management in the agricultural sector requires monitoring and
prediction of this phenomenon, as well as providing a suitable cropping pattern. In this
study, the reconnaissance drought index (RDI) was used for drought monitoring in Fars
Province, Iran. The status of water resources was predicted using a model that matches
the time series of the RDI and the groundwater level. The optimal cropping pattern was
obtained according to the predicted available water resources using a genetic algorithm.
Generally, the actual and predicted changes in groundwater levels indicate the critical
conditions of groundwater resources in the study area. Groundwater resource
consumption should be lowered by implementing deficit irrigation scenarios that result
in keeping crops with lower sensitivity to water deficit in cropping patterns such as
barley, wheat, canola, forage corn and potato. The cropping pattern optimization results
suggest an increase in the area allocated to more economical crops in the northern half
of Fars Province due to the better temporal distribution of annual rainfall and better
water resource conditions. However, with increasing water costs, the cultivation area

and the optimal water reduction fraction of these plants decreased.
KEYWORDS

cropping pattern, drought prediction, optimization, water consumption, water reduction

fraction
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Simple soil water monitoring tools increase yield and income of
smallholder farmers in Malawi: A case study of four irrigation
schemes
Jonathan T. Chikankheni, Richard Stirzaker, Craig Strong, Isaac R.
Fandika, Grivin Chipula

ABSTRACT

The area under irrigation in Malawi has increased, but productivity is still low
due to farmers' lack of irrigation knowledge. This paper describes a ‘peoplecentred
learning’ approach aimed at improving water management in smallholder irrigation
schemes. The work was conducted in Malawi, where farmers at the Bwanje, Tadala,
Nanzolo and Matabwa irrigation schemes were provided with soil water sensors that
showed whether the soil was wet, moist or dry using colours, making it easy for farmers
to understand. Indicators related to water management and soil water status were
monitored during the 2017 and 2018 irrigation seasons. The yield and gross margins
were then assessed. The results show that farmers can effectively identify irrigation-
related problems and act on the information provided by the tools. The yield increased
by more than 80%, and the gross margins increased by more than threefold across all
the schemes. Based on the findings outlined, the use of soil water sensors enhances
farmers' understanding of water management, prompting behavioural changes and
measurable improvements in irrigation productivity. Furthermore, this study concludes
that improving farmers' knowledge is essential for transforming smallholder irrigation

schemes into profitable and sustainable investments.

KEYWORDS
Chameleon Soil Moisture Sensors, farmer learning, irrigation management, Virtual
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Addressing water scarcity in agricultural irrigation: By exploring

alternative water resources for sustainable irrigated agriculture

Amgad Elmahdi

ABSTRACT

This review paper addresses challenges in the water sector, particularly in
irrigated agriculture, aiming to propose solutions for meeting irrigation demands while
promoting global food security and sustainable development, notably SDG 6.
Structured around three facets: empowering farmers, strengthening conventional
sources of irrigation water and harnessing non-conventional water resources, it
emphasizes the significance of exploring blue water resources due to precipitation
variability. Many irrigation systems operate below efficiency, offering productivity
enhancement opportunities. Water management in agriculture spans various levels,
involving farmers as key stakeholders. In addition to surface water, alternative sources
like rainwater, grey water, recycled wastewater and groundwater can meet irrigation
needs. Rainfed agriculture, facing challenges from erratic rainfall, can benefit from
rainwater harvesting and under-irrigation practices. Wastewater emerges as a pivotal
resource, particularly in peri-urban areas, necessitating appropriate safety measures.
This paper presents the General Report of Congress Question 64 of the ICID Congress
in Visakhapatnam. It provides a unique opportunity to focus on how alternative water
resources might enhance the resilience of irrigation systems and bridge the gap between
water supply and demand. The subdivision of the paper into three distinct subtopics
guides research contributions, encouraging responses that delve into the specific themes
of reinforcing, harnessing and empowering, all within the context of sustainable

irrigated agriculture.

KEYWORDS
alternative water resources, irrigation demand, sustainable irrigated agriculture, water

scarcity
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Wick irrigation improves seed yield and water use efficiency in mung
bean

Mansoor Rezaei, Hassan Heidari

ABSTRACT

Drought is a serious threat to crop growth, and finding new irrigation methods
can save water. This study investigated water use efficiency and seed yield in mung
bean under wick irrigation. Irrigation treatments comprised wick irrigation, surface
irrigation with water equivalent to wick irrigation, and surface irrigation with double
the water use of wick irrigation. Wick irrigation increased seed weight per plant,
100-seed weight, seed number per pod, pod number per plant, seed yield, biological
yield, water use efficiency of seed, and water use efficiency of biomass by 164%, 14%,
28%, 80%, 164%, 128%, 164%, and 128%, respectively, compared with surface
irrigation using an equivalent water volume. Plant height, internode length, leaf number,
node number, branch number, leaf length, and leaf width were also enhanced. Wick

irrigation can thus save water while improving seed yield and net income.

KEYWORDS

capillary movement, deficit irrigation, drought, surface irrigation, water-saving
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Using a crop water stress index to determine water use efficiency in a
raspberry crop in the Mediterranean Central Chile
Catherine Vargas-Castro, Cristian Mattar, Oscar Seguel& Italo Moletto-
Lobos

ABSTRACT

Water availability is projected to decrease in Mediterranean Central Chile,
necessitating sustainable production strategies based on improved irrigation
management. This study focuses on estimating water use efficiency (WUE) in raspberry
crops at two validation sites using remote sensing and soil irrigation data. By employing
the crop water stress index (CWSI), we demonstrate the potential of this tool in
enhancing irrigation management and establishing sustainable production practices.
The results demonstrate the successful estimation of actual evapotranspiration (ETa)
using the Operational Simplified Surface Energy Balance (SSEBop) model (coefficient
of determination [R?] = 0.92; root mean square error [RMSE] = 0.97 mm day'), while
the CWSI indicated high stress levels after 5 days of irrigation. Moreover, validation at
two sites reveals significant differences in applied irrigation, with sites A and B
receiving 17,097 and 3760 m? ha™', respectively, while the average water demand is
close to 5300 m® ha™'. These variations result in discrepancies in WUE, with values of
0.79 and 3.64 kg m>. By integrating remote sensing indices and soil data, this study
proposes that maintaining an 85% ETa rate during noncritical periods can enhance
WUE. This work demonstrates the potential use of a water stress index to monitor crops
in the Chilean central zone for efficient water resource use under future scarcity

scenarios.
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Ecosystem services of irrigated and controlled drainage agricultural
systems: A contemporary global perspective
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Aynur Fayrap, Richard Cresswell, M.K. Hsieh

ABSTRACT

Irrigated agriculture provides 40% of the world's crop-based foods but often with
a negative impact on the environment. It is important to recognize that in addition to
providing food and fibre, irrigation and controlled drainage systems can be optimized
to provide additional ecosystem services and mitigate climate change by using
resources in a more efficient way. Contemporary case studies were identified from
around the world, including flood control by paddy fields in Japan, water quality
enhancement and wastewater reuse in South Africa and Taiwan, micro-/meso-climate
regulation in Ethiopia and Japan, controlled drainage and sub-irrigation to maximize
carbon sequestration and minimize leaching in Finland, and groundwater table
management to reduce irrigation water and pumping requirements in Turkey. Irrigation
infrastructure, such as rice paddy terraced landscapes (Japan) and large dams and canals
(Australia), have also achieved notable additional ecotourism job creation. Case studies
were analyzed in terms of funding opportunities and compared using the Common
International Classification of Ecosystem Services system. It is recommended that
planning frameworks be developed that seek to optimize ecosystem services such as
the ones discussed above. Policy should be updated to recognize these services and

provide incentives to irrigators and water management entities accordingly.
KEYWORDS

controlled drainage, ecotourism, evaporative cooling, poor quality water, sub-irrigation,

water harvesting

256


https://onlinelibrary.wiley.com/toc/15310361/2020/69/1

REFERENCE

Annandale, J.G., Tanner, P.D., du Plessis, H.M., Burgess, J., Ronquest, Z.D. & Heuer,
S. (2019) Irrigation with mine-affected waters: a demonstration with untreated colliery
water in South Africa. In: Proceedings of the International Mine Water Association
Conference, pp. 71-76 Perm, Russia.

Ayars, J.E. & Evans, R.G. (2015) Subsurface drainage—What's next? Irrigation and
Drainage, 64(3), 378-392. Available from: https://doi.org/10.1002/ird.1893

Birlund, I, Tattari, S., Yli-Halla, M. & Astrom, M. (2005) Measured and simulated
effects of sophisticated drainage techniques on groundwater level and runoff

hydrochemistry in areas of boreal acid sulphate soils. Agricultural and Food
Science, 14(1), 98—111. Available from: https://doi.org/10.2137/1459606054224066

Castelli, G., Castelli, F. & Bresci, E. (2019) Mesoclimate regulation induced by
landscape restoration and water harvesting in agroecosystems of the horn of
Africa. Agriculture,  Ecosystems &  Environment, 275, 54-64.  Available
from: https://doi.org/10.1016/j.agee.2019.02.002

Chapman, S., Watson, J.E., Salazar, A., Thatcher, M. & McAlpine, C.A. (2017) The
impact of urbanization and climate change on urban temperatures: a systematic
review. Landscape Ecology, 32(10), 1921-1935. Available
from: https://doi.org/10.1007/s10980-017-0561-4

Chen, B., Qiu, Z., Usio, N. & Nakamura, K. (2018) Tourism's impacts on rural
livelihood in the sustainability of an aging community in Japan. Sustainability, 10(8),
2896. Available from: https://doi.org/10.3390/su10082896

Chen, FW. & Liu, C.W. (2015) Effects of reclaimed water on the growth and fruit
quality of cucumber. Irrigation and  Drainage, 64(3), 370-377.  Available
from: https://doi.org/10.1002/ird. 1894

Cheng, K.S., Su, Y.F, Kuo, F.T., Hung, W.C. & Chiang, J.L. (2008) Assessing the
effect of landcover changes on air temperature using remote sensing images—a pilot
study in northern Taiwan. Landscape and Urban Planning, 85(2), 85-96. Available
from: https://doi.org/10.1016/j.1andurbplan.2007.09.014

Chiou, R.J., Chang, T.C. & Ouyang, C.F. (2007) Aspects of municipal wastewater
reclamation and reuse for future water resource shortages in Taiwan. Water Science and
Technology, 55(1-2), 397-405. Available from: https://doi.org/10.2166/wst.2007.058

Chiueh, Y.W. & Huang, C.C. (2015) The willingness to pay by industrial sectors for
agricultural water transfer during drought periods in Taiwan. Environment and Natural
Resources Research, 5(2), 1-11. Available from: https://doi.org/10.5539/enrr.v5n1p38

Cotruvo, J.A. (2017) 2017 WHO guidelines for drinking water quality: first addendum
to the fourth edition. Journal AWWA, 109(7), 44-51. Available
from: https://doi.org/10.5942/jawwa.2017.109.0087

257


https://doi.org/10.1002/ird.1893
https://doi.org/10.2137/1459606054224066
https://doi.org/10.1016/j.agee.2019.02.002
https://doi.org/10.1007/s10980-017-0561-4
https://doi.org/10.3390/su10082896
https://doi.org/10.1002/ird.1894
https://doi.org/10.1016/j.landurbplan.2007.09.014
https://doi.org/10.2166/wst.2007.058
https://doi.org/10.5539/enrr.v5n1p38
https://doi.org/10.5942/jawwa.2017.109.0087

Dalin, C., Wada, Y., Kastner, T.& Puma, M.J. (2017) Groundwater depletion
embedded in international food trade. Nature, 543(7647), 700-704. Available
from: https://doi.org/10.1038/nature21403

Dasgupta, P. (2021) The economics of biodiversity: the Dasgupta review. London,
United Kingdom: HM Treasury.

Department of Water Affairs (DWA). (2013) Feasibility study for a long-term solution
to address the acid mine drainage associated with the East, Central and West Rand
underground mining basins. Study Report No. 10: Feasibility Report — DWA Report
No.: P RSA 000/00/17012. Pretoria, South Africa.

Du Plessis, H.M. (1983) Using lime treated acid mine water for irrigation. Water
Science and Technology, 15(2), 145-154. Available
from: https://doi.org/10.2166/wst.1983.0030

Evans, R.O., Parsons, J.E., Stone, K. & Wells, W.B. (1992) Watertable management on
a watershed scale. Journal of Soil and Water Conservation, 47, 58.

Falconnier, G.N., Corbeels, M., Boote, K.J., Aftholder, F., Adam, M., MacCarthy,
D.S. et al. (2020) Modelling climate change impacts on maize yields under low

nitrogen  input  conditions in  sub-Saharan  Africa. Global = Change
Biology, 26(10), 5942-5964. Available from: https://doi.org/10.1111/gcb.15261

Fayrap, A. (2018) Usability of shallow groundwater in irrigated agriculture: a case
study from Turkey. Siileyman Demirel Universitesi Ziraat Fakiiltesi Dergisi, 1.
Uluslararas1 Tarimsal Yapilar ve Sulama Kongresi Ozel Sayisi, ISSN 1304-9984, 512—
518.

Fleming, W.M., Rivera, J.A., Miller, A. & Piccarello, M. (2014) Ecosystem services of
traditional irrigation systems in northern New Mexico, USA. International Journal of

Biodiversity Science, Ecosystem Services & Management, 10(4), 343-350. Available
from: https://doi.org/10.1080/21513732.2014.977953

Food and Agriculture Organization of the United Nations (FAO). (2021) The state of
the world's land and water resources for food and agriculture—systems at breaking
point. Synthesis report 2021. Rome, Italy: Food and Agricultural Organization.

Food and Agriculture Organization of the United Nations (FAO). (2022) Framework
for action on biodiversity for food and agriculture.  Available
at: https://www.fao.org/3/cb8338en/cb8338en.pdf [ Accessed 14th March 2024].

Fukamachi, K. (2017) Sustainability of terraced paddy fields in traditional satoyama
landscapes of Japan. Journal of Environmental Management, 202(Pt 3), 543-549.
Available from: https://doi.org/10.1016/j.jenvman.2016.11.061

Gerin, S., Vekuri, H., Liimatainen, M., Tuovinen, J., Kekkonen, J., Kulmala, L. et al.
(2023) Leaching of nitrogen, phosphorus and other solutes from a controlled drainage
cultivated peatland in Ruukki, Finland. Agricultural and Forest Meteorology, 10(41),
109630.

258


https://doi.org/10.1038/nature21403
https://doi.org/10.2166/wst.1983.0030
https://doi.org/10.1111/gcb.15261
https://doi.org/10.1080/21513732.2014.977953
https://www.fao.org/3/cb8338en/cb8338en.pdf
https://doi.org/10.1016/j.jenvman.2016.11.061

Haataja, K. (2000) Costs and benefits of controlled drainage and subirrigation, the
report of the Field Drainage Research Association, Vol. 25. Helsinki, Finland, pp. 93—
102 ISBN 952-5345-02-5. (In Finnish with English summary).

Haines-Young, R. & Potschin, M. B. (2018) Common international classification of
ecosystem services (CICES) V5.1 and guidance on the application of the revised
structure. Available at: www.cices.eu [Accessed 23rd February 2024].

Hatcho, N., Yamasaki, K., Hirofumi, O., Kimura, M. & Matsuno, Y. (2022) Estimation
of the function of a paddy field for reduction of flood risk. In: ., ., .,. &.

(Eds.) Sustainability of water resources. Water science and technology library,
Vol. 116. Cham: Springer. https://doi.org/10.1007/978-3-031-13467-8 11

Huang, C.C., Tsai, M.H., Lin, W.T., Ho, Y.F. & Tan, C.H. (2006) Multifunctionality of
paddy fields in Taiwan. Paddy and Water Environment, 4(4), 199-204. Available
from: https://doi.org/10.1007/s10333-006-0049-3

Kekkonen, H., Ojanen, H., Haakana, M., Latukka, A. & Regina, K. (2019) Mapping of
cultivated organic soils for targeting greenhouse gas mitigation. Carbon
Management, 10(2), 115-126. Available
from: https://doi.org/10.1080/17583004.2018.1557990

Kieninger, P., Yamaji, E. & Penker, M. (2011) Urban people as paddy farmers: the
Japanese  Tanada  Ownership  System  discussed from a  European
perspective. Renewable Agriculture and Food Systems, 26(4), 328-341. Available
from: https://doi.org/10.1017/S1742170511000123

Kobayashi, K. & Kouno, Y. (2016) Basic research of a paddy field dam effect for the
flood disaster reduction (in Japanese). Proceedings of the Japan Society of Hydrology
and Water Resources, 29, 62—-63.

Kruse, E.G., Young, D.A. & Champion, D.F. (1985) Effects of saline water table on
corn irrigation: 444-453. In:. & . (Eds.) Development and management aspects of

irrigation and drainage systems. Proceedings of Specialty Conference. New York, USA:
ASCE.

Liu, T, Yu, L. & Zhang, S. (2019) Land surface temperature response to irrigated
paddy field expansion: a case study of semiarid Western Jilin province,
China. Scientific Report, 9(1), 5278. Available from: https://doi.org/10.1038/s41598-
019-41745-6

LUKE (Luonnonvarakeskus) (2013) Agricultural statistic/Structure/Farmland
management and irrigation/Drained agricultural and horticultural area by ELY centre
(1 000 ha). Available at: http://statdb.luke.fi/PXWeb/pxweb/en [Accessed 19th
February 2021].

Masso, C., Nziguheba, G., Mutegi, J., Galy-Lacaux, C., Wendt, J., Butterbach-Bahl,
K. etal. (2017) Soil fertility management in sub-Saharan Africa. In: . (Ed.) Sustainable

agriculture reviews. Cham, Germany: Springer, pp- 205—
231 https://doi.org/10.1007/978-3-319-58679-3 7

259


http://www.cices.eu/
https://doi.org/10.1007/978-3-031-13467-8_11
https://doi.org/10.1007/s10333-006-0049-3
https://doi.org/10.1080/17583004.2018.1557990
https://doi.org/10.1017/S1742170511000123
https://doi.org/10.1038/s41598-019-41745-6
https://doi.org/10.1038/s41598-019-41745-6
http://statdb.luke.fi/PXWeb/pxweb/en
https://doi.org/10.1007/978-3-319-58679-3_7

Matsuno, Y., Nakamura, K., Masumoto, T., Matsui, H., Kato, T. & Sato,
Y. (2006) Prospects for multifunctionality of paddy rice cultivation in Japan and other
countries in monsoon Asia. Paddy and Water Environment, 4(4), 189—197. Available
from: https://doi.org/10.1007/s10333-006-0048-4

Meier, J., Zabel, F. & Mauser, W. (2018) A global approach to estimate irrigated areas—
a comparison between different data and statistics. Hydrology and Earth System
Sciences., 22(2), 1119-1133. Available from: https://doi.org/10.5194/hess-22-1119-
2018

Meyer, W.S., White, B. & Smith, D. (1996) Water use of lucerne over shallow water
tables in Australia. In: .,. & . (Eds.) Evapotranspiration and Irrigation Scheduling:
Proceedings of the International Conference, November 3-6, 1996, San Antonio
Convention Center, San Antonio, Texas, USA, pp. 1140-1145.

Millennium Ecosystem Assessment. (2005) Ecosystems and human well-being:
synthesis, 581. Washington DC, USA: Island Press.

Ministry of Agriculture and Forestry of Finland (MMM). (2024a) New period of EU's
common agricultural policy off to good start. Available at: https://mmm.fi/en/-/new-
period-of-eu-s-common-agricultural-policy-off-to-good-start [Accessed 4th February
2024].

Ministry of Agriculture and Forestry of Finland (MMM). (2024b) Catch the Carbon—
emissions reduced and carbon sinks and reservoirs increased in the land use sector.
Available at: https://mmm.fi/en/nature-and-climate/energy-and-climate-
policy/climate-plan-for-the-land-use-sector/action-measures [Accessed 4th February

2024].

Ministry of Agriculture, Forestry and Fisheries (MAFF) Japan. (2014) Present
condition of payment for land and water conservation and management project. Tokyo,
Japan: Bureau of Rural Area Development (in Japanese).

Ministry of the Environment, Government of Japan. (2008) Satoyama: the Japanese
countryside landscape. Tokyo, Japan: Nature Conservation Bureau.

Miyazu, S., Yoshikawa, N., Abe, S. & Misawa, S. (2013) Economic evaluation of
paddy field dam in the case of polder area.Journal of JSCE Bl (Hydraulic
Engineering), 69(4), I 1531-1 1536. (in Japanese). Available
from: https://doi.org/10.2208/jscejhe.69.1 1531

Mudaly, L. & Van Der Laan, M. (2020) Interactions between irrigated agriculture and
surface water quality with a focus on phosphate and nitrate in the Middle Olifants
Catchment, South Africa. Sustainability, 12(11), 4370. Available
from: https://doi.org/10.3390/su12114370

Nishida, K., Yoshida, S. & Shiozawa, S. (2021) Numerical model to predict water
temperature distribution in a paddy rice field. Agricultural Water Management, 245,
106553. Available from: https://doi.org/10.1016/j.agwat.2020.106553

260


https://doi.org/10.1007/s10333-006-0048-4
https://doi.org/10.5194/hess-22-1119-2018
https://doi.org/10.5194/hess-22-1119-2018
https://mmm.fi/en/-/new-period-of-eu-s-common-agricultural-policy-off-to-good-start
https://mmm.fi/en/-/new-period-of-eu-s-common-agricultural-policy-off-to-good-start
https://mmm.fi/en/nature-and-climate/energy-and-climate-policy/climate-plan-for-the-land-use-sector/action-measures
https://mmm.fi/en/nature-and-climate/energy-and-climate-policy/climate-plan-for-the-land-use-sector/action-measures
https://doi.org/10.2208/jscejhe.69.I_1531
https://doi.org/10.3390/su12114370
https://doi.org/10.1016/j.agwat.2020.106553

Oishi, T., Nakano, R. & Matsuno, Y. (2019) Perception and valuation of paddy field
dam functions by rural communities: a CVM approach. Paddy and Water
Environment, 17(3), 383-390. Available from: https://doi.org/10.1007/s10333-019-
00733-2

Okiria, E., Zaki, M.K. & Noda, K. (2021) A review of payment for ecosystem services
(PES) in agricultural water: are PES from the operation of agricultural water control
structures ubiquitous? Sustainability, 13(22), 12624. Available
from: https://doi.org/10.3390/su132212624

Osterholm, P, Virtanen, S., Rosendahl, R., Uusi-Kimppd, J., Ylivainio, K., Yli-Halla,
M. et al. (2015) Groundwater management of acid sulfate soils using controlled
drainage, by-pass flow prevention, and subsurface irrigation on a boreal farmland. Acta
Agriculturae Scandinavica, Section B — Soil & Plant Science, 65(supl), 110—120.
Available from: https://doi.org/10.1080/09064710.2014.997787

Oweis, T. & Hachum, A.(2006) Water harvesting and supplemental irrigation for
improved water productivity of dry farming systems in West Asia and North
Africa. Agricultural Water Management, 80(1-3), 57-73. Available
from: https://doi.org/10.1016/j.agwat.2005.07.004

Paasonen-Kivekds, M., Karvonen, T., Vakkilainen, P., Sepahi, N. & Kleemola,
J. (1996) Field studies on controlled drainage and recycling irrigation drainage for
reduction of nutrient loading from arable land. Water Science and Technology, 33(4—
5), 333-339. Available from: https://doi.org/10.1016/0273-1223(96)00249-1

Petheram, C.M., Tickell, S.,O'Gara, F., Bristow, K.L., Smith, A. & Jolly,
P. (2008) Analysis of the Lower Burdekin, Ord and Katherine-Douglas-Daly irrigation
areas: implications to future design and management of tropical irrigation. Canberra,
ACT: CSIRO and CRC for Irrigation Futures,
Australia. https://do1.org/10.4225/08/58597469b06bd

Pham, T., Yli-Halla, M., Marttila, H., L6tjonen, T., Liimatainen, M., Kekkonen, M. et
al. (2023) Leaching of nitrogen, phosphorus and other solutes from a controlled

drainage cultivated peatland in Ruukki, Finland. Science of the Total Environment, 904,
166769. Available from: https://doi.org/10.1016/j.scitotenv.2023.166769

Power, A.G.(2010) Ecosystem services and agriculture: tradeoffs and
synergies. Philosophical Transactions of the Royal Society B: Biological
Sciences, 365(1554), 2959-2971. Available
from: https://doi.org/10.1098/rstb.2010.0143

Qadir, M., Wichelns, D., Raschid-Sally, L., Singh Minhas, P., Drechsel, P., Bahri, A. et
al. (2007) Agricultural use of marginal-quality water: opportunities and
challenges. . . Molden, David(Ed). Water for food, water for life: A Comprehensive
Assessment of Water Management in Agriculture. London, UK: Earthscan; Colombo,
Sri Lanka: International Water Management Institute (IWMI)..

Qiu, Z.,Chen, B. & Takemoto, K. (2014) Conservation of terraced paddy fields

engaged with multiple stakeholders: the case of the Noto GIAHS site in Japan. Paddy
261


https://doi.org/10.1007/s10333-019-00733-2
https://doi.org/10.1007/s10333-019-00733-2
https://doi.org/10.3390/su132212624
https://doi.org/10.1080/09064710.2014.997787
https://doi.org/10.1016/j.agwat.2005.07.004
https://doi.org/10.1016/0273-1223(96)00249-1
https://doi.org/10.4225/08/58597469b06bd
https://doi.org/10.1016/j.scitotenv.2023.166769
https://doi.org/10.1098/rstb.2010.0143

Water Environment, 12(2), 275-283. Available from: https://doi.org/10.1007/s10333-
013-0387-x

Regina, K., Sheehy, J. & Myllys, M. (2015) Mitigating greenhouse gas fluxes from
cultivated organic soils with raised water table. Mitigation and Adaptation Strategies
for Global Change, 20(8), 1529—1544. Available from: https://doi.org/10.1007/s11027-
014-9559-2

Regional Development Australia Kimberley. (2023) Annual report 1 July 2022 to 30
June 2023. Regional Development Australia Kimberley Annual Report. Available
at: rdakimberley.com.au.

Rockstrom, J., Barron, J. & Fox, P.(2002) Rainwater management for increased
productivity among small-holder farmers in drought prone environments. Physics and
Chemistry of the Earth Parts ABC, 27(11-22), 949-959.  Available
from: https://doi.org/10.1016/S1474-7065(02)00098-0

Roos, M. & Astrém, M. (2006) Gulf of Bothnia receives high concentrations of
potentially toxic metals from acid sulphate soils. Boreal Environment
Research, 11(5), 383—-388.

Smedema, L.K., Abdel-Dayem, S. & Ochs, W.J. (2000) Drainage and agricultural
development. Irrigation  and  Drainage  Systems, 14(3), 223-235.  Available
from: https://doi.org/10.1023/A:1026570823692

Tan, C.H. (2004) Quantification and valuation of climate mitigation function of paddy
fields. In: Proceedings of workshop on determining paddy irrigation multi-functionality,
Taipei, Taiwan, May 11-13, pp. 71-81.

Tanaka, K., Funakoshi, Y., Hokamura, T. & Yamada, F. (2010) The role of paddy rice
in recharging urban groundwater in the Shira River Basin. Paddy Water
Environment, 8(3), 217-226. Available from: https://doi.org/10.1007/s10333-010-
0201-y

Tanokura, N., Yokohari, M., Yamamoto, S. & Kato, Y. (1999) Local residents'
impressions and perceptions on paddy field landscapes: A case study in Hiki Region,
Saitama Prefecture, Japan. Journal of the Japanese Institute of Landscape
Architecture, 62(5), 727-732 (in Japanese). Available
from: https://doi.org/10.5632/jila.62.727

Toivonen, J. & Boman, A. (2024) Discharge of potentially toxic elements from acid
sulfate soils in western Finland: conflict between water protection and land
use? Regional Studies in  Marine Science, 71, 103426.  Available
from: https://doi.org/10.1016/j.rsma.2024.103426

Tourism  Western Australia. n.d. Kununurra's Diversion Dam. Available
at: https://www.westernaustralia.com/en/attraction/diversion-
dam/56b266117b935fbe730e6298 [Accessed 1st February 2004].

Tsai, W.P., Cheng, C.L., Uen, T.S., Zhou, Y.L. & Chang, F.J. (2019) Drought mitigation

262


https://doi.org/10.1007/s10333-013-0387-x
https://doi.org/10.1007/s10333-013-0387-x
https://doi.org/10.1007/s11027-014-9559-2
https://doi.org/10.1007/s11027-014-9559-2
http://rdakimberley.com.au/
https://doi.org/10.1016/S1474-7065(02)00098-0
https://doi.org/10.1023/A:1026570823692
https://doi.org/10.1007/s10333-010-0201-y
https://doi.org/10.1007/s10333-010-0201-y
https://doi.org/10.5632/jila.62.727
https://doi.org/10.1016/j.rsma.2024.103426
https://www.westernaustralia.com/en/attraction/diversion-dam/56b266f17b935fbe730e6298
https://www.westernaustralia.com/en/attraction/diversion-dam/56b266f17b935fbe730e6298

under urbanization through an intelligent water allocation system. Agricultural Water
Management, 213, 87-96. Available
from: https://doi.org/10.1016/j.agwat.2018.10.007

United Nations World Water Assessment Programme (WWAP). (2014) The United
Nations world water development report 2014: water and energy. Paris, France:
UNESCO.

Virtanen, S., Uusi-Kamppa, J., Osterholm, P., Bonde, A. & Yli-Halla,
M. (2016) Potential of controlled drainage and sub-irrigation to manipulate
groundwater table for mitigating acid loadings in Finnish acid sulfate soils. In: .
(Ed.) Proceedings of the tenth international drainage symposium 7-9. September, 2016
Minneapolis, Minnesota. St Joseph, Minnesota, USA: ASABE, pp. 308-314.

Wesstrom, 1., Joel, A. & Messing, 1. (2014) Controlled drainage and subirrigation—A
water management option to reduce non-point source pollution from agricultural
land. Agriculture, Ecosystems & Environment, 198, 74-82.

Wesstrom, 1., Messing, 1., Linner, H. & Lindstrom, J. (2001) Controlled drainage—
effects on drain outflow and water quality. Agricultural Water Management, 47(2), 85—
100. Available from: https://doi.org/10.1016/S0378-3774(00)00104-9

Westberg, V., Méensivu, M., Teppo, A., Rithiméki, J., Rautio, L.M., Sevola, P. et al.
(2012) Acid sulfate soils as a dilemma for reaching a good ecological status in surface
waters. In: Proceedings 7th International Acid Sulfate Soil Conference, Vaasa, Finland.

Wu, F.C. & Yang, K.H. (2003) Impact assessment of paddy-field land use on regional
microclimate. Journal of Chinese Agricultural Engineering, 49(2), 53-68.

Xie, W., Kimura, M., lida, T. & Kubo, N. (2021) Simulation of water temperature in
paddy fields by a heat balance model using plant growth status parameter with
interpolated ~ weather data from  weather stations. Paddy and  Water
Environment, 19(1), 35-54.  Available  from: https://doi.org/10.1007/s10333-020-
00818-3

Yamamoto, S., Masuda, N., Shimomura, Y., Abe, T., Fukui, W. & Machitani,
T. (1998) Study on the environmental conservation function of puddy field through the
case study in Nose-cho, Osaka Prefecture. Journal of the Japanese Institute of
Landscape Architecture, 61(5), 589-592. (in Japanese). Available
from: https://doi.org/10.5632/jila.61.589

Yli-Halla, M., L6tjonen, T., Kekkonen, J., Virtanen, S., Marttila, H., Liimatainen, M. et
al. (2022) Thickness of peat influences the leaching of substances and greenhouse gas

emissions from a cultivated organic soil. The Science of the Total Environment, 806(Pt
1), 150499. Available from: https://doi.org/10.1016/j.scitotenv.2021.150499

Yli-Halla, M., Virtanen, S., Regina, K., Osterholm, P., Ehnvall, B. & Uusi-Kidmpp4,
J. (2020) Nitrogen stocks and flows in an acid sulfate soil. Environmental Monitoring
and Assessment, 192(12), 751. Available from: https://doi.org/10.1007/s10661-020-
08697-1

263


https://doi.org/10.1016/j.agwat.2018.10.007
https://doi.org/10.1016/S0378-3774(00)00104-9
https://doi.org/10.1007/s10333-020-00818-3
https://doi.org/10.1007/s10333-020-00818-3
https://doi.org/10.5632/jila.61.589
https://doi.org/10.1016/j.scitotenv.2021.150499
https://doi.org/10.1007/s10661-020-08697-1
https://doi.org/10.1007/s10661-020-08697-1

Yokohari, M., Kato, Y. & Yamamoto, S. (1998) Temperature reduction effect of peri-
urban paddy on surrounding urban area. Journal of the Japanese Institute of Landscape
Architecture, 61(5), 731-736 (in Japanese). Available
from: https://doi.org/10.5632/jila.61.731

Yoshikawa, N., Arita, H., Misawa, S. & Miyazu, S. (2011) Evaluation of social
function of paddy field dam and its technical prospects. Journal of the Japan Society of
Hydrology and Water Resources, 24(5),271-279. (in Japanese). Available
from: https://doi.org/10.3178/jjshwr.24.271

Yoshikawa, N., Nagao, N. & Misawa, S. (2009) Watershed scale evaluation of flood
mitigation function of paddy fields installed with runoff control devices. Transactions
of Japanese Society of Irrigation, Drainage and Rural Engineering, 261, 41-48.

Zektser, 1.S. & Everett, L.G. (2004) Groundwater use of the world and their use. IHP-
V1, Series on Groundwater No. 6. Paris, France: UNESCO.

Zhao, L., Oleson, K., Bou-Zeid, E., Krayenhoff, E.S., Bray, A.,Zhu, Q.et al.
(2021) Global multi-model projections of local urban climates. Nature Climate
Change, 11(2), 152—-157. Available from: https://doi.org/10.1038/s41558-020-00958-8

264


https://doi.org/10.5632/jila.61.731
https://doi.org/10.3178/jjshwr.24.271
https://doi.org/10.1038/s41558-020-00958-8

735 585 (2024 117 )T 1854-1868
IVE] 'S I § 2 R ;jﬂ-#’,;a /gr‘..,l
Natsuki Yoshikawa', Naoko Koshiyama®

B 2

T F ERBERIB/RLEDT RFERERF A 50§ ks
FRiEn REAMARH DT R MY AL 1T RSN E g
W O(AFLECE S AAHGKET) PR RHE R R A ¢ RiL
BARF S R RETIAVEEE o p 2015 E0 ko p Ay SR AEM A
A A RS Nt LT 2 e 2 o2 P ‘Tambo Dam’ (TD) »
Tvij‘éf%’%“’%ji,’fq* ke 1E-f"m/)§\‘/*#’v;)"'$’°‘5\'ﬂ N
APy SR ALY h%d z&?{?{* - o A F L 7 ‘Tambo
Dam’ i@ gyl 4] > T B H Ainss R B2 & § 2 DBk R
R ko 4 HHE A T EE A BMAETE L Ty aulings "FH
RERFEHoqlempg B g AL FE L8 2% kg
T ’TamboDam#%%’aﬁﬂ? e XL REFTRERAEEL Lo} o B
FI* SR T 7w FF kD hF gy o pfERE 2 B TR
B2 ALG &R T AL RGCR AT o 2t 7 o a2 2T A

<

b

e Tambo Dam 43> E#E M s # v e Bt d 354 ) 2Fai

B EF I gk Tambo Dam £ #4720 7 {71 o

MAET ¢ F 0 4 R N REE I T B RAROE L

1 Natsuki Yoshikawa, Institute of Science and Technology, Niigata University, 8050 Ikarashi 2-no-cho,
Nishi-ku, Niigata 950-2181, Japan. Email: natsuky(@agr.niigata-u.ac.jp
2 Civil Engineering Research Institute for Cold Region, Sapporo, Japan.
265



mailto:natsuky@agr.niigata-u.ac.jp

S

rﬂmmojﬂvﬂé$r9AﬂfJ(diﬁ)’rﬁmmoDmn(TD)JjéL
B AvRE A E AP A AR EL L RDLIRTAIE S K
A ke REFPERFA PRSP N AR EET
g TR K P i LB Bk ek kR R A I it ok
RUBA cHREL D BRI EYHEMR P Lo apt-ko o
B o REFF ke ¢ D E RPN R IR E o B g T AR K
ROUGR %o

AP P AN EPEPIEF AR R AL R
“7 Natsuki Yoshikawa % 4 > & p #7 3 Ri£ {7 TD %277 > £
I 2023 & i+ B 4k A 4 (Ministry of Agriculture, Forestry, and Fisheries,
MAFF ) © 3t > & 37 BEiendgi®F 87,000 2B -km 3% AF %
FHTD 2 B 2L E o ANERE-TD #%6 19 2t 2 5k L
ﬁ%%%%ﬁﬂﬂﬁaﬁé—ﬁ&ﬁgﬁﬁm(GmmmMWWMm
Gl) »i#fd &p A9 %A " REASERZAFE T EFENLE
TRk v AT N R AR R AL AR B R B AT

L ﬁﬂﬁﬁuﬁwﬂ F NS ERrE S I IO
e FRO R U RS R REORE PR E 0 G v B
ko A TD o R AR A B A B ,’[”Uft;,n T

V2 N e St N — oY u(
LN E 0 B iﬁ* PO GRE 0 RS TR R °

1
R

‘\

«\A

2. R EIRREL L PR R d ATES B B4
%f‘ﬁﬁﬁﬁ‘ﬁlibﬂkﬁkfi# ALl 4
KE G‘zkgfw@~ i hE 1,000 X3 91330 2~
ﬁ

BN 290G ARn 30w TD T W RS R K M



¥ 30 2 50% > Bl iEUndR AR A T o 1ZURE RETE

R AT AR F AT KGR LR AT
A EOPE (TR EAER A TR B R) o
FIp o AR REARNS > TD ”ﬁ rds UM EASIRE E]{&E—g °
LipfafiieT > TD 7 *6 (s > 3% 150 4 /24 -] pF2 300
F 24 ) pEE A E R A WESY T 65%F 83%2Z Y BTN E o

b TR AT e FRE Y 2019 & 10 7 D
b2 &G TR T P % TD RSB ot fo0 2 3% @
/ i v F
A R REAPER  BERCEIRA N 50% 0 i W
FEEH TR ORS AR 40% o

B @SS AR B A R R 2 2 X gt de s TD

A ETINER - W‘&&%”ﬁiﬁM%Lfd
ﬁéﬁﬁ%%ﬁ%ﬁ& AP I o APk K g K
S5 TR AR LEs TD % ERE DR N LR UE 5

g MAEHRT AR B AAE L g p

SRS SRt IEE & RS R S LT R R G e
he g PR S %*w?>f%1§_@aﬁﬁﬁ£§
R N L 5 TD 2 LA B o Fp 0 R LS 2 A

FOR R ’;Q"’ﬂjxmﬁ@’ s MAFF I ;\#— 58« 4% 5w {7

267



/

fon 2 ApMAT R £ 91 F o

FoF gL AR BT TD R %Y kW@ 48 TD

TR TR R 2 B SR TR LS R A
TD R *hf ¥z E RBIY > o484 =8 e TD
SRE =y ¥ Sk I R ESE S ¥ e U -
TD=#a & Lengs > p 2010 #2 k$127 - 2pFa
Fo LT sV ”Eﬁf'ﬂ“,éﬁﬁ s e

cHTERF ERBEEGF BB FE AT E L
Mol PG TREc R ARk R G E R TEA B R U2 B B ERT IR
EF o BB R TR AR AR TR S p B BT R A
‘?’11'\ S R fE A LS TR 0 R R A T R TR o deplig S A
0o R RGBS 0 RS TR EAE T R ET
il

[EC
&

E L
YR 7 MNP A F 2w TD2 ke & 5 IE’_%
ThZERRE FHERY 25 TDEFITERAiEy @ adFy
AR FELFRE EREFEREE G RF D o327
R R L B A T%%%T ¥ AR PR R fS At 2
Flt > TD enf % 3 07 MRdEE Rk R E > T IR L e &
PERER AFEE MR K 2T R -

W&

qa:
.Lr\- i h*\:
=3

=
o~

1$¢ b

B

o

R LR 1y L
CHRFTRELEFTR

268



Volume?73, Issue5 November 2024 Pages 1854-1868
Potential of Tambo Dam implementation as a flood control measure

Natsuki Yoshikawa, Naoko Koshiyama

ABSTRACT

Recent climate change has resulted in severe and frequent natural disasters
globally, prompting the need for adaptation to these events. As an adaptation measure,
disaster prevention and mitigation using natural processes and mechanisms (or ‘green
infrastructure’) have become widely recognized in many countries. Ecosystem-based
disaster risk reduction has been promoted in Japan since 2015. The ‘Tambo Dam’, a
flood mitigation project using paddy fields in which the authors have participated, has
the potential to become one of the most extensive forms of green infrastructure in Japan.
This study outlines the runoff control mechanisms of Tambo Dams, demonstrates their
effectiveness in reducing flood damage at the watershed scale, and discusses two key
factors for successful sustainable efforts: the design of appropriate runoff control
equipment and administrative schemes that support incentives for the efforts of farmers.
The results indicated that Tambo Dam implementation represented a crucial strategy
for managing agricultural resources. The functionality of paddy fields could be
preserved by managing them as Tambo Dams. This approach not only contributes to
flood control but also ensures a swift return to rice cultivation during emergencies.
Moreover, establishing a system akin to the Tambo Dam initiative of Mitsuke City,
supported by the ‘Direct Payment Scheme for Multifunctional Activities’ for
maintenance and management, could ensure the feasibility of Tambo Dam

implementation.
KEYWORDS

administrative scheme, eco-DRR, flood damage mitigation, green infrastructure, runoff

control equipment, Tambo Dam.
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Conjunctive use of floodwater harvesting for managed aquifer
recharge and irrigation on a date farm in Morocco

Yassine Khardi, Guillaume Lacombe, Benoit Dewandel, Ali Hammani,

Abdelilah Taky, Sami Bouarfa

ABSTRACT

In arid regions, harvesting floodwater can mitigate irrigation-induced groundwater
depletion by providing additional surface water and recharging aquifers. We designed an
experimental protocol to quantify these fluxes on a date farm located along the Wadi Satt,
whose flow originates from the Anti-Atlas Mountains in south-eastern Morocco. Automatic
barometric sensors were used to monitor the water level in a 6500 m3 floodwater harvesting
pond and in surrounding boreholes. Six flood events occurred from 2021 to 2023. The pond
water balance indicated that most stored water is pumped for irrigation (56% of harvested
floodwater). More than 40% infiltrates at a rate of approximately 90 mm dayl, and the
remainder evaporated. Analytical modelling of the pond water table system showed that the
radius of the piezometric mound resulting from pond infiltration is less than 360 m.
Groundwater recharge from the irrigated plot could be observed after two close floods that
enabled continuous pumping for several weeks, suggesting that in this specific context,
overirrigation using surface water allows the aquifer to be recharged. The hydrological effects
of possible future expansion of these ponds at the watershed scale should be analyzed to assess

possible negative impacts on downstream water resources.

KEYWORDS
analytical modelling, floodwater harvesting pond, groundwater recharge, Moroccan oasis,

spate irrigation, water balance assessment
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Design of subsurface drainage network with minimum overall cost using
Lagrange multiplier optimization

Mohamed Elsayed Gabr, Ehab Fattouh, Mohamed Galal Eltarabily

ABSTRACT

Subsurface drainage is effective for not only controlling groundwater levels in
agricultural lands but also alleviating soil salinity localized at the root zone, especially for arid
and semi-arid agro-ecosystems. In this research, an optimization model that minimizes the
overall costs of subsurface drainage systems subjected to design constraints was formulated.
The Lagrange multiplier method for optimization was utilized to derive a general differential
equation for obtaining the most economical design of the subsurface drainage system. Design
charts for the minimum cost of the subsurface drainage network ($ ha™!) for lateral diameters
(dL) of 2.5, 5, 7.5, 10 and 12.5 cm; hydraulic conductivities (K) of 0.5, 1, 2, 3 and 4 m day ';
different lateral lengths (L1) of 100, 150, 200, 250, and 300 m; a constant collector length (Lc)
of 1000 m (assuming laterals join the collector from both sides); drainage recharge (¢) values
of 1, 2, 3, 4 and 5 mm day '; and excavation depths of 1.5 and 2.0 m were developed. The
minimum computed subsurface drainage network (SSDN) costs observed at a lateral length (L1)
of 300 m were 205, 246, 288, 331 and 374 ($ ha™') for lateral diameters of 2.5, 5, 7.5, 10 and
12.5 cm, respectively, corresponding to lateral spacing of 175, 176, 177, 178 and 179 m. The
suggested charts for the optimum design of a subsurface drainage system have lower overall
costs than using conventional design approaches for pipelines and tube wells. The results will
support solutions for designers to implement subsurface drainage systems with less and more
affordable expenses in the old lands of the Nile delta of Egypt and other regions with similar
agrosystems. Quality control during construction is very necessary for guaranteeing the

effective and sustainable performance of subsurface drainage systems for many years.
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hydraulic conductivity, infiltration, optimization model, salinity, subsurface drainage system
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Feasibility of utilizing recycled drainage water in agriculture using an
analytical network process (ANP) and geographic information system (GIS)
Parvin Zolfaghary, Mahdi ZakeriNia, Hossein Kazemi

ABSTRACT

Utilizing unconventional water for sustainable agriculture is a multi-criteria process.
Decision-making in such problems is based on finding the value of various criteria using
advanced methods, for example the analytic network process (ANP). ANP is usually preferred
in cases where the criteria are not independent and have intra-/intergroup relationships.
Considering technoeconomic and environmental criteria, the ANP structure was used in this
study to investigate the feasibility of utilizing Chapaghli drainage water in western Golestan
Province, Iran, for cultivating tolerant and semi-tolerant crops, including canola, barley, cotton
and wheat, using GIS software. Irrigation water availability, techno-economic distance and land
suitability for cultivation were selected as techno-economic criteria, while irrigation water
quality, soil, plant sensitivity and aquifer vulnerability were selected as environmental criteria.
The results show that canola is the best crop for cultivation with Chapaghli drainage water. This
study provides a reliable decision-making infrastructure related to the recycling of drainage

water for various cultivars in an area where environmental hazards are minimized.
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Greenhouse gas emission of sugarcane irrigated with treated domestic
sewage by subsurface drip in Southeast Brazil
Eduardo Augusto Agnellos Barbosa, Ivo Zution Gongalves, Leonardo Nazdario
Silva dos Santos, Aline Azevedo Nazario, Daniel Rodrigues Cavalcante Feitosa,

Janaina Braga do Carmo, Edson Eiji Matsura

ABSTRACT

Reducing greenhouse gas emissions, reclaiming water for irrigation, and obtaining high
agricultural yields are among the main agricultural challenges; therefore, this study aimed to
analyse greenhouse gas emissions, including carbon dioxide, nitrous oxide, and methane
emissions, in sugarcane irrigated with treated domestic sewage and with surface water, both
with and without nutritional supplementation via fertigation, and in a non-irrigated control.
Regarding the non-irrigated control with topdressing fertilization, nitrogen fertilization carried
out by sewage or mineral sources decreased N-N>O emissions by nearly 38% and 66%,
respectively. C-CH4 influx was found in all treatments with a non-significant contribution to
the total emissions, representing average values between treatments near - 54.56g C-CH4 ha
!, The crop irrigated with treated domestic sewage plus N minerals shows significantly the
highest C-CO; equivalent emissions (15.12 Mg COseq ha!), and the treatment irrigated with
sewage without N minerals showed the highest relation between the yield of theoretical
recoverable sugar and C-CO» equivalent emissions (2.63 Mg recoverable sugar Mg™! CO,eq ha®
1. The treatments using sewage or with surface water irrigation, both fertigated, increased the

stalk biomass and sugar yield, with a higher yield of theoretical recoverable sugar.
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Effect of rural domestic sewage regeneration irrigation on paddy soil
properties and water and nitrogen utilization in southern China

Menghua Xia, Yuanyuan Li, Shizong Zheng, Lei Wang, Jiafang Cai, Wei Wang

ABSTRACT

Rural domestic reclaimed water (RDRW) for agricultural irrigation is an effective way to
alleviate the contradiction between the supply and demand of water. In this research, four kinds
of irrigation water sources (primary and secondary treated water [R1 and R2], purified water
[R3] and river water [CK]) and three kinds of water level regulations (low, medium and high
water level control [W1, W2 and W3]) were set to study the impact of RDRW irrigation and its
reuse on the properties of paddy soil, water and nitrogen utilization and yield of rice through a
combination of field experiments and laboratory and numerical analysis methods.

The results showed that compared with river water (CK) irrigation, pH (0 ~ 40 cm),
electrical conductivity (EC) and organic matter (OM) content (60 ~ 80 cm) increased, and
ammonium-nitrogen (NH4"-N) (0 ~ 20 cm) and nitrate-nitrogen (NO3™-N) (40 ~ 60 cm) content
accumulated under RDRW irrigation. Under high water level regulation (W3), NH4"-N and
NOs™-N content increased, showing the opposite changing trend compared with W1 and W2
regulations. With RDRW irrigation, water and nitrogen use efficiency and rice yield were
significantly increased. Under RDRW irrigation, irrigation water use efficiency (IWUE),
nitrogen use efficiency (NUE) and rice yield were increased by 48 % ~ 70 %, 10 % ~ 22 % and
5 % ~ 13 %, respectively, compared with CK irrigation.

In addition, path analysis established by structural equation modelling (SEM) showed that
the irrigation water amount (IWA) had a significant positive impact on NUE and NH4*-N but
had a significant negative impact on IWUE and EC. NUE, IWUE, NOs-N and EC had a
significant positive impact on yield. The path of IWA => IWUE => yield showed a complete
mediation effect, the path of IWA => EC => yield and NUE => EC => yield both showed a
partial mediation effect, and the effect size was 27.9 % and 25.0 %, respectively.

KEYWORDS
electrical conductivity, nitrogen, organic matter, reclaimed water irrigation, structural equation

model, water level regulation, water use efficiency
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Development of forage maize yield—water functions by applying
simultaneous different levels of irrigation and treated municipal

wastewater

P. Abbasi, H. Babazadeh, B. Yargholi, H. Bakhoda

ABSTRACT

The aim of this study is to develop forage maize yield—water functions by applying
different levels of irrigation and treated municipal wastewater. This research was conducted
during May—August (2019 and 2020) in the field of the Marvdasht municipal wastewater
treatment plant in a completely randomized block design with 12 treatments, 3 replications and
2 factors: (a) management of traditional deficit irrigation at 4 levels (full irrigation [FI] [100%
irrigation requirement] and deficit irrigation at 40, 60 and 80% levels of water requirement); (b)
use of wastewater at 3 levels (wastewater [WW], one-to-one mixture of well water and
wastewater [50/50], and well water [W]).

Statistical models of evaluation were used to develop and evaluate yield—water functions
and relative reduction in yield versus relative reduction in water consumption. The results of
statistical evaluation of yield—water functions in three growth stages showed the relative
advantage of yield—water functions of leaves in the vegetative stage, yield—water functions of
stems in the flowering stage and yield—water functions of total dry matter in the grain-ripening
stage compared to other functions.

The yield response factor (Ky) for total dry matter in the three stages of vegetative,
flowering and ripening were 0.38, 0.52 and 0.63, respectively, and it was found that the most
susceptible stage of maize growth to water deficiency was in the stage of grain ripening.

Analysis of the interactive effect showed that the highest values of total dry matter yield
in the vegetative and flowering stages, and grain yield in the ripening stage were 7260, 9857
and 3158 kg ha™ in the WW-FI treatment (full irrigation with wastewater), while the lowest
levels of yield were 5052, 6069 and 1508 kg ha™ in the W-DI60 treatment (60% deficit
irrigation with well water). The results showed that the use of wastewater in traditional deficit

irrigation conditions is beneficial for forage maize, so it can be recommended.

328


https://onlinelibrary.wiley.com/toc/15310361/2020/69/1

KEYWORDS

agriculture, deficit irrigation, forage maize, recycling, unconventional water, yield

329



REFERENCE

Atti, S., Bonnell, R., Smith, D.L., & Prasher, S. (2004). Response of an indeterminate soybean
Glycine max (L.) Merr. to chronic water deficit during reproductive development under

greenhouse conditions. Canadian Water Resources Journal, 29(4), 209-224. Available from:
https://doi.org/10.4296/cwrj209

Attia, A., El-Hendawy, S., Al-Suhaibani, N., Alotaibi, M., Tahir, M.U., & Kamal, K.Y. (2021).
Evaluating deficit irrigation scheduling strategies to improve yield and water productivity of
maize in arid environment using simulation. Agricultural Water Management, 249, 106812.
Available from: https://doi.org/10.1016/j.agwat.2021.106812

Bahrun, A., Jensen, C.R., Asch, F., & Mogensen, V.O. (2002). Drought-induced changes in
xylem pH, ionic composition and ABA concentration act as early signals in field grown maize
(Zea mays L.). Journal of Experimental Botany, 53(367), 251-263. Available from:
https://doi.org/10.1093/jexbot/53.367.251

Cakmakei, T., & Sahin, U. (2021). Improving silage maize productivity using recycled
wastewater under different irrigation methods. Agricultural Water Management, 255, 107051.
Available from: https://doi.org/10.1016/j.agwat.2021.107051

Dagdelen, N., Yilmaz, E., Sezgin, F., & Gurbuz, T. (2006). Water-yield relation and water use
efficiency of cotton and second crop corn in western Turkey. Agricultural Water Management,
82(1-2), 63—85. Available from: https://doi.org/10.1016/j.agwat.2005.05.006

DehHaghi, Z., Bagheri, A., Fotourehchi, Z., & Damalas, C.A. (2020). Farmers' acceptance and
willingness to pay for using treated wastewater in crop irrigation: A survey in western Iran.
Agricultural Water Management, 239, 106262. Available from:
https://doi.org/10.1016/j.agwat.2020.106262

Doorenbos, J., & Kassam, A.H. (1979). Yield response to water. FAO Irrigation and Drainage
Paper No. 33. Rome: Food and Agriculture Organization (FAO), 193 pp.

Ertek, A., & Kara, B. (2013). Yield and quality of sweet corn under deficit irrigation.
Agricultural Water Management, 129, 138-144. Available from:
https://doi.org/10.1016/j.agwat.2013.07.012

Farre, 1., & Faci, J.M. (2006). Comparative response of maize (Zea mays L.) and sorghum
(Sorghum bicolor L. Moench) to deficit irrigation in Mediterranean environment. Agricultural
Water Management, 83(1-2), 135-143. Available from:
https://doi.org/10.1016/j.agwat.2005.11.001

Farre, 1., & Faci, .M. (2009). Deficit irrigation in maize for reducing agricultural water use in
a Mediterranean environment. Agricultural Water Management, 96(3), 383-394. Available
from: https://doi.org/10.1016/j.agwat.2008.07.002

Greaves, G.E., & Wang, Y.-M. (2017). Yield response, water productivity, and seasonal water
production functions for maize under deficit irrigation water management in southern Taiwan.
Plant Production Science, 20(4), 353-365. Available from:
https://doi.org/10.1080/1343943X.2017.1365613

330


https://doi.org/10.4296/cwrj209
https://doi.org/10.1093/jexbot/53.367.251
https://doi.org/10.1016/j.agwat.2021.107051
https://doi.org/10.1016/j.agwat.2020.106262
https://doi.org/10.1016/j.agwat.2008.07.002

Homaee, M., Dirksen, C., & Feddes, R.A. (2002). Simulation of root water uptake. I:
Nonuniform transient salinity stress using different macroscopic reduction function.
Agricultural Water Management, 57(2), 89-109. Available from:
https://doi.org/10.1016/S0378-3774(02)00072-0

Irmak, S., Haman, D.Z., & Bastug, R. (2000). Determination of crop water stress index for
irrigation timing and yield estimation of corn. Agronomy Journal, 92(6), 1221-1227. Available
from: https://doi.org/10.2134/agronj2000.9261221x

Irmak, S., Kukal, M.S., Mohammed, A.T., & Djaman, K. (2019). Disk-till vs. no-till maize
evapotranspiration, microclimate, grain yield, production functions and water productivity.
Agricultural Water Management, 216, 177—195. https://doi.org/10.1016/j.agwat.2019.02.006

Istanbulluoglu, A., Kocaman, 1., & Konukcu, F. (2002). Water use-production relationship of
maize under Tekirdag conditions in Turkey. Pakistan Journal of Biological Sciences, 5(3), 287—
291. https://doi.org/10.3923/pjbs.2002.287.291

Janeiro, C.A., Marques, A.A., Brito, RM.C.L., & van Lier, J.B. (2020). Use of (partially)
treated municipal wastewater in irrigated agriculture: Potentials and constraints for sub-Saharan
Africa. Physics and Chemistry of  the Earth, 118-119, 102906.
https://doi.org/10.1016/j.pce.2020.102906

Jorooni, E., Alinejadian Bidabadi, A., & Maleki, A. (2018). Determination of crop water
production function and response of total dry matter and grain yield to deficit irrigation in maize.
Water and Irrigation Management, 7(2), 241-255.

Kanber, R., Yazar, A., & Eylen, M. (1990). Water-yield relations of second crop corn grown
after wheat under Cukurova conditions. Research Institute of Tarsus, General Publication No:
173.

Khorshidi, M.B., & Nasseri, A. (2007). Irrigation water saving for corn with deficit-irrigation
strategy: Case study for Tabriz climate condition. In International Congress on River Basin
Management, March 22-24, Antalya, Turkey, pp. 665-671.

Kipkorir, E.C., Raes, D., & Masaje, B. (2002). Seasonal water production function and yield
response factors for maize and onion in Perkerra, Kenya. Agricultural Water Management,
56(3), 229-240. https://doi.org/10.1016/S0378-3774(02)00034-3

Koksal, H., & Kanber, R. (1998). Water-yield relations on second crop maize under Cukurova
conditions. In: Symposium on Agriculture and Forest Meteorology, Vol. 98, Istanbul: ITU, pp.
310-317.

League, K., & Green, R.E. (1999). Statistical and graphical methods for evaluating solute
transport models: Overview and application. Journal of Contaminant Hydrology, 7(1-2), 51—
73. https://doi.org/10.1016/0169-7722(91)90038-3

Leghari, S.J., Hu, K., Wei, Y., Wang, T., Bhutto, T.A., & Buriro, M. (2021). Modelling water
consumption, N fates and maize yield under different water-saving management practices in
China and  Pakistan.  Agricultural =~ Water =~ Management, 255, 107033.
https://doi.org/10.1016/j.agwat.2021.107033

331


https://doi.org/10.2134/agronj2000.9261221x
https://doi.org/10.1016/j.agwat.2019.02.006
https://doi.org/10.3923/pjbs.2002.287.291
https://doi.org/10.1016/0169-7722(91)90038-3
https://doi.org/10.1016/j.agwat.2021.107033

Lyu, S., Wu, L., Wen, X., Wang, J., & Chen, W. (2021). Effects of reclaimed wastewater
irrigation on soil-crop systems in China: A review. Science of the Total Environment, 813,
152531. https://doi.org/10.1016/j.scitotenv.2021.152531

Oktem, A., Simsek, M., & Oktem, A.G. (2003). Deficit irrigation effects on sweet corn (Zea
mays saccharata Sturt) with drip irrigation system in a semiarid region: Water-yield relationship.
Agricultural Water Management, 61(1), 63—74. https://doi.org/10.1016/S0378-3774(02)00161-
0

Panda, R.K., Behera, S.K., & Kashyap, A. (2005). Effective management of irrigation water for
maize under stress condition. Agricultural Water Management, 66(3), 181-203.
https://doi.org/10.1016/j.agwat.2003.12.001

Payero, J.O., Melvin, S.R., Irmak, S., & Tarkalson, D. (2006). Yield response of corn to deficit
irrigation in a semiarid climate. Agricultural Water Management, 84(1-2), 101-112.
https://doi.org/10.1016/j.agwat.2006.01.009

Pidgeon, J.D., Walker, A.R., Jaggard, K.W., Richter, G.M., Lister, D.H., & Jones, P.D. (2001).
Climatic impact on the productivity of sugar beet in Europe, 1961-1995. Agricultural and
Forest Meteorology, 109(1), 27-37. https://doi.org/10.1016/S0168-1923(01)00254-4

Poustie, A., Yang, Y., Verburg, P., Pagilla, K., & Hanigan, D. (2020). Reclaimed wastewater as
a viable water source for agricultural irrigation: A review of food crop growth inhibition and

promotion in the context of environmental change. Science of the Total Environment, 739,
139756. https://doi.org/10.1016/j.scitotenv.2020.139756

Rezvani, M.P., & Mirzaei, N.M. (2009). Effect of different sewage and water ratios on
morphological traits, yield and yield components of four forage species. Iranian Journal of Field
Crops Research, 7(1), 63-75.

Sapino, F., Pérez-Blanco, C.D., Gutiérrez-Martin, C., Garcia-Prats, A., & Pulido-Velazquez, M.
(2022). Influence of crop-water production functions on the expected performance of water
pricing policies in irrigated agriculture. Agricultural Water Management, 259, 107248.
https://doi.org/10.1016/j.agwat.2021.107248

Saseendran, S.A., Ahuja, L.R., Ma, L., Trout, T.J., McMaster, G.S., Nielsen, D.C., Ham, J.M.,
Andales, A.A., Halvorson, A.D., Chavez, J.L., & Fang, Q.X. (2015). Developing and
normalizing average corn crop water production functions across years and locations using a

system model. Agricultural Water Management, 157, 65-77.
https://doi.org/10.1016/j.agwat.2014.09.002

Sawia, M., Omaima, U.A., El-Behary, & Abdolhamid, A.F. (2002). Effect of irrigation level
and N source on green bean productivity. Egyptian Journal of Applied Science, 47(10), 326—
347.

Shahnazari, A., Fulai, L., Anderson, M.N., Jacobsen, S.E., & Jensen, C.R. (2007). Effect of
partial root-zone drying on yield, tuber size and water use efficiency in potato under field
conditions. Field Crops Research, 100(1), 117—124. https://doi.org/10.1016/].fcr.2006.05.010

Sharma, V., & Irmak, S. (2021). Comparative analyses of variable and fixed rate irrigation and

332


https://doi.org/10.1016/j.scitotenv.2021.152531
https://doi.org/10.1016/S0378-3774(02)00161-0
https://doi.org/10.1016/S0378-3774(02)00161-0
https://doi.org/10.1016/j.agwat.2003.12.001
https://doi.org/10.1016/j.agwat.2006.01.009
https://doi.org/10.1016/j.fcr.2006.05.010

nitrogen management for maize in different soil types: Part II. Growth, grain yield,
evapotranspiration, production functions and water productivity. Agricultural Water
Management, 246, 106653. https://doi.org/10.1016/j.agwat.2020.106653

Singh, A. (2021). A review of wastewater irrigation: Environmental implications. Resources,
Conservation and Recycling, 168, 105454. https://doi.org/10.1016/j.resconrec.2021.105454

Stone, P.J., Wilson, D.R., Reid, J.B., & Gillespie, R.N. (2001). Water deficit effects on sweet
corn, I. Water use, radiation use efficiency, growth and yield. Australian Journal of Agricultural
Research, 52(1), 103—113. https://doi.org/10.1071/AR99146

Tolk, J.A., & Howell, T.A. (2003). Water use efficiencies of grain sorghum grown in three USA
southern Great Plains soils. Agricultural Water Management, 59(2), 97-111.
https://doi.org/10.1016/S0378-3774(02)00157-9

Wallender, W., & Tanji, K. (2012). Agricultural salinity assessment and management. New York,
USA: American Society of Civil Engineers. https://doi.org/10.1061/9780784411698

Wang, H., Wang, J., & Yu, X. (2022). Wastewater irrigation and crop yield: A meta-analysis.
Journal of Integrative Agriculture, 21(4), 1215-1224. https://doi.org/10.1016/S2095-
3119(21)63853-4

Yazar, A., Sezen, S.M., & Gencel, B. (2002). Drip irrigation of corn in the Southeast Anatolia
Project (GAP) area in Turkey. Irrigation and Drainage, 51(4), 293-300.
https://doi.org/10.1002/ird.63

Yildirim, O., Kodal, S., Selenay, F., Yildirim, Y.E., & Ozturk, A. (1996). Yeterli ve kisitli sulama
suyu kosullarinda misir verimi. Turkish Journal of Agriculture and Forestry, 20(4), 283—288.
https://doi.org/10.55730/1300-011X.2900

Zhang, H., Ma, L., Douglas-Mankin, K.R., Han, M., & Trout, T.J. (2021). Modelling maize
production under growth stage-based deficit irrigation management with RZWQM?2.
Agricultural Water Management, 248, 106767. https://doi.org/10.1016/j.agwat.2021.106767

Zhang, X., Pei, D., Li, Z., & Wang, Y. (2002). Management of supplemental irrigation of winter
for maximum profit. In: Deficit irrigation practice, Water Reports No. 22. Rome: Food and
Agriculture Organization of the United Nations, pp. 57-65.

333


https://doi.org/10.1071/AR99146
https://doi.org/10.1016/S0378-3774(02)00157-9
https://doi.org/10.1061/9780784411698
https://doi.org/10.1016/S2095-3119(21)63853-4
https://doi.org/10.1016/S2095-3119(21)63853-4
https://doi.org/10.1002/ird.63
https://doi.org/10.55730/1300-011X.2900
https://doi.org/10.1016/j.agwat.2021.106767

