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Abstract: Considering  the  high-quality  requirements  related  to  agricultural  crop  production,  the  collaborative  operation  and
application influence of sprinkler drip irrigation is an important issue in precision agriculture. The objective of this review is to
give a comprehensive demonstration focusing on the subject of collaborative operation and application influence of sprinkler
drip  irrigation,  by using a  set  of  comparative  analysis  and literature  bibliometric  maps,  therefore  the  sprinkler  drip  irrigation
quality considering actual influential factors could be determined and analyzed. This review establishes on a broad spectrum of
agricultural  drip  irrigation  performance,  throughout  its  whole  procedure  of  collaborative  monitoring,  irrigation  scheduling,
application  efficiency,  and  environmental  influence,  covering  such  aspects  as  soil  physicochemical  quality,  irrigation
scheduling,  water  resource  redistribution,  crop  productivity,  tillage  management,  climate  adaptation,  and  environmental
monitoring,  etc.  This  review  indicates  that,  the  irrigation  efficiency  and  drip  infiltration  quality  of  soil  field  can  be  planned
precisely and allocated reasonably by sprinkler drip irrigation, which has extraordinary infiltration capability and enables much
better  performance,  than  that  of  other  ordinary  irrigation  approaches  in  accuracy,  stability,  regularity,  and  efficiency.
Thereafter, the investigation on the collaborative operation and application influence of sprinkler drip irrigation can be used to
ensure  the  infiltration  uniformity  of  moisture  distribution,  and  then  the  high-quality  requirements  of  practical  irrigation
performance  can  be  met,  too.  This  systematic  review  facilitates  the  productive  soil-moisture-environment  management  for
precision irrigation and agricultural production.
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1    Introduction
It  is  well  known  that  the  irrigated  agriculture  plays  a  crucial

role in global water resource usage. Sprinkler drip irrigation is one
of the most accurate and high-efficient agricultural crop production
technique  in  the  world.  As  an  essential  issue  in  agricultural
irrigation,  it  is  critical  for  soil  tillage and crop cultivation,  and has
remarkable  influence  on  the  high-productive  soil  irrigation.  This
approach  involves  the  controlled  delivery  of  water  directly  to
individual  crops  or  plants  through  a  prearranged  transmission
network constituted by tubes or pipes, which is characterized by an
optimal  management  of  various  influential  elements  sourced  from
soil, environment, schedule and irrigation. Owing to the varied soil
infiltration  characteristics  and  external  cultivation  environment,  a
systematic  review  on  the  collaborative  operation  and  application
influence of sprinkler drip irrigation, is imperative to guarantee the

high infiltration efficiency and better environmental adaption of soil
irrigation  performance,  and  then  to  facilitate  the  satisfactory
maintenance of crop cultivation. However, a detailed sprinkler drip
irrigation  investigation  from  the  perspectives  of  collaborative
monitoring,  irrigation  scheduling,  application  efficiency,  and
environmental influence, remains unclear. 

2    Development of sprinkler drip irrigation
 

2.1    The effect of sprinkler drip irrigation for agricultural crop
production

As  we  all  know  that  agriculture  is  a  main  user  of  water
resource,  since  it  is  accounted  for  more  than  70%  of  global
freshwater withdrawals[1]. On the other hand, water scarcity and soil
quality  become  major  constraints  to  social-economic  development
in the last few decades, as shown in Figure 1. This figure illustrates
that  there  are  a  lot  of  reasons  for  the  worldwide  shortage  of
irrigation  water,  such  as  low  share  of  water,  poor  management  of
irrigation  system,  energy  breakdown,  financial  constrains,  water
level  reduction,  population  explosion,  climate  change,  water
resource  over-exploitation,  water  pollution,  metropolitan
development, poverty area distribution, remote region development,
soil  desertification,  water  waste,  and  outdated  hydraulic
engineering,  etc.  Considering  these  environmental  constrains,
sprinkler  drip  irrigation  was  proposed  and  investigated  for  the
convenience of infield crop cultivation, due to rapid increase in soil
pollution,  extreme  climate,  and  expansion  of  water  and  crop
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demands.  Figure  1  also  demonstrates  that  much  of  the  allocated
water  resource  has  been  wasted  in  ordinary  irrigation  networks
frequently used. This water loss sometimes up to 20% of the quota
allocated  to  each  agricultural  farmer,  and  increases  with  the
remoteness  of  irrigation  plots.  Moreover,  the  continuous
fragmentation of irrigated field aggravates the waste of clean water

resource  regrettably[2,3].  It  is  noteworthy  to  point  out  that  the  water
scarcity  worldwide  leads  to  a  remarkable  increment  of  poverty  in
those undeveloped farms, considering the depletion of groundwater
is due mainly to the over exploitation of water resource, so that the
research  and  promotion  of  sprinkler  drip  irrigation  approach  are
significant and necessary for modern precision agriculture.
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Figure 1    The reasons for shortage of irrigation water[2,3]
 

Sprinkler  drip  irrigation  effectiveness  correlates  with  such
elements  as  irrigation  simulation,  drip  irrigation  performance,
irrigation  pump  optimization,  soil  irrigation  efficiency,  integration
of  water  and  fertilizer,  green  house  cultivation,  turbulence
modelling,  soil  infiltration effect,  all  these influential  factors  could
be  categorized  by  their  functional  characteristic,  into  several  key
subjects  as  drip  irrigation  scheduling,  collaborative  monitoring,
application  efficiency,  and  environmental  influence.  Using  the
following influential irrigation factors, including CWSI (Crop water
stress  index),  SDIQ  (Sprinkler  drip  irrigation  quality),  LSSVM
(Least  squares  support  vector  machine),  FAI  (Sensor-  Automated
Irrigation),  DSSAT  (Decision  support  system  for  agrotechnology
transfer),  FDR  (Frequency  Domain  Refractometer)  and  RSAE-
ANFIS  (Regulated  sparse  autoencoder-Adaptive  neuro-  fuzzy
inference  system),  the  collaborative  operation  and  application
influence  of  sprinkler  drip  irrigation  should  be  paid  high  attention
to,  and the technological  progresses should be promoted into other
soil  infiltration conditions,  which play important  roles in hydraulic

engineering, soil desertification prevention, environmental resource
redistribution,  collaborative  infiltration  monitoring,  and  irrigation
service optimization, as Figures 2 and 3 give the details. 

2.2    Typical sprinkler drip irrigation techniques and properties
The  working  goal  of  sprinkler  drip  irrigation  techniques  is  to

meet  specific  requirements  of  individual  crop  plants  or  infield
management units, and to minimize adverse environmental impact.
It  not  only  conserves  water  resource  for  crop  production,  but  also
sustains  and  increases  agricultural  crop  incomes,  protects  land
productivity  and  irrigation  investment,  and  serves  urban  and
industrial  areas,  too.  Since  sprinkler  drip  irrigation  provides
efficient  tools  to  regulate  the  usage  of  water  resource  on  the
cultivated field,  it  facilitates  the water  distribution equilibrium and
supports  a  stable  state  of  irrigated  water  distribution  by  means  of
balancing  water  supply  and  controlling  water  allocation,  using
appropriate  water  quota  system.  Because  of  its  highly  localized
application and scheduling flexibility, sprinkler drip irrigation gains
widespread  popularity  as  an  efficient  and  economically  viable
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approach  for  agricultural  crop  cultivation,  and  presents  an
environment-friendly agricultural condition simultaneously. It could
be categorized into such kinds of drip irrigation as subsurface drip
irrigation,  deficit  drip  irrigation,  alternate  drip  irrigation,  mulched
drip irrigation, regulated drip irrigation, and aerated drip irrigation,
etc.  Table  1  details  their  respective  performance  benefits,
application characteristics and correlated functions in sequence.

As  water  demand  increases  greatly  in  agricultural  irrigation,
there  is  an  urgent  need  to  meet  critical  requirements  of  water
balance  for  sprinkler  drip  irrigation.  Water  conservation  through
sprinkler  drip  irrigation  alleviates  a  large  part  of  burden  on  water
resource.  Notably,  some  current  adaptive  measures  in  irrigated

agriculture  include  fallowing  land,  shifting  cropping  patterns,
increasing  groundwater  pumping,  expanding  reservoir  storage
capacity,  and  increasing  production  of  risk-averse  crops[2].  It  is
important to realize water-saving sprinkler drip irrigation to ensure
the sustainable usage of water and feed the enormous population[3],
more  extensive  efforts  have  been  made  to  survey  the  amount  and
distribution  of  irrigation  water  withdrawals[4].  Based  on  this
development tendency, Table 2 gives typical problems and solving
strategies  for  precision  drip  irrigation  and  drainage  networks.  Is  is
shown that the whole problems of sprinkler drip irrigation network
range  across  irrigation  materials,  environmental  and  drainage
aspects,  structure  and  construction,  and  management  strategy,
which  brought  about  such  resultant  consequences  as  drainage
system  development,  environmental  system  optimization,  design
quality  improvement,  supervision  and  execution,  operation  and
maintenance,  irrigation  procedure  monitoring,  proper  drainage
equipment  and  machinery  provision,  and  drainage  structure
familiarization.  According  to  the  comprehensive  investigations  on
sprinkler  drip  irrigation  effectiveness,  the  causes  and  reasons  of
irrigation  problems  could  be  summarized  as:  removing  financial
limitations,  allocating  sufficient  funds  with  comprehensive  plans,
application  of  synthetic  filters,  identification  of  waste  water  and
sewage,  developing  environmental  standards,  accuracy  of  design
parameters,  punishment  and  rewards  of  irrigation  rules,  and
selection  of  suitable  drainage  system  and  employ  skilled  experts.
Therefore  distinctive  executive  and  research  strategies  were
proposed  here,  by  considering  various  irrigation  effect  criteria:
appropriate use of local  materials,  reuse impacts of drainage waste
water,  qualitative  and  quantitative  monitoring  of  executive
activities,  selection  of  material  and  structures,  appropriate
measurement  approaches,  developing  institutions  and  strategies,
environmental  monitoring  of  groundwater,  surface  water  and  soil
infiltration,  and  obligating  network  monitoring  by  moisture
infiltration  sensors,  etc.  All  these  measures  help  to  optimize  the
sprinkler drip irrigation networks[5], for instance, soil water storage,
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Figure 2    Sprinkler drip irrigation system and its correlation with
collaborative operation and application influence[3,5]
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groundwater circulation, moisture distribution, and water infiltration
are  all  necessary  to  promote  irrigation  efficiency  and  regulate
moisture  infiltration.  It  is  necessary  to  determine  the  technical
requirements for sprinkler irrigation management:

 
 

Table 2    Typical problems and solving strategies for optimizing
irrigation and drainage networks

Key problems Resultant
consequence

Causes and
reasons Solving approaches Ref.

Irrigation
materials

Developing
drainage
systems

Removing
financial
limitations

Appropriate use of
local materials

[3,6,8]

Environmental
system

Allocating
sufficient funds

Reuse impacts of
drainage waste water

[4,7]

Environmental
and drainage
aspects

Improvement of
design quality

Application of
synthetic filters

Qualitative &
monitoring of

executive activities
[9,10]

Improvement of
supervision and

execution

Identification of
waste water and

sewage

Selection of
appropriate material

and structures
[11,12,14]

Structure and
construction

Improvement of
operation and
maintenance

Developing
environmental
standards

Selection of
appropriate
measurement
approaches

[16,17,20]

Monitoring of
irrigation
systems

Accuracy of
design parameters

Developing institutions
and strategies for

monitoring
[22-24]

Management
strategy

Provision of
proper drainage
equipment and
machinery

Punishment and
rewards of

irrigation rules

Monitoring of
groundwater, surface

water and soil
infiltration

[26,29,30]

Familiarization
of drainage
structure

Selection of
suitable drainage

system and
employ skilled

experts

Network monitoring by
moisture infiltration

sensors
[32,33,35]

(1)  Balancing  the  input  and  output  of  sprinkler  drip  irrigation
performance:  This  requires  the  effective  approach  focuses  on  the
irrigation techniques and integrative management, and the complete
operational  cycle  ranged  from schedule  planning,  irrigation  design
and  equipment  installation,  for  the  convenience  of  irrigation
operation and productivity maintenance.

(2)  The  standardization  of  sprinkler  drip  irrigation
performance:  It  is  obvious  that  the  information  coordination
between different intelligent decision-making networks for sprinkler
drip irrigation needs to be improved. The balance between the input
and  output  of  sprinkler  drip  irrigation  performance  should  be
maintained,  considering  individual  decision-making  need  for
flexible  irrigation  requirements,  which  call  for  accurate  control  of
irrigation implementation.

(3)  The  focus  on  irrigation  technique  development:  There  is
ample evidence that advanced intelligent control is a prerequisite for
most  sprinkler  drip  irrigation  projects.  The  research  of  irrigation
control  is  extremely  important  and  necessary  for  sprinkler  drip
irrigation experiences throughout the world. 

2.3    Integrative knowledge of sprinkler drip irrigation
Based  on  the  above-mentioned  introduction  of  sprinkler  drip

irrigation,  the  integrative  knowledge  of  key  subjects  discussed  in
this review could be demonstrated as:

Collaborative  monitoring  is  an  important  subject  of  precision
irrigation  research,  and  it  has  been  frequently  used  to  evaluate
irrigation  parametric  changes,  and/or  water  infiltration  progress
toward  meeting  a  prearranged  irrigation  effectiveness,  which
consists  an integral  part  of  adaptive operation project  based on the
notion  of  irrigation  efficiency,  effective  water  resource
management, and appropriate infiltration efficiency. The speed and
influence of water infiltration, denoted as the distributive process of
water entering soil surface and passing through different soil layers,
should be deliberately observed and controlled.

Intelligent  scheduling  of  sprinkler  drip  irrigation  presents  a
complete  set  of  configuration design knowledge to  solve irrigation
planning  problem  in  precision  agriculture.  By  using  dynamic
programming  and  inference  knowledge,  it  could  be  used  to  select
suitable  irrigation  scheme,  which  minimizes  unexpected
environmental  changes  and  maximizes  water  productivity.  The
intelligent  scheduling  for  drip  irrigation  greatly  improves  the
understanding  of  complicated  interactions  in  the  irrigated
agriculture, and enhances accurate decision making under uncertain
soil\water conditional interference.

The  environmental  influence  of  sprinkler  drip  irrigation
consists  of conditional knowledge and domain superiority,  most of
them  give  clear  indications  of  the  crop’s  response  to  the  irrigated
agriculture  and  water  distribution  environment,  that  will  facilitate
the  reliable  construction  of  sprinkler  drip  irrigation  framework  in
return.  Based  on  this  environmental  influence  investigation,
sprinkler  drip  irrigation  could  be  promoted  to  build  up  a  more
environmental  friendly tool  to  protect  the  irrigated soil  from water
resource over-exploitation and waste pollution. 

3    Collaborative  monitoring  of  sprinkler  drip
irrigation

 

3.1    Importance  and  necessity  of  sprinkler  drip  irrigation
monitoring

To  accurate  understanding  the  importance  and  necessity  of
sprinkler  drip  irrigation  monitoring,  two  fundamental  problems
need to be clarified in advance: (1) the irrigation parameters should

 

Table 1    Typical sprinkler drip irrigation techniques and their
performance properties

Techniques Benefits Applications & functions Network layout Ref.

Subsurface
sprinkler drip
irrigation

Reduction of
irrigation
costs.

Injection of nutrients,
pesticides, and other

chemicals to modify water
and soil conditions.

[1,3,5]

Deficit
sprinkler drip
irrigation

Diversity of
sprinkler drip
irrigation,
Water

resources be
used more

efficiently and
sustainably.

High crop cultivation rate,
high efficient cultivation
performance, with reduced
soil-moisture integrity.

[2,4-6]

Alternate
sprinkler drip
irrigation

Balances plant
height, stem
diameter, leaf
area and dry
matter, and

yield of crops.

Limits the depth of water
infiltration, but helps to
irrigation control and

optimization.

[3,8,10]

Mulched
sprinkler drip
irrigation

Effective
water-saving
fertigation for

dry land
regions.

Improves water\mulch
infiltration without

additional crop cultivation
costs.

[11-13,16]

Regulated
sprinkler drip
irrigation

Promotes drip
infiltration and

water
distribution.

Deal with the lack of
efficient mulch film

recovery, residual plastic
film fragments
accumulating.

[7,9,15]

Aerated
sprinkler drip
irrigation

Mitigates
rhizosphere
hypoxia
caused by

wetting front

Transfers water-air two-
phase flow to crop root
through sprinkler drip
irrigation system.

[14,17,18]
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be  monitored  accurately  and  determined  robustly  to  establish  an
effective  drip  irrigation  system,  and  (2)  the  influence  of  drip
irrigation  monitoring  should  be  analysed  to  accelerate  the
convergence velocity and accuracy of irrigation scheduling process.
Therefore,  the  concept  of  collaborative  monitoring  is  proposed
based  on  the  unique  integration  of  sprinkler  drip  irrigation  and
surrounding  working  environment,  and  is  employed  for  the
effectiveness  improvement  of  drip  irrigation  performance.  This
collaborative  monitoring  process  first  uses  the  sensor  network  to
extract  the  drip  infiltration  properties  of  infield  soil,  subsequently,
the  monitoring  platform  provides  high-efficiency  tools  to  observe
the moisture infiltration effect, for the mechanism investigation and
performance promotion of drip irrigation. 

3.2    Constructive  application  of  sprinkler  drip  irrigation
monitoring

It is obvious that the collaborative monitoring of sprinkler drip
irrigation  system  plays  important  role  for  the  sustainable  irrigated
agriculture,  this  process  focuses  on the  collection of  irrigated field
data,  including  on-the-spot  status  of  soil,  plants,  and  weather
information.  Here,  the  operational  strategy  of  drip  irrigation  is  to
supply  appropriate  amount  of  water  and  to  evacuate  excess  water
through  a  set  of  high-efficient  irrigation  and  drainage  system.
However,  traditional  irrigation  monitoring  concentrates  on  soil-
moisture  distribution,  characterized  by  less  capacity  than  the  peak
demand,  irregular  delivery  rates,  and  low  irrigation  uniformity.
With  respect  to  the  first  problem,  the  major  reason  for  the  low
efficiency  of  sprinkler  drip  irrigation,  is  nonuniform  moisture
distribution  due  to  lack  of  precise  monitoring  system  for  water
delivery[6-8].  Secondly,  as  the  flow  measurements  at  key  delivery
points  are  highly  needed  to  evaluate  irrigation  water  distribution[9],
the  reliable  soil-infiltration  monitoring  and  instantaneous
coordinated  operation  are  imperative  for  preventing  any
unscheduled use of water[10]; Moreover, the collaborative monitoring
of  sprinkler  drip  irrigation  is  also  necessary  to  compare  the
estimated  irrigation  demands  with  actual  water  supplies,  for  the
purpose  of  maintaining  the  highly  efficient  water  supply  in  every
practical irrigation conditions. Based on this prerequisite, in a field
experiment  with  the  use  of  Frequency  Domain  Refractometer
(FDR)  sensor-Automated  Irrigation  (FAI),  an  intelligent  logical

structure  could  be  established  for  the  sensor-automated  irrigation
monitoring,  provided  a  high-efficient  drip  infiltration  monitoring
platform  composed  of  moisture  sensor,  irrigation  workstation,  and
soil-moisture interaction monitoring module, etc[11,12].  It investigates
the  potential  application  of  irrigation  monitoring,  based  on  the
previously  determined  threshold  values  of  volumetric  substrate
water  content  to  improve  crop  cultivation.  Specifically,  it
collaborative  monitors  the  water  and  fertilizer  delivery  in  a  coir
substrate  hydroponics system using FAI.  It  could also be observed
that  FAI  techniques  reduce  drainage  from  hydroponic  system  for
large-scale  hydroponic  farms,  which  results  to  the  efficient,
environmentally  sustainable  employment  of  water  and  fertilizer.
From this model it  could be seen that the soil  moisture monitoring
sensor sends the real-time soil signal to a micro-controller, via ADC
(Analog-to-digital  converter)  and  LCD  (Liquid  Crystal  Display)
displaying the readings of moisture content. From the collaborative
monitoring  unit  these  information  signals  are  collected  and
transmitted  to  the  solenoid  wall  where  sprinkler  drip  irrigation
process  is  carried  out.  As  an  embedded  system,  the  collaborative
monitoring system closely monitors the micro climatic parameter of
irrigated field for the cultivation of crops or specific plant species. It
observes  plant  cultivation  over  whole  crop  growth  season,  and
eliminates  the  difficulties  involved  in  irrigation  monitoring  system
by  reducing  human  intervention  to  the  best  possible  extent.  These
two  exampled  approaches  employed  in  sprinkler  drip  irrigation
condition  were  known  by  their  highly  efficient  collaborative
monitoring  in  actual  agricultural  practices.  Based  on  these
preparation  it  could  be  learned  that  when  the  raw  data  of  soil
moisture  infiltration  is  measured,  the  collected  data  set  sourced
from  irrigation  rate,  moisture  ratio,  and  infiltration  speed,  be
processed in the module of data sensor located on the measurement
level, before their predictive computation, including data processing
and  infiltration  extraction,  which  corresponds  to  the  calculative
operations  such  as  data  filtering,  statistical  analysis,  and  regulated
classification separately on the calculation level. When the moisture
infiltration  is  observed,  the  processed  data  of  sprinkler  drip
irrigation  efficiency  could  be  transmitted  for  real-time  parameter
coordination,  so  that  the  monitored  results  stored  in  the  database
could be employed freely for the irrigation effectiveness calibration.
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Figure 4    Flowchart of sensor-automated irrigation monitoring[11,12]
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Using  the  sprinkler  drip  irrigation  monitoring  flowchart
demonstrated  in  Figures  4  and  5,  recent  investigation  reveals  that
the irrigation practices negatively contributed to the rise of shallow
groundwater. For the long-term sustainability of agricultural soils, it
is  recommended  to  replace  the  current  monitoring  procedure  with
an  adequate  and  more  efficient  technological  flowchart  such  as
textile  envelopes  to  prevent  sand  clogging  in  the  subsurface

sprinkler  drip  irrigation  system.  The  adoption  of  monitoring
measures leading to higher efficiency in the use of water and energy
is  strongly  demanded.  Based  on  this  idea  this  figure  demonstrates
different  monitoring  procedures  for  sprinkler  drip  irrigation  in
typical  scenarios[13,14].  The  comparison  of  the  selected  solutions  in
these  proposed  scenarios  showed  that  operational  cost  savings
between 65% and 76% could be guaranteed.
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Figure 5    Logical architecture and computational data flow of drip irrigation monitoring system
 

Liang  et  al.[49,53,59]  demonstrates  the  logical  architecture  for
integrative  irrigation  monitoring,  which  provides  a  highly  efficient
data  processing  platform  for  the  monitoring  system  composed  of
data  sensors,  database,  computation  workstations,  and  process
monitoring  modules.  The  data  hub  of  sprinkler  irrigation
effectiveness  measurement  provides  a  monitored  data  set  for
irrigation  effect.  Therefore,  the  soil  processing,  decision-making,
information  collection,  and  integrative  monitoring  can  be
implemented  freely.  It  is  also  noteworthy  to  point  out  that  several
key  elements  of  soil  moisture  measurements  such  as  loop  control,
decision-making  support,  data  processing,  data  acquisition,  and
information  communication  between  the  measurement  sensors  and
prediction  modules  are  all  interconnected  to  each  other.  Based  on
the  computational  data  flow  of  collaborative  monitoring  system,
where  the  data  hub  of  moisture  infiltration  quality  indexes  located
on the measurement level, then the data processing operations such
as  data  processing,  decision-making,  information  collection,  and
integrative control, could be implemented freely. Such key elements
of  soil  moisture  measurement  as  loop  control,  decision-making
support,  data  processing,  data  acquisition,  and  communication
server  oriented  for  the  measurement  sensors  and  prediction
modules, are all interconnected to each other through data channel.
This  unique  monitoring  flowchart  ensures  the  high  computational
accuracy  and  flexible  environmental  adaption  for  collaborative
monitoring in practice.

On  the  other  side,  Table  3  demonstrates  the  technological
characteristics and application range of the collaborative monitoring
of  irrigation  system,  in  which  typical  technology  items,  reference
source,  technological  advantage  and  disadvantage,  applicable
conditions,  reasons  and  objectives,  are  all  demonstrated  in

sequence. For instance, this table shows that GPRS (General Packet
Radio Service module), a novel telecommunication system provides
very fast internet connections for mobile phones, could be used for
the  collaborative  monitoring  of  reliable  soil  and  environmental
moisture  data  transmission.  Xbee-Pro,  also  named  as  Digi  XBee-
PRO  Zigbee  RF  (Radio  Frequency)  module,  provides  the  cost-
effective  wireless  connectivity  and  high-speed  interface  for
irrigation  electronic  control  devices,  simultaneously  it  optimizes
data  integration  with  embedded  micro-controllers  for  the
collaborative  irrigation  monitoring.  Similar  technology  items
include  the  wireless  sensor  networks  (WSNs),  map  variability,
computerized  environmental  control,  crop  evapotranspiration-
guidelines, embedded system for automatic irrigation, monitoring of
aeroponic  greenhouse,  sensor  placement,  decision-maker  and
heuristic  algorithms,  and  site-specific  irrigation  management,  etc.
Since  the  soil-moisture  distribution  model  quantifies  the  working
performance of water delivery accurately, this model was promoted
in  different  sprinkler  drip  irrigation  cases,  such  as  improving  the
monitoring  accuracy[15],  updating  the  working  status  of  irrigation
system[16],  determining  the  influential  factors  of  irrigation
deviation[17],  and  observing  soil  infiltration[18].  Instructed  by  the
intelligent monitoring management, Nagarajan et al. tried to use the
wireless  sensor  network  (WSN)  system  to  automate  the  state
monitoring  and  parametric  measurement  for  irrigation  infiltration
efficiency[19].  In  this  test,  the  humidity,  temperature  and  pH
(hydrogen  ion  concentration)  sensors  provide  accurate  monitoring
feedback  to  control  the  water-soil  environment  as  derivative
collaborative indexes,  such as  moisture distribution efficiency,  soil
moisture pressure or tension, and moisture uniformity,  be regarded
as highly important.
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Table 3    Typical sprinkler drip irrigation techniques and their performance properties
Items Ref. Advantage Disadvantage Applicable condition Reasons and objectives

Wireless sensor networks
(WSNs)

[20, 21,
31]

High speed, far
distance

Error of signal
transmission Soil infiltration monitoring Solar cells constitute serious additional cost for

farmers
GPRS (General Packet
Radio Service) module [22, 23] Low error, high

accuracy
External weather
interference

Drip irrigation effectiveness
control Water delivery system planning

Digi XBee-PRO Zigbee
modules

[24, 25,
31, 32]

Mobile control in far
distance High cost Irrigation scheduling

optimization Estimating water balance in arid regions

Map variability [26, 29,
33] Good adaptation

Geographic
information
dependency

Large-scale irrigation
scheduling Economic assessment of water harvesting

Computerized
Environmental Control [27, 28] High technological

flexibility
Climate change
dependency

On-the-spot irrigation
performance verification

Resolving resource conflicts generated by
irrigated agriculture

Crop evapotranspiration-
guidelines [39] Better environmental

adaptation Low accuracy Crop cultivation monitoring Site-specific management of fixed irrigation
system

Embedded system for
automatic irrigation

[34, 35,
40] High flexibility Far distance

transmission
Intelligent drip irrigation
control

Artificial neural network based modelling of
spatial distribution of phosphorus

Monitoring of aeroponic
greenhouse [36-38] Low cost and high

productive Complex scheduling Greenhouse crop cultivation
monitoring

Nonlinear evaporation and evapotranspiration
modelling

Sensor placement [41] Adaptation to
extreme environment Low flexibility Large-scale field soil

monitoring
Conjunctive use of surface and ground water
resources

Decision-maker and
heuristic algorithms [42-44] Precise decision-

making
Large storage for data
calculation

Irrigation parametric
selection

Hydrological impact of a high-density reservoir
network

Site-specific irrigation
management [45-47] Better terrain

adaptability Mobile dependency Sprinkler drip irrigation
scheduling

Soil moisture sensors are used to determine the
water needs of agricultural lands

 
 

3.3    Contributions  of  collaborative  monitoring  of  sprinkler
drip irrigation

According  to  the  review  of  previous  irrigation  studies,  two
critical  aspects  of  collaborative  monitoring  for  sprinkler  drip
irrigation are crop growth and yield prediction[3,17,42]; and appropriate
monitoring  pertaining  to  drip  irrigation,  which  include  the  scale
mapping  of  irrigation  areas  and  the  quantification  of  irrigation
effectiveness[19,24,41].  The  collaborative  monitoring  of  sprinkler  drip
irrigation  covers  many  subjects  ranged  from  irrigation  equipment,
irrigation  application,  to  irrigation  control.  Its  major  contributions
could be summarized as follows:

(1)  The  published  investigations  proposed  various  novel
collaborative  monitoring  approaches,  improved  actual  irrigation
monitoring  effectiveness  greatly,  and  quantified  their  inherent
variation  principles  accurately  as  well;  (2)  Using  different
collaborative  monitoring  approaches  to  ensure  the  working
reliability  of  drip  irrigation  system,  they  analyzed  the  correlative
influences of operational factors,  on the cultivation qualities or the
growth  properties  of  objective  crops;  (3)  Various  collaborative
monitoring  schemes  have  been  designed  to  calibrate  the  effect
mechanism  of  sprinkler  drip  irrigation,  they  provided  insightful
discussions  on  the  infield  infiltration  variability  and  accurate
moisture  diffusivity;  (4)  All  these  irrigation  studies  presented
feasible  suggestions  regarding  collaborative  monitoring  and
evaluation mechanism, in  the interests  of  remarkable  promotion of
soil moisture uniformity and drip irrigation quality. 

4    Intelligent scheduling for sprinkler drip irrigation
 

4.1    Importance  and  necessity  of  sprinkler  drip  irrigation
scheduling

With  the  constrained  water  supplies  in  current  agricultural
production,  farmers  need  appropriate  scheduling  strategies  to
arrange  water  resource  allocation  in  advance,  and  to  control
irrigation  processes  efficiently  during  crop  growing  season.  The
irrigation  scheduling  is  regarded  as  a  promising  research  domain
that  aims  at  predicting  and  achieving  optimal  water  supply  for
agricultural  crop productivity,  based on the collection and analysis
of crop/plant response to moisture infiltration, especially when soil
water  content  being  maintained  close  to  field  capacity.  So  that  the
intelligent  scheduling  of  sprinkler  drip  irrigation  is  important  for

water balance in soil field, it provides theoretical basis to rationally
manage  the  circulation  efficiency  of  groundwater.  Here,  two
questions  are  addressed:  What  is  the  constructive  impact  of
intelligent  scheduling  on  irrigation  quality,  crop  productivity,  and
uptake  of  soil  infiltration  efficiency?  and  what  are  the  impacts  of
intelligent  scheduling  measures  on  reducing  error  in  crop
productivity estimation? 

4.2    Constructive  application  of  sprinkler  drip  irrigation
scheduling

As  water  allocation  optimization  enhances  the  crop
productivity and profitability of water-limited irrigation system[48,49],
the  intelligent  scheduling  for  sprinkler  drip  irrigation  provides
efficient  tools  to  regulate  the  influence  of  soil,  weather  on  crop
yield[50].  To  answer  the  first  question,  Liu  et  al.[51]  used  the  GEPIC
(GIS based executive process/interactive control) scheduling model
to assess the yield and productivity of wheat. Gallardo et al.[52] used
a  VegSyst  simulation  to  calculate  water  requirements
simultaneously.  Liang  et  al.[53]  proposed  a  novel  RSAE-ANFIS
(Regulated  Sparse  Autoencoder  -  Adaptive  Network-based  Fuzzy
Inference System) prediction system, to give a set of high-efficient
decision-making tools for the intelligent scheduling of sprinkler drip
irrigation,  which  including  the  Labview  program  designed  for
RSAE-ANFIS  scheduling,  MATLAB  fuzzy  controller  design
interface,  membership  function  used  for  ANFIS  prediction,  data
simulation of infiltration, and fuzzy logic rules for decision-making.
In his proposed irrigation scheduling network, RSAE is an excellent
autoencoder  that  can  be  used  for  calculating  the  optimal  irrigation
parameters  from  raw  data.  It  is  highly  valued  by  incorporating
irrigation  feature  extraction  and  process  quantification  into  a
general-purpose  fuzzy  scheduling  system.  After  the  logic  network
of  RSAE  has  been  established,  an  intelligent  scheduling  system,
based  on  the  working  principle  of  adaptive  network-based  fuzzy
inference  system  (ANFIS),  could  be  developed  to  determine  the
irrigation  effectiveness  indexes.  RSAE  identifies  the  mathematical
properties  of  environmental  parameters  and  ANFIS  possesses  an
excellent  capability  of  adaptive  scheduling  for  water  infiltration
efficiency,  which  are  characterized  by  their  mutual  influence  and
fuzzy  correlations.  Because  the  probabilistic  density  of  sprinkler
drip  infiltration  data  monitored  by  the  RSAE  can  help  NPSO  to
obtain  higher  accuracy  in  calculating  the  drip  irrigation  quality
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indexes,  RSAE-NPSO  possesses  much  better  operating
advancements  than  any  alternative  ones,  which  finally  proves  its
robust scheduling quality of the drip infiltration. Besides, Todorovic
et  al.[54]  used  different  scheduling  models  ranged  from  solar
radiation  and  carbon  assimilation  to  water-based  models,  to
accurately  simulate  the  sunflower  growth stage.  An applied  water-
driven  scheduling  model  called  AquaCrop[55],  was  reported  to  be
suitable  for  assessing  crop  productivity  response  to  water  resource
storage,  it  requires  fewer  mathematical  inputs  compared  to
alternative  models,  such  as  DSSAT  (decision  support  system  for
agrotechnology  transfer)  and  APSIM  (applied  simulation
technology)[56-58], etc.

According  to  this  principle  an  adaptive  scheduling  test  of
precision  irrigation  was  carried  out,  to  achieve  accurate  planning
and  comprehensive  arrangement  of  sprinkler  drip  irrigation
performance  in  various  test  conditions[59].  This  approach  monitors
the  probability  density  of  water  droplet  infiltration,  flow  speed

variance,  and  error  variance  tendency  of  fuzzy  scheduling,  so  that
the  irrigation  infiltration  and  high-efficient  water  utilization  could
be facilitated, which offer convenience to manage the irrigated field
equipped  with  multiple  center  pivot  networks[60].  Figure  6  pictures
the constructive influence of sprinkler drip irrigation scheduling,  it
could  be  observed  that  the  field-boundary  sprinklers  should  be
designed by fully considering its field arrangement and the shape of
deflecting  plate,  thus  the  accurate  three-dimensional  simulation  of
water  distribution  pattern  could  be  facilitated.  Based  on  these
preparations,  the  contour  maps  of  water  distribution  for  the
simulated sprinklers can be obtained. Moreover, the scatter plots of
marginal crop productivity and traditional water use efficiency can
be  determined,  thereafter  a  comprehensive  overview  of  precision
irrigation system, and the installation position of moisture sensors in
soil  field  could  be  made.  All  these  arrangements  makes  the
constructive  influence  and  regulated  production  of  sprinkler  drip
irrigation scheduling possible[61].

 
 

(f) 

(d) 

(a) 

(b) 

(c) 

(e) (h) 

(g) 

(g) 

(a) Evaluated field-boundary sprinklers and the shape of the deflecting plate[60]; (b) Three-dimensional simulation of water distribution pattern[61]; (c) Contour maps of the
water  distribution  pattern[61];  (d)  Scatter  plots  of  marginal  crop  productivity  and  traditional  water  use  efficiency  evaluation  indexes[62];  (e)  Virtual  vs.  physical
implementation[60]; (f) Overview of the area with the installed precision irrigation system, and installation position of the moisture sensor in soil field[30,61]; (g) Hose- reel
sprinkler system and its layout diagram[62]; (h) Overview of the area with the installed precision irrigation system, and installation position of the moisture sensor in soil
field[31,62]

Figure 6    The constructive influence and regulated production of sprinkler drip irrigation scheduling
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4.3    Contributions of sprinkler drip irrigation scheduling
As  the  working  mechanism  of  intelligent  scheduling  offers

effective  tools  for  investigating  the  drip  infiltration  characteristics,
the  infiltration  quality  stands  for  the  moisture  space  distribution
effectively.  This  subject  describes  the  dynamic  scheduling  of  drip
infiltration  according  to  actual  irrigation  environments,  it  not  only
demonstrates  the  close  correlation  among  different  scheduling-
making tasks in a robust form but also integrates the useful sprinkler
drip  infiltration  characteristics  under  the  uncertain  crop production
conditions.  According  to  the  above-mentioned  analysis,  the
following  contributions  of  intelligent  scheduling  for  sprinkler  drip
irrigation could be identified:

(1)  Optimal  water  resource  allocation:  towards  the  connected,
autonomous,  decentralized  scheduling  support  for  actual  drip
irrigation operations;

(2)  Dynamic  water-resource  allocation  coordination:  towards
adaptability and better real-time scheduling capabilities in complex
irrigation processes;

(3)  Data-oriented  irrigation  scheduling  architecture:  towards
big  data  analysis  and  distributed  intelligent  decision-making
network throughout whole irrigation scheduling operation;

(4)  Process-centric  scheduling  approach  for  sprinkler  drip
irrigation  process:  towards  the  integrative  management
effectiveness and irrigation data interoperability;

(5)  Web-oriented  irrigation  scheduling  principles:  towards
irrigation service orientation and secure information communication
between  different  sprinkler  drip  irrigation  system,  and  ensuring
optimal  coordination  of  them for  appropriate  consumption  of  deep
water percolation into soil field.

This  section  concentrates  on  appropriate  irrigation  scheduling
performance,  all  these mentioned studies contributed greatly to the
deployment of sprinkler drip irrigation. Most scheduling approaches
only  focus  on  the  pure  computation  and  prediction  of  objective
irrigation  performance,  for  the  purpose  of  quantifying  the  crop
growth  characteristics  and  environmental  influences,  without  the
detailed  considerations  about  their  instantaneous  adaption  to  the
environmental  change  and  the  integrated  irrigation  scheduling
regrettably. Therefore, some difficult problems concerning accurate
irrigation  scheduling  and  its  resultant  resource-arrangement
mechanism remain unstudied and unsolved. Since a highly efficient
scheduling  performance  of  sprinkler  drip  irrigation,  improves  the
efficiency  of  irrigation  management,  the  quantitative  evaluation  of
inherent  scheduling  among  all  participant  factors  of  sprinkler  drip
irrigation,  for  instance,  soil  water  content,  surface  runoff  and
drainage, infield infiltration rate, groundwater circulation efficiency,
and moisture penetration, needs to be developed and promoted. 

5    Application efficiency of sprinkler drip irrigation
 

5.1    Importance of drip irrigation application efficiency
As  sprinkler  drip  irrigation  deserves  high  significance  in  the

agricultural  crop  production  domain,  its  representative  application
efficiency,  including  the  working  properties  and  inherent
superiority, should be demonstrated clearly, in the interest of better
understanding  and  improved  employment  of  irrigation  system  in
various test conditions. The application efficiency of sprinkler drip
irrigation introduces overall  control  of  irrigation system, according
to  the  growth  information  and  other  bio-information  of  objective
plants,  by  monitoring,  sensing,  transferring,  diagnosing,  and
managing  moisture  dynamics  in  soil  fields.  For  instance,  the
techniques  of  deficit  irrigation  (DI)  and  partial  root-zone  drying
(PRD)  are  the  most  commonly-used  approaches,  that  ensure

effective  water  use  and  infiltration  efficiency  of  drip  irrigation
performance  in  different  moisture  diffusivity  conditions.  By  using
these  novel  approaches  the  crops  and  plants  receive  less  water
amount than those in traditional irrigation cases[62]. Here, the partial
root-zone  drying  approach,  modified  from  the  deficit  irrigation
approach,  was  proposed  to  create  alternate  wet-dry  regions  in  two
halves of the root system[63]. Since the aim of deficit irrigation is to
control  reproductive  and  vegetative  growth  and  to  improve  WUE
(water usage effectiveness) and crop quality, Sayyed-Hassan et al.[64]

investigated  the  impacts  of  traditional  deficit  irrigation  and  partial
root-zone  drying  on  the  water-use  efficiency  of  corn  cultivation.
The sustained precise deficit irrigation supplies water amount below
the  evapotranspiration  (ET)  demands  throughout  the  whole
cropping season. Therefore, the irrigated plant is exposed to gradual
water  stress  in  various  time  period,  which  changes  the  root
distribution patterns in different cases, depending on the adaptation
of  crop  plants  to  the  water-limited  irrigation  conditions[65].  As  the
presence  of  compacted  soil  layer  impedes  the  deep  growth  and
appropriate  distribution  of  plant  root  system,  the  root  elongation
rate and crop yield during sprinkler drip irrigation would be reduced
in  return[66].  As  a  result,  understanding  the  root  growth  adaptation
dynamics  of  cultivars  to  prolonged  water  stress,  can  help  in  the
reasonable  allocation  of  water  resources  for  maximizing  profit
returns. Thus, a satisfactory performance of precise deficit irrigation
could be ensured. 

5.2    Verification  and  assessment  of  drip  irrigation  application
efficiency

Figure  7  describes  the  application  efficiency  calibration  of
sprinkler  drip irrigation system, from this  figure we can learn how
the  environmental  condition  plays  important  roles  in  actual  crop
production.  When  the  data  illustration  of  drip  infiltration
considering the moisture space distribution is provided, a complete
set  of  performance  comparison  could  be  realized  between  the
observed  and  simulated  soil  water  contents.  For  instance,
considering  typical  soil  specimen  and  its  correspondingly  drip
irrigation  quality,  the  control  unit  of  precision  irrigation  system
could  be  designed  and  optimized,  therefore  the  optimally
heterogeneous  irrigation  architecture  and  water  amount  are
demonstrated[67-72].  Furthermore,  the  tested  sprinkler  irrigation
system and spatial  layout of pipeline network should be improved,
for the convenience of investigating its application efficiency.

It  is  necessary  to  compare  the  estimated  irrigation  demands
with actual water supplies, to promote the decision making accuracy
in sprinkler drip irrigation[72,73]. To maintain appropriate water supply
according  to  local  resource  demand,  accurate  measurement  and
instantaneous control of moisture distributions are essential to solve
existing  problems  of  irrigation  water  efficiency  and  application
availability.  Based  on  this  idea,  Akbariyeh  et  al.[68]  and  Sayari  et
al.[73]  and  Biplab  et  al.[74]  assessed  the  influences  of  annual  water
balance  conditions,  relative  proportions  of  deep  drainage,  and
stability  of  soil  water  seepage  on  crop  cultivation,  which  use  the
comprehensive  analysis  of  land  suitability  to  optimize  the  drip
irrigation  performance.  To  cope  with  the  complexity  of  water
resource  management  and  irrigation  planning[75],  Mérida  et  al.  [76]

coupled the irrigation procedures with solar energy employment in a
smart irrigation management system. Other promotions of irrigation
application efficiency also base upon the implementation of energy
use  optimization[77],  irrigation  network  sector[78],  critical  point
control[79],  and  improved  management  of  pumping  stations[79].
Furthermore, Surjeet et al.[80] also found potential energy savings of
36% for  representative  water  user  associations,  as  the  influence  of
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soil  water  redistribution  and  circulation  efficiency  of  groundwater
could be monitored and concentrated on. 

5.3    Contributions of drip irrigation application efficiency
The  following  benefits  of  characterizing  the  application  of

sprinkler drip irrigation have been justified and could be expected:
(1)  Better  irrigation  application:  Advanced  design  approaches

and  optimization  tools  for  drip  irrigation  equipment  enable  the
application development for optimal collaboration of sprinkler drip
irrigation;  (2)  Appropriate  resource  supply:  Environmental
resources transmitted to the supply chain of sprinkler drip irrigation,
enable  a  constant  synchronization  between  accurate  irrigation
operation  and  application  adaptation  to  conditional  changes;
(3)  Improved  irrigation  implementation:  Using  optimal  application
objectives as elements of irrigation system, allows the instantaneous
coordination  of  application  factors  related  to  agricultural  crop
production.  Therefore  it  is  necessary  to  illustrate  the  application
efficiency of sprinkler drip irrigation for different agricultural  crop
production  demands;  (4)  Environmental  maintenance  and  resource
recycling:  The  optimized  irrigation  effect  caused  from  new

environment-oriented  irrigation  management,  allows  the  best
operations of sprinkler drip irrigation.

It  is  summarized  that  this  section  describes  new  ideas  and
inspires  readers  on  how  irrigation  efficiency  can  be  enhanced,  to
generate  the  improved  achievement  of  sprinkler  drip  irrigation  for
agricultural  developments,  and  to  facilitate  water  saving  for
imminent water resource shortages. This systematic investigation of
high-efficient  application  mechanism  and  integrated  collaboration
of  irrigation  techniques,  which  ensures  effective  irrigation
performance, need to be developed further. 

6    Environmental  influence  of  sprinkler  drip
irrigation

 

6.1    Importance  of  environmental  influence  investigation  of
sprinkler drip irrigation

Figure 8 presents the application efficiency and environmental
influence of sprinkler drip irrigation, it could be learned that based
on  the  field-boundary  sprinklers  and  the  shape  of  deflecting  plate,
the  network  design  of  sprinkler  drip  irrigation  could  be

 

(g) (h)
(i)

(d) (e) (f)

(c)

(a) (b)

(a) Data illustration of drip infiltration considering the moisture space distribution[59]; (b) Comparison of observed and simulated soil water content values[61]; (c) The loam
soil specimen and its corresponding SDIQ index values[59,83]; (d) The overall controller unit of precision irrigation system[20]; (e) Scheme of the XSIC irrigation system[63];
(f) Comparison between the actual and predicted PMD values[83,84]; (g)-(h) The optimally heterogeneous irrigation architecture and water amount[96]; (i) The tested sprinkler
irrigation system and spatial layout of pipeline network[94]

Figure 7    The application efficiency calibration of sprinkler drip irrigation system
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differentiated from original network and representative scenarios. In
order to determine the drip irrigation quality, Oren et al.[79] and Hale
et  al.[81]  provided  the  high-efficient  decision-making  tools  for  drip
irrigation  performance.  Considering  the  correlation  between
evapotranspiration  and  water  supply,  the  main  direct  and  indirect
impacts  of  precision  irrigation  on  groundwater  quality  and  energy
productivity  could  be  identified  easily.  Through  appropriate
irrigation  scheduling,  the  planting  pattern  and  soil  core  sampling
could  be  facilitated  thereafter,  especially  when  the  boundary
conditions of irrigation flow is focused. 

6.2    Constructive  environmental  influence  assessment  of
sprinkler drip irrigation

As  water  scarcity  is  one  of  the  main  barriers  to  sustainable
irrigation  performance,  wastewater  has  usually  been  used  for
agricultural irrigation purposes, particularly in water-scarce areas. It
greatly reduces the need for chemical fertilizers,  results  to net  cost

savings. According to the intrinsic vulnerability of groundwater, the
DRASTIC-based  approach,  as  DRASTIC  denotes  the  depth  to
water,  net  recharge,  aquifer  media,  soil  media,  topography,  impact
of  the  vadose  zone  and  hydraulic  conductivity,  was  employed  to
establish a GIS (geographic information system)-based groundwater
assessment  model.  This  assessment  model,  namely  the  DRSIN
model,  contains  several  key  influential  parameters  such  as  the
groundwater depth, net recharge, soil type, and the impact of vadose
zone  and  nitrogen,  etc[82].  The  proposed  Optimally  Heterogeneous
Irrigation  (OHI)  system  was  evaluated  using  the  event-driven
simulation,  which  has  been  compared  with  other  commonly-used
fuzzy  logic  approaches  for  the  quantification  of  environmental
influence. Furthermore, the estimated soil moisture and temperature
are  input  parameters,  and  the  water  amount  are  output  parameters,
for  the  fuzzy  logic  controller,  which  could  be  defined  as  fuzzy
assessment scheme. The water amount is computed using the fuzzy
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(a) Evaluated field-boundary sprinklers and the shape of the deflecting plate[61]; (b) Network design according to the original network and three representative scenarios[14];
(c)-(e) The RSAE-ANFIS prediction system proposed to give high-efficient decision-making tools for the scheduling of sprinkler drip irrigation[59];  (f) The relationship
between evapotranspiration and water supply[60,61]; (g) Main direct and indirect impacts of precision irrigation on groundwater quality[62]; (h) Effects on water and energy
productivity  under  different  approaches  and  irrigation  schedules[63];  (i)  Schematic  diagram  of  planting  pattern  and  soil  core  sampling[64];  (j)  Schematic  and  boundary
conditions of flow domain[65]

Figure 8    The application efficiency and environmental influence of sprinkler drip irrigation
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assessment scheme according to the predefined fuzzy rules. Inspired
by this model, Liang et al.[83,84] predicted drip irrigation effectiveness
based  on  the  moisture  infiltration  characteristics  by  using  an
improved ANFIS system; therefore an efficient influence evaluation
covering  the  water-use  efficiency,  transpiration  consumption,
saturated hydraulic conductivity, and water balance condition, could
be realized[85]. 

6.3    Contributions  of  environmental  influence  investigation  of
sprinkler drip irrigation

This  section  overviews  mutual  influence  between
environmental  conditions  and  sprinkler  drip  irrigation.  Actual
experimental  results  and  operational  procedures  indicated  that  the
increasingly  remarkable  improvements  in  irrigation  effects  and
cultivation qualities could be achieved, by introducing the following
issues in the interests of understanding the complicated relationship
between  environmental  influential  factors  and  sprinkler  drip
irrigation:  Firstly,  the  influence  of  adaptation  measures,  such  as
irrigation  water  quotas,  proportional  water  allocation  to  irrigation,
water-use  efficiency,  and  irrigation  water  demand,  should  be  fully
considered  about.  Secondly,  the  impacts  of  environmental
conditions  on  agricultural  crop  production  and  changes  in  water
affordability  should  be  focused  on.  Thirdly,  more  research  needed
to  be  carried  out  to  analyze  the  uncertainty  in  environmental
influence related to irrigation scheduling[86]. In parallel with physical
development  of  sprinkler  drip  irrigation  networks,  the  quality
control  and  performance  improvement  of  irrigation  effectiveness
would  be  considered  about,  which  impacts  on  the  circulation
efficiency  of  groundwater,  soil  moisture  pressure,  and  soil
infiltration uniformity. 

7    Future development prospects
 

7.1    Literature  bibliometric  investigation  of  sprinkler  drip
irrigation

Through  using  big  data  techniques,  all  the  above-mentioned
subjects  of  sprinkler  drip  irrigation,  including  their  historical
developments  and  integrated  application,  found  to  be  improved
rapidly[87-90]. Figure 9 presents a literature bibliometric map showing
its  most  focused  topics,  activeness  degree,  citation  frequency,  and
topological correlations, referenced from the papers published from
2000 to 2023. Here the software of VOS viewer is used to create a
comprehensive  bibliometric  visualization,  which  extracted  from
1860  published  papers,  and  interconnected  by  co-authorship,
citation, bibliographic coupling, or co-citation links.

In this VOS visualization, specific knowledge points or focused
items are  denoted  by  circles,  such  as  crop  yield,  irrigation  quality,
water  supply,  moisture  concentration,  soil  infiltration,  etc.  Each
circle  is  sized  by  the  occurrence  frequency  and  focused  level  of
certain knowledge points or research items: Large circle represents
a lot of published literature investigating the research item which it
stands for. The higher the occurrence frequency of a research item,
the  larger  diameter  the  circle  is.  Furthermore,  VOS viewer  groups
these  research  terms  into  different  circle  clusters  by  colors:  Red
cluster  locates  at  the  upper  area  of  bibliographic  visualization  and
concerns  the  collaborative  monitoring  of  sprinkler  drip  irrigation;
Purple cluster locates at the upper left area and focuses on irrigation
scheduling; Green cluster locates at the lower left area and aims at
environmental  influence;  Blue  and  yellow  clusters  locates  at  the
right  area  and  emphasize  on  infiltration  efficiency  and  irrigation
service  respectively.  Lines  between  these  circles  stand  for  the
logical  links  between  two  knowledge  items.  Based  on  this
topological  arrangement,  distance  between  two  circled  groups

indicates  the  logical  relatedness  and  mutual  influence  between
them.  For  instance,  a  strong  correlation  between  irrigation
scheduling  and  environmental  influence  could  be  verified  by  their
close  linear  distance.  Therefore,  effective  irrigation  scheduling
reduces  the  amount  of  water  consumption  in  comparison  with
ordinary  water  allocation  approaches,  demonstrating  extraordinary
adaptation  of  sprinkler  drip  irrigation  to  different  complex  soil
conditions.  This  bibliometric  visualization  exhibits  generic
properties  of  sprinkler  drip  irrigation  that  worthy  of  investigation
and  discussion,  their  development  tendencies  could  be  illustrated
and highlighted simultaneously.
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Figure 9    Literature bibliometric map concerning the most-relevant
keywords in sprinkler drip irrigation during 2000-2023.

  

7.2    Endeavored directions of sprinkler drip irrigation 

7.2.1    Collaborative monitoring of irrigation system
The developments of irrigation capabilities in water infiltration,

water  resource  distribution,  and  irrigation  strategy  management
entails  the  collaborative  monitoring  of  sprinkler  drip  irrigation
system, which capable of monitoring irrigation duration, cultivation
qualities and irrigation effectiveness with high accuracy and strong
robustness[91,92].  The collaborative monitoring of irrigation system is
found to be a major research domain emphasizes on the component
cooperation  and  irrigation  procedure,  time  arrangement  and
effectiveness  calibration,  system  applicability  and  performance
index,  crop  productivity  and  process  statistics,  agricultural
development  policy  and  water/fertilizer  resource  supply,  and  the
collaborative  planning  of  irrigation  schedules,  etc[93,94].  As  the
adaptive  improvements  in  irrigation  system  and  the  cooperative
controls  of  operational  performance  in  different  meteorological
conditions could be realized by optimizing irrigation processes, this
topic deserves considerable attention in near future. 

7.2.2    Intelligent scheduling for sprinkler drip irrigation
Irrigation  scheduling  was  studied  to  promote  irrigation

effectiveness.  This  subject  uses  effective  mathematical  algorithms
to  determine  the  parametric  coefficients  and  performance
limitations, design irrigation networks and working capabilities, and
plan resource supplies and conditional scenarios as well. Therefore,
it  is  important  to  plan  irrigation  processes  and  select  optimal
combination  of  irrigation  parameters,  such  as  the  moisture
distribution  efficiency  and  soil\water  uniformity.  Since  intelligent
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scheduling  enhances  the  understanding  of  induced  irrigation
principles  and  keeps  close  control  of  resultant  infiltration
performance,  many  high-efficient  intelligent  reasoning  algorithms
and  decision-making  system  have  already  been  utilized,
contributing  to  accurate  prediction  and  effective  monitoring  of
irrigation  effectiveness[59].  As  irrigation  scheduling  is  frequently
used to  predict  irrigation  efficiency and to  confirm the  operational
capability of irrigation system, its outcomes show that the processed
data  of  intelligent  schedule  algorithms  are  meaningful  and
correlative.  Since  typical  scheduling  models  show  shift-invariant
calculation characteristics and determine irrigation quality precisely,
the  superiority  of  sprinkler  drip  irrigation  can  be  verified  clearly,
and  its  instantaneous  working  supervision  and  mechanism
optimization could be facilitated remarkably. 

7.2.3    Application efficiency of sprinkler drip irrigation
The  application  efficiency  of  sprinkler  drip  irrigation  helps  to

develop  the  predictive  insights  into  crop  cultivation  environment,
such  as  soil  treatment  and  infiltration  quality,  water  supply  and
scenario implementation, energy pumping and service environment,
crop yields  and planting efficiency,  and irrigation productivity  and
statistical  analysis  as  well.  Application  efficiency  should  be
observed  to  ensure  more  powerful  irrigation  capability  and  higher
schedule  accuracy,  especially  in  complicated  geographical
conditions[60]. As this subject sheds new light on irrigation efficiency
to  achieve  the  desired  soil  environment  and  cultivation
effectiveness,  more  attempts  on  application  efficiency  should  be
prioritized to guarantee the stable drip irrigation results. 

7.2.4    Environmental influence of sprinkler drip irrigation
Since sprinkler drip irrigation is quintessential,  there is a great

need  to  quantify  its  environmental  influence,  which  is  capable  of
regulating  water  requirements  and  coordinating  irrigation
parameters,  to demonstrate the growth principle of crop plants and
control  the  developing  mechanism  of  water  infiltration.
Furthermore,  several  recently-proposed  environmental  topics  such
as  waste  components  and  water  pollution,  irrigation  productivity
and  crop  yields,  ecosystem  protection  and  climate  conditions,
should be highly concentrated on[95].  Irrigation influence evaluation
entails  the viability  of  irrigation techniques to increase agricultural
productivity  and  upgrade  operation  efficiency,  which  need  to  be
assessed  to  enhance  its  constructive  applicability  and  ensure  the
widespread usage of sprinkler drip irrigation. 

7.3    The comprehensive influence of sprinkler drip irrigation
It  could  be  learned  that  the  comprehensive  influence  of

sprinkler  drip  irrigation,  ranged  from  the  well-known  irrigation
performance, to the accurate evaluative indexes such as the relative
proportion of deep drainage and tail water, infield spatial infiltration
variability, and the consumption of deep percolation[96].

(1)  Most  sprinkler  drip  irrigation  approaches  possess  unique
capabilities for plant  cultivation,  it  is  necessary to understand their
importance in prompting the cultivation productivity of agricultural
crops  and  improving  soil  physicochemical  quality.  For  example,
agricultural  sustainability,  crop  consumption,  utilization  of  water
resources, environmental impact, and social/economic development
are  significant  factors  frequently  affected  by  sprinkler  drip
irrigation. The working interactions or mutual impact among water
resources,  crop  growth,  moisture  distribution,  and  irrigation
schedule  should  be  detailed  to  picture  irrigation  progress  in  these
discussed domains.

(2) A constructive investigation of collaborative monitoring of
irrigation  system  is  imperative  to  the  highly  efficient  control  and
mass production of  applicable irrigation system, providing a set  of

instructive data and applicable references for its health management
and effective operation. Taking advantage of collaborative irrigation
monitoring, this review drafts a general picture about its current and
future  status  in  high-efficiency  monitoring  coordination  and
dynamic  cooperation;  thus,  the  optimized  settings  and  well-
balanced collaborative irrigation monitoring could be anticipated.

(3)  The  intelligent  scheduling  for  sprinkler  drip  irrigation  was
clearly explained, including the theoretical probabilistic calculations
and  numerical  inference  models  most  suitable  to  illustrate  the
integrated  mechanism  verification  and  combined  schedule
principles.  As  a  result,  more  novel  computational  decision-making
algorithms  and  effective  schedule  modelling  could  be  used  to
provide  the  constructive  demonstrations  and  heuristic  descriptions
for  practical  irrigation  results.  Better-adaptive  scheduling
approaches  should  be  prepared  to  obtain  higher  irrigation
performance in the future.

(4)  To  promote  crop  productivity  and  irrigation  efficiency,  a
deliberate  integration  of  application  efficiency  in  sprinkler  drip
irrigation  can  be  extremely  important  to  obtain  better  soil
infiltration  effects.  When  the  correspondingly  effect  of  sprinkler
drip irrigation is investigated thoroughly, a detailed comprehension
and  comparative  analysis  of  application  mechanism and  soil-water
interaction could be realized.  Otherwise,  undesirable  consequences
would be obtained.

(5) This paper explains the environmental influence of sprinkler
drip  irrigation,  together  with  its  specific  influence  analysis  and
comparative  irrigation  mechanism,  greatly  helps  to  obtain  a  clear
demonstration  of  environmental  influence  mechanism  with  higher
reliability and better stability. Actual influenced results of sprinkler
drip irrigation indicate that, a series of remarkable improvements in
working  coordination  and  significant  promotions  of  irrigation
efficiency could be achieved; Moreover, the theoretical analysis and
result  comparison  between  drip  irrigation  process  and  crop
productivity  establish  useful  basis  for  irrigation  improvement  and
efficiency promotion. 

8    Conclusions
In  this  paper,  a  comprehensive  review  of  sprinkler  drip

irrigation is made, emphasizing on its latest research developments
and  integrated  coordination  in  collaborative  monitoring,  irrigation
scheduling, application efficiency, and environmental influence, for
improving  the  moisture  space  distribution  and  water  infiltration
efficiency  in  the  irrigated  soil  field,  simultaneously  guiding  the
performance  optimization  of  agricultural  crop  production.  It
observes  sprinkler  drip  irrigation  effectiveness  and  focuses  on  its
influential  factors—collaborative  operation,  application  influence,
effectiveness  improvement,  intelligent  monitoring,  integrated
controlling,  and  automated  equipment—are  discussed  from
theoretical and technical perspectives. This review is merited by the
following theoretical superiority and technological contributions: It
realizes  accurate  description  of  sprinkler  drip  irrigation
development  for  modern  precision  agriculture;  Based  on  the
comparison  of  relevant  drip  irrigation  approaches  with  actual
measurement data, it is found that sprinkler drip irrigation deserves
high  expectations  for  its  working  efficiency,  productivity
management and stable quality, clearly facilitating the effectiveness
and  reliability  of  agricultural  crop  production;  The  quality
verification of sprinkler drip irrigation is implemented to assess the
its  extraordinary  performance,  prominent  universality,  and
operational  reliability,  from  different  innovative  perspectives.
Therefore,  the  irrigation  efficiency  and  infiltration  quality  of  soil
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field  can  be  planned  precisely,  which  supports  a  remarkable
improvement  of  agricultural  crop  production  under  complex
working conditions eventually. 
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