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	ABSTRACT	
Integrated	Nutrient	Management	(INM)	is	a	sustainable	approach	aimed	at	enhancing	crop	productivity	and	maintaining	soil	
health,	 particularly	 in	 cash	crop	 systems.	With	 the	 rising	global	population	and	 increasing	demand	 for	 food	and	agricultural	
products,	the	need	for	balanced	nutrient	management	has	become	crucial.	Conventional	reliance	on	chemical	fertilizers	has	led	to	
soil	 degradation,	 nutrient	 imbalances,	 and	 environmental	 pollution.	 INM	 integrates	 organic	 manures,	 chemical	 fertilizers,	
andbiofertilizers	to	ensure	optimal	nutrient	availability,	improve	soil	properties,	and	reduce	the	adverse	environmental	impacts	of	
excessive	fertilizer	use.This	review	highlights	the	role	of	INM	in	cash	crops	such	as	cotton,	sugarcane,	and	potato,	demonstrating	its	
effectiveness	in	improving	yield	and	soil	health.	Studies	indicate	that	INM	enhances	nutrient	use	ef�iciency,	promotes	microbial	
activity,	and	sustains	soil	fertility	in	the	long	term.	The	combination	of	organic	amendments	like	farmyard	manure	(FYM),	compost,	
and	biofertilizers	with	 chemical	 fertilizers	has	 shown	 signi�icant	 improvements	 in	 crop	productivity,	 nutrient	uptake,	and	 soil	
structure.	Additionally,	INM	practices	contribute	to	environmental	sustainability	by	minimizing	nutrient	leaching	and	reducing	
greenhouse	gas	emissions.While	INM	presents	a	promising	solution	to	the	challenges	of	soil	fertility	depletion	and	declining	yields,	
further	research	is	needed	to	develop	region-speci�ic	INM	strategies	and	increase	awareness	among	farmers	regarding	its	bene�its.	
The	adoption	of	INM	can	serve	as	a	long-term	strategy	for	ensuring	food	security,	sustaining	soil	health,	and	promoting	eco-friendly	
agricultural	practices.
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Introduction
The current global population stands at approximately 7.2 
billion and is projected to reach 9.6 billion by 2050 [1]. India, the 
second most populous country, is expected to see its population 
rise to 1.66 billion by the same year [2]. With this rapid 
population growth, cultivable land faces mounting pressure to 
meet the increasing demand for food and accommodate other 
human needs such as settlements and infrastructure 
development. Continuous cultivation of agricultural lands often 
leads to the depletion of essential soil nutrients. As noted by [3], 
food grain production in India has plateaued primarily due to 
the decline in soil health. Indian soils are de�icient in essential 
plant nutrients, with the imbalanced use of fertilizers being a 
major contributor to soil degradation.
The Role of Fertilizers in Agriculture
Fertilizers have historically been instrumental in increasing 
crop productivity. However, the overuse of chemical fertilizers 
has caused several environmental issues,  including 
groundwater pollution and greenhouse gas emissions. 
Consequently, there is a growing emphasis on integrating 
organic fertilizers with chemical inputs to not only enhance crop 
yields but also improve the physical, chemical, and biological 
properties of cultivated soils.

In many developing countries, agricultural challenges arise 
from both the overuse and underuse of chemical fertilizers, 
leading to multi-nutrient de�iciencies and reduced fertilizer 
ef�iciency. At the national level, India's nutrient application ratio 
of nitrogen (N), phosphorus (P O ), and potassium (K O) is 2 5 2

currently distorted at 8.0:2.7:1, compared to the ideal ratio of 
4:2:1. This imbalance adversely affects soil health and long-term 
productivity.

The	Concept	of	Integrated	Nutrient	Management
Integrated Nutrient Management (INM) is a sustainable 
agricultural practice that combines the judicious use of chemical 
fertilizers, organic inputs, and biofertilizers to achieve a 
balanced nutrient supply. Its objectives are to enhance soil 
fert i l i ty,  increase  crop product ivi ty,  and maintain 
environmental health. Cash crops such as cotton, sugarcane, and 
tobacco, which have intensive nutrient demands, often deplete 
soil resources, leading to degradation. INM provides a viable 
solution to address these issues.
INM integrates various nutrient sources, such as compost, green 
manures, farmyard manure, chemical fertilizers, and bio-
fertilizers, to optimize nutrient use ef�iciency and minimize 
environmental impact. According to [4], adopting INM 
strategies replenishes soil nutrients while improving the soil's 
biological, chemical, and physical properties. By reducing the 
heavy reliance on inorganic fertilizers, INM minimizes nutrient 
losses to the environment, thereby mitigating pollution. It 
serves as a global strategy to ensure food security and promote 
environmental sustainability.
Esilaba et al. (2005) emphasize that INM enhances soil 
conditions by improving its physical, chemical, biological, and
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hydrological properties. This holistic approach boosts farm 
productivity while minimizing land degradation, making it an 
essential component of sustainable agricultural systems.In 
conclusion, adopting INM practices is critical for addressing the 
challenges posed by population growth and the rising demand 
for food. By integrating various nutrient sources, INM not only 
improves crop productivity and soil health but also contributes 
to long-term environmental sustainability.

Importance	of	 Integrated	Nutrient	Management	 (INM)	 in	
Cash	Crop	Systems
Cash crops require high nutrient inputs to achieve optimal 
yields. However, excessive reliance on chemical fertilizers in 
such systems has led to issues like soil degradation, reduced 
microbial activity, and nutrient leaching, which contaminates 
water bodies [6]. INM addresses these challenges by ensuring a 
balanced nutrient supply through a combination of organic and 
inorganic sources, promoting sustainable agriculture.
Advantages	of	Cash	Crop	Farming
Ÿ Cash crop farming is an effective approach to producing high 

quantities of affordable food.
Ÿ It is highly pro�itable for farmers, often serving as a major 

source of livelihood.
Ÿ It creates employment opportunities through crop 

processing and fosters economic diversi�ication.
Ÿ It generates signi�icant revenue for governments, 

contributing to the national economy.

Disadvantages	of	Cash	Crop	Farming
Ÿ Monocropping, often practiced in cash crop systems, 

involves cultivating the same crop repeatedly on the same 
land. This practice can limit the production of diverse food 
crops.

Ÿ Continuous monocropping leads to soil quality decline, 
increasing susceptibility to pests and diseases. This can 
result in crop failures, potentially causing food insecurity.

Ÿ Cash crop farming primarily bene�its farmers with access to 
food security, resources, and income, while small-scale 
farmers may struggle with input constraints and economic 
risks.

Components	of	INM
Organic	Manures
Organic manures, such as farmyard manure (FYM), compost, 
and vermin compost, play a critical role in enhancing soil 
organic carbon (SOC) levels. Research by [7] indicates that FYM 
application signi�icantly improves soil structure, water 
retention capacity, and microbial activity, contributing to long-
term soil health.

Compost
Composting is the controlled decomposition of organic matter 
by microorganisms, converting waste like crop residues, animal 
manure, and municipal waste into nutrient-rich compost. The 
compost made from farm waste (e.g., paddy straw, sugarcane 
trash), containing ~0.5% N, 0.15% P₂O₅, and 0.5% K₂O is called 
farm compost. Nutrient content can be improved by adding 
10–15 kg superphosphate/rock phosphate per ton during 
initial composting. The compost made from urban waste like 
night soil and street sweepings, with ~1.4% N, 1% P₂O₅, and 
1.4% K₂O is called town compost.

Chemical	Fertilizers
Chemical fertilizers supply readily available nutrients essential 
for high-yielding crops. However, excessive use can harm the soil 
and the environment. [8] highlight the importance of precise 
application to prevent imbalances and environmental damage.

Biofertilizers
Biofertilizers contain ef�icient microorganisms like Rhizobium 
and Azotobacter that enhance nutrient availability by �ixing 
nitrogen and solubilizing phosphorus [9]. These eco-friendly 
inputs reduce reliance on synthetic fertilizers and promote 
sustainable agriculture.

Fig.	1	Classi�ication	of	organic	amendments

Manures, derived from animal, plant, and human residues, act as 
slow-releasing nutrient sources upon decomposition. Their 
application not only provides essential nutrients but also 
enhances soil physical properties, offering a residual effect that 
outlasts chemical fertilizers. Majorsourcesof manuresare (Fig. 
1)
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Impact	of	INM	on	Crop	Productivity	
Integrated Nutrient Management (INM) has been recognized as 
an effective approach to enhance crop productivity by ensuring 
an adequate and balanced supply of essential nutrients. A two-
year study conducted by [10] on Bt cotton demonstrated that 

- -1the application of 100% RDF (240:50:150 kg ha ¹)+ FYM 10 t ha  
-1 -1 -+ Azotobactor10 ml kg  seed + PSB10mlkg seed+KSB10mlkg

1seed(T ), signi�icantly enhanced yield and yield attributes. This 9

experiment, conducted in sandy loam soils of the North-West 
Agro-climatic Zone of Gujarat, highlighted the synergistic effects 
of integrating organic (FYM), inorganic (NPK), and biofertilizer 
inputs to sustainably improve crop productivity(Table 1&2).
A �ield experiment was conducted [11] on jute (Corchorus 
olitorius L.) during 2004–2006 to evaluate the impact of 
combining inorganic fertilizers with organic manures on yield, 
nutrient utilization, and soil fertility. The study revealed that 
substituting 25% of the recommended nitrogen dose with water 
hyacinth compost or farmyard manure signi�icantly increased 
�iber yield (2.63 and 2.62 tonnes/ha, respectively) compared to 
the treatment with 100% NPK (Table 3).
The effect of INM on sugarcane productivity wasinvestigated 
[12] and found that applying FYM at 20 t/ha, combined with soil 
test-based nutrient application, resulted in the highest number 
of millable canes (134.3 thousand/ha) and shoots (142.2 
thousand/ha) at 150 days after sowing. However, cane length, 
diameter, single cane weight, and sugar yield showed no 
signi�icant differences when compared to treatments with 
100% RDF plus FYM at 20 t/ha, or soil test-based nutrient 
application along with biofertilizers and 10 t/ha of FYM (Table 
4).
[13] investigated the in�luence of nutrient management 
practices on nutrient dynamics and sugarcane performance. 
Their study revealed that applying 50% nitrogen through press 
mud and 50% through fertilizers resulted in a signi�icantly 
higher cane yield (170.33 t/ha) compared to most other 
practices, except for treatment N7 (174.82 t/ha), which was 
statistically similar. Among the organic nutrient management 
strategies, the combination of press mud, FYM, French beans, 
and biofertilizers (N3) produced a signi�icantly higher yield 
(132.02 t/ha) compared to N2, and it was comparable to other 
treatments, including the use of chemical fertilizers alone (N8). 
Additionally, the interaction effects were found to be 
statistically signi�icant (Table 5).
The combined use of organic manure and chemical fertilizers 
signi�icantly (p≤0.05) improved potato yieldreported by [14]. 
The highest yield (25.2 t ha⁻¹) was achieved in T7, where 3 t ha⁻¹ 
of poultry manure (PM) combined with a reduced rate of 
recommended chemical fertilizers was applied. In contrast, the 
control recorded the lowest yields (14.1 t ha⁻¹ in 2008–09 and 
13.8 t ha⁻¹ in 2009–10) (Table 6). Similar results were observed 
by [15], the highest cabbage head yield with the integrated 
application of 5 t ha⁻¹ poultry manure and 70% of the 
recommended fertilizer dose, consistent with these �indings. 
Comparable results were also noted by [16] and Thind et al. [17].
T7 also exhibited the highest number of stems per hill (7.69 in 
2008–09 and 7.84 in 2009–10), followed by T6 (7.18 in 2008–09 
and 6.93 in 2009–10) and T5 (6.87 in 2008–09 and 6.93 in 
2009–10). Similar outcomes were reported by [18], with 
maximum plant height and stems per hill resulting from 75% 
RDF + 25% RDN through FYM. The highest number of tubers per 
hill was recorded in T7 (8.87 in 2008–09 and 9.50 in 2009–10), 
followed by T5 (7.88 in 2008–09 and 8.83 in 2009–10). T7 also 
yielded the heaviest tubers per hill, while the lowest weight was 

observed in the control. Dry matter content ranged from 21.0% 
to 25.2%, with the highest in T7 and the lowest in T3.
The impact of integrated nutrient management (INM) on potato 
crops wasinvestigated[19] and reported that the highest tuber 
yield (32.71 t/ha) was achieved under N6 treatment, while the 
lowest (27.62 t/ha) was recorded under N4. The response of 
tuber yield per hill varied from 0.331 kg (N4) to 0.392 kg (N6). 
Similarly, N6 produced the maximum biological yield (46.59 
t/ha) compared to the minimum (39.61 t/ha) in N4. These 
�indings align with earlier studies by [20 & 21] and [22], which 
highlighted the positive impact of vermicompost and 
biofertilizers on potato yield.
The enhanced yields in N6 and N5 were attributed to the 
synergistic effect of combining inorganic fertilizers, organic 
manures, and biofertilizers, which improved soil properties and 
nutrient availability. Nutrient management practices also 
signi�icantly in�luenced tuber grades. N6 recorded the highest 
number of total tubers per hill (10.15), including grades 'A' 
(2.37), 'B' (4.31), and 'C' (3.53), while N4 had the lowest values 
across these parameters.The study concluded that integrating 
75% RDF with 8 t/ha vermicompost, Azotobacter, and PSB is a 
viable strategy for optimizing potato yields, particularly under 
the temperate conditions of the Kashmir Valley(Table 7).

Effect	of	INM	on	Soil	Health
[12] reported that applying 20 t/ha of FYM along with chemical 
fertilizers signi�icantly enhanced the levels of organic carbon 
(OC), nitrogen (N), phosphorus (P), potassium (K), zinc(Zn), 
iron(Fe), copper(Cu), and manganese (Mn) compared to 
treatments with either 10 t/ha of FYM or no manure (Table 8).
The impact of nutrient management practices on nutrient 
dynamics and sugarcane performancewas investigated by [13]. 
Their �indings revealed that the Co 86032 (V2) variety recorded 
the highest soil nitrogen content (275.30 kg ha⁻¹). Among the 
different nutrient management treatments, N3 exhibited the 
highest soil nitrogen (332.52 kg ha⁻¹), while N7 recorded the 
lowest (142.77 kg ha⁻¹) (Table 9). This increase in soil nitrogen 
was attributed to the slow-release properties of organic 
manures, which enhanced residual soil fertility. However, soil 
phosphorus and potassium levels showed no signi�icant 
variation due to the variety or nutrient management practices.

Conclusion	
Integrated Nutrient Management (INM) is a sustainable and 
ef�icient strategy for improving crop productivity and 
maintaining soil health in cash crop systems. By combining 
organic and inorganic nutrient sources, INM enhances crop 
yields while supporting long-term soil fertility and protecting 
the environment. Future studies should emphasize the creation 
of region-speci�ic INM strategies tailored to cash crops, 
advancing the production and quality of organic manures and 
biofertilizers, and raising farmer awareness about the enduring 
advantages of adopting INM practices.

Future	scope	of	the	study
Future research on INM should focus on region-speci�ic nutrient 
strategies, long-term soil health sustainability, and enhanced 
biofertilizer ef�iciency. Precision agriculture and smart fertilizer 
applications can optimize nutrient use and reduce 
environmental impact. 
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Table	1:	Effect	of	integrated	nutrient	management	on	plant	height,	number	ofmonopodial	andsympodialbranches	perplant	andnumberof	bolls	perplantof	Bt.Cottonatharvest

Source:	[10]

Table	2:	Effect	of	integrated	nutrient	management	on	boll	weight,	seed	cottonyield,	stalk	yield	and	lint	yield	of	Bt.Cotton

Source:	[10]

Table	3:	Effect	of	integrated	nutrient	management	on	�ibreyieldof	jute

Source:	[11]
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Table	4:	Effect	of	integrated	use	of	FYM,	inorganic	sources	of	plant	nutrients	and	bio-fertilizers	on	yield	attributes,	cane	and	sugar	yield	of	spring	sugarcane.

Source:	[12]

Table	5:	Sugarcane	yield	(t	ha-1)	as	in�luenced	by	nutrient	management	practices	in	plantcrop	ofsugarcane

Source:	[13]

Table	6:	Effects	of	integrated	nutrient	management	on	yield	attributes	and	yield	of	Potato.

Notes:	T1=	Control,	T2=	100%	RDF,	T3=	FP,	T4=	CD	6	t	ha-1+70%RDF,	T5=	PM	3	t	ha-1+70%	RDF,	T6=	CD	6	t	h-1+	rest	from	RDF	and	T7=	PM	3	t	ha-1+	rest	from	RDF.	Figure(s)	in	a	column	having	
common	letter(s)	do	not	differ	signi�icantly.
Source:	[14]

Table	7.	Effect	of	integrated	nutrient	management	on	biological	yield,	harvestindex	(%)andtuberyield	of	potato.

N =RDF	 (160:100:100NPKKg/ha);N =75%RDF+20t/haFYM;N =75%RDF+8t/ha	 VC;N =	 75%RDF+AandPSB;N =	 75%RDF+20	 t/haFYM+Aand	 PSB;	 N 	 =	 75%	 RDF+8	 t/ha	 VC+A	 and	 PSB;	1 2 3 4 5 6

RDF=recommended	doses	offertilizers;	FYM	=	Farmyard	manure;	VC	=	vermicompost;	A	=	Azotobacter;PSB=	phosphorussolublizingbacteria.
Source:	[19]	
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Table	8:	Effect	of	INM	and	biofertilizers	on	chemical	properties	of	the	soil	at	harvest	of	sugarcane	after	2	years

Source:	[12]

-1Table	9:	Soil	available	nitrogen,	phosphorus	and	potassium	(kg	ha )	after	harvest	as	in�luenced	by	nutrient	management	practices	in	plant	crop	of	sugarcane.

V1	:	Co	62175	V2	:	Co	86032
Source:	[13]
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