


Effect of nutrients on growth and soil fertility status in Acacia auriculiformis  based silvipastoral system

[bookmark: _GoBack]ABSTRACT
A study conducted at the experimental site of the All India Co-ordinated Research Project on Agroforestry at Odisha University of Agriculture and Technology in Bhubaneswar, India, examined the effect of nutrients on growth and soil fertility status in Acacia  auriculiformis  based silvipastoral system. In the study, the combination of Acacia auriculiformis with Guinea grass achieved the highest plant growth metrics plant height (14.59m), DBH (16.56cm), collar girth (52.03cm), and crown spread (3.30m) at 90 MAP (Months After Planting). The subplot N1 showed the greatest values for these characteristics among subplots. The highest levels of organic carbon, available nitrogen, phosphorus and potassium were observed in the main plot with Acacia auriculiformis and Guinea grass, as well as in subplot N1. The soil texture was classified as loamy sand, with Thin Napier displaying the highest bulk density at 1.39, while subplot N1 recorded 1.38. Maximum porosity was noted in the main plot with Nandi grass (46.6%) and subplot N4 (47.2%). Chlorophyll content across all grasses peaked in August due to rainfall, with Guinea grass leading, followed by Thin Napier and Nandi grass. Subplot N1 showed the highest chlorophyll content among subplots, followed by N2, N3, and N4. Solar radiation interception mirrored chlorophyll trends, with the highest readings recorded in June. Soil moisture compared to open field, was highest in July, with the main plot Guinea grass recording 1.98% and subplot N1 maintaining the maximum soil moisture among subplots at 1.42%.Among the main plots the highest figures of soil organic carbon were exhibited from main plot Acacia auriculiformis + Guinea grass ( 10.85 Mg ha-1) and sub plot N1 ( 8.69 Mg ha-1).The analysis revealed that the silvipastoral system combining Acacia auriculiformis and Guinea grass, supplemented with appropriate fertilizer doses, was the most productive in terms of growth and soil fertility among the systems studied.
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1. INTRODUCTION
Agroforestry is a land use system that combines tree crops with agricultural crops in economically desirable and ecologically sustainable way. It also plays a crucial role in increasing farm productivity, mitigating climate change, sequestrating carbon, and conservation of biodiversity by providing habitat to birds and other insects, phytoremediation of heavy metals, water conservation, improvement in quality of soil by addition of plant litter (Pantera et al., 2021). Agroforestry systems (AFS) are now acknowledged for their role in carbon sequestration, qualifying them as viable activities under initiatives like afforestation and reforestation endorsed by the United Nations Framework Convention on Climate Change (UNFCCC). Agroecosystems play a vital role in the global C cycle and contain approx 12% of the world terrestrial C (Dixon et al.,1994).while numerous reports and estimates on carbon sequestration in AFS exist, they often lack rigorous scientific backing. Nevertheless, there's growing pressure from development agencies and policymakers to provide informed estimates on soil carbon sequestration potential in AFS (Nair et al., 2009). 
Silvipastoral system is specially designed to optimise the use of time, space and physical resources, by maximizing positive interactions (facilitaion) and minimizing negative interactions (competition and allelopathy) among the components. The trees are either scattered individually or planted in rows or groups, depending on the specific objectives of the system and the characteristics of the landscape. (Palsaniya et al., 2011). Silvopastoral systems promote sustainable land use by harnessing the complementary interactions between trees, forage, and livestock. By optimizing resource use and enhancing ecosystem functions, these systems can contribute to long-term agricultural productivity while preserving natural resources and biodiversity. (Nair., 1993).The presence of trees, in contrast to pasture, resulted in higher levels of topsoil carbon (C), nitrogen (N), and phosphorus (P). In the subsoil, carbon content also increased due to the presence of trees. Soil fractionation revealed that the greater litter input from trees boosted both free and occluded organic matter fractions, which eventually contributed to an increase in stabilized soil organic matter (SOM) fractions. Consequently, trees were shown to improve soil carbon sequestration within these silvopastoral systems. Trees enhance soil carbon sequestration and nutrient cycling in a silvopastoral system in south-western Nicaragua (Hoosbeek et al., 2018). 
Acacia auriculiformis, commonly known as earleaf, acacia, auri, or northern black wattle, is a fast-growing tree native to Australia, Papua New Guinea, and Indonesia. Acacias are robust, wide ranging plants frequently adapted to harsh environments.The tree typically grows up to 15-30 meters tall, with a spreading canopy. The leaves are bipinnate, with small leaflets arranged in pairs along the stem. The bark is dark gray to blackish and deeply furrowed (Starr et al., 2003). Acacia auriculiformis plays a significant role in soil improvement and erosion control due to its nitrogen-fixing properties. The main advantage associated with of this genus is its fast biological N2 fixating ability to establish on Nitrogen deficient and drought- prone soils. Acacia auriculiformis forms root nodules with Rhizobia naturally (Li et al., 2024). A. auriculiformis is considered a promiscuous host due to its ability to nodulate effectively with various strains of Bradyrhizobium spp. (Galiana et al., 1990). 
Guinea grass (Panicum maximum) is highly valued for its forage quality, providing excellent grazing material for livestock such as cattle, sheep, and goats. It is also used to produce hay and silage, offering a vital feed resource during dry periods. Cultivation typically involves seed propagation, though it can also be established from cuttings or root divisions. Effective management practices include rotational grazing to prevent overgrazing, maintaining soil fertility through appropriate fertilization, and managing pests and diseases. (Grof et al., 1970). 
Setaria sphacelata, commonly known as Golden Timothy or Nandi grass or African bristle grass, is a perennial grass species valued for its use in pasture and fodder production. Golden Timothy is renowned for its high palatability and nutritional value, making it an excellent forage grass for livestock such as cattle, sheep, and goats. It is also used for hay production, providing a valuable feed resource during dry seasons. Furthermore, its robust growth and dense foliage make it effective for soil conservation and erosion control (Hacker et al., 2004). 
Pennisetum purpureum, also known as Napier grass or Elephant grass, is a perennial species highly esteemed for its role in pasture and fodder production. Renowned for its forage quality, Napier grass offers high palatability and nutritional value, making it an excellent feed for livestock such as cattle, sheep, and goats. It is also utilized to produce silage, ensuring a vital feed resource during dry periods. Additionally, its rapid growth and extensive root system contribute to soil conservation and erosion control. Effective management practices include rotational grazing to prevent overgrazing, regular fertilization to maintain soil fertility, and control of pests and diseases to ensure optimal productivity (Woodard and Prine 1991). 
2. MATERIAL AND METHODS
2.1 Site and climate
The current research study was executed at the Agroforestry Research Station, of All India Coordinated Research Project on Agroforestry, Odisha University of Agriculture and Technology, Bhubaneswar during July 2023 to September 2024. The soil is chiefly red lateritic, that has loamy sand to sandy loam texture. The mean maximum and minimum temperatures through the trial period were noted  27.40C to 39.60C and 16.10C to 26.90C, respectively. The mean minimum and maximum relative humidity in Bhubaneswar were found to be in the range of 42 to 93% from July 2023 to June 2024. About mid-June, the monsoon sets in and recedes by mid-October. The  average rainfall received by the research station was 138.93mm.
2.2 Growth and yield parameters 
Tree growth, carbon stock, soil fertility, economics of silvipastoral system were determined by standard methods. Tree height, DBH, girth, and crown spread were measured at 78 MAP and 92 MAP. Solar radiation interception of different grasses under canopy of tree was measured by was recorded by digital lux meter and expressed as percentage of open field condition during different months. Chlorophyll content of different grasses (%) under canopy of trees in silvipastoral system was   calculated by Chlorophyll Meter SPAD and expressed as percentage of open field condition during different months. Soil moisture content (%) as of open field were calculated for different month. Soil physical properties like pH, EC, organic carbon, available nitrogen, available phosphrous and available potash by standard methods.
2.2 Experimental design
Split Plot Design were selected, having number of treatment three and each treatment is having four different nutrients levels N1, N2, N3 and N4 were selected. There are three grasses that incorporated with Acacia auriculiformis in a silvipastoral system. The experimental field was of 30m × 12m, having three replication of grasses Guinea grass, Nandi grass and Thin Napier grass. Each replication were divided into four sub plots or different fertilizer doses, N1:100: 50: 50(Kg/ha) , N2:80: 40: 40(Kg/ha), N3:60: 30: 30 (Kg/ha) and N4: 0:  0:  0(Kg/ha). The Treatment plots size were 30m × 3m, trees were planted in 2017 and planting of grass species were done in July, 2024. All the management techniques necessary for better management of intercrops were adopted.
2.3 Statistical analysis
	Multiple experiment data sets are statistically analyzed using the mandatory "Analysis of Variance" process. The 'F' test (Variance ratio) was utilized to assess the treatment effect's size. Using a 5% likelihood range, Critical Difference (C.D.) was used to assess the mean treatment differential (Gomez and Gomez, 1976). There is no significant difference between the treatment means unless the treatment difference is bigger than or equal to the critical difference. When it was discovered that the variance ratio (F test) was significant, the standard mean error (S. Em ±) and CD were determined for additional comparison.



3. Results and Discussion 
The tree growth is greatly affected by grasses species as well as fertiliser doses. The maximum tree height, DBH, crown spread and girth (at 78 MAP and 92 MAP) were found in main plot Guinea grass + A. auriculiformis followed by Thin Napier and Nandi grass. Among sub plots higher figures of above mentioned parameter were shown by Sub plot N1, then followed by N2, N3 and minimum in N4 (table 1).  The mean solar radiation interception under canopy of Acacia auriculiformis in silvipastoral system (X100, LUX 200,000) was highest Guinea grass in followed by Napier grass and lowest in Nandi grass during June and this trend was continued in September. In same way sub plot N1 showed maximum solar interception rate, followed by N2, then N3 and minimum in sub plot N4 (Table 2). Interaction of solar radiation interception is found significant among the system.From June to September, Chlorophyll content were observed highest in Guinea grass followed by Napier grass and lowest in Nandi grass. Similar trends were followed by sub plots, highest chlorophyll content observed in N1, followed by N2 then N3 and minimum in N4. Maximum chlorophyll content was observe in month of August as a result of good monsoon. Solitary grasses were observed to have a greater chlorophyll content than the system, nevertheless, in November, when the system was subjected to open field conditions, the chlorophyll content was higher in the system, possibly as a result of improved soil moisture availability in the system (Fig. 1).There was a significant interaction effect between the two factors.

Table 1:  Growth of trees in silvipastoral system
	Treatment
	Plant Height (m)
	D.B. H.(cm)
	Collar Girth (cm)
	Crown spread (m)

	
	78 MAP
	90 MAP
	78 MAP
	90 MAP
	78 MAP
	90 MAP
	78 MAP
	90 MAP

	Main Plot

	Guinea
	13.04
	14.59
	16.30
	16.56
	51.18
	52.03
	3.26
	3.30

	Nandi grass
	10.04
	11.24
	13.88
	13.97
	43.58
	43.87
	2.51
	2.57

	Thin Napier 
	10.56
	11.81
	14.66
	14.92
	46.03
	46.85
	2.64
	2.65

	S. Em.
	0.56
	0.63
	0.53
	0.46
	0.54
	0.48
	0.14
	0.13

	CD at 5%
	1.96
	2.17
	1.85
	1.96
	1.86
	1.95
	0.48
	0.47

	Sub plot

	N1
	9.54
	10.57
	12.11
	12.25
	38.03
	38.47
	2.38
	2.40

	N2
	8.50
	9.50
	11.55
	11.69
	36.24
	36.68
	2.12
	2.18

	N3
	7.20
	8.50
	9.97
	10.16
	31.31
	31.90
	1.86
	1.82

	N4(Control)
	6.93
	7.76
	9.94
	10.02
	31.18
	31.46
	1.73
	1.74

	S.Em.
	0.44
	0.49
	0.79
	0.44
	0.79
	0.45
	0.11
	0.10

	CD at 5%
	1.28
	1.43
	1.32
	1.28
	1.33
	1.30
	0.32
	0.30

	Interaction
	
	
	
	
	
	
	
	

	S.Em.
	0.77
	0.86
	0.79
	0.77
	0.80
	0.78
	0.199
	0.18

	CD at 5%
	2.22
	2.48
	2.29
	2.22
	2.30
	2.24
	0.56
	0.52




















Fig. 1: Chlorophyll content of different grasses under canopy of Acacia auriculiformis in silvipastoral system (SPAD)
Table 2: Solar radiation interception of different grasses under canopy of Acacia auriculiformis in silvipastoral system (X100, LUX2,00,000)
	Treatment
	Solar radiation interception as % of open field

	
	June
	July
	August
	September

	Main Plot

	Guinea
	19.77
	19.59
	19.50
	19.48

	Nandi grass
	15.44
	15.25
	14.84
	14.76

	Thin Napier
	16.27
	15.94
	15.62
	15.52

	S.Em.
	0.94
	0.92
	0.89
	0.82

	CD at 5%
	3.26
	3.20
	3.07
	2.85

	Sub plot

	N1
	14.49
	14.43
	14.25
	14.02

	N2
	12.94
	12.84
	12.70
	12.49

	N3
	10.95
	10.82
	10.82
	10.58

	N4(Control)
	10.34
	10.34
	10.20
	10.19

	S.Em.
	0.66
	0.73
	0.65
	0.65

	CD at 5%
	1.93
	2.13
	1.87
	1.89

	Interaction

	S.Em.
	1.15
	1.26
	1.12
	1.13

	CD at 5%
	3.34
	3.69
	3.25
	3.27















The moisture content of soil in percentage as compared to open field at 0-15 cm in main plot as well as sub plot were calculated. It was clearly observed that among three different grass species Guinea grass exhibited the highest moisture levels, compared to open field followed by Napier grass and lowest in Nandi grass. Sub plot N1 retained maximum soil moisture compared to open field among sub plots due to high fertilizer dose, followed by N2 then N3 and minimum in N4. Moisture content increased from June to August and decreased from August to September. Soil retained maximum moisture content during month of August. Good amount of litter and fertiliser doses positively enhance solar radiation interception. There was a significant interaction effect between the two factors.
Table 3:  Soil moisture content (%) compared to open field in Acacia auriculiformis based silvipastoral system
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	Soil depth (0-15cm)

	
	June
	July
	August
	September

	Kharif season

	Main Plot

	Guinea
	1.81
	1.93
	1.80
	1.82

	Nandi grass
	1.35
	1.48
	1.38
	1.36

	Thin Napier 
	1.39
	1.55
	1.45
	1.40

	S.Em.
	0.10
	0.09
	0.08
	0.10

	CD at 5%
	0.35
	0.30
	0.28
	0.35

	Sub Plot

	N1
	1.32
	1.42
	1.31
	1.33

	N2
	1.09
	1.24
	1.17
	1.10

	N3
	1.01
	1.06
	0.99
	1.00

	N4 (Control)
	0.96
	1.02
	0.97
	0.96

	S.Em.
	0.08
	0.07
	0.06
	0.08

	CD at 5%
	0.24
	0.19
	0.18
	0.24

	Interaction

	S.Em.
	0.14
	0.12
	0.11
	0.14

	CD at 5%
	0.41
	0.35
	0.32
	0.42




Soil properties were analysed by taking soil samples from 0-15 cm depth of each plot. Bulk density of all the treatments plots ranged from 1.36 to 1.32. Highest BD were recorded in Thin Napier grass (1.39) and minimum in Nandi grass (1.34). High figure of bulk density was found in sub plot N1 (1.38) and low in sub plot 4 (1.32). Porosity percentage of all the treatment plots varied from 44.4 to 47.2. Particle density of soil was taken as constant i.e. 2.50 g cm-3. The interaction effects of these  parameters were not significant between both the factors (Fig. 2)


Fig. 2: Soil physical properties in  Acacia auriculiformis based silvipastoral system
[bookmark: _Hlk183026154]The pH of silvipastoral system varied between 6.85 to 4.97. The highest pH was found under Thin Napier grass and lowest in Guinea grass. It was observed that sub plot N1 exhibit minimum pH and maximum in sub plot N4. There was a slight increase in overall pH value as compared to initial value. It has been noted EC varied in range 0.0030 to 0.0035 dS m-1. The soil in Nandi grass main plot acquires maximum EC 0.0034 dS m-1 and minimum in Guinea grass. The sub plot N1 shown highest EC 0.0035 dS m-1 and lowest in N4 0.0030 dS m-1. In case of the sub plot, pH was directly proportional to fertiliser doses (Table 4). The effect of pH was found non-significant in system.There was not a very significant different in EC values of different sub plots. It has been observed that organic carbon varied in range 5.32 to 3.76 g/Kg. The highest percentage of organic carbon was found under Guinea grass (5.32g/Kg) then Nandi grass and minimum in Thin Napier grass (4.98g/Kg). The sub plot N1 retain highest value of organic carbon percentage (4.20g/Kg)and N4retain lowest (3.76g/Kg). There was a significant increment from initial value of soil organic carbon percentage. The available nitrogen content in all plots were greater in comparison to the initial value (257 kg ha-1).The available nitrogen content in different silvipastoral systems ranged from 465.61 kg ha⁻¹ to 259.97 kg ha⁻¹. The highest nitrogen content, 465.61 kg ha⁻¹, was observed in the Guinea plot, followed by the  Thin Napier system (395.88kg ha⁻¹). The lowest nitrogen level, 376.61 kg ha⁻¹, was recorded in Nandi grass system. In case of sub plot it is clearly understood that higher nitrogen will be highest in sub plot N1, and minimum in N4. This variation in nitrogen content followed a pattern similar to that of organic carbon. There was a significant interaction effect between the two factors in system.The available phosphorus content in the soil across various silvipastoral systems ranged from 48.91 kg ha⁻¹ to 26.00 kg ha⁻¹. The highest phosphorus availability, 48.91 kg ha⁻¹, was observed in the Guinea grass system, followed by the Thin Napier system with 108.47kg ha⁻¹ and lowest phosphorus content, 103.20 kg ha⁻¹, was recorded in the Nandi grass system. 	Overall, silvipastoral systems incorporating Guinea grass demonstrated greater phosphorus availability compared to those based on other grass species. In sub plot N1 retained maximum amount of available phosphrous (35.77 kg ha⁻¹ ) and minimum by N4 (26.00 kg ha⁻¹). There was a significant increment from initial soil status (25.01 kg ha⁻¹). Overall, silvipastoral systems incorporating Guinea grass demonstrated greater phosphorus availability compared to those based on other grass species. There was a significant interaction effect between the two factors. In a silvipastoral system, available potassium ranged from 134.02 kg ha-1 to 102.6 kg ha-1. Highest potassium content (134.02 kg ha-1), Thin Napier (100.9 kg ha-1) came next and minimum found in Nandi grass ( 103.20 kg ha-1). In case of sub plot it was clearly illustrated that sub plot N1 retained maximum amount of available potash 98 kg ha-1 and minimum in sub plot N4 71.23Kg ha-1 (Table 4). There was a significant interaction effect between the two factors.





Table 4: Soil fertility status as influenced by trees and grasses in Silvipastoral system.

	Treatment
	pH
	EC 
(dS m-1)
	Organic Carbon (g/Kg)
	Available Nitrogen 
(Kg ha-1)
	Available Phosphrous
(Kg ha-1)
	Available Potash (Kg ha-1)

	Main Plot

	Guinea
	6.81
	0.0032
	5.32
	465.61
	48.91
	134.02

	Nandi grass
	6.83
	0.0034
	5.07
	376.61
	37.66
	103.20

	Thin Napier 
	6.85
	0.0033
	4.98
	395.88
	39.59
	108.47

	S.Em
	
	
	1.27
	17.83
	2.10
	5.75

	CD at 5%
	NS
	NS
	1.93
	61.70
	7.27
	19.90

	Sub plot

	N1
	4.97
	0.0035
	4.20
	340.02
	35.77
	98.00

	N2
	5.10
	0.0032
	4.19
	318.56
	31.86
	87.28

	N3
	5.30
	0.0031
	3.89
	270.00
	27.00
	73.98

	 N4 (Control)
	5.44
	0.0030
	3.76
	259.97
	26.00
	71.23

	S.Em.
	
	
	
	15.68
	1.66
	7.88

	CD at 5%
	NS
	NS
	NS
	45.50
	4.82
	22.86

	Interaction 

	S.Em.
	
	
	1.52
	27.16
	2.88
	7.88

	CD at 5%
	NS
	NS
	2.51
	78.81
	8.34
	22.86

	Initialsoil status (2018)
	5.21
	0.0030
	3.76
	257
	25.01
	70.03




Acacia auriculiformis grows faster, owing to its greater competitiveness, rapid growth, and compact crown with presence of grasses in the spaces between trees also positively influenced the growth of the tree components. As for the sub-plots, N1 retained the highest figures of plant height, DBH (diameter at breast height), collar girth and crown spread.  Results are mirror image of Ramah et al. (2024) conducted a trials with fodder crops guinea grass, lucerne (Medicago sativa), hedge lucerne (Desmanthus virgatus), and Stylosanthes. He revealed the intercrops positively influenced the growth of the Melia trees.
Light intensity plays a crucial role in the growth of understorey crops. Bhatt et al. (2002) noted that most range grasses and legumes achieve maximum biomass production at 75% of total light intensity. Vieira et al. (2021) observed that the orientation of the tree rows and the sun's position during different times of the year affected both the quality and yield of the forage. Similarly, Fernandez et al. (2001) observed that grasses exhibited better growth under moderate shading but failed to thrive when the canopy cover exceeded 70%. Robinson (1991) found that during the productive autumn period, pasture growth (such as Chloris gayana) was slightly reduced by the presence of Eucalyptus grandis trees.
Soil moisture content when compared to open field, was observed to be highest in July and lowest in June, regardless of the system, due to the end of rainfall after the monsoon season in September. Moisture levels increased with soil depth, likely because deeper layers are less exposed to evaporation or absorption by grasses. Among the species, Acacia auriculiformis + Guinea grass showed the best moisture retention compared to open field, followed by A.auriculiformis +Thin napier grass and lowest in Acacia auriculiformis + Nandi grass. Sub plot N1 acquire fertilizer maximum amount of soil moisture content because of presence of higher NPK  doses. The superior moisture storage in sub plot N1 may be attributed to its enhanced organic matter in soil and improved root growth which create a favorable microclimate that reduces evaporation.
The plantation of trees affects soil bulk density (BD) by introducing organic matter such as residues and exudates, and through root activity, which alters pore space. In this study, bulk density varied slightly across the treatment plots, ranging from 1.39 to 1.32 g cm⁻³. The highest BD was observed in the Thin Napier plot, while the lowest, 1.32 g cm⁻³, was recorded in subplot N4. The noticeable reduction in BD in some plots is likely due to the increase in soil organic matter (SOM), resulting from the gradual accumulation of litter on the soil surface. These findings align with the studies of Fengyun et al. (2011).
The soil pH varied slightly, ranging from 6.85 to 4.97, with a small increase in pH under the silvipastoral system compared to the initial value of 5.21. The highest pH was recorded under Acacia auriculiformis combined with Thin Napier grass, while the lowest pH was found in subplot N1. These findings are consistent with those of Arya (2006), who also observed an increase in pH and organic carbon in the 0–25 cm soil layer after three years of a silvipastoral system involving Cenchrus ciliaris, Zizyphus mauritiana, Ailanthus excelsa, and Acacia nilotica. 
The soil's electrical conductivity (EC) value showed a slight variation from the initial reading of 0.0030 dS m-1, with values ranging between 0.21 dS m-1 and 0.28 dS m-1. The highest EC was observed in the Acacia auriculiformis + Nandi grass treatment. Among the subplots, N1 had the highest EC (0.0035 dS m-1), likely due to the significant input of NPK, which eventually accumulated in the soil. These findings are consistent with Kawavata et al (2017), who observed that different doses and sources of potassium increased soil EC, particularly in maize root systems. Reis Jr et al.,(1999) who stated that application of K fertilizer is directly proportional to EC. The results indicate that potassium, regardless of its source, contributes to an increase in soil electrical conductivity.
The amount of OC increased under silvipastoral system in comparison to initial status. Results are similar with Sharma, K. L. (2011) who observed that Acacia auriculiformis, can enhance soil fertility through the increased addition of organic matter and nutrients. The result varied between 5.32 to 3.76 g/Kg. In this study highest organic carbon was found in Acacia auriculiformis + Guinea grass, among various sub plots N1 retained highest soil carbon.Verma, et al (2014). who reported that the intercroping system affects the biological characteristics of the soil and raises its organic carbon content.
The available macronutrient of the soil i.e., nitrogen, phosphorous and potassium was found to be increased in all silvipastoral system compared to its initial values. For available nitrogen then result varied between 465.61 Kg ha-1 to 259.97 Kg ha-1. For available N the maximum concentration of 465.61 Kg ha-1 was found in Acacia auriculiformis + Guinea grass. Increase in the available N content of soil might be due to greater recycling of long leaves bio-litters of Guinea in the interspace with greater percentage of N as compared to other treatments (Manna and Singh 2001)
In sub plot N1 acquired highest concentration of nitrogen among sub plots. Findings are similar with Lustosa et al (2024) who observed silvopastoral systems led to increases in total C and N stocks. Results were also simililar with Chang et al. (2002) found that soil carbon (C) and nitrogen (N) levels were higher in a ryegrass-based silvopastoral system compared to plots with bare ground.
The available phosphorus content in the soil across various silvipastoral systems ranged from 48.91 kg ha⁻¹ to 26.00 kg ha⁻¹. The highest phosphorus availability, 48.91 kg ha⁻¹, was observed in the Guinea grass system, and lowest phosphorus content, 103.20 kg ha⁻¹, was recorded in the Nandi grass system. In sub plot N1 retained maximum amount of available phosphrous (35.77 kg ha⁻¹ ) and minimum by N4 (26.00 kg ha⁻¹). Results are similar with  Keshwa et al, (2004) who observed  soil fertility, measured by organic carbon, available nitrogen, and phosphorus, significantly improved in nutans-based silvopastoral systems compared to open field conditions. In a silvipastoral system, the available potassium levels in the soil ranged from 134.02 kg ha⁻¹ to 102.6 kg ha⁻¹, with the highest concentration of 134.02 kg ha⁻¹ found in Guinea grass species. As for the sub-plots, sub-plot N1 retained the highest amount of available potassium at 98 kg ha⁻¹. Findings are similar with Lana  et al, (2018) who evaluate soil fertility characteristics  in a Brachiaria brizantha based Silvopastoral System with  Eucalyptus grandis. The results showed that  pH, phosphorus (P), calcium (Ca), and potassium (K) levels, as well as base sum and base saturation, were generally higher in the top layer (0–2 cm) of the eucalyptus site.
The study revealed that the Acacia auriculiformis and Guinea grass silvipastoral system was the most productive among the systems evaluated. Guinea grass recorded highest plant height, DBH, collar girth and crown spread of Acacia auriculiformis due to good quality as well quantity of litter. Acacia auriculiformis + Guinea grass improved soil fertility as compared to initial soil status. Guinea grass recorded maximum soil carbon stock of system. Overall, the Acacia auriculiformis based silvipastoral system with effective nutrient level can effectively improve soil fertility status.
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