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Ef�icient	management	of	nutrients	and	water	is	critical	for	the	sustainability	of	modern	horticultural	production	
systems,	 particularly	 under	 increasing	 pressures	 from	 climate	 change,	 water	 scarcity,	 and	 environmental	
degradation.	Excessive	and	imbalanced	use	of	fertilizers	and	irrigation	water	not	only	increases	production	costs	but	
also	leads	to	soil	degradation,	nutrient	leaching,	and	contamination	of	water	resources.	Sustainable	nutrient	and	
water	management	practices	aim	to	optimize	input	use,	enhance	crop	productivity,	and	minimize	environmental	
impacts.	 This	 review	 discusses	 key	 strategies	 such	 as	 precision	 irrigation,	 fertigation,	 integrated	 nutrient	
management,	 soil	 health–based	 approaches,	 use	 of	 organic	 amendments,	 and	 adoption	 of	 climate-smart	
technologies	 in	horticultural	 systems.	The	role	of	protected	cultivation,	digital	 tools,	and	policy	 interventions	 in	
improving	resource-use	ef�iciency	is	also	highlighted.	The	article	emphasizes	integrated	management	approaches	as	
essential	for	achieving	sustainable,	resilient,	and	environmentally	responsible	horticulture.
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1.	Introduction
Horticulture contributes signi�icantly to food and 
nutritional security by providing fruits, vegetables, 
and ornamentals rich in essential nutrients [1]. 
However, horticultural crops are resource-intensive, 
requiring frequent irrigation and fertil izer 
application to achieve high yields and quality. 
Traditional water and nutrient management 
practices often involve blanket applications that 
result in low use ef�iciency, nutrient losses, soil 
degradation, and environmental pollution [2]. With 
increasing competition for water resources and 
growing concerns about the ecological footprint of 
agriculture, sustainable nutrient and water 
management has become a priority in modern 
horticultural systems [3]. Sustainable management 
practices focus on optimizing water and nutrient 
inputs in accordance with crop demand, soil 
characteristics, and environmental conditions. These 
approaches aim to improve productivity while 
conserving natural resources and maintaining soil 
and ecosystem health.

2.	Water	Management	in	Modern	Horticulture
Water availability is one of the most critical factors 
in�luencing horticultural crop performance. Climate 
change has increased the frequency of droughts, 
erratic rainfall, and extreme weather events, making 
ef�icient water management essential [4]. 

Micro-irrigation systems such as drip and micro-
sprinkler irrigation are widely recognized for their 
ability to deliver water directly to the root zone, 
reducing evaporation and runoff losses. Precision 
irrigation scheduling based on soil moisture sensors, 
crop evapotranspiration data, and weather forecasts 
improves water-use ef�iciency and prevents over-
irrigation [5]. Rainwater harvesting, mulching, and 
soil organic matter enhancement further contribute 
to moisture conservation. Protected cultivation 
systems enable better water control and reduce crop 
water requirements compared to open-�ield 
conditions.

3.	Sustainable	Nutrient	Management	Practices
Balanced nutrient supply is essential for achieving 
optimal growth, yield, and quality in horticultural 
crops. Excessive use of chemical fertilizers can lead to 
nutrient imbalances,  soil  degradation,  and 
groundwater contamination. Integrated nutrient 
management (INM) combines organic sources such 
as compost, farmyard manure, green manures, and 
biofertilizers with inorganic fertilizers to enhance 
nutrient availability and soil fertility [6]. Fertigation, 
the application of nutrients through irrigation water, 
allows precise and timely nutrient delivery based on 
crop growth stage and demand. Use of slow-release 
fertilizers, customized fertilizer formulations, and 
soil test–based recommendations further improve 
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Table	1.	Sustainable	nutrient	and	water	management	practices	and	their	bene�its	in	horticultural	systems

nutrient-use ef�iciency and reduce environmental losses.

4.	Role	of	Soil	Health	in	Nutrient	and	Water	Management
Soil health plays a central role in sustainable horticultural production [7]. Healthy soils with good structure, 
organic matter content, and microbial activity enhance water-holding capacity and nutrient retention. Practices 
such as reduced tillage, cover cropping, crop residue incorporation, and organic amendments improve soil 
physical, chemical, and biological properties. Enhanced soil organic carbon improves nutrient cycling and buffers 
crops against water and nutrient stress. Soil health–based management approaches increase resilience to climatic 
variability and contribute to long-term sustainability of horticultural systems.

5.	Precision	and	Digital	Technologies
Advances in digital agriculture have transformed 
nutrient and water management in horticulture. 
Sensor-based technologies provide real-time data on 
soil moisture, nutrient status, and crop health, 
enabling site-speci�ic management [8]. Decision-
support systems integrate data from sensors, 
weather forecasts, and crop models to generate 
precise irrigation and fertilization recommendations. 
Remote sensing and GIS tools help monitor spatial 
variability in orchards and vegetable �ields, allowing 
targeted interventions. These technologies reduce 
input wastage, enhance productivity, and minimize 
environmental impacts.

6.	 Nutrient	 and	 Water	 Management	 under	
Protected	Cultivation
Protected cultivation systems offer greater control 
over water and nutrient supply compared to open-
�ield cultivation. Drip irrigation and fertigation are 
standard practices in greenhouses and polyhouses, 
ensuring ef� icient  resource uti l ization [9] . 
Hydroponic and soilless culture systems further 
optimize nutrient and water use by eliminating soil-
related constraints and allowing precise control of 
nutrient solutions. These systems enhance yield, 
quality, and water-use ef�iciency, particularly for 
high-value horticultural crops. However, proper 
management and monitoring are essential to prevent 
nutrient imbalances and salinity buildup.

7.	Environmental	and	Economic	Bene�its
Sustainable nutrient and water management 
practices reduce environmental pollution by 
minimizing nutrient leaching, runoff, and greenhouse 
gas emissions. Ef�icient resource use lowers 
production costs and improves pro�itability for 
farmers. Improved soil health and water-use 
ef�iciency contribute to long-term sustainability and 
resilience of horticultural systems [10]. Adoption of 
these practices also aligns with global sustainability 
goals related to climate change mitigation, water 
conservation, and food security.

8.	Challenges	and	Future	Perspectives
Despite their bene�its, sustainable nutrient and water 
management practices face challenges such as high

 initial investment costs, limited technical knowledge, 
and inadequate extension support. Smallholder 
farmers may encounter dif�iculties in adopting 
advanced technologies without institutional and 
policy support. Future research should focus on 
developing cost-effective technologies, region-
speci�ic management strategies, and capacity-
bui lding  ini t iat ives .  Strengthening  farmer 
participation, policy incentives, and public–private 
partnerships will be essential for widespread 
adoption.

9.	Conclusion
Sustainable nutrient and water management is 
fundamental to modern horticultural systems. 
Integrated approaches combining precision 
irrigation, balanced nutrient management, soil health 
restoration, and digital technologies enhance 
p ro d u c t iv i t y,  re s o u rc e - u s e  e f � i c i e n c y,  a n d 
environmental sustainability. By adopting these 
practices, horticultural systems can become more 
resilient to climate change and contribute to long-
term food and nutritional security.
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Simon, Laurent Parrot et  al .  "Protected 
cultivation of vegetable crops in sub-Saharan 
Africa: limits and prospects for smallholders. A 
review." Agronomy	 for	 sustainable	 development 
37, no. 6 (2017): 53.

2. Ferreira, Carla SS, Pedro R. Soares, Rosa 
Guilherme, Giuliano Vitali, Anne Boulet, Matthew 
Tom Harrison, Hamid Malamiri, António C. 
Duarte, Zahra Kalantari, and António JD Ferreira. 
"Sustainable water management in horticulture: 
p r o b l e m s ,  p r e m i s e s ,  a n d  p r o m i s e s ." 
Horticulturae 10, no. 9 (2024): 951.

3. Pignata, G., Casale, M., & Nicola, S. (2017). Water 
and nutrient supply in horticultural crops grown 
in soilless culture: resource ef�iciency in dynamic 
and intensive systems. In Advances	in	research	on	
fertilization	management	of	vegetable	crops (pp. 
183-219).  Cham: Springer International 
Publishing.

4. Mielcarek, A., Kłobukowska, K., Rodziewicz, J., 
Janczukowicz, W., & Bryszewski, K. Ł. (2024). 
Water nutrient management in soilless plant 
cultivation versus sustainability. Sustainability, 
16(1), 152.

https://academicsociety.org/xe/
https://academicsociety.org/xe/
https://academicsociety.org/xe/


03. https://academicsociety.org/xe/

K.	V.	Lakshmi	et	al.,	/	Xplore	Environment:	An	International	Journal	(2025)

8. Sharma, B. D., Jatav, M. K., Balai, R. C., & Meena, A. 
(2021). Integrated nutrient management for 
horticultural crops in arid region. In Dryland	
Horticulture (pp. 29-61). CRC Press.

9. Adeyemi, O., Grove, I., Peets, S., & Norton, T. 
(2017). Advanced monitoring and management 
systems for improving sustainability in precision 
irrigation. Sustainability, 9(3), 353.

10. Bhattarai, S. P., Midmore, D. J., & Su, N. (2010). 
Sustainable irrigation to balance supply of soil 
water, oxygen, nutrients and agro-chemicals. In 
Biodivers i t y, 	 b iofuels , 	 agroforestry 	 and	
conservation	 agriculture  (pp.  253-286). 
Dordrecht: Springer Netherlands.

5. Garcia-Caparros, P., Contreras, J. I., Baeza, R., 
Segura, M. L., & Lao, M. T. (2017). Integral 
management of irrigation water in intensive 
horticultural systems of Almerıá . Sustainability, 
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