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ABSTRACT

Objectives: The study of opportunities for integrated nutrient management lacking in the Kanchanpur district. Hence, an experiment was carried out 
to study different combinations of fertilizers to determine suitable integration of fertilizers during November 2023–September 2024.

Methods: The experiment was conducted in a randomized complete block design. Paddy and vegetable (cauliflower) crops were selected for the 
14 research. The sources of fertilizers applied in the research were FYM (Farmyard Manure), poultry manure, vermicompost, green manures, and 
chemical fertilizer. Six combinations of treatments were prepared, namely (i) T1: 100% N from the recommended dose of chemical fertilizer (RDF) 
(RDF:200:120:80 NPK kg/ha), (ii) T2: 50% N from RDF+50% N from farmyard manure (FYM), (iii) T3: 50% N from RDF+50% N from poultry manure 
(PM), (iv) T4: 50% N from RDF+50% N from vermicompost (VC), (v) T5: 50% N from RDF+50% N from green manure (GM), and (vi) T6: 20% N from 
17 RDF+20% N from FYM+20% N from PM+20% from VC+20% N from GM.

Results: Combinations of 50% N from RDF+50% N from FYM, 50% N from RDF+50% N from PM, 50% N from RDF+50% N from VC, and 50% N from 
RDF+50% N from GM provided almost similar results in plant parameters, root, and soil property. Sole application of 100% N from the RDF resulted 
with the lowest effect in plant and soil attributes.

Conclusion: The integration of 20% N from RDF+20% N from FYM+20% N from PM+20% from VC+20% N from GM was found to be the most 
effective nutrient management opportunity in the district.
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INTRODUCTION

Integrated nutrient management (INM) refers to the maintenance of 
soil fertility and plant nutrient supply at an optimum level for sustaining 
the desired productivity through optimization of the benefits from 
all possible sources of organic, inorganic, and biological components 
in an integrated manner. Fertilizers have played a prominent role in 
improving production and productivity in Asia and have transformed 
food scarcity into sufficiency. INM consists of the application of local 
products such as natural and mineral fertilizer, crop residues, farmyard 
manure (FYM), integration of agriculture and forestry, soil amendments, 
farm waste recycling, waste products from kitchen, green manures 
(GM), and compost (Rautaray et al., 2003; Shah et al., 2003; Shah and 
Ahmad, 2006; Khoshgoftarmanesh et al., 2010; Selim and Al-Owied, 
2017; Selim, 2018). According to the researchers, the implications of 
organic manures may have negative consequences, and some organic 
materials limit the growth and development of plants when applied 
solely, maybe due to proliferating levels of phytotoxins and high C/N 
ratio, particularly in organic materials which are not mature (Haug, 
1993; De Bertoldi et al., 2010).

It is imperative to improve and manage natural resources including 
soil, air, and water, for improving food production while protecting 
the environment. In the contemporary situation, the major constraints 
observed in planning and executing agriculture-related matters may 
compound hunger and food deficit, and planners are the projection 
of a world without hunger and poverty intensified by rising standards 
of living in rural regions, where the majority of poor people live and 
their total dependence on agriculture for living to fulfill their food 
demands (Wheller and Braun, 2018). Due to the alarming state of 
world population and scarcity of land, crop production and productivity 
should be increased to meet the objective of zero hunger. To compensate 

for food hunger and improve food production management of soil and 
fertility is of utmost value. It has been found that most producers face 
costs of production due to the pressure of quick and high production 
by the application of chemical fertilizers. This has created a situation of 
financial loss and stress for farmers. Through numerous studies, it has 
been observed that the sole application of NPK as per the test of soil 
results in low production as per recommendation and realized using 
other micronutrients or combinations of fertilizers. Long-term and 
continuous use of N fertilizers results in soil acidity which results in 
soil infertility where crops resist additional application of N fertilizers 
(Sainju et al., 2019). The productivity of soil declines gradually.

Increased chemical fertilizer costs and awareness of environmental 
pollution have necessitated using organic fertilizers for the 
development of more efficient fertility management programs. To 
achieve sustainable and appropriate production and healthy soil it is 
felt necessary to apply a systematic mixture of organic, inorganic, and 
bio-organic microorganisms in a balanced way, which is also known 
to be INM approach (Janssen et al., 1993). This helps to enhance soil 
networks, layers, micronutrients, and crop absorption of fertilizer in a 
balanced way. In addition, it can match the crop nutrient requirements 
and decrease the problems of nutrient deficiency creating a healthy 
environment without affecting its living and non-living components. If 
the mixture is properly not carried out, it may result in soil degradation, 
nutrient deficiency, and soil runoff (Craft and Nelson, 1996). The soil 
with rich organic matter and nutrients is then indirectly degraded.

Organic manures in a proper blend with chemical fertilizers will 
predictably support crop growth. If organic matter is scientifically added 
with chemical fertilizers growth, development and productivity of 
crops could be noticed (Kumar et al., 2009). Kumar and Sharma (2004) 
reported that the application of organic manures with recommended 
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NPK was found crucial to gain the expected yield and release of soil 
micronutrients (NPK) in both tomatoes and carrots. Hence, the farmers 
may profit through the recycling of organic waste, found locally, which 
helps to influence planners that lead producers to minimize and replace 
the problems of traditional methods of organic waste disposal, with 
minimum or zero hampering of plants, ecological systems, or beneath 
ground layers including the health of human to grasp the potential 
application of existing natural resources (Gaur et al., 1995; Kumar and 
Sharma, 2004; Abdel-Aziz and Al-Barakah, 2005; Khoshgoftarmanesh 
et al., 2010). Such a mixture has unexpected benefits to soil and crop, 
and ultimately to the producers.

Biofertilizers are mostly bacteria or fungi that help in nitrogen fixation, 
phosphate solubilization, sulfur oxidation, plant hormone production, 
and decomposition of organic compounds (Verma et al., 2018). GM may 
release nutrients slowly which are much beneficial for plant roots to 
consume gradually leading to improved efficiency of nutrient uptake, crop 
growth, and production (Desaeger and Rao, 2001). These manures are 
easily available and effective when mixed with other forms of fertilizers.

Locally available organic sources of nutrients such as FYM, poultry 
manure (PM), and vermicompost (VC) should not be applied solely. 
Application of organic manures and biological fertilizers cannot 
alone enhance the production of crops despite sustaining soil health. 
The study of opportunities for combined and systematic application 
of fertilizers still lacking in the district. In this study, various sources 
of fertilizers were assessed discretely and in a combined manner to 
determine suitable and effective combinations of fertilizers.

METHODS

Various sources and methods of fertilizer application include FYM, PM, 
VC, GMs, and chemical fertilizer was five aspects of research conducted 
in the Kanchanpur district during November 2023–September 2024.

The experiment was carried out in a randomized complete block 
design (RCBD). Paddy and vegetables (cauliflower) were selected for 
the research. Cultivation methods were conducted as per the land 
preparation, field design, sowing, transplantation, and harvesting. The 
effect of fertilizer and methods were assessed from randomly selected 
10 sample plants of each crop from the field. Plants were tagged and 
numbered for recording the data. Plant parameters consist of the 
number of leaves, plant height, weight of cauliflower curd, and yield. Root 
parameters were assessed after the application of each treatment. Soil 
samples from depths up to 10 cm were collected to test in the laboratory. 
Combinations of six treatments were prepared as per Table 1.

The recorded data were all tabulated and systematically arranged using 
MS Excel which was subjected to analysis of variance and Duncan’s 
multiple range test (DMRT-0.05 level) for mean separations using Gen 
stat software.

RESULTS

Effect on plant parameters
It was observed that except integrated and standalone treatment of 
nitrogen, the effect of treatment in a number of leaves, height, weight 

of curd, and yield was almost similar. The average numbers of leaves in 
paddy and cauliflower were found to be 15 and 18 with the application 
of (T6) 20% N from recommended dose of fertilizer (RDF)+20% N from 
FYM+20% N from PM+20% from VC+20% N from GM followed by 11 
and 12 (paddy and cauliflower) from the application of (T5) 50% N from 
RDF+50% N from GM, 12 and 13 (paddy and cauliflower) through the 
application of (T4) 50% N from RDF+50% N from VC, both 11 (paddy 
and cauliflower) from the application of (T3) 50% N from RDF+50% 
N from PM, 12 and 14 (paddy and cauliflower) from the application 
of (T2) 50% N from RDF+50% N from FYM and 9 and 10 (paddy and 
cauliflower) by the application of (T1) 100% N from recommended 
dose of chemical fertilizer (RDF) (RDF: 200:120:80 NPK kg/ha). The 
least number of leaves, weight of curd, and yield were observed in 
standalone treatment, that is, T1-100% N from RDF (RDF: 200:120:80 
NPK kg/ha). The most excellent yield in rice and cauliflower (in t/ha) 
was favored in all mixed fertilizers of (T6) 20% N from RDF+20% N 
from FYM+20% N from PM+20% from VC+20% N from GM, that is, 2.3 
and 14 respectively (Fig. 1).

Effects in root length and diameter
It was recorded that variation in root length and diameter in each 
crop was almost non-significant in T2, T3, T4, and T5 except T1 and 
T6 applied fields. The root length and diameter were found highest of 
23 cm and 0.05 cm in paddy, and 18 cm and 0.93 cm in cauliflower with 
T6-20% N from RDF+20% N from FYM+20% N from PM+20% from 
VC+20% N from GM treated field. Whereas root length and diameter 
were noticed to be lowest of 15 cm and 0.01 cm in rice and 13 cm and 
0.61 in cauliflower through T1-100% N from RDF (RDF: 200:120:80 
NPK kg/ha) treated field (Fig. 2).

Effects in soil pH, organic matter, total nitrogen, and phosphorus
It was observed that soil pH and total nitrogen values with 6.87 and 
0.12 were found more toward neutrality in T6-20% N from RDF+20% 
N from FYM+20% N from PM+20% from VC+20% N from GM, whereas 
total nitrogen was uniform with 0.12 (%) in T5-50%N from RDF+50% 
N from GM and T2-50% N from RDF+50% N from FYM treated plots. 
Organic matter was observed highest with the values 2.68 in T2-
50% N from RDF+50% N from FYM followed by T6-20% N from 
RDF+20% N from FYM+20% N from PM+20% from VC+20% N from 
GM and T1-100% N from RDF (RDF: 200:120:80 NPK kg/ha), whereas 
intermediate values for T3, T4, and T5 were almost significantly similar 
with each other. Highest phosphorus values were analyzed in T1-100% 
N from RDF (RDF: 200:120:80 NPK kg/ha) with 147 kg/ha followed 
by T6-20% N from RDF+20% N from FYM+20% N from PM+20% 
from VC+20% N from GM with 145 kg/ha and least in T4-50% N from 
RDF+50% N from VC with 106 kg/ha, whereas other values were 
intermediate and uniform with each other in case of T2, T3, and T5 
treated plots (Table 2).

DISCUSSION

Effects on plant parameters
The number of leaves, height, weight of curd, and yield of rice and 
cauliflower were found highest in the field treated with RDF+20% N 
from FYM+20% N from PM+20% from VC+20% N from GM (T6). The 
results of the present investigation in terms of plant height correlate 
with the findings of Rakesh et al. (2006), Mitiku et al. (2014), and Shree 

Table 1: Treatment details of experimental field

Treatment symbol Treatment detail
T1 100% N from the recommended dose of chemical fertilizer (RDF) (RDF: 200:120:80 NPK kg/ha)
T2 50% N from RDF+50% N from FYM
T3 50% N from RDF+50% N from poultry manure
T4 50% N from RDF+50% N from vermicompost
T5 50% N from RDF+50% N from green manure
T6 20% N from RDF+20% N from FYM+20% N from poultry manure+20% from vermicompost+20% N 

from green manure
RDF: Recommended dose of fertilizer, FYM: Farmyard manure
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et al. (2014) who reported increased plant height due to the combined 
application of organic and inorganic fertilizers. The result may reflect 
adding organic manures with inorganic fertilizers which uplifts the 
availability of nutrients considerably resulting in a positive effect 
on growth parameters. Kumar et al. (2013) analyzed the maximum 
number of leaves in broccoli under integrated application of inorganic 
fertilizers and VC. The characteristics of organic manure of solubilizing 
effect on soil nutrients including chelating effects on metal ions and 
hence increased availability of nutrients to the plants. Mehdi et al. 
(2011) study furthers those combinations of chemical fertilizer and GM 
(sesbania) provides good results in the yield of crops, which coincides 

with the present study. The results found were in following the findings 
of Bhanushalini et al. (2002), Ghosh et al. (2009), and Dalal et al. 
(2010), according to whom the integration of chemical fertilizer with 
VC provides the best curd weight in cauliflower. The increased curd size 
in integrated treatment with VC could be due to the added supply of 
nutrients and a prolific root system improving the absorption of water 
and nutrients along with the physical environment.

In comparison with the other sources of organic manure or treatment 
combination the appropriate and regular availability of nutrient from 
vermicomposting (VC) is observed better in the yield of paddy. The 
finding coincides with the research study of Singh and Kumar (2010). 
The significant yield with increasing levels of fertilizers might be due 
to a better quantity of nutrients applied in the soil, Yadav and Meena 
(2014) reported similar results. This result was supported by the 
experiment of Kumar et al. (2008) and Ahmed et al. (2014).

Effects in root length and diameter
The root length and diameter were found highest in paddy and 
cauliflower with 20% N from RDF+20% N from FYM+20% N from 
PM+20% from VC+20% N from GM treated field. Similar findings were 
also observed in research performed by Gadi et al. (2017) in green 
gram. This may be attributed to improved soil properties such as bulk 
density and water-holding capacity encouraged by organic manures 
and better availability of nutrients which promote root length and 
proliferation. Our finding represents quality root development under 
integrated treatment combinations as supported by results found by 
Khatri et al. (2019) in radish. This may be due to the mixing of organic 
manure reducing mechanical resistance, better aeration, and lower 
bulk density of the surface soil that facilitated better root proliferation 
creating proper growth and development of roots.

It was noticed that integrated application of organic and inorganic 
fertilizers could markedly improve crop root length density, root 
volume, and root dry weight, as well as the depths of root penetration 
(Mandal et al., 2003). It was reported that the incorporation of organic 
manure into paddy soil helps to increase the size of the root, its quality, 
and diameter due to increased absorption area, and root surface 
phosphatase activity (Yang et al., 2004).

Effects in soil pH, organic matter, total nitrogen, and phosphorus
It was observed that soil pH and total nitrogen were found more 
toward neutrality in T6-20% N from RDF+20% N from FYM+20% N 
from PM+20% from VC+20% N from GM applied field. This reflects 
that the application of inorganic fertilizer creates the soil acidic while 
integrating organic and inorganic fertilizers helps to balance the soil 
pH. A similar result was observed in a study done by Kafle et al. (2019) 
under the integrated application of organic and inorganic fertilizers. 
This may be attributed to the buffering capacity of the organic manures, 
which resists transformation in pH values; however, mixing of organic 
manures tends to enhance the pH values and leads to neutrality.

The increased total nitrogen may be attributed to the slow release of 
the mineral nutrients while the low total nitrogen might be attributed 
to the loss of the mineral nutrients or due to the efficient utilization of 
mineralized nitrogen in a short growing period. Similar results were 
noticed in the past study of Choudhary et al. (2012) and Devi et al. (2018).
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Fig. 1: Comparison of various treatments in plant parameters. 
DAT: Days after transplantation, t/ha: Ton per Hectare,  
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Table 2: Effects of various treatments on soil attributes

Treatments Soil pH Organic matter (%) Total nitrogen (%) Total phosphorus (kg/ha)
T6 6.87 2.34 0.12 145
T5 6.53 2.08 0.12 120
T4 6.64 2.22 0.13 106
T3 6.48 2.27 0.11 136
T2 6.52 2.68 0.12 115
T1 6.21 1.69 0.08 147
pH: Potential of hydrogen, %: Percentage, kg/ha: Kilogram per hectare
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Organic matter was observed highest in 50% N from RDF+50% 
N from FYM applied field in comparison with other treatment 
combinations. Higher amounts of organic matter in the soil receiving 
an integrated supply of chemical fertilizer and FYM might be observed 
with intensive amounts of FYM applied in the field. Citak and Sonmez 
(2001) reported that FYM and PM application had positive effects on 
soil organic matter more than the other organic manures. Kafle et al. 
(2019) and Ojha et al. (2019) also studied the organic residue of plant 
and animal wastes, which are the basis of organic matter and humus, 
which supply nutrients for the critical role of microorganisms and 
plant root development.

The highest phosphorus values were analyzed in 100% N from RDF 
(RDF: 200:120:80 NPK kg/ha) followed by T6-20% N from RDF+20% 
N from FYM+20% N from PM+20% from VC+20% N from GM with 
145 kg/ha applied field. Treatment having inorganic fertilizer increases 
the soil’s available phosphorus. The result was in light with Devi et al. 
(2018) who observed the addition of organic manure such as FYM, VC, 
GM, and PM with inorganic fertilizer had a beneficial effect in improving 
the phosphate availability thus reducing phosphorus accumulation in 
soil. Low phosphorus content in INM treatments may be because of the 
efficient utilization of phosphorus by the plants.

CONCLUSION

It was challenging to analyze soil properties in the laboratory. Study of 
opportunities of INM lacks in the research area. Hence, an experiment 
was conducted to study various combinations of fertilizers to 
determine suitable integration of fertilizers with their method of 
fertigation during November 2023–September 2024. The experiment 
was carried out in RCBD. Paddy and vegetable (cauliflower) crops 
were selected for the research. Combinations of 50% N from 
RDF+50% N from FYM, 50% N from RDF+50% N from PM, 50% N 
from RDF+50% N from VC, and 50% N from RDF+50% N from GM 
provided almost similar results in plant parameters, root, and soil 
property. Sole application of 100% N from the RDF (RDF: 200:120:80 
NPK kg/ha) resulted in the lowest effect. The integration of 20% N 
from RDF+20% N from FYM+20% N from PM+20% from VC+20% 
N from GM was found most effective and sustainable for better soil 
property and crop development.
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