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Introduction 

Water availability for irrigated agriculture has become a 

primary global concern. According to the United Nations, 

nearly 3.4 billion people are projected to live in water-scarce 

regions by 2025, with India among the most affected (1). In 

India, 80 % of the total water use is in the agricultural sector (2, 

3). It accounts for approximately 90 % of the 761 billion 

kiloliters of annual freshwater withdrawals in the country (4, 5). 

The sustainability of agricultural production depends on the 

conservation, appropriate use and management of scarce 

water resources, especially in arid and semiarid areas where 

users compete over limited water resources (6). Irrigation is 

required for the production of food and cash crops (7, 8). 

 Since the balance between water demand and water 

availability has reached critical levels in many regions of the 

world and increased demand for water and food production is 

likely in the future, a sustainable approach to water resource 

management in agriculture is essential (9-11). Sustainable 

water management refers to practices that improve crop yield 

and minimize non-beneficial water losses (12). Due to 

insufficient surface water sources, 39 m ha of total cultivated 

land is irrigated by per cent of the total irrigated area, which 

usually depends on groundwater utilization. India has the most 

extensive groundwater-based irrigation system in the world, 

followed by China and the USA, which cover 19 million ha and 

17 million ha, respectively (13). Over the next 20 years, 60 % of 

groundwater sources may be in a severe state of deterioration 

(14). The excessive demand for groundwater leads to 

abnormally rapid resource depletion, which has a detrimental 

effect on water availability (15, 16). 

 To address these challenges, micro-irrigation 

technology is rapidly expanding globally for precise water 

utilization in irrigation, particularly in areas with limited water 

availability in developed countries. Countries such as the USA, 

Israel and parts of Europe have successfully adopted these 

systems to improve crop productivity while reducing input 

usage (17-19). Micro-irrigation can enhance crop productivity 

and reduce input consumption, among other benefits to the 

production process. Drip irrigation can achieve water use 

efficiency as high as 90  % compared to conventional methods, 

with the added benefits of improved yield and reduced nutrient 

loss (20-22). By 2025, global water scarcity is estimated to affect 

nearly 3.4 billion people and agriculture uses about 70 % of the 

world's freshwater (23, 24).  

  

PLANT SCIENCE TODAY 

Vol x(x): xx–xx 

https://doi.org/10.14719/pst.8496 

eISSN 2348-1900  

RESEARCH ARTICLE 

A linear programming-based approach for optimizing drip 
irrigation systems and crop productivity 

 

Sandeep Kumar Pandey1, PK Mishra1, Manish Kumar1, Prakash Yadav1, Shipra Yadav1, Vikas Yadav2*, DS Mishra2, 

Aina Yadav3 & Prakashbhai Ravat2   

 
1Department of Agronomy and Agriculture Engineering, Acharya Narendra Deva University of Agriculture and Technology, Ayodhya 224 229,                             

Uttar Pradesh, India 
2Department of cop improvement, ICAR-Central Horticultural Experiment Station, Godhra 389 340, Gujarat, India 

3Department of Biotechnology, Shri Venkateshwara University, Gajraula 244 236, Uttar Pradesh, India 

 

*Correspondence email -  vikasyadav.hot@gmail.com  

 

Received: 24 March 2025; Accepted: 08 July 2025; Available online: Version 1.0: 11 September 2025 

 

Cite this article: Sandeep KP, Mishra PK, Manish K, Prakash Y, Shipra Y, Vikas Y, Mishra DS, Aina Y, Prakashbhai R. A linear programming-based 
approach for optimizing drip irrigation systems and crop productivity.  Plant Science Today (Early Access). https:/doi.org/10.14719/pst.8496 

 

Abstract  

Sustainable agriculture requires the integration of advanced technologies to enhance productivity and resource efficiency. This study 

aimed to optimize an automated drip irrigation system. Using linear programming, optimal values for key crop attributes were 

determined based on different irrigation systems and water quality treatments. Attributes such as plant height, number of leaves, 
number of branches, number of fruits and yield in respective of irrigation system, water quality and days after transplanting. The 

results revealed that all the independent attributes affected the plant height, number of leaves, number of fruits, number of branches 

and yield. The optimum values of plant height, number of leaves, number of branches, number of fruits and optimum yield were 

higher for the wireless-based drip irrigation system (IS2) with treated fruit processing wastewater (WQ2) than for the wire-based 
irrigation system. Based on the substantially increased net return in the wireless irrigation system model, it is the better-suited model 

under the given conditions. Hence, the combination of treated fruit processing wastewater with a wireless-based system is 

recommended. 
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 In India, despite its potential, the adoption of 

automated drip irrigation remains limited due to small and 

fragmented landholdings, as well as high initial investment 

costs. Furthermore, traditional wired systems face challenges 

such as maintenance issues, vulnerability to environmental 

degradation and high installation complexity-especially across 

large or uneven terrains. In contrast, wireless systems offer 

greater flexibility and scalability, but their economic and 

agronomic performance under varying water quality 

conditions remains underexplored (25-29). 

 Automated drip irrigation is of 2 types: wired-based and 

wireless systems. The wired-based system requires regular 

maintenance for adequate operation. There are interim 

installations that must be expanded or adjusted to the drip line 

as plants evolve. This system has a limited lifespan after 

installation due to the degradation of plastic components in a 

hot, dry climate, particularly when exposed to ultraviolet light 

(30, 31). Conventional composition based on isolated wired 

resolutions presents many complications in measuring and 

control systems, especially over large geographical areas (32). 

Currently, numerous drip irrigation systems utilize a successive 

field automation mechanism, which is hindered by wiring 

complications, high costs and time-consuming processes, 

making it challenging to implement in a repetitive manner           

(33, 34).  

 In a well-designed automated drip irrigation system, 

there is no water loss by evaporation, deep percolation or 

runoff (35, 36). Irrigation scheduling can also be managed 

preciously to fit crop demands, holding the commitment of 

boosted yield as well as quality. In India, small and fragmented 

land holdings, along with the high initial cost of automated drip 

irrigation systems, made such systems uneconomical for small 

or medium-sized farms. By considering multiple agronomic 

attributes-such as plant height, leaf number, branching, fruit 

count and yield-under varying system configurations and water 

qualities, the research aims to identify the most effective 

irrigation strategy for maximizing crop performance and 

resource use efficiency. 

 

 

Materials and Methods 

Experimental  site 

A field experiment was conducted to optimize the Automated 

Drip Irrigation System (ADIS). To achieve this objective, a 

tomato crop was transplanted during the Zaid season, 

between the Kharif and Rabi seasons of 2015-2016, at the 

research farm of JISL Jalgaon and irrigated using both wired 

and wireless drip irrigation systems. The optimization process 

involved evaluating the system based on weather and 

biometric attributes, including plant height, the number of 

leaves and the number of fruits per plant. Using these 

parameters, the optimum attribute values were determined 

through regression analysis. 

 The best system was identified based on environmental 

attributes. To enhance cost efficiency in overall system design, 

an indigenous control circuitry was implemented, 

incorporating various pressure levels and emitter discharges. 

Additionally, the optimization of both systems was further 

verified by considering biometric attributes. For optimizing 

ADIS (both wired and wireless), both dependent and 

independent parameters were analyzed. The details of the 

experiment are provided below. 

Experimental layout of automated drip irrigation system 

Two different irrigation sources were applied, including fresh 

water and treated fruit waste water, for growing a tomato crop 

through wired and wireless ADIS, respectively, with 5 

replications each (Fig. 1). Dependent and independent 

parameters are listed in Table 1 and the detailed specification 

of layout of experiment is shown in Fig.1 and Table 2. The 

experimental field size of 1000 m2 was selected. Field was 

divided into 20 plots, having 9 × 4 m size of each plot. The 

factorial randomized block design was selected for the study. 

Treatments Levels detail Observed parameters 

Irrigation 
system 

IS1-Wired irrigation system 
and IS2-Wireless irrigation 

system 

Crop characteristics 
Temperature 
Soil moisture 

Humidity 
Soil temperature 

Evaporation 
Water quality 

WQ1-Ground water (GW) 
and WQ2-Treated fruit 

processing waste water 
(TFPWW) 

Fig. 1. Schematic layout of automated drip irrigation system. 

 

Table 1. Dependent and independent parameters 
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Optimization 

Linear programming was performed in this study to optimize 

the dependent and independent parameters for both irrigation 

systems. This method is based on the principle that the 

selected parameters must be given equal weight, ensuring that 

the optimized combination is as close as possible to the ideal 

irrigation system (Table 3). 

 For optimization, various parameters under both wired 

and wireless irrigation systems were identified. The optimum 

values of various independent attributes were derived from the 

evaluation results of the irrigation system and linear 

programming. Following this, a linear programming equation 

was developed. After performing linear programming, the 

optimum combination of independent parameters was 

selected based on their significance and the maximum 

observed value of the dependent parameter (Equation i). 

Results and Discussion 

A programme was written on spread sheet to optimize the 

linear programming formulation. For both seasons, the total 

crop (tomato) water input was predicted to be 286.79 ton/ha 

over the cropping period. A linear programming model 

consisting of 3 major components namely, an objective 

function for maximizing net returns, a set of linear constraints 

and a set of non-negativity constraints - was developed (i). The 

model was formulated to allocate water supplies among the 

different water treatment, in order to maximizing the net profit. 

The following equation was used as objective function. 

P= 1.04x+1.21y                                                                                           (Eqn. 1) 

Where, 

Pis the profit  

x is yield from IS1 (Wired based irrigation system),  

y is yield from IS2 (Wireless based irrigation system) 

 The above objective function is formed by knowing the 
contribution of both irrigation systems towards the net profit. It 

is the ratio of total income generated from yield of different 

irrigation system (Equation 2). 

Contribution of irrigation system = 

Profit generated by irrigation system (Rs) / yield obtained from 

irrigation system (kg)                                                                            (Eqn. 2.) 

For IS1 (Wired based irrigation system) = 144995/139643=1.04 Rs 

kg-1 

For IS2 (Wireless based irrigation system) = 178138/147147 = 

1.21 Rs kg-1 

 Based on the substantially increased net return in the 

wireless irrigation system model, it is clearly the better-suited 

model under the given conditions.  

Yield constraint 

The constraints state that the maximum yield generated from 

both irrigation systems should not exceeds 286790 as it is 

shown by the equation given below 

x+y< = 286790                                                                                              (Eqn. 3.) 

The objective function is subjected to constraints x+y<= 286790 

Water quality constraint  

The constraints state that the maximum yield depended upon 

water quality should be as stated in equations for WQ1 and WQ2 

For WQ1 

68717x+70926y< =141206                                                                     (Eqn 4.) 

For WQ2 

72490x+74657y< =145583                                                                     (Eqn 5.) 

 The above objective function is solved in the Excel 

spreadsheet using Excel Solver and the decision variables 

obtained for maximizing the net profit (i.e., the objective 

function) are shown in Table 3. 

 The LP formulation considered the yield obtained from 

different water quality and irrigation system as decision 

variables. Thus, the maximum value of net profit (P) Rs 

343509.00 and this occurs when x=0 and y=283892.The 

maximum profit, as per the model, is obtained when only IS2 is 

employed. For maximum yield, WQ2 was selected as the model, 

using its full capacity, which is not the case for WQ1. It 

demonstrates better performance in terms of higher efficiency 

and lower cost benefits in IS2 and WQ2 (wireless system model) 

compared to IS1 and WQ1 (wired system model). 

 

Conclusion 

The ADIS system was optimized for both wired and wireless 
irrigation to enhance cost efficiency and performance. Weather 

and biometric parameters were analyzed for each system, 

considering crop production over a one-hectare area. The 

study's findings demonstrated that the wireless irrigation 

system outperforms the wired system in ensuring precise and 

efficient irrigation management. The programming 

optimisation was based on the objective function for 

maximising net returns with minimal use of water resources, 

facilitated by real-time wireless analysis. Additionally, the 

precise monitoring and judicious use of water resources would 

ensure substantial cost benefits on an industrial scale 

compared to sustainable, eco-friendly technology options. 

 

Table 2. Specifications of experimental layout 

Particular Details 

Design of layout Factorial randomized block 
design 

Number of experimental plots 20 
Plot dimensions 9m x 4m 
Experimental plot area 1000 m2 
Tank capacity 5000 L 
Filter type Sand and disc filter 
Pump 2.5 HP 
Number of replications 5 

Irrigation system IS1 IS2 Total Max. 

Net profit 1.04 1.21 2.23 2.25 

WQ1 68717 70926 138309 141206 

WQ2 72490 74657 145583 145583 

Table 3. Developed linear programming model for irrigation systems 

IS1=Wired irrigation system; IS2-Wireless irrigation system; 
WQ1=Ground water (GW); WQ2=Treated fruit processing waste water 

(TFPWW) 



SANDEEP  ET AL  4     

https://plantsciencetoday.online 

Acknowledgements  

The authors express their sincere gratitude to PAU, Ludhiana, 

Punjab and JISL Jalgaon, India, for their invaluable support 

and contributions to this research project.  

 

Authors' contributions 

SKP designed the overall structure of the study and provided 

conceptual input. PKM co-developed the study design and 

guided its methodological framework. MK contributed to 

drafting key sections of the manuscript. PY wrote parts of the 

manuscript and organized the initial content layout. SY arranged 

the collected data and organized it for analysis.  VY participated 

in manuscript preparation and ensured consistency in 

formatting. DM edited the manuscript for language, coherence 

and clarity. AY assisted in data arrangement and contributed to 

data validation. PR helped refine the manuscript and 

contributed to technical content development. All authors 

reviewed and approved the final version of the manuscript. 

 

Compliance with ethical standards 

Conflict of interest: The authors have no conflicts of interest to 

declare.  

Ethical issues: None  

 

References 

1. Alperovitz E, Shamir U. Design of optimal water distribution 
systems. Water Resour Res. 1977;13:885-900. https://

doi.org/10.1029/WR013i006p00885 

2. Indian agriculture and farmers’ capacity [Internet]. Economic 
Times; 2013 Aug 24 [cited 2025 Jun 11]. Available from: http://

articles.economictimes.indiatimes.com/2013-08-24/
news/41444004/indian-agriculture-one-crore-farmers-farmers-

capacity 

3. Accelerating growth of Indian agriculture [Internet]. Hindustan 
Times; 2016 [cited 2025 Jun 11]. Available from: http://

articles.economictimes.indiatimes.com/2013-08-24/
news/414440041/indian-agriculture-one-crore-farmers-farmers-

capacity 

4. How many farmers does India really have? Hindustan Times 
[Internet]. 2014 [cited 2025 Jun 11]. Available from: http://

www.hindustantimes.com/india/how-many-farmers-does-india-
really-have/story-431phtct5O9xZSjEr6HODJ.html 

5. ICT post: Building bridge opportunity in the Indian economy 

[Internet]. 2017 [cited 2025 Jun 11]. Available from: http://
ictpost.com/india-needs-to-address-the-challenges-of-

agriculture-through-ict-2/ 

6. Provenzano G, Rallo G, Sdao F, Simoni S. Assessing water resource 
management under limited water availability. J Irrig Drain Eng. 

2013;139(7):555–63. https://doi.org/10.1061/(ASCE)IR.1943-
4774.0000574 

7. Douh B, Boujelben A. Improving water use efficiency for 

sustainable productivity of agricultural systems using subsurface 
drip irrigation. J Nat Prod Plant Resour. 2011;1(3):8–14 https://

www.scholarsresearchlibrary.com/archive/jnppr-volume-1-issue-
3-year-2011.html 

8. Al-Ghobari HM. The assessment of automatic irrigation 

scheduling techniques on tomato yield and water productivity 
under a subsurface drip irrigation system in a hyper-arid region. 

WIT Trans Ecol Environ. 2014;185:65–76. https://doi.org/10.2495/

SI140061 

9. Bhave PR. Selecting pipe sizes in network optimization using 
linear programming. J Hydraul Div. 1979;105:1019-25. https://

doi.org/10.1061/JYCEAJ.0005248 

10. Dandy GC, Simpson AR, Murphy LJ, editors. A review of pipe 
network optimization techniques. In: Water Comp 93: 

Proceedings of the 2nd Australian Conference on the Use of 
Computers in the Water Industry; 1993; Australia. Reston (VA): 

ASCE; 1996. p. 265-75. https://doi.org/10.1061/(ASCE)0733-9437

(1996)122:5(265) 

11. Mancosu N, Snyder RL, Kyriakakis G, Spano D. Water scarcity and 
future challenges for food production. Water. 2015;7:975–92. 
https://doi.org/10.3390/w7030975 

12. Siebert S, Burke J, Faures JM, Frenken K, Hoogeveen J, Doll P, et 
al. Groundwater use for irrigation: A global inventory. Hydrol 
Earth Syst Sci. 2010;14:1863-80. https://doi.org/10.5194/hess-14-

1863-2010 

13. World Bank, editor. Deep wells and prudence: Towards pragmatic 
action for addressing groundwater overexploitation in India. 

Washington (DC): World Bank; 2010. https://
siteresources.worldbank.org/INDIAEXTN/.../

DeepWellsGroundWaterMarch2010 

14. Perez R, Martinez F, Vela A. Improved design of branched 
networks using pressure-reducing valves. J Hydraul Eng. 

1991;119:169-79. https://doi.org/10.1061/(ASCE)0733-9429(1993)

119:2(164) 

15. Sharma H. Evaluation of groundwater depletion scenario and its 
impacts in India using geodetic techniques and modeling 
approaches [thesis]. Visakhapatnam: Andhra University; 2014. 

16. Oron G, Karmeli D. Procedure for the economical evaluation of 
water network parameters. Water Resour Bull. 1979;15:1050–59. 
https://doi.org/10.1111/j.1752-1688.1979.tb01083.x 

17. Oron G, Walker W. Optimal design and operation of permanent 
irrigation systems. Water Resour Res. 1981;17:11-7. https://
doi.org/10.1029/WR017i001p00011 

18. Siddapur AD, Polisgowdar BS, Nemichandrappa M, 
Ayyanagowder MS, Satishkumar U, Hugar A. Water use efficiency 
for marigold flower (Tagetes erecta L.) under furrow and drip 

irrigation systems. In: Micro irrigation scheduling and practices. 
Boca Raton (FL): CRC Press/Taylor & Francis; 2017. p. 143–56. 

https://doi.org/10.1201/9781315207384-11 

19. Grant Thornton. Strategy paper - Future prospects of micro-
irrigation in India [Internet]. 2016 [cited 2025 Apr 21]. Available 

from: http://www.grantthornton.in/globalassets/1.-member-
firms/india/assets/pdfs/micro-irrigation_report.pdf 

20. Mishra PK, Singh M, Gill JS, Mandal B, Patel B. Economic analysis 
and feasibility of tractor-operated cotton harvesters. Indian J 
Econ Dev. 2017;13(4):761–66. https://doi.org/10.5958/2322-

0430.2017.00242.6 

21. Topak R, Suheri S, Acar B. Effect of different drip irrigation 
regimes on sugar beet (Beta vulgaris L.) yield, quality and water 

use efficiency in Middle Anatolian, Turkey. Irrig Sci. 2011;29:79–89. 
https://doi.org/10.1007/s00271-010-0219-3 

22. United Nations World Water Assessment Programme (WWAP). The 
United Nations World Water Development Report 2018: Nature-
Based Solutions for Water [Internet]. Paris: UNESCO; 2018 [cited 

2025 Apr 21]. Available from:https://unesdoc.unesco.org/

ark:/48223/pf0000261424 

23. Food and Agriculture Organization of the United Nations (FAO). 
The State of Food and Agriculture 2020 [Internet]. Rome: FAO; 
2020 [cited 2025 Apr 21]. Available from: https://

openknowledge.fao.org/server/api/core/bitstreams/6e2d2772-

5976-4671-9e2a-0b2ad87cb646/content 

24. World Bank. India's Water Resources: A Critical Perspective 

https://plantsciencetoday.online
https://doi.org/10.1029/WR013i006p00885
https://doi.org/10.1029/WR013i006p00885
http://articles.economictimes.indiatimes.com/2013-08-24/news/41444004/indian-agriculture-one-crore-farmers-farmers-capacity
http://articles.economictimes.indiatimes.com/2013-08-24/news/41444004/indian-agriculture-one-crore-farmers-farmers-capacity
http://articles.economictimes.indiatimes.com/2013-08-24/news/41444004/indian-agriculture-one-crore-farmers-farmers-capacity
http://articles.economictimes.indiatimes.com/2013-08-24/news/41444004/indian-agriculture-one-crore-farmers-farmers-capacity
http://articles.economictimes.indiatimes.com/2013-08-24/news/414440041/indian-agriculture-one-crore-farmers-farmers-capacity
http://articles.economictimes.indiatimes.com/2013-08-24/news/414440041/indian-agriculture-one-crore-farmers-farmers-capacity
http://articles.economictimes.indiatimes.com/2013-08-24/news/414440041/indian-agriculture-one-crore-farmers-farmers-capacity
http://articles.economictimes.indiatimes.com/2013-08-24/news/414440041/indian-agriculture-one-crore-farmers-farmers-capacity
http://www.hindustantimes.com/india/how-many-farmers-does-india-really-have/story-431phtct5O9xZSjEr6HODJ.html
http://www.hindustantimes.com/india/how-many-farmers-does-india-really-have/story-431phtct5O9xZSjEr6HODJ.html
http://www.hindustantimes.com/india/how-many-farmers-does-india-really-have/story-431phtct5O9xZSjEr6HODJ.html
http://ictpost.com/india-needs-to-address-the-challenges-of-agriculture-through-ict-2/
http://ictpost.com/india-needs-to-address-the-challenges-of-agriculture-through-ict-2/
http://ictpost.com/india-needs-to-address-the-challenges-of-agriculture-through-ict-2/
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000574
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000574
https://www.scholarsresearchlibrary.com/archive/jnppr-volume-1-issue-3-year-2011.html
https://www.scholarsresearchlibrary.com/archive/jnppr-volume-1-issue-3-year-2011.html
https://www.scholarsresearchlibrary.com/archive/jnppr-volume-1-issue-3-year-2011.html
https://doi.org/10.2495/SI140061
https://doi.org/10.2495/SI140061
https://doi.org/10.1061/JYCEAJ.0005248
https://doi.org/10.1061/JYCEAJ.0005248
https://doi.org/10.1061/(ASCE)0733-9437(1996)122:5(265
https://doi.org/10.1061/(ASCE)0733-9437(1996)122:5(265
https://doi.org/10.3390/w7030975
https://doi.org/10.5194/hess-14-1863-2010
https://doi.org/10.5194/hess-14-1863-2010
https://siteresources.worldbank.org/INDIAEXTN/.../DeepWellsGroundWaterMarch2010
https://siteresources.worldbank.org/INDIAEXTN/.../DeepWellsGroundWaterMarch2010
https://siteresources.worldbank.org/INDIAEXTN/.../DeepWellsGroundWaterMarch2010
https://doi.org/10.1061/(ASCE)0733-9429(1993)119:2(164)
https://doi.org/10.1061/(ASCE)0733-9429(1993)119:2(164)
https://doi.org/10.1111/j.1752-1688.1979.tb01083.x
https://doi.org/10.1029/WR017i001p00011
https://doi.org/10.1029/WR017i001p00011
https://doi.org/10.1201/9781315207384-11
http://www.grantthornton.in/globalassets/1.-member-firms/india/assets/pdfs/micro-irrigation_report.pdf
http://www.grantthornton.in/globalassets/1.-member-firms/india/assets/pdfs/micro-irrigation_report.pdf
https://doi.org/10.5958/2322-0430.2017.00242.6
https://doi.org/10.5958/2322-0430.2017.00242.6
https://doi.org/10.1007/s00271-010-0219-3
https://unesdoc.unesco.org/ark:/48223/pf0000261424
https://unesdoc.unesco.org/ark:/48223/pf0000261424
https://openknowledge.fao.org/server/api/core/bitstreams/6e2d2772-5976-4671-9e2a-0b2ad87cb646/content
https://openknowledge.fao.org/server/api/core/bitstreams/6e2d2772-5976-4671-9e2a-0b2ad87cb646/content
https://openknowledge.fao.org/server/api/core/bitstreams/6e2d2772-5976-4671-9e2a-0b2ad87cb646/content


5 

Plant Science Today, ISSN 2348-1900 (online) 

[Internet]. Washington, DC: World Bank; 2022 [cited 2025 Apr 21]. 

Available from: 1. https://documents1.worldbank.org/curated/
en/099102211102224772/pdf/

IDU0a8831b08028b604d070aa0104893aa4ceda2.pdf 

25. Ministry of Jal Shakti. Annual Water Report 2021 [Internet]. New 
Delhi: Government of India; 2021 [cited 2025 Apr 21]. Available 

from: https://master-jalshakti-ddws.digifootprint.gov.in/static/
uploads/2024/02/annual-report-2021-22-eng.pdf 

26. Indian Council of Agricultural Research (ICAR). Sustainable Water 

Use in Indian Agriculture [Internet]. New Delhi: ICAR; 2021 [cited 
2025 Apr 21]. Available from: https://www.ceew.in/sites/default/

files/CEEW-FOLU-Sustainable-Agriculture-in-India-2021-
20Apr21.pdf 

27. International Water Management Institute (IWMI). Water Scarcity 

and Food Security [Internet]. Colombo: IWMI; 2019 [cited 2025 
Apr 21]. Available from: https://doi.org/10.3910/2009.019 

28. Central Ground Water Board (CGWB). India’s Groundwater Crisis 

[Internet]. New Delhi: Ministry of Jal Shakti, Government of India; 
2023 [cited 2025 Apr 21]. Available from: https://

www.cgwb.gov.in/old_website/index/SoP %20Source %
20Sustainability %204.4.23.pdf 

29. Galande SG, Agrawal GH. Embedded controlled drip irrigation 

system. Int J Emerg Trends Technol Comput Sci. 2013;2:37–41. 
https://www.scribd.com/document/184790966/IJETTCS-2013-08-

25-030 

30. Almarshadi MH, Ismail SM. Effects of precision irrigation on 
productivity and water use efficiency of alfalfa under different 

irrigation methods in arid climates. J Appl Sci Res. 2011;7(3):299–
308 .https://api.semanticscholar.org/CorpusID:110707218 

31. Faye RM, Mora-Camino F, Sawadogo S, Niang A. An intelligent 

decision support system for irrigation management. IEEE Trans. 
1998;33:107–16. https://doi.org/10.1109/ICSMC.1998.726698 

32. Zhang Y, Wang X, Jin L, Ni J, Zhu Y, Cao W, et al. Research and 

development of an IoT smart irrigation system for farmland based 
on LoRa and edge computing. Agron. 2025;15(2):366. https://

doi.org/10.3390/agronomy15020366 

33. Hanson B, May D. Effect of subsurface drip irrigation on 
processing tomato yield, water table depth, soil salinity and 

profitability. Agric Water Manag. 2004;68:1–17. https://
doi.org/10.1016/j.agwat.2004.03.003 

34. Karam F, Geagea L, Saadeh M. Improving water use efficiency for 
sustainable agricultural productivity in Lebanon. In: Proceeding of 
the WEMED Workshop: How to Advance Knowledge on Water Use 

Efficiency in the Mediterranean Region; 2007 Apr 10-12; Bari, Italy. 

Bari: Ciheam; 2007. p. 107–15. 

35. Karmeli D, Gadish Y, Meyers S. Design of optimal water 
distribution networks. J Pipeline Div. 1968;94:1-10. https://
doi.org/10.1061/JPLEAZ.0000116 

36. Gupta I. Linear programming analysis of a water supply system. 
Trans. 1969;1:56-61. https://doi.org/10.1080/05695556908974414 

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

file:///C:/Users/nehasharma/Downloads/1.%09https:/documents1.worldbank.org/curated/en/099102211102224772/pdf/IDU0a8831b08028b604d070aa0104893aa4ceda2.pdf
file:///C:/Users/nehasharma/Downloads/1.%09https:/documents1.worldbank.org/curated/en/099102211102224772/pdf/IDU0a8831b08028b604d070aa0104893aa4ceda2.pdf
file:///C:/Users/nehasharma/Downloads/1.%09https:/documents1.worldbank.org/curated/en/099102211102224772/pdf/IDU0a8831b08028b604d070aa0104893aa4ceda2.pdf
https://master-jalshakti-ddws.digifootprint.gov.in/static/uploads/2024/02/annual-report-2021-22-eng.pdf
https://master-jalshakti-ddws.digifootprint.gov.in/static/uploads/2024/02/annual-report-2021-22-eng.pdf
https://www.ceew.in/sites/default/files/CEEW-FOLU-Sustainable-Agriculture-in-India-2021-20Apr21.pdf
https://www.ceew.in/sites/default/files/CEEW-FOLU-Sustainable-Agriculture-in-India-2021-20Apr21.pdf
https://www.ceew.in/sites/default/files/CEEW-FOLU-Sustainable-Agriculture-in-India-2021-20Apr21.pdf
https://doi.org/10.3910/2009.019
https://www.cgwb.gov.in/old_website/index/SoP%20Source%20Sustainability%204.4.23.pdf
https://www.cgwb.gov.in/old_website/index/SoP%20Source%20Sustainability%204.4.23.pdf
https://www.cgwb.gov.in/old_website/index/SoP%20Source%20Sustainability%204.4.23.pdf
https://www.scribd.com/document/184790966/IJETTCS-2013-08-25-030
https://www.scribd.com/document/184790966/IJETTCS-2013-08-25-030
https://api.semanticscholar.org/CorpusID:110707218
https://doi.org/10.1109/ICSMC.1998.726698
https://doi.org/10.3390/agronomy15020366
https://doi.org/10.3390/agronomy15020366
https://doi.org/10.1016/j.agwat.2004.03.003
https://doi.org/10.1016/j.agwat.2004.03.003
https://doi.org/10.1061/JPLEAZ.0000116
https://doi.org/10.1061/JPLEAZ.0000116
https://doi.org/10.1080/05695556908974414
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

