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Abstract— Wheat (Triticum aestivum L.) plays a pivotal role in global food security, being a primary source of carbohydrates
and nutrients for millions of people worldwide. However, the intensive agricultural practices necessary to meet the growing
food demand have often led to soil degradation and reduced soil fertility. Integrated Nutrient Management (INM) has emerged
as a sustainable approach that combines the use of organic and inorganic fertilizers, along with bio-fertilizers, to enhance
crop productivity while maintaining soil health. This review critically examines recent studies on the application of INM
practices in wheat cultivation, focusing on their impact on wheat growth and yield. The integration of organic manures, such
as farmyard manure and compost, with chemical fertilizers has been shown to improve soil structure, increase microbial
activity, and enhance nutrient availability. Moreover, the use of bio-fertilizers, including nitrogen-fixing bacteria and
phosphate-solubilizing microorganisms, has been demonstrated to boost growth and improves plant health. The review
highlights the synergistic effects of combining these different nutrient sources, leading to optimized nutrient use efficiency and
increased wheat yield and quality. Challenges associated with INM practices, such as the need for precise management and
potential variability in results, are also discussed. Overall, this comprehensive review underscores the importance of adopting
INM practices to achieve sustainable wheat production.
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l. INTRODUCTION

Wheat is a vital staple crop globally, essential for food security. The Green Revolution boosted wheat production using high-
yielding varieties and extensive chemical fertilizers and pesticides. However, this led to soil degradation, reduced biodiversity,
and environmental pollution. Sustainable practices, like Integrated Nutrient Management (INM), are now emphasized to
enhance productivity without harming soil and the environment. INM combines organic and inorganic fertilizers with bio-
fertilizers, optimizing nutrient availability and improving soil health. This method enhances nutrient use efficiency, soil
fertility, and reduces negative environmental impacts. INM involves careful application of chemical fertilizers, organic
manures, and bio-fertilizers, creating a balanced nutrient supply for crops. Research shows that INM improves wheat growth,
yield, and quality, enhancing soil structure, microbial activity, and nutrient cycling. Bio-fertilizers support plant health by
promoting root growth and nutrient absorption. Despite its benefits, INM implementation is challenging due to the need for
precise nutrient management, variability in soil types, and the requirement for farmers to understand INM principles. This
review highlights the potential of INM to contribute to sustainable wheat production and long-term soil health by synthesizing
the latest research findings on its effects and challenges.
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I1. REVIEW OF LITERATURE
2.1 Effect of Chemical Fertilizers on Wheat:

[1] Observed that wheat grain and straw yields were higher with the recommended 100% NPK fertilizer dose compared to 50%
NPK. Adding biofertilizers to 50% NPK marginally increased grain yield by 2—-6%, suggesting biofertilizers can slightly
enhance yields with reduced NPK regimens.

[2] Reported that applying 120 kg ha® N, 26 kg ha P.Os, and 50 kg ha™* K-O significantly improved dry matter and leaf area
index (LAI) compared to 60 kg ha N, 13 kg ha? P.Os, and 25 kg ha™ KO, indicating better growth in wheat-maize cropping
systems.

[3] Found that wheat growth parameters responded significantly to NPK fertilizers. The highest grain yield was recorded at
175-150-125 NPK kg ha, a 51.58% increase over the control, highlighting the importance of balanced NPK application.

[4] Concluded that increasing nitrogen from 150 to 170 kg ha significantly enhanced the number of spikes per square meter
and filled spikelets per spike. Additionally, increasing phosphorus and potassium to 60 kg P-Os ha™ and 120 kg K-O ha',
respectively, maximized these parameters, with optimal results achieved at 170:60:120 NPK kg ha™.

[5] Demonstrated that combining NPK and boron applications significantly impacted wheat growth and yield components.
Maximum plant height, tillers, spike length, grain weight, and yield were achieved with 120-60-60 kg ha® NPK plus a 2%
boron spray at the tillering phase, highlighting the benefits of integrating boron with NPK.

[6] Found that nitrogen at 140 kg ha™* combined with a seed rate of 150 kg ha* yielded superior seed yield, biological yield,
shoot length, plant height, dry matter, and harvest index. This combination proved optimal for achieving higher seed yield and
quality compared to other regimens.

[7] Revealed that applying 120 kg N ha, 80 kg P.Os ha* and 40 kg KO ha* maximized grain yields without compromising
soil fertility in rice-wheat cropping systems. Rice and wheat yields increased by 32.22% and 58.18%, respectively, compared
to lower doses, emphasizing balanced fertilization.

[8] Demonstrated that applying 125% of the recommended nitrogen dose (RDN) with 25 kg ha* ZnSOs and a 0.5% ZnSOs
foliar spray significantly improved growth parameters and grain yield. This treatment also increased straw yield, biological
yield, and net returns, indicating its economic viability for enhancing wheat production.

[9] Concluded that combining organic manure with chemical fertilizers significantly boosted economic grain yield, resulting
in an 87.71% increase over the control. The highest biomass yield was observed with chemical fertilizer use, while the lowest
was with no fertilizer, showing improvements in plant height, grain weight per spike, and overall spike weight.

[10] Reported that nitrogen, phosphorus, and potassium (NPK) application significantly improved wheat biomass and grain
yield. However, excessive fertilizer use caused nutrient runoff, posing environmental risks. The study recommended precise
nutrient management to maximize yield benefits while minimizing negative ecological impacts.

[11] Demonstrated that optimized NPK fertilization increased wheat yield by enhancing nutrient uptake and growth parameters.
The study emphasized that balanced fertilizer application is crucial for maintaining soil fertility and achieving high crop
productivity, advocating for sustainable fertilizer practices.

[12] Highlights the vital role of chemical fertilizers in wheat production. Their study indicated that strategic NPK application
significantly boosts yield and improves wheat quality. However, the authors cautioned against over-reliance on chemical
fertilizers, urging for integrated approaches that include organic amendments to sustain soil health.

2.2 Effect of Organic Manures on Wheat:

[13] Recorded the highest plant height and number of effective tillers of wheat in plots treated with poultry litter at 20 tonnes
ha'* compared to other organic manures. The higher growth attributes with this treatment were attributed to the higher nutrient
composition of poultry litter.

[14] Conducted a field experiment and found that combinations of FYM + rice residues + biofertilizers and vermicompost +
rice residues + biofertilizers resulted in the highest growth and yield attributes of wheat. These combinations increased grain
yield over the control by 81% and 89% in the first and second years, respectively, and net return by 82% and 73%. These
treatments were significantly superior in all growth and yield parameters, net profit, and grain quality.
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[15] Conducted an experiment in calcareous soil with four treatments (control, cattle manure, poultry manure, and sheep
manure). They observed that plant height, biological yield, and grain yield were highest in the poultry manure treatment,
concluding that poultry manure is the most effective among the manures used. Poultry manure had a dominant and positive
effect on biological and grain yield compared to other treatments.

[16] Observed that the sole application of vermicompost increased grain yield by 68% compared to the control during both
years. Similarly, combined application of vermicompost and FYM increased grain yield by 66%, and sole application of FYM
increased yield by 55%. Vermicompost alone resulted in the highest total and productive tillers in the first year, while in the
second year, the combined application had the highest total tillers. Vermicompost application yielded the highest grains per
spike in both years. They concluded that the performance of combined applications was less effective than sole applications in
terms of yield attributes and quality.

[17] Studied the response of wheat under different organic manures and liquid organic formulations. They concluded that the
treatment containing FYM 25% + vermicompost 75% + Panchagavya at 2% spray recorded the highest plant height, while
FYM 25% + vermicompost 75% + Panchagavya at 2% + Vermiwash at 5% spray showed a higher number of grains per spike,
effective tillers per hill, and test weight. This indicates that a combination of FYM 8 tonnes ha™*, vermicompost 3 tonnes ha',
and Panchagavya 2% spray is important for achieving higher wheat yield in organic production systems.

[18] Found that applying farmyard manure (FYM) and compost improved soil organic matter, leading to enhanced wheat
growth and yield. The study concluded that organic manures are crucial for sustainable agriculture by maintaining soil health
and reducing reliance on chemical fertilizers.

[19] Demonstrated that vermicompost and FYM application increased wheat yields by improving nutrient availability and soil
microbial activity. The study highlighted the importance of integrating organic inputs to enhance crop productivity and promote
ecological sustainability.

[20] Reported that applying compost and FYM resulted in higher grain yields and improved soil nutrient status. The authors
emphasized that organic manures are vital for sustainable wheat production, offering environmental benefits and long-term
soil fertility.

2.3 Effect of Integrated Nutrient Management on Various Parameters:
2.3.1  Growth Parameters:

[21] Reported that increasing nitrogen levels from 0 to 150 kg N ha™* significantly enhanced growth characteristics such as
plant height at harvest, biological yield, and tillers per square meter, with notable improvements observed up to 100 kg N ha!
in wheat crops.

[22] Concluded that higher growth parameters were attributed to easily extractable and more available nutrients in the field,
facilitated by organic matter and biofertilizer applications. This enhanced nutrient mobility and plant uptake, reducing nutrient
losses through leaching and runoff, and improved plant population, height, leaf area index, and dry matter accumulation.

[23] Found that plant height, tiller count and dry matter accumulation were significantly enhanced by Azotobacter and
Azospirillum inoculation, likely due to nitrogen fixation and growth promoting substances. FYM application (10 tonnes ha™?)
further improved these parameters compared to 5 tonnes ha* and control. Nitrogen application (120 kg ha*) result in the highest
plant height, tiller count and dry matter production.

[24] Conducted an experiment on the integrated use of fertilizers and manures with foliar iron application in barley. They
reported that applying 50% RDF + vermicompost at 2 tonnes ha* significantly increased yield attributes such as spike length,
the number of spikes per meter of row length, grains per spike, test weight, and grain and straw yield.

[25] Reported that the interaction of poultry manure and nitrogen levels had a non-significant effect on spike length. The
highest spike length was recorded for 1 tonne ha* of layer poultry manure, similar to broiler poultry manure at the same rate.
The availability of micro and macronutrients from poultry manure enhanced plant growth and spike length.

[26] Showed that integrated nutrient management (INM) significantly affected tillers and test weight in wheat. Among different
treatments, 75% RDF + 10 tonnes FYM ha registered maximum plant height, the number of effective tillers per meter, and
test weight, significantly outperforming RDF. The improvement in yield attributes by INM was due to the addition of nitrogen
and other nutrients through organic manure.
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[27] Conducted a trial and found that organic manures and fertilizer levels significantly influenced plant population at harvest,
yield attributes, yield, and economics of wheat. Application of FYM at 10 tonnes ha™ and a higher dose of fertilizer (120%
RDF, 216-108-00 kg NPK ha) recorded significantly higher growth parameters, including plant height at 60 DAS, total tillers
per meter, effective tillers, spike length, spikelets per spike, grains per spike, grain yield, and straw yield.

[28] Analyzed the impact of Integrated Nutrient Management on wheat growth, finding improvements in root development,
nutrient use efficiency, tillering, and leaf area. They concluded that INM enhances growth attributes and contributes to soil
health and fertility, promoting sustainable cultivation compared to traditional practices.

[29] Evaluated the impact of various nutrient treatments on wheat growth, with the N3 ((85% RDF & 15% vermicompost)
treatment showing significant improvements. Among the wheat varieties, WH 1105 exhibited superior growth characteristics,
including greater plant height, leaf count, and dry matter accumulation. The N3 (85% RDF & 15% vermicompost) treatment
notably enhanced the number of effective tillers, highlighting the effectiveness of integrating vermicompost into nutrient
management practices for better growth outcomes.

2.3.2  Yield and Yield Attributes:

[30] Recorded that the combined application of 3.0 tonnes of vermicompost + RDF, along with Azospirillum + PSB, resulted
in a significantly higher number of effective tillers per plant, grains per ear, and both grain and straw yields compared to the
application of 1.5 tonnes or 3.0 tonnes of vermicompost alone without inoculation.

[31] Reported that the integrated use of NPK and FYM produced a significantly higher grain yield compared to the general
recommended dose of NPK.

[32] Conducted an experiment on the effect of integrated nutrient management on the yield and nutrient uptake by wheat
(Triticum aestivum L.) and soil properties in the intermediate zone of Jammu and Kashmir. They reported that the application
of 100% NPK + 10 tonnes FYM ha significantly increased the grain yield of wheat.

[23] Observed that the growth, yield, and nutrient uptake by wheat (Triticum aestivum L.) were significantly affected by
biofertilizers, FYM, and nitrogen. They found that seed inoculation with Azotobacter and Azospirillum significantly increased
plant height, dry matter, yield attributes, and yield compared to no inoculation, with both biofertilizers being equally effective.
The highest mean grain yield was achieved with 10 tonnes FYM ha, which was 9.1% and 26.3% more than 5 tonnes FYM
ha! and the control, respectively. Additionally, the application of 120 kg N ha* increased growth, yield attributes, and yield,
with mean grain yield increasing by 8.1% and 22.4% compared to 90 and 60 kg N ha™!, respectively.

[33] Revealed that the integrated application of 50% NPK through chemical fertilizer + 6 tonnes FYM ha in wheat resulted
in significantly higher grain and straw yields. They concluded that applying 6 tonnes FY M with 50% NPK increased both grain
and straw yields and also reduced the need for inorganic fertilizers by 50%.

[34] Conducted a field experiment to evaluate the effect of integrated nutrient management modules on wheat variety NW-
1014 at the student’s instructional farm, Narendra Deva University of Agriculture & Technology, Narendra Nagar, Ayodhya,
during the rabi seasons of 2014-15 and 2015-16. The results showed that the application of 100% recommended dose of
fertilizer (RDF) i.e., 150:60:40 N:P kg ha* + vermicompost @ 2.5 tonnes ha™ + ZnSO. @ 20 kg ha produced the highest
grain yield, straw yield, protein content, net return, and B ratio.

[35] Reported that applying chemical fertilizers with organic manures resulted in the maximum yield. The combined
application of organic manures and inorganic fertilizers increased dry matter accumulation, leaf area index, number of tillers,
and yield of wheat compared to treatments with only chemical fertilizers. The highest grain and straw yields of wheat were
obtained with 100% RDF + Vermicompost 2.5 tonnes ha' + FYM @ 5 tonnes ha* + Azotobacter.

[36] Observed that in an experiment on integrated nutrient management for wheat (Triticum aestivum L.), the application of
100% recommended dose of fertilizers (RDF) i.e., 150:60:60 N:P kg ha® + 25% N through vermicompost significantly
improved the growth, development, and yield of wheat compared to other treatments. The integration of 100% RDF + 25% N
through vermicompost proved to be an effective combination of fertilizers and organic manures for sustainable wheat
production and nutrient availability.

[37] Revealed that single applications of FYM, sulfur, and boron with N 150 kg ha, P 60 kg ha?, K 60 kg ha? significantly
increased grain and straw yields of wheat compared to sole applications of N 150 kg ha, P 60 kg ha*, K 60 kg ha*. The grain
and straw yields further increased when FYM, sulfur, and boron were used conjointly with 75% NPK, although the increase
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was non-significant. The highest grain and straw yields were recorded with 75% NPK + sulfur + boron + 10 tonnes FYM ha"
1. NPK, sulfur, and boron uptake significantly increased with FYM + sulfur + boron with 75% NPK compared to the sole use
of N 150 kg ha, P 60 kg ha, K 60 kg ha.

[38] Reported that the highest mean number of grains per spike, 1000 grains weight, grain yield, and straw yield were observed
with the treatment combining 100% N, P & K with FYM and Zn. The lowest mean values for these parameters were recorded
in the control treatment.

[39] Observed that the highest values of yield and yield attributes were achieved with treatment (50% RDF + 50% N through
FYM + PSB). Plant height, effective tillers and yield were significantly superior to control as well as (75% RDF), (75% RDF
+ Azotobacter), and (50% RDF + Azotobacter + PSB), and statistically at par with the rest of the treatments.

[40] Conducted a study and revealed that the highest plant height, dry matter, number of tillers, effective tillers, and yield
attributes such as spike length, number of grains per spike, grain weight per spike, and 1000-seed weight were achieved with
the treatment combination of RDF + ZnSOs @ 25 kg ha, which was at par with other treatments.

[41] Recorded that the maximum number of effective tillers, grains per spike, grain yield, straw yield, and biological yield
were observed with Azotobacter ST3 and Pseudomonas P36 + vermicompost @ 5 tonnes ha, and the application of 125%
RDF was statistically at par with other treatment combinations.

[42] Reported that the application of RDF + FYM 7.5 tonnes ha! (RPP) resulted in significantly taller plants, higher dry matter
production and a higher number of effective tillers at 90 DAS. It also achieved the highest ear length, number of grains per ear,
grain weight per ear, test weight, grain yield, straw yield, protein content, net returns, and B ratio compared to other treatments.

[43] Conducted two trials during the winter season and revealed that the application of 150% RDF + FYM resulted in higher
plant height and dry matter accumulation at all growth stages (60 days after sowing, 90 days after sowing, and at harvest)
except at 30 days after sowing, where the maximum was observed with 150% RDF. The application of 150% RDF + FYM
also recorded the maximum number of effective tillers, spike length, test weight, and grain, straw, and biomass yield over the
control.

[44] Revealed that plant height, tillers per meter, spike length, grains per spike, test weight, and both grain and straw yields
increased significantly with fertilizer application. The wheat yield improved further with the combined application of 75%
NPK + organic manures. The maximum values of growth, yield attributes, and grain and straw yields were recorded with 75%
NPK + 5 tonnes FYM + 2.5 tonnes vermicompost ha™%, closely followed by 75% NPK + 2.5 tonnes vermicompost + 3.75 tonnes
press mud ha™.

[45] Studied the response of different organic and inorganic nutrient sources on the growth and yield of wheat (Triticum
aestivum L.) and reported that the highest growth was recorded in treatment RDF at all crop stages. Among all-organic
treatments, achieved the highest plant height, number of tillers per mz, leaf area index, and dry matter accumulation, followed
by other cow-based nutrient sources. The highest grain and straw yields were obtained in treatment RDF, followed by other
nutrient sources.

[46] Showed that the application of 6 tonnes ha* compost resulted in higher plant height, spike length, number of seeds per
spike, 1000 grains weight, and biological yield. The application of 75% recommended inorganic NP fertilizers combined with
compost increased wheat yield by 27.45% over the sole application of inorganic fertilizer, indicating that the integrated
approach could save up to 25% of commercial fertilizers and increase wheat yield.

[47] Revealed that wheat parameters, including the number of spikes and spike length, were significantly affected by nutrient
treatments. The Ts treatment, with 50 % RDF + FYM @ 5 tonnes ha* + mulching @ 5 tonnes ha’, resulted in the highest grain
and straw yields, while the control treatment recorded the lowest yields.

[29] Assessed the effects of different nutrient treatments on wheat yield, with the Ns treatment (85% RDF & 15%
vermicompost) achieving notable results. The WH 1105 variety demonstrated superior performance in terms of grain yield,
number of grains per spike, and 1000-grain weight. These findings underscore the crucial role of both nutrient management
and wheat variety selection in optimizing yield and yield attributes, promoting effective agricultural practices.

1. CONCLUSION

Integrated nutrient management (INM) has emerged as a crucial strategy for enhancing wheat production by combining organic
and inorganic inputs. Evidence from recent studies underscores that the integration of vermicompost, farmyard manure, and
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poultry litter with recommended chemical fertilizers significantly improves plant growth parameters, including plant height,
tiller count, and grain yield. The addition of biofertilizers and optimal nitrogen levels further enhances these benefits, promoting
better nutrient uptake and crop performance. Looking ahead, future research should focus on large-scale, long-term field trials
to validate the economic viability and environmental sustainability of various INM practices. It will be important to refine
nutrient application methods, explore innovative nutrient combinations, and assess their impacts on soil health and crop
productivity. By doing so, the agricultural community can advance sustainable wheat cultivation practices, ensuring high yield
and environmental stewardship.
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