
 

 

Effect of Integrated Nutrient Management (INM) on Soil Physico-Chemical 
Properties in Wheat (Triticum aestivum) Intercrop under Buel (Grewia optiva 

Drummond) based Agroforestry System and Open Condition 

 

ABSTRACT 

The raising human health hazards due to excessive use of chemical fertilizers and pesticises in Inida 
leads cancer patients. To overcome such problems there is need of Integrated Nutrient Management 
(INM) in our major crop wheat and further to improve soil fertility under agroforestry system. 
Therefore, the study present investigation has been was carrid out to see the impact of INM on the 
physical and chemical properties of soil and wheat productivity when wheat it intercropped under buel 
(Grewia optiva) based agroforestry systems in the mid-hill region of Himachal Pradesh at Dr. Y. S. 
Parmar University of Horticulture and Forestry, Nauni, Solan, HP (India). INM practices were applied 
to evaluate their effectiveness in enhancing soil fertility, crop yield, and overall soil health. The 
experimental setup included various treatment combinations of organic and inorganic fertilizers. to 
determine their synergistic effects on the soil and cereal crop.  The appropriate design and 
replications should come here chronologically before data collection methods.The key physical 
parameters such as bulk density (g cm-3), particle density (g cm-3), porosity (%), and soil moisture 
(%) were measured alongwith chemical properties of soil including soil pH, EC (dS m-1), organic 
carbon content (%), and nutrient availability of N, P, & and K in kg per hectare. The soil data of two 
conjjective years were analysized in RBD design with three replications  and pooled analysis. The 
results demonstrated that INM significantly improved both the physical and chemical soil properties in 
agroforestry systems as compared to control treatments i.e. open condtion. The use of 100 % FYM 
found to be best treatment during the course of study among various treatments of INM. The soil 
structure and nutrient availability were incersed in second year as compared to first year which will 
lead to improve the growth and yield of wheat crop. The study underscores the importance of 
adopting INM practices in agroforestry systems to achieve sustainable agriculture as well as chemical 
free agriculture in hilly regions of Himachal Pradesh which will be helpful for human health. The 
findings provide valuable insights for farmers and policymakers aiming to optimize crop production 
and maintain soil health in similar agro-ecological zones. 
Keywords: Integrated Nutrient Management, Human Health, Wheat, Agroforestry Systems, Buel, Soil 
Health 

INTRODUCTION 

The rising cancer patients and health hazards in India has been surpassed the global rates which 
leads to India as title of "cancer capital of the world". The major health issues resulting from the intake 
of nitrates from the excessive use of chemical fertilizers are methemoglobinemia and cancer (WHO, 
2011). The major health hazards of pesticides and insecticides intake through food and water include 
cancers, tumours, skin diseases, cellular and DNA damage, suppression of immune system and other 
intergenerational effects (Margni et al., 2002). Besides, the continuous use of chemical fertilizers and 
pesticides has resulted in the depletion of soil health and soil fertility (Pahalvi et al., 2021). Forb all of 
the above reasons, there is an urgent need of Integrated Nutrient Management (INM) and 
Agroforestry based agriculture systems in India.  
However, in the present scenario, it has been spotted that excessive use of inorganic manure is being 
practiced by farmers in order to raise the cultivation. Organic manures and inorganic fertilizers are 
essential in enhancing soil health by converting unavailable soil nutrients into accessible forms 
through improved mineralization and solubilization processes, their integration enables crops to 
efficiently absorb nutrients when required, unlike the sole dependence on chemical fertilizers (Wu and 
Ma, 2015). The incorporation of vermicompost and farmyard manure as organic sources holds great 
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significance as it provides avenues to reduce dependency on costly chemical fertilizers. This 
decreased reliance on chemical fertilizers is pivotal in preventing long-term soil pollution risks. 
Nevertheless, Agroforestry has demonstrated its effectiveness in land management by enhancing soil 
quality and conserving water resources since the beginning of agriculture (Brown et al., 2018) and 
provide wood and others benefits to the farmers (Dhaka et al., 2020). Influence of tree height and 
diameter on wood basic density, cellulose and fibre characteristics in Melia dubia Cav. 
families. Journal of the Indian Academy of Wood Science, 17, pp.138-144.). Agroforestry is whispered 
to increase the soil organic carbon through litter fall, increase land productivity, check soil erosion, 
increase biodiversity, diversify the farm income etc. (Gupta et al., 2009). Moreover, it plays a vital role 
in preserving the environment and replenishing soil resources, crucial for sustaining future agricultural 
productivity.  
Wheat is a major cereal crop cultivated throughout India. Wheat (Triticum aestivum) is cultivated in an 
area of about 30.54 million hectares with a record production of 94.57 million tonnes of grain 
(Polisetty and Paidipati, 2019). Buel tree (Grewia optiva) belongs to the family Tiliaceae and holds a 
significance importance among various tree species cultivated in agroforestry across the Western 
Himalayas due to its fodder quality (Kar et al., 2019). Agroforestry practices in the mid-hills of 
Himachal Pradesh exhibit the unique cultivation method termed as Agri-silviculture. In modern 
agricultural practices, incorporating indigenous resources like FYM, vermicompost, goat manure, and 
poultry manure has become crucial. However, the use of inorganic fertilizers poses risks to soil 
structure, the environment and both plant and animal life. Therefore, it is important that both the 
organic and inorganic fertilizers should be applied in an integrated manner so as to attain the benefits 
along with overcoming the limitations. Keeping all the points in mind, the present experiment entitled 
“Effect of Integrated Nutrient Management (INM) and Wheat Intercrop on Soil Physico-Chemical 
Properties under Buel (Grewia optiva Drummond) based Agroforestry Systems” has been carried out 
at Dr. Yashvant Singh Parmar University of Horticulture and Forestry, Nauni, Solan, HP (India) during 
2022 and 2023. 

No well articulated problem statement; no objectives, no relevant justification in line with 
the title and background is not well articulated. 

MATERIALS AND METHODS 

Experimental site location: The present field experiment was conducted at Experimnetal Farm 
in the Department of Silviculture and Agroforestry, Dr. Y. S. Parmar University of Horticulture and 
Forestry, Nauni, Solan (H.P.) in a 19-year-old existing agroforestry model of Grewia optiva. The 
farm is located at latitude of 30º 51’ N and longitude of 76º 11’ E with an elevation of 1200 m 
above MSL. This area falls under sub-tropical and sub-humid agro-climatic zone of Himachal 
Pradesh which receives annual rainfall of 1000-1400 mm. The soil of the farm belongs to Typic 
Eutrochrept subgroup as per the soil taxonomy of USDA. 
Details of structural components and treatments: Rows of Buel tree oriented into East-West 
direction with spacing of 8m×3m since July, 2004. Wheat (Triticum aestivum), variety HD-3086 
was grown under Grewia trees and in open condition in plots of size 4m×2m, adopting spacing of 
22cm×10cm. The details of treatments applied in the present experiment is presented in Table 1.  
Table 1: Details of INM treatments applied in the present experiment  
Treatments  Details 

T1 : RDF (Recommended dose of Fertilizer) 
T2 : FYM (100% N equivalent basis) 
T3 : Vermicompost (100% N equivalent basis) 
T4 : Goat manure (100% N equivalent basis) 
T5 : 50% RDF + 50% FYM 
T6 : 50% RDF + 50% VC 
T7 : 50% RDF + 50% GM 
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T 8 : Control 
Collection and preparation of soil sample and Analysis: Random soil samples from each 
sampling unit at 0-30 cm soil depth were collected with the help of post hole soil auger before 
sowing and at the time of harvesting of Wheat for two consecutive years. The collected samples 
were placed in cloth bags, properly tagged and transported to laboratory. These samples were 
then air dried, crushed thoroughly and passed through 2 mm sieve and thereafter analyzed for 
physical soil parameters viz., Bulk Density (g cm-3), Particle Density (g cm-3), Porosity (%), Soil 
Moisture (%) using standard methods and chemical soil parameters viz., pH, EC (dS m-1), OC 
(%) and available N, P, & K (kg ha-1). Soil pH was measured with the help of digital pH meter by 
making 1:2 soil water suspensions following Jackson (1973) method. EC was estimated using 
the Electrical conductivity meter by making 1:2 soil water suspensions following Jackson (1973) 
method. Soil organic carbon (%) was determined with help of rapid titration method (Walkley and 
Black, 1934). Available nitrogen was estimated by following Subbiah and Asija (1956) method, 
available Phosphorus by Olsen et al. (1954) method and available potassium by Merwin and 
Peech et al. (1951) method.  
Initial soil properties of experiment site: The soil physical and chemical properties of the 
experimental field estimated before start of the field trial is given in the Table 2. 
Table 2: Intitial soil physical and chemical properties of the experimental field before sowing 
Sr. No. Parameters Under Buel (S1) Open Condition (S2) 

1 Bulk Density (g cm-3) 1.35 1.39 
2 Particle Density (g cm-3) 2.65 2.77 
3 Porosity (%) 50.77 50.13 
4 Soil Moisture (%) 7.72 6.93 
5 EC soil (dS m-1) 0.191 0.178 
6 Soil pH 6.76 6.41 
7 Organic Carbon (%) 1.18 1.05 
8 Available Nitrogen (kg ha-1) 250.20 221.47 
9 Available Phosphorus (kg ha-1) 34.29 32.12 
10 Available Potassium (kg ha-1) 267.11 234.51 

Where, S1: Under Grewia optiva based agroforestry system and S2: Open condition 
Statistical analysis: The field experiment was designed in Randomized Block Design (RBD) in three 
replications with eight treatment combinations. The entire data of present study were statistically 
analyzed by using analysis of variance (ANOVA) and treatment means were compared by using 
critical difference tests at 5 % of probability in accordance with the procedure described by Gomez 
and Gomez (1984). 

RESULTS AND DISCUSSION 

Physical properties of soil in Wheat+Buel based agroforestry system after harvesting of Wheat  
The analyzed result of physical soil parameters viz., Bulk Density (g cm-3), Particle Density (g cm-

3), Porosity (%) and Soil Moisture (%) has been presented and discussed in the following way: 
Bulk Density: The data presented in Table 3 showed a significant effect of planting conditions and 
integrated nutrient management (INM) on the bulk density (g cm-3) of soil after harvesting of wheat 
crop under buel based agroforestry systems. In 2022 and 2023, the higher bulk density was observed 
under by S2 (open condition) as compared to S1 (under Grewia optiva based agroforestry systems). 
Among different doses of organic and inorganic fertilizers, the maximum bulk density (1.37 g cm-3) 
was recorded in by T8 (control) which was significant at par with T1 and the minimum (1.25 g cm-3) 
was recorded in by T2 (100% FYM) in 2022. The maximum bulk density at (1.36 g cm-3) was observed 
in T8 (control) which was significant at par with T1 whereas, the minimum bulk density (1.24 cm-3) was 
recorded in T2 (100% FYM) in 2023. The combined effect of planting conditions and treatment (S×T) 
showed the non-significant effect on the bulk density. Similar trends were also found in pooled data 
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analysis.The combined data showed year wise and various interactions found to be non-significant 
effect on the bulk density of soil.  
Table 3: Effect of planting conditions and integrated nutrient management (INM) on the Bulk 
Density (g cm-3) of soil after harvesting of wheat under buel based agroforestry system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 1.29 1.36 1.33 1.30 1.33 1.32 1.30 1.35 1.32 
T2 1.21 1.28 1.25 1.23 1.25 1.24 1.22 1.27 1.24 
T3 1.24 1.31 1.27 1.25 1.28 1.27 1.25 1.29 1.27 
T4 1.25 1.32 1.28 1.26 1.29 1.28 1.26 1.30 1.28 
T5 1.22 1.29 1.25 1.23 1.26 1.24 1.22 1.27 1.25 
T6 1.25 1.32 1.29 1.27 1.31 1.29 1.26 1.32 1.29 
T7 1.28 1.35 1.31 1.29 1.32 1.30 1.28 1.33 1.31 
T8 1.33 1.40 1.37 1.35 1.37 1.36 1.34 1.38 1.36 

Mean 1.26 1.33 1.29 1.27 1.30 1.28 1.27 1.31  

CD0.05 

S 0.02 S 0.03 Y NS 
S 0.02 

T 0.4 T 0.07 
T 0.04 

Y×S NS 

S×T NS S×T NS 
Y×T NS 
S×T NS 

Y×S×T NS 
             
         Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
 
The two study years showed that the planting conditions and integrated nutrient management had a 
significant effect on the bulk density. Under open conditions, the bulk density of the soil registered 
greater values, while lower values were recorded under the shade of Grewia optiva trees, which can 
be attributed to the introduction of organic matter that results from the accumulation of leaf litter, 
twigs, and tree roots. The presence of a tree canopy facilitates the active addition of organic material 
to the soil, which plays a significant role in reducing bulk density and improving soil fertility and soil 
structure. The results of the present study are consistent with those of Lodh (2023), who observed 
that Grewia based agroforestry system had lower soil bulk density values than open conditions. 
Similarly, Dash (2020) verified a decrease in soil bulk density beneath Poplar, in contrast to the 
increased values reported in open condition. Ghosh et al. (2020) also documented similar findings, 
reported a lower soil bulk density beneath tree canopies than when crops were planted alone. The 
findings of the present study clearly showed that, in comparison to control conditions (no manure), the 
bulk density of the soil decreased under 100% FYM. The reduction in soil bulk density that has been 
seen in relation to organic manure can be attributed to the expansion of soil pores, improved soil 
aeration, and an increase in the amount of organic carbon present. Together, these elements support 
enhanced soil porosity and water-holding ability. As a result, adding organic matter (manure, compost 
and biochar) to the soil improves its structure and increases its porosity, which in turn lowers bulk 
density. Similar findings were also reported by Prasad et al. (2023); and Garima and Pant (2017), who 
found that higher bulk densities were recorded in open conditions without manure and lower bulk 
densities under integrated nutrient management and organic manure, respectively. In a similar vein, 
Bhatt et al. (2019) also reported that the addition of both inorganic and organic fertilizers resulted in a 
reduction in soil bulk density. 
Particle Density (g cm-3): In both years 2022 and 2023, open condition exhibited higher particle 
density as copmpared to under buel based agroforestry systems. The combined data showed year 
wise and various interactions found to be non-significant effect on the bulk density of soil. (Table 4). 
Among the organic and inorganic fertilizers doses, the maximum particle density (numerical data) was 
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observed in by T8 (control) whereas, the minimum particle density (numerical data) occurred in by T2 

(100% FYM) in both the years as well as pooled data analysis. Pooled data from both years revealed 
that among planting conditions, the maximum particle density of soil (2.62 g cm-3) was recorded in by 
S2 (open condition), while the lowest (2.56 g cm-3) occurred in by S1 (under Grewia optiva based 
agroforestry systems). Regarding various doses of integrated nutrient management (INM), the 
maximum (2.70 g cm-3) particle density of soil was observed in by T8 (control), whereas the minimum 
(2.50 g cm-3) was recorded in by T2 (100% FYM). The combined data showed year wise and various 
interactions found to be non-significant effect on the bulk density of soil. 
Table 4: Effect of planting conditions and integrated nutrient management (INM) on the Particle 
Density (g cm-3) of soil after harvesting of wheat under buel based agroforestry system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 2.65 2.70 2.68 2.60 2.68 2.64 2.62 2.69 2.66 
T2 2.51 2.54 2.53 2.43 2.50 2.46 2.47 2.52 2.50 
T3 2.52 2.59 2.56 2.44 2.51 2.47 2.48 2.55 2.51 
T4 2.57 2.61 2.59 2.48 2.53 2.51 2.53 2.57 2.55 
T5 2.59 2.64 2.62 2.52 2.58 2.55 2.56 2.61 2.58 
T6 2.61 2.67 2.64 2.54 2.61 2.57 2.57 2.64 2.60 
T7 2.60 2.69 2.65 2.55 2.63 2.59 2.58 2.66 2.62 
T8 2.69 2.76 2.72 2.64 2.73 2.69 2.66 2.74 2.70 

Mean 2.59 2.65 2.62 2.52 2.60 2.56 2.56 2.62  

CD0.05 

S 0.01 S 0.01 
Y 0.01 
S 0.01 

T 0.03 T 0.02 T 0.01  
Y×S NS 

S×T NS S×T NS 
Y×T NS 
S×T NS 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The data presented in Table 4 makes it clear that the highest soil particle density was recorded in sole 
cropping while, the lowest particle density was found beneath the trees. The difference in soil organic 
matter beneath a tree canopy enhances soil structure, probably because of the shade effect, which 
lowers evaporation losses. Since organic material inclusion lowers the density of the particles, as they 
are comparatively lighter than minerals. Furthermore, the presence of organic matter in trees 
increases microbial activity, which in turn creates solid soil aggregates with pore gaps that further 
reduce particle density. In addition, trees alter the hydrology of the soil by improving water absorption 
as well as retention through roots and leaf litter, which minimizes soil compaction. Dash (2020) found 
that Poplar trees had lower particle densities than sole turmeric farming. The present study results is 
also in line with the findings of Tandel et al. (2009), who also reported a decrease in particle density 
beneath trees when compared to sole cropping. Moreover, under Grewia optiva based agroforestry 
system, planting conditions together with nutrient management exerted a significant effect on the soil 
particle density.  
In general, 100% FYM treatment showed the lowest particle density, comparable to the 100% 
vermicompost treatment. On the other hand, when manure was not included or when the RDF was 
applied alone, the highest particle density was observed. Because compost and animal manure are 
high in organic matter, they improve the soil structure, which explains the decreased particle density 
after organic manure treatments. By acting as a binding agent, organic matter helps to create pore 
spaces between soil particles and stable soil aggregates. Researchers such as Kaur et al. (2008), 
and Abiven et al. (2008) also reported such phenomenon, which results in a drop in particle density 
under organic manure application. Comment [u27]: Shallowly explained 



 

 

Porosity (%): Persual of the data presented in Table 5 that planting condition, integrated fertilizer 
treatments and year recorded significant effects on soil porosity (%) after harvest of wheat. During the 
first year, second year and pooled data, it was reported higher in S1 (under Grewia optiva based 
agroforestry systems) as compared to S2 (open condition). Regarding the effect of fertilizer  
treatments, porosity was observed the highest in treatment T2 FYM (100 % N equivalence), whereas 
the lowest porosity of soil was observed in treatment T8 (control) in all the data sets. In the pooled 
data, year (Y), planting conditions (S), organic and inorganic fertilizer treatments (T) had registered 
non-significant effect on soil porosity. However, the interactions between year and planting conditions 
(Y×S), the maximum (49.52%) porosity were found in Y2S2 and minimum (47.55%) in Y2S1.  
Table 5: Effect of planting conditions and integrated nutrient management (INM) on Porosity 
(%) of soil after harvesting of wheat under buel based agroforestry system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 49.78 49.69 49.74 51.36 49.52 50.44 50.53 49.65 50.09 
T2 50.77 50.13 50.45 51.83 49.83 50.83 50.98 50.30 50.64 
T3 49.86 49.89 49.88 50.83 48.94 49.89 50.36 49.40 49.88 
T4 50.37 49.86 50.11 50.98 49.42 50.20 50.42 49.90 50.16 
T5 47.71 47.48 47.59 48.83 46.98 47.91 48.16 47.34 47.75 
T6 46.54 46.60 46.57 47.91 45.87 46.89 47.25 46.20 46.73 
T7 45.51 46.14 45.82 47.34 45.17 46.25 46.74 45.34 46.04 
T8 44.88 45.21 45.05 47.04 44.71 45.88 46.13 44.80 45.46 

Mean 48.18 48.12 48.15 49.52 47.55 48.54 48.82 47.87  

CD0.05 

S 0.84 S NS 
Y NS 
S NS 

T NS T NS T NS 
Y×S 1.42 

S×T NS S×T NS 
Y×T NS 
S×T NS 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The soil porosity data presented in Table 5 demonstrated significant effects under both integrated 
nutrient management and planting conditions. When it came to planting conditions, porosity was 
shown to be higher under a tree canopy and lowest in open conditions. The percentage of soil volume 
that remains unoccupied by solid materials is best described by the porosity of the soil. The increase 
in organic matter under trees may be the cause of the soil increased porosity because it increases the 
microbial population, which also improves the hydrophobicity of the minerals, which increases inter-
mineral cohesion and porosity. Tree roots also improve soil porosity by retaining and allowing more 
water to permeate the soil. The present results are also consistent with studies carried out by Sharma 
et al. (2015) and Tripathi et al. (2017), who both reported increased porosity under tree canopies 
relative to open conditions. 
Soil Moisture (%): The perusal of the data presented in Table 6 revealed that planting conditions 
and organic and inorganic fertilizers had a significant effect on the moisture (%) of soil after 
harvest of wheat. The combined effect of treatment and planting conditions showed significant 
effect on the soil moisture with the maximum (15.22%) moisture content was recorded by S1T2 

and minimum (12.56%) by S1T2. However, the effect of various interactions between year and 
planting conditions (Y×S), year and treatments (Y×T), planting conditions and treatments (S×T) and 
year, planting condition and treatments (Y×S×T) was found to be non-significant for soil moisture 
after harvest of wheat in pooled data set.In both the years and pooled data, soil moisture found to 
be higher in S1 (under Grewia optiva based agroforestry systems) as compared to S2 (open 
condition). Among different doses of organic fertilizers, the highest soil moisture (number) was 
recorded in by T2 (100% FYM) which was significan whereas, the lowest soil moisture (number) 
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was found in by T8 (control) in all the data set. The combined effect of treatment and planting 
conditions showed significant effect on the soil moisture with the maximum (15.22%) moisture 
content was recorded in by S1T2 and minimum (12.56%) in by S1T2. However, the effect of various 
interactions between year and planting conditions (Y×S), year and treatments (Y×T), planting 
conditions and treatments (S×T) and year, planting condition and treatments (Y×S×T) was found to be 
non-significant for soil moisture after harvest of wheat in pooled data set. 
If the interractions are significant better to stick on these values 
There is no discussion with some previous works 
Table 6: Effect of planting conditions and integrated nutrient management (INM) on the Soil 
Moisture (%) of soil after harvesting of wheat under buel based agroforestry system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 12.97 12.35 12.66 13.27 12.84 13.06 13.12 12.60 12.86 
T2 15.19 14.59 14.89 15.22 14.84 15.03 15.21 14.72 14.96 
T3 15.14 14.54 14.84 15.17 14.77 14.97 15.16 14.66 14.91 
T4 14.70 14.19 14.45 14.94 14.41 14.67 14.82 14.30 14.56 
T5 14.40 13.41 13.90 14.38 13.85 14.11 14.39 13.63 14.01 
T6 13.82 13.28 13.55 13.88 13.42 13.65 13.85 13.35 13.60 
T7 13.61 13.00 13.31 13.79 13.28 13.53 13.70 13.14 13.42 
T8 12.46 12.26 12.36 12.73 12.56 12.65 12.60 12.41 12.50 

Mean 14.04 13.45 13.74 14.17 13.75 13.96 14.11 13.60  

CD0.05 

S 0.18 S 0.05 
Y 0.09 
S 0.09 

T 0.36 T 0.10 T 0.18 
Y×S NS 

S×T NS S×T 0.14 
Y×T NS 
S×T NS 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The average data presented in Table 6 from the two years revealed that the planting conditions and 
integrated nutrient management had possessed a significant influence on the soil moisture content 
following crop harvest. In comparison to open conditions, Grewia optiva tree canopy showed the 
maximum soil moisture among planting conditions. The decrease in evapotranspiration via the tree 
canopy may also be a cause of this rise in moisture levels in tree-based systems. In addition, the 
organic matter that trees give to the soil through the decomposition of their leaves improves the 
moisture content and soil structure. Kumar et al. (2023) also noted that the moisture content beneath 
Grewia optiva trees was higher than when bhringraj was grown alone. Similar to this, Sarto et al. 
(2022) also verified that there is more moisture beneath the tree canopy than in the open.  
 
Similarly, The data related to the various integrated nutrient treatments showed that T2 (100% FYM) 
had the maximum soil moisture content, while T8 (control) had the lowest. This could be due to 
inclusion of organic manure, which has an elevated water retention capacity and can be composted or 
well-rotted animal dung. The breakdown of organic manures creates a layer of mulch that protects the 
soil surface. Further, it lowers soil exposure to direct sunlight and reduces the direct influence that 
wind has on soil surface, this mulch acts as a barrier to reduce evaporative losses. The current results 
align with research conducted by Kumar et al. (2023); Jagadeeshwari and Kumaraswamy (2000), all 
of which saw increased moisture content in their studies when used organic manures or integrated 
nutrition management, in comparison to control. 
Chemical properties of soil in Wheat+Buel based agroforestry system after harvesting of 
Wheat  
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The analyzed result of physical soil parameters viz., viz., pH, EC (dS m-1), OC (%) and available 
N, P, & and K (kg ha-1) has beenwere presented and discussed in the following way: 
Soil pH: The content of the data presented in Table 7 revealed that during both the years and pooled 
data, both planting conditions and integrated nutrient management (INM) showed significant effect on 
soil pH after harvest of wheat. The soil pH was recorded higher in S1 (under Grewia optiva based 
agroforestry systems) as compared to S2 (open condition) in all the data sets. Among organic and 
inorganic fertilizers, the maximum soil pH was recorded in T8 (control) which whereas, the minimum soil 
pH was recorded in T2 (100% FYM) in both the years as well as pooled data. The combined effect 
planting conditions and treatment (S×T) registered non-significant effect on the soil pH. 
Table 7: Effect of planting conditions and integrated nutrient management (INM) on the soil pH 
after harvesting of wheat under buel based agroforestry system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 6.99 7.06 7.03 6.84 6.94 6.89 6.91 7.00 6.96 
T2 6.45 6.64 6.54 6.39 6.58 6.49 6.42 6.61 6.51 
T3 6.53 6.76 6.64 6.50 6.70 6.60 6.51 6.73 6.62 
T4 6.63 6.81 6.72 6.54 6.76 6.65 6.58 6.79 6.69 
T5 6.73 6.89 6.81 6.65 6.83 6.74 6.69 6.86 6.77 
T6 6.79 6.92 6.85 6.68 6.87 6.78 6.74 6.89 6.82 
T7 6.82 6.99 6.91 6.75 6.93 6.84 6.78 6.96 6.87 
T8 7.06 7.21 7.13 6.93 7.15 7.04 6.99 7.18 7.09 

Mean 6.75 6.91 6.83 6.66 6.85 6.75 6.70 6.88  

CD0.05 

S 0.05 S 0.03 
Y 0.03 
S 0.03 

T 0.10 T 0.06 T 0.06 
Y×S NS 

S×T NS S×T NS 
Y×T NS 
S×T NS 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The results of the data presented in Table 7 shows that, during study years, planting conditions and 
nutrient management have a significant effect on the pH of the soil. In comparison to open conditions, 
there was decrease in pH under agroforestry conditions. There are several reasons for lower pH of 
the soil beneath tree canopies. This effect is exacerbated by the yearly deposition of leaf litter, which 
breaks down and emits carbon dioxide (CO2) and organic acids that lower pH levels in the soil. The 
metabolic activities of tree roots also emit organic acids, which adds to the acidity of the soil under 
tree canopy results of the current study were also similar to the Dash (2020) who reported lowest 
values of soil pH under Poplar based agroforestry system as compare to sole cropping of turmeric.  
 
Conversely, distinct nutrient management strategies also have a significant effect on soil pH. The 
control had the highest pH, whereas the 100% FYM treatment showed lowest pH values, which were 
identical to the pH levels in 100% vermicompost treatment. The organic treatments have caused a 
decrease in soil pH, which can be ascribed to the acidifying effect of organic acids produced during 
the breakdown of organic supplements. The intricate relationships between organic additions, 
microbial activity, and soil pH variations are highlighted by this dual influence. These results are 
consistent with studies by Mehta (2023) who found that the control plot with no manure had the 
greatest pH and that the lowest pH was observed with 100% goat dung, which was comparable to the 
values of pH in the 100% FYM treatment. Additional evidence for these findings comes from study of 
Ghosh et al. (2020) who observed that the application of organic manures produced an ideal pH in 
comparison to control. 
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EC soil (dS m-1): The critical examinations of the data presented in the Table 8 revealed that both 
planting conditions and integrated nutrient management (INM) showed a significant effect on the EC 
of soil after harvest of wheat. The soil EC was recorded higher (number) in by S1 (under Grewia 
optiva based agroforestry systems) as compared to S2 (open condition) in all the data sets. Among 
different doses of organic and inorganic fertilizers, the maximum soil EC (number) was recorded 
inby T2 (100% FYM) whereas, the minimum soil EC was recorded  inby T8 (control) in all the data sets. 
The combined effect of planting conditions and treatments was found maximum (numerical value) 
in S1T2 and minimum (number) in S1T8 during both years as well as pooled data. Moreover, the 
interaction effect of year and planting conditions (Y×S) had also registered significant effect on soil EC 
with maximum (0.228 dS/m) soil EC was recorded in by Y1S1 and minimum (0.107 dS/m) soil EC was 
recorded in by Y2S2 in pooled data set. 
Table 8: Effect of planting conditions and integrated nutrient management (INM) on the 
electrical Conductivity (dS m-1) of soil after harvesting of wheat under buel based agroforestry 
system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 0.135 0.097 0.116 0.090 0.077 0.084 0.113 0.087 0.100 
T2 0.351 0.251 0.301 0.306 0.228 0.267 0.328 0.239 0.284 
T3 0.203 0.095 0.149 0.158 0.075 0.117 0.181 0.085 0.133 
T4 0.233 0.101 0.167 0.188 0.081 0.135 0.211 0.091 0.151 
T5 0.237 0.123 0.180 0.192 0.103 0.148 0.215 0.113 0.164 
T6 0.255 0.128 0.192 0.210 0.108 0.159 0.233 0.118 0.175 
T7 0.284 0.131 0.208 0.239 0.111 0.175 0.262 0.121 0.191 
T8 0.125 0.085 0.105 0.087 0.074 0.080 0.106 0.079 0.093 

Mean 0.228 0.126 0.177 0.184 0.107 0.145 0.206 0.117  

CD0.05 

S 0.003 S 0.003 Y 0.002 
S 0.002 

T 0.007 T 0.007 
T 0.005 

Y×S 0.003 

S×T 0.010 S×T 0.010 
Y×T NS 
S×T 0.007 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The critical examination of data presented in Table 8 depicts that planting conditions and integrated 
nutrient management were the significant factors in determining the soil electrical conductivity in both 
years. Regarding planting conditions, Grewia optiva based agroforestry system produced the highest 
electrical conductivity whereas, open conditions displayed the lowest. When compared to a single 
crop, higher electrical conductivity in agroforestry system may be caused by the buildup and 
breakdown of leaf litter, which improves the soil basic salt concentration. The breakdown of organic 
matter releases ions, including salts, into the soil solution, which increases EC. Tree canopies can 
also intercept and concentrate rainfall, which results in higher concentrations of salts in the soil 
surrounding the tree base. These findings are supported by Kumar et al. (2023) who reported 
significantly higher electrical conductivity under Grewia optiva trees compared to open conditions. The 
findings of Kar et al. (2019) and Tripathi et al. (2017) who all showed higher EC content under trees 
compared to open condition, also corroborate with the present results. As a result, of the fertilizer 
treatments, T2 (100 % FYM) showed the highest electrical conductivity, while T8 (no manure) 
exhibited the lowest. The application of nutrient sources was found to boost electrical conductivity, 
with organic manure registering the highest values among the nutrient sources studied in this study. 
The presence of soluble ions like potassium (K+), sodium (Na+), calcium (Ca2+), and magnesium 
(Mg2+) in FYM may be the cause of high EC under FYM. Secondly, FYM decomposes in the soil into 
simpler forms throughout the decomposition process, releasing ions into the soil solution and raising 



 

 

the EC. As compared to alternative nutrient sources, the application of 100% FYM produced 
maximum electrical conductivity, which is consistent with the findings of several other researchers. 
Likewise, Lodh (2023) who found that the highest electrical conductivity is obtained when 100% 
vermicompost is used in conjunction with 100% FYM. The findings is supported by Kaushal et al. 
(2016) who found that applying organic manure raises the electrical conductivity (EC) of the soil. 
Organic Carbon (%): Data presented in Table 9 the effect of planting conditions and integrated nutrient 
management (INM) on organic carbon (%) of soil after harvest of wheat. During both the years as well 
as pooled data, organic carbon was recorded higher in by S1 (under Grewia optiva based agroforestry 
systems) as compared to S2 (open condition). Among different doses of organic and inorganic 
fertilizers, treatment T2 (100% FYM) resulted the maximum organic carbon whereas, the minimum was 
recorded in T8 (control) in all the data sets. The combined effect of planting conditions and treatment 
(S×T) showed significant effect on organic carbon of soil with maximum S1T2 and minimum S2T8 during 
second year as well as in pooled data anlysis.  
Table 9: Effect of planting conditions and integrated nutrient management (INM) on the organic 
carbon (%) of soil after harvesting of wheat under buel based agroforestry system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 1.41 1.35 1.38 1.46 1.39 1.43 1.43 1.37 1.40 
T2 1.52 1.48 1.50 1.55 1.53 1.54 1.53 1.50 1.52 
T3 1.51 1.46 1.49 1.53 1.51 1.52 1.52 1.48 1.50 
T4 1.49 1.43 1.46 1.52 1.47 1.50 1.51 1.45 1.48 
T5 1.44 1.39 1.41 1.51 1.41 1.46 1.47 1.40 1.44 
T6 1.40 1.36 1.38 1.47 1.38 1.43 1.44 1.37 1.40 
T7 1.42 1.35 1.38 1.47 1.39 1.43 1.44 1.37 1.41 
T8 1.35 1.31 1.33 1.42 1.33 1.38 1.38 1.32 1.35 

Mean 1.44 1.39 1.42 1.49 1.43 1.46 1.47 1.41  

CD0.05 

S 0.01 S 0.01 Y 0.007 
S 0.007 

T 0.02 T 0.02 T 0.015 
Y×S NS 

S×T NS S×T 0.02 
Y×T NS 
S×T 0.02 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The results of the present study presented in Table 9 shows that planting conditions as well as 
nutrient management had a significant effect on the organic carbon content of soil. The results 
unequivocally showed that, in contrast to single cropping, the maximum organic carbon was found 
beneath Grewia optiva trees during planting conditions. The reduced oxidation of organic material in 
the vicinity of tree shade, the regular contribution of annual litter and the recycling of biomass and root 
exudates are all responsible for the improved level of organic carbon under the tree canopy. 
Furthermore, lignified cells can be found in the roots, bark and litter of trees, among other plant parts. 
Kar et al. (2019) showed that, in comparison to garden pea sole cropping, the Grewia optiva based 
agroforestry system had higher quantities of organic carbon. The results are also in conformity with 
the findings of Zahoor et al. (2021), and Garima and Pant (2017), who found that agroforestry 
systems had increased soil organic carbon content than open conditions. Talking of different fertilizer 
applications, an advantageous sequestration of soil organic carbon can be attributed to the 
collaborative relationships among soil organic carbon, boosted microbial life and the enzymes 
involved in carbon cycling, which resulted in a higher organic carbon content noticed during the 
organic manure application. In addition, adding organic manure promotes soil health and highlights 
other advantages too of using organic manure for effective carbon sequestration and long-term soil 
management. These results are consistent with the study conducted by Mehta (2023), which found 
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that 100% goat manure had maximum soil organic carbon content (0.81%) than control plots (0.51%). 
Moreover, Garima and Pant (2017) found that 100% FYM had more soil organic carbon (15.18 g kg-1) 
than the control (13.80 g kg-1). Tripathi et al. (2017) observed greater organic carbon content under 
the organic manures as compared to inorganic and control. 
Available Nitrogen (kg/ha):  Appraisal Result of the data presented in Table 10 reflects reflected that 
both planting conditions and integrated nutrient management (INM) showed significant effect on the 
available nitrogen (kg/ha) of soil after harvest of wheat crop in Rabi Season.In all he years, the 
maximum available nitrogen was recorded higher in by S1 as compared to S2 (open condition). 
Among different doses of organic and inorganic fertilizers, the maximum available nitrogen was 
recorded in T2 (100% FYM) whereas, the minimum (269.33 kg/ha) was recorded in by T8 (control). 
However, the interaction effect of year and systems (Y×S), year and treatments (Y×T), system and 
treatment (S×T) and year, system and treatment (Y×S×T) should non-significant effect on the 
available nitrogen content on the soil in pooled analysis. 
Table 10: Effect of planting conditions and integrated nutrient management (INM) on the 
available nitrogen (kg/ha) of soil after harvesting of wheat under buel based agroforestry 
system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 305.25 280.37 292.81 320.40 289.93 305.17 312.83 285.15 298.99 
T2 370.86 348.88 359.87 382.01 361.08 371.55 376.44 354.98 365.71 
T3 360.86 343.35 352.11 371.15 353.71 362.43 366.01 348.53 357.27 
T4 356.28 340.38 348.33 367.43 349.70 358.56 361.86 345.04 353.45 
T5 347.92 334.88 341.40 358.81 345.63 352.22 353.37 340.25 346.81 
T6 339.38 327.57 333.47 350.27 337.14 343.70 344.83 332.35 338.59 
T7 335.28 318.82 327.05 347.02 329.03 338.03 341.15 323.93 332.54 
T8 278.03 260.64 269.33 289.77 271.96 280.86 283.90 266.30 275.10 

Mean 336.74 319.36 328.05 348.36 329.77 339.07 342.55 324.57  

CD0.05 

S 3.47 S 3.47 Y 2.36 
S 2.36 

T 6.95 T 6.95 T 4.73 
Y×S NS 

S×T NS S×T NS 
Y×T NS 
S×T NS 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The data presented in Table 10 shows the amount of available nitrogen in the soil. The results 
revealed that planting conditions and fertilizer application had a significant effect on the soil nitrogen 
content in both years. The data showed that, the agroforestry system comprised of Grewia optiva 
trees accumulates the highest content of available nitrogen than the open condition (sole cropping of 
field crops). Nitrogen directly influences metabolic processes that impact crop production and yield. 
Many processes, including quick decomposition of litter, reduction of nitrogen loss via the canopy, 
enhanced microclimate that reduces leaching and moderate rainfall intensity and regular nitrogen 
cycling, are responsible for the high nitrogen content underneath the tree crown. Additionally, the 
direct relationship between the amount of nitrogen in the soil and the organic carbon in the soil implies 
that higher levels of organic carbon in the soil lead to higher levels of nitrogen, highlighting the 
interrelated dynamics that affect the availability of nutrients in the soil. Kar et al. (2018) also found the 
higher (253.48 kg ha-1) content under Grewia optiva based agroforestry systems as compared to sole 
cropping. Similarly, Singh et al. (2018) and Bisht et al. (2017), reported the highest available nitrogen 
in agroforestry system as that of sole cropping systems. The available nitrogen concentration under 
organic manures (100 % FYM/Vermicompost/Goat manure) was higher than under other nutrient 
treatments. This could be because applying FYM supplies the earth with organic matter, starts a 



 

 

microbial-mediated breakdown process. This helps in humus formation, which acts as a reservoir for 
nutrients, especially nitrogen. Furthermore, the organic matter found in FYM is essential for reducing 
nitrogen loss through volatilization and leaching, improves the overall effectiveness of nitrogen uptake 
by plants. In contrast, nitrogen is released from inorganic fertilizers quickly, which causes losses from 
the system due to denitrification and conversion processes. Consequently, there is less nitrogen 
available in the soil. According to Kumar et al. (2023), organic manure exhibited the highest levels of 
soil accessible nitrogen compared to the control and chemical fertilizers used alone. The current 
findings are also consistent with the research conducted by Ghosh et al. (2020) who found that 
organic manures raised the nitrogen level than the control (no manure) plot. 
Available Phosphorus (kg/ha): The data regarding the effect of planting conditions and integrated 
nutrient management (INM) on available phosphorus (kg/ha) of soil after harvest under Grewia 
optiva based agroforestry system had been recorded and presented in Table 11. The available 
phosphorus was recorded higher in S1 (under Grewia optiva based agroforestry systems) as 
compared to S2 (open condition). Among different doses of organic and inorganic fertilizers, the 
maximum the available phosphorus was recorded in by T2 (100% FYM) whereas, the minimum was 
recorded in by T8 (control) in all the years. In general, maximum (44.94 kg/ha) available phosphorus 
was recorded in the year 2023 in comparison to the year 2022 (41.60 kg/ha). The combined effect of 
planting conditions and treatment (S×T) showed significant effect on the available phosphorus in soil 
with the maximum (49.66 kg/ha) in by S1T2 and minimum (30.30 kg/ha) in by S2T8 in pooled data 
analysis.  
Table 11: Effect of planting conditions and integrated nutrient management (INM) on the 
available phosphorus (kg/ha) of soil after harvesting of wheat under buel based agroforestry 
system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 35.39 31.18 33.29 38.82 34.46 36.64 37.10 32.82 34.96 
T2 48.29 41.91 45.10 51.02 45.36 48.19 49.66 43.64 46.65 
T3 47.08 38.86 42.97 50.50 42.14 46.32 48.79 40.50 44.64 
T4 46.13 38.95 42.54 49.35 42.23 45.79 47.74 40.59 44.16 
T5 44.12 37.01 40.57 47.55 40.29 43.92 45.83 38.65 42.24 
T6 40.31 32.52 36.42 43.74 37.01 40.37 42.03 34.76 38.40 
T7 38.43 31.86 35.15 42.31 35.14 38.73 40.37 33.50 36.94 
T8 33.03 27.87 30.45 36.24 32.72 34.48 34.64 30.30 32.47 

Mean 41.60 35.02 38.31 44.94 38.67 41.80 43.27 36.84  

CD0.05 

S 0.64 S 0.77 
Y 0.50 
S 0.50 

T 1.28 T 1.55 T 1.00 
Y×S NS 

S×T NS S×T NS 
Y×T NS 
S×T 1.41 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The data presented in Table 11 reflects the planting conditions and integrated nutrient management 
produced a significant effect on the available phosphorus content in the soil. It has been noted that 
agroforestry systems based on Grewia optiva produced a higher content of accessible phosphorus 
than the open conditions. The combination of organic matter decomposition, mycorrhizal associations, 
effective nutrient cycling, decreased erosion and accumulation of organic matter in agroforestry 
systems jointly supports a rise in phosphorus levels in the soil, supporting plant growth and overall 
soil fertility. This may be the cause of the increase in phosphorus content under agroforestry. 
Furthermore, when organic compounds break down in the soil, organic acids are released. These 
acids reduce metal ions, chelate with phosphates to form complexes and compete with them for 
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exchange sites, all of which contribute to the enhanced release of phosphorus. The results of this 
study are also aligned with previous research conducted by Kar et al. (2018) which showed the 
superiority of agroforestry systems for achieving the ideal phosphorus content. In the present 
investigation, with respect to different doses of organic and inorganic manures, T2 (100% FYM) had 
the maximum content of significant effect on phosphorus while, T8 (no manure) had the minimum 
available phosphorus. The results of this study unambiguously demonstrated that the application of 
organic manure treatments caused the available soil phosphorus concentration to peak. This may be 
supported due to increase in organic acids that occurs during the breakdown of organic manures, 
which promotes the proliferation of bacteria and fungi, hence augmenting the soil nutrient availability 
environment. These results are in harmony the finding of Kumar et al. (2023), Garima et al. (2021) 
and Ghosh et al. (2020 who stated that maximum amount of accessible soil phosphorus content was 
observed under organic manures as opposed to the control (no manure). 
Available Potassium (kg/ha): The perusal result of the data regarding the effect of planting 
conditions and integrated nutrient management (INM) on the available potassium (kg/ha) of soil after 
the harvest of wheat under the Grewia optiva based agroforestry system had been recorded and 
presented in Table 12. During both the years, the available potassium was recorded higher in by S1 
(under Grewia optiva based agroforestry systems) as compared to S2 (open condition). Moreover, 
among different doses of organic and inorganic fertilizers the maximum (value) available potassium 
was recorded in by T2 (100% FYM) whereas, the minimum (value) was recorded in by T8 (control) in 
all the data sets. In general, the maximum (289.94 kg/ha) available potassium was recorded in the 
year 2023 in comparison to the year 2022 (281.06 kg/ha). The combined effect of year and planting 
conditions (Y×S) showed significant effect on the available phosphorus in soil which maximum 
(297.18 kg/ha) Y2S1 while the minimum (275.84 kg/ha) in Y1S2 in pooled data analysis.  
Table 12: Effect of planting conditions and integrated nutrient management (INM) on the 
available Potassium (kg/ha) of soil after harvesting of wheat under buel based agroforestry 
system 

Systems (S) 
 

Treatments (T) 

1st Year  
(2022) 

2nd Year  
(2023) Pooled 

S1 S2 Mean S1 S2 Mean S1 S2 Mean 
T1 272.39 262.55 267.47 283.54 268.57 276.06 277.97 265.56 271.76 
T2 303.79 290.55 297.17 315.28 299.21 307.24 309.53 294.88 302.21 
T3 298.74 287.27 293.01 309.34 294.09 301.72 304.04 290.68 297.36 
T4 294.75 284.42 289.58 305.90 290.20 298.05 300.32 287.31 293.81 
T5 289.04 280.61 284.83 299.93 287.82 293.88 294.49 284.22 289.35 
T6 283.06 273.36 278.21 293.45 279.39 286.42 288.26 276.37 282.31 
T7 281.43 271.51 276.47 293.17 278.18 285.68 287.30 274.85 281.07 
T8 267.00 256.44 261.72 276.80 264.22 270.51 271.90 260.33 266.12 

Mean 286.28 275.84 281.06 297.18 282.71 289.94 291.73 279.27  

CD0.05 

S 2.29 S 2.44 Y 1.62 
S 1.62 

T 4.59 T 4.89 T 3.24 
Y×S 2.29 

S×T NS S×T NS 
Y×T NS 
S×T NS 

Y×S×T NS 
Note: S1: under Grewia optiva based agroforestry system and S2: Open conditions 
The conjecture of the data presented in Tables 12 reveals that the soil potassium was significantly 
influenced by the planting condition and fertilizer sources. The increased potassium concentration 
beneath tree canopy can be attributed to the high mineralization, addition of leaf litter, which raises 
the potassium levels in the soil under the tree cover (Garima et al., 2021). Potassium influences the 
efficiency of photosynthesis, modifies the activity of enzymes, and maintains the skeletal strength of 
plant membranes. Moreover, potassium optimization is essential for improving osmotic potential of 
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plants and guarantees general resistance and flexibility to changes in the environment (Erel et al. 
2015). Thakur (2023) also reported higher potassium content under agroforestry than the sole 
cropping system. However, among different manures and fertilizers, the available soil potassium was 
exhibited maximum under pure organic treatments i.e. 100 % FYM which was at par with 
vermicompost and goat manure, while the minimum was recorded in control. The increased 
potassium content in soils treated with organic manures, especially FYM, can be attributed to several 
factors. The application of organic manures leads to an increased release of potassium through the 
gradual decomposition of organic matter. This process is further augmented by the formation of 
humus, improved microbial activity and the enhanced cation exchange capacity of the soil, collectively 
contributing to the sharp availability of potassium in the soil. Similar study was also conducted by 
Ghosh et al., (2020) also reported that integration of organic and inorganic manures increases the 
potassium content of the soil as compared to RDF alone. The findings of the present study are also 
consistent with Kumar et al. (2023) and Dash (2020) who all substantiated that potassium content 
tended to be high in the organic manures compared to control. 

CONCLUSION 

From the present study, it is concluded that the physical as well as chemical properties of soil were 
improved under buel based agroforestry systems as compared to open conditions when wheat crop 
grown. The combined data from both years showed that agroforestry systems effectively enhanced 
soil conditions by reducing bulk density, particle density and pH along with increasing porosity, soil 
moisture, electrical conductivity, organic carbon, available nitrogen, available phosphorus and 
available potassium. Under integrated nutrient management, the use of organic and inorganic 
manures possesses a significant effect on all the physical and chemical properties of the soil. In 
fertilizer treatments, the application of 100 % FYM led to significant improvement in soil physical and 
chemical properties with decreased bulk density, particle density and pH, together with increased 
porosity, soil moisture EC, organic carbon, available nitrogen, available phosphorus and available 
potassium. Moreover, all the soil parameters were improved in the second year as compared to first 
year. 
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