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Crops need nutrients for their optimum growth and productivity. However, only primary
nutrients are applied to meet the crop needs, which is also in an imbalanced proportion.
In the recent age where several technological developments took place, crop nutrient
management can be adopted in an integrated way by including all essential nutrients to be
supplied from different sources in a balanced and proportionate manner, even nano-materials.
Further, the crop nutrient management for a single crop is not a wise practice; rather, it
should be based on the cropping systems adopted to ensure the best efficiency of the applied
nutrients. In the cropping system, both intercropping and sequential cropping are to be taken
into consideration and crop rotation by inclusion of legumes is beneficial for nutrient
management. The ultimate target is agricultural sustainability, which can be achieved through
efficient nutrient management of the cropping system.

Plants need nutrients

Crop productivity is directly influenced by effective nutrient management. Plant growth,
development, and general health are optimised when the proper ratio of necessary nutrients,
including macro- and micronutrients, is provided (Maitra et al. 2001; Maheswari et al.,
2025). The practice of supplying the essential nutrients to plants in an ideal and balanced way
to support their growth, development, and productivity is known as plant nutrition
management (Krishna et al., 2024a; Ray and Sairam, 2024; Hemasree et al., 2024; Mahto et
al., 2025). Sustainable nutrient management in cropping systems is crucial for maintaining
soil health, increasing yields, and reducing the environmental impact of agriculture (Sairam et
al., 2023; Krishna et al., 2024b). It involves providing crops cultivated in the cropping
system with the right amount of nutrients at the right time and place, considering their
specific requirements and the soil's fertility status (Sairam et al., 2024, 2025). In general,
farmers provide nutrients mainly through chemical fertilisers and which are limited in the
supply of primary nutrients. Recently, the application of sulphur as a nutrient has increased.
Further, calcium and magnesium are also used to ameliorate problematic soils such as acidic,
alkaline and saline soils. However, micronutrients are not applied unless soils or plants show
a deficiency to them. Plants remove micronutrients also from the soil for their flourishing,
and thus, the depletion of nutrients takes place (Ray et al., 2024).

In a cropping system, crops are grown in either sequence (sequential cropping) or
simultaneously (intercropping); hence, the nutrient management practices are to be adopted
based on their collective needs for the specific period. In a cropping system, if legumes are
included, the nitrogen requirement will be reduced; however, phosphorus needs may be
enhanced (Manasa et al., 2021; Maitra et al., 2024a; Ray et al., 2025). By ensuring that crops
have access to the nutrients they need at different growth stages, nutrition management
practices enable them to fulfil their maximum potential and reach higher productivity levels
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(Maitra, 2020; Maitra and Gitari, 2020). The following practices are to be adopted for a
sustainable nutrient management in cropping systems.

Integrated nutrient management: It is a strategy that enhances the use of nutrients in
agriculture while reducing their negative effects on the environment. It involves crop rotation
and integration of all possible sources of nutrients, namely, organic, green and brown
manuring, chemical, biofertilizers and nanomaterials (Hossain et al., 2021; Mwadalu et al.,
2022). INM seeks to improve soil fertility, nutrient use efficiency, and sustainability in
agricultural systems (Midya et al., 20214, b; Maitra and Zaman, 2017; Maitra et al., 2018).
Precision nutrient management: This method makes the best use of nutrients in farming.
They include the administration of nutrients that are site-specific, variable in rate, timed
according to crop growth stages, fertilisers with controlled releases, and sensor-based nutrient
management (Sagar et al.,, 2023, 2024). Precision nutrient management minimises
environmental impacts while increasing agricultural output, decreasing losses, and improving
nutrient usage efficiency.

While practising nutrient management for a cropping system in a sustainable manner,
some key points are to be considered. They are: (i) balanced supply of all essential nutrients
from various sources, namely, organic, biofertilizer and chemical nutrients as per crop needs
in a compatible manner; (ii) reduced adverse impacts on soil; (iii) optimal plant growth; (iv)
enhanced nutrient use efficiency; (v) declined nutrients runoff and leaching and (vi) lowered
greenhouse gas emission.

Further, the economic feasibility is important while managing nutrients for crops and

in this regard, the foliar application of nutrients and fertigation techniques may be effective
based on the crop species and planting geometry adopted (Maitra and Ray, 2019; Maitra et
al., 2000, 2023; Santosh et al.,, 2023). Moreover, under the controlled-environment
cultivation, the nutrient use efficiency is enhanced (Maitra et al., 2024b). At present, drone-
based foliar nutrient spray has become popular. The inclusion of legumes is one of the crucial
factors which not only improves the soil microbe’s diversity but also fixes atmospheric
nitrogen, provides nutrients to companion crops in an intercropping system and succeeding
crops in a sequential cropping (Maitra et al., 2001b; Praharaj and Maitra, 2020; Hossain et
al., 2022). The need-based and scientific water management are also essential for efficient
nutrient management in a cropping system (Zaman et al., 2017).
Sustainable nutrient management practices for cropping systems: For an efficient
nutrient management of a cropping system, it is obvious to use nutrients judiciously by
applying the proper quantity at the appropriate time to meet crop needs with a reduced
loss. Utilising all sources of nutrients enhances the reliance of cropping systems and reduces
the application of synthetic fertilisers. The application of nutrients should be balanced to
avoid water contamination, reduce GHG emissions and maintain ecosystem integrity
(Gaikwad et al., 2022; Maitra et al., 2023b). Sustainable nutrient management is not merely a
set of practices but a holistic approach that integrates traditional and modern techniques to
create a resilient, productive, and environmentally sound cropping system for a more
sustainable and secure food for the future.

Conclusion

Understanding plant nutrient needs, determining soil’s inherent fertility, and applying
fertilisers to meet those needs of macro- and micronutrients are the fundamentals of plant
nutrition management. However, it is always wise to plan for sustainable nutrient
management for the cropping system. In the current context of several hazards associated
with agricultural productivity, the plant nutrient management for a cropping system should be
considered as a noteworthy approach to reach the paramount goal of agricultural
sustainability.

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g_e 9243

Ear de de de e e Ao de o O e Lo e O e dp v O e de e e e e v e e Ao v e e de v O e Le do e v e e Ae de e D de Ao e e v O O



parde de de de de Ao de de Ao Ao e Ae e e Ao e e A A e A A e U U U O O Or Ur Ov dv dv dv g de de de Ao 1e e e dr Or O de de de Ae Ae e e Or

Pattanayak and Mahto (2025) Agri Articles, 05(04): 942-946 (JULY-AUG, 2025)
References
1. Gaikwad, D.J., Ubale, N.B. Pal, A., Singh, S., Ali, M. A. and Maitra, S. (2022). Abiotic

10.

11.

12.

13.

14.

15.

16.

stresses impact on major cereals and adaptation options - A review. Research on Crops,
23 (4): 896-915.

Hemasree, K.R., Sairam, M., Maitra, S., Ray, S., Maheswari, N., Gaikwad, D.J. and DT,
S. (2025). Effects of sulphur and zinc on growth and productivity of summer cowpea
under conditions of southern Odisha. Crop Research, 60:28-34.

Hossain, A., Maitra, S., Ahmed, S., Mitra, B., Ahmad, Z., Garai, S., Mondal, M., Adeel,
M., Shankar, T. and Meena, R.S. (2022). Legumes for nutrient management in the
cropping system, In: Advances in Legumes for Sustainable Intensification, Meena, R.S.
and Kumar, S. (Eds.), Academic Press, Academic Press, 2022, 93—112.

Hossain, A., Skalicky, M., Brestic, M., Mahari, S., Kerry, R.G., and Maitra, S., Sarkar, S.,
Saha, S., Bhadra, P., Popov, M., Islam, M.T., Hejnak, V., Vachova, P., Gaber, A. and
Islam, T. (2021). Application of nanomaterials to ensure quality and nutritional safety of
food. Journal of Nanomaterials, 2021, https://doi.org/10.1155/2021/9336082.

Krishna, T.G., Maitra, S., Kalasare, R.S., Ray, S., Mahto, R.K. and Sairam, M. (2024a).
Influence of location-specific nutrient management and plant stand on the growth,
productivity, and nutrient uptake of irrigated rabi maize (Zea mays L.). Research on
Crops, 25(4): 560-569.

Krishna, T.G., Maitra, S., Sairam, M., Gitari, H.l., Maheswari, N., Hemasree, K.R. and
Ray, S. (2024). Precision nutrient management and plant stand influence the growth and
productivity of maize under North Eastern Ghat region of Odisha, India. International
Journal of Bioresource Science, 11(02): 191-204.

Maheswari, N. Maitra, S., Sairam, M., Ray, S., Sagar, L, Santosh D.T. and Gaikwad, D.J.
(2025). Impact of real-time nitrogen management on the performance of maize—cowpea
intercropping system. Crop Research, 60:139-146.

Mahto, R. K., Kalasare, R. S., Sairam, M., Maitra, S., Mondal, T., Ray, S. and
Maheswari, N. (2025). Effect of fertilizer doses and foliar application of primary nutrients
on growth and yield of grain sorghum (Sorghum bicolor L.) under South Odisha agro-
climatic conditions. Crop Research, 60:147-153.

Maitra, S., Sahoo, U., Sairam, M., Gitari, H.l., Rezaei-Chiyaneh, E., Battaglia, M. L. and
Hossain, A. (2023). Cultivating sustainability: A comprehensive review on intercropping
in a changing climate. Research on Crops, 24 (4): 702-715.

Maitra, S. (2020). Intercropping of small millets for agricultural sustainability in
drylands: A review. Crop Research, 55: 162-71.

Maitra, S., Ghosh, D.C., Sounda, G. and Jana, P.K. (2001). Performance of intercropping
legumes in finger millet (Eleusine coracana) at varying fertility levels. Indian Journal of
Agronomy, 46(1): 38-44.

Maitra, S. and Gitari, H.I. (2020). Scope for adoption of intercropping system in organic
agriculture. Indian Journal of Natural Science, 11(63): 28624—28631.

Maitra, S. and Ray, D.P. (2019). Enrichment of biodiversity, influence in microbial
population dynamics of soil and nutrient utilization in cereal-legume intercropping
systems: A Review. International Journal of Bioresource Science, 6(1): 11-19.

Maitra, S. and Zaman, A. (2017). Brown manuring, an effective technique for yield
sustainability and weed management of cereal crops: A review. International Journal of
Bioresource Science, 4(1):1-5.

Maitra, S., Ghosh, D.C., Sounda, G., Jana, P.K. and Roy, D.K. (2000). Productivity,
competition and economics of intercropping legumes in finger millet (Eleusine coracana)
at different fertility levels. Indian Journal of Agricultural Science,70:824-28.

Maitra, S., Praharaj, S., Brestic, M., Sahoo, R.K., Sagar, L., Shankar, T., Palai, J. B.,
Sahoo, U., Sairam, M., Pramanick, B., Nath, S., Venugopalan, V.K., Skalicky, M. and
Hossain, A. (2023). Rhizobium as biotechnological tools for green solutions:
An environment-friendly approach for sustainable crop production in the modern era

Agri Fxticles ISSN: 2582-9882 Page 9%

Ear de de de e e Ao de o O e Lo e O e dp v O e de e e e e v e e Ao v e e de v O e Le do e v e e Ae de e D de Ao e e v O O


https://doi.org/10.1155/2021/9336082

parde de de de de Ao de de Ao Ao e Ae e e Ao e e A A e A A e U U U O O Or Ur Ov dv dv dv g de de de Ao 1e e e dr Or O de de de Ae Ae e e Or

Pattanayak and Mahto (2025) Agri Articles, 05(04): 942-946 (JULY-AUG, 2025)

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

of climate change. Current Microbiology, 80:219, https://doi.org/10.1007/s00284-023-
03317-w.

Maitra, S., Sairam, M. and Santosh, D.T. (2024b). Evaluation of the growth, flower
quality, yield and vase life of gerbera (Gerbera jamesonii L.) cultivars under open
ventilated saw-tooth type polyhouse. Research on Crops, 25(1): 104-1009.

Maitra, S., Sairam, M., Ray, S., Santosh, D. T., Gaikwad, D. J., Gitari, H., Mukesh, G.
and Maheswari, N. (2024a). Applauding soil quality improvement through legume-based
intercropping system: A review. International Journal of Bioresource Science, 11: 59-69.
Maitra, S., Samui, S. K., Roy, D. K. and Mondal, A. K. (2001b). Effect of cotton-based
intercropping system under rainfed conditions in Sundarban Region of West Bengal.
Indian Agriculturist, 45(3-4):157-162.

Maitra, S., Zaman, A., Mandal, T. K. and Palai J.B. (2018). Green manures in agriculture:
A review, Journal of Pharmacognosy and Phytochemistry, 7(5): 1319-1327.

Manasa, P., Maitra, S. and Reddy, M.D. (2018). Effect of summer maize-legume
intercropping system on growth, productivity and competitive ability of
crops. International Journal of Management, Technology and Engineering, 8(12):2871-
2875.

Manasa, P., Sairam, M. and Maitra, S. (2021). Influence of Maize-Legume Intercropping
System on Growth and Productivity of Crops. International Journal of Bioresource
Science, 8(01): 21-28.

Midya, A., Saren, B.K., Dey, J.K., Maitra, S., Praharaj, S., Gaikwad, D. J., Gaber, A.,
Alsanie, W.F. and Hossain, A. (2021a). Crop establishment methods and integrated
nutrient management improve: Part I. crop performance, water productivity and
profitability of rice (Oryza sativa L.) in the lower Indo-Gangetic plain, India, Agronomy,
11(9): 1860, https://doi.org/ 10.3390/agronomy11091860

Midya, A., Saren, B.K., Dey, J.K., Maitra, S., Praharaj, S., Gaikwad, D.J., Gaber, A.,
Alhomrani, M. and Hossain, A. (2021b). Crop establishment methods and integrated
nutrient management improve: Part 11. Nutrient uptake and use efficiency and soil health
in rice (Oryza sativa L.) field in the lower Indo-Gangetic Plain, India. Agronomy, 11(9):
1894.

Mukesh, G., Sairam, M., Maitra, S., Gaikwad, D.J., Sagar, L. and Ray, S. (2024).
Agrometeorological indices, physiological growth parameters, and performance of finger
millet as influenced by different cultivars under hot and subhumid region of
Odisha. International Journal of Experimental Research and Review, 42:148-161.
Mwadalu, R., Mochoge, B., Mwangi, M., Maitra, S. and Gitari, H.l. (2022). Response of
Gadam sorghum (Sorghum bicolor) to farmyard manure and inorganic fertilizer
application, International Journal of Agriculture, Environment and Biotechnology, 15(1):
51-60.

Praharaj, S. and Maitra, S. (2020). Importance of legumes in agricultural production
system: An overview, Agro Economist, 7(2): 69-71.

Ray, S. and Sairam, M. (2024). Foliar Fertilizer— An approach towards micronutrient
optimization and biofortification of micronutrients in cereals. Advances In Modern
Agricultural Practices, 223-244.

Ray, S., Maitra, S., Sairam, M., Sravya, M., Priyadarshini, A., Shubhadarshi, S. and
Padhi, D. P. (2024). An unravelled potential of foliar application of micro and beneficial
nutrients in cereals for ensuring food and nutritional security. International Journal of
Experimental Research and Review, 41: 19-42.

Sagar, L., Maitra, S., Singh, S. and Sairam, M. (2023). Impact of precision nutrient
management on rice growth and productivity in southern Odisha. Agricultural Science
Digest, 43(6): 812-816.

Sagar, L., Maitra, S., Singh, S. and Sairam, M. (2023). Influence of precision nutrient
management on dry matter accumulation and partitioning of rice in southern
Odisha. Agricultural Science Digest, 43(6):767-775.

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g.e 925

Ear de de de e e Ao de o O e Lo e O e dp v O e de e e e e v e e Ao v e e de v O e Le do e v e e Ae de e D de Ao e e v O O


https://doi.org/10.1007/s00284-023-03317-w
https://doi.org/10.1007/s00284-023-03317-w
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=zqN9zY4AAAAJ&citation_for_view=zqN9zY4AAAAJ:LPZeul_q3PIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=zqN9zY4AAAAJ&citation_for_view=zqN9zY4AAAAJ:LPZeul_q3PIC

parde de de de de Ao de de Ao Ao e Ae e e Ao e e A A e A A e U U U O O Or Ur Ov dv dv dv g de de de Ao 1e e e dr Or O de de de Ae Ae e e Or

Pattanayak and Mahto (2025) Agri Articles, 05(04): 942-946 (JULY-AUG, 2025)

32.

33.

34.

35.

36.

Sairam, M., Maitra, S., Praharaj, S., Nath, S., Shankar, T., Sahoo, U., Santosh, D.T.,
Sagar, L., Panda, M., Shanthi Priya, Ashwini, T.R., Gaikwad, D.J., Hossain, A.
Pramanick, B., Jatav, H.S., Gitari, H.I. and Aftab, T. (2023). An Insight into
the Consequences of Emerging Contaminants in Soil and Water and Plant Responses.
Emerging Contaminants and Plants Interactions, Adaptations and Remediation
Technologies, 1-27.

Sairam, M., Maitra, S., Sagar, L., Biswas, T., Barek, V., Brestic, M. and Hossain, A.
(2025). Application of precision nutrient tools for the optimization of fertilizer
requirements and assessment of the growth and productivity of maize (Zea mays L.) in
the northeastern Ghat of India. Journal of Agriculture and Food Research, 21:101958.
Sairam, M., Maitra, S., Sain, S., Gaikwad, D. J. and Sagar, L. (2024). Dry matter
accumulation and physiological growth parameters of maize as influenced by different
nutrient management practices. Agricultural Science Digest, 44: 219-25.

Santosh, D.T., Maitra, S. and Tiwari, K.N. (2023). Optimizing nutrients through drip
fertigation and plastic mulch on the growth and vyield in banana (Musa acuminata
L.). Research on Crops, 24(2):330-336.

Zaman, A., Zaman, P. and Maitra, S. (2017). Water resource development and
management for agricultural sustainability. International Journal of Applied and
Advanced Scientific Research, 2(2):73-77.

PRgri grticles ISSN: 2582-9882 Page 9%6

Ear de de de e e Ao de o O e Lo e O e dp v O e de e e e e v e e Ao v e e de v O e Le do e v e e Ae de e D de Ao e e v O O



