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ABSTRACT 
Background: Soil structural instability is a severe limitation of sustainable crop productivity in the humid tropics especially in southeastern Nigeria. 
Aim:To study effects of organic amendments on soil structural enhancement and deformation susceptibility in a degraded ultisol in humid tropics of  Southeastern Nigeria.
Methodology: Soil samples were were collected with the aid of soil auger from a depth of 0-20cm and placed in a perforated bag. Every bag holds 10kg of sampled soil. In a randomized complete block design format, 0.25 kg of the organic amendments namely as, poultry droppings (TI), goat droppings,(T2) cow dung (T3), their combinations (T4) were applied in three replicates to each bag.An unamended soil served as control (T5). The combination were allowed to stay for one month before samples were taken for laboratory analyses. Soil physical, chemical and structural indicators were measured after one month of incubation, following standard laboratory method.
Results: Results showed that the soils were predominantly sandy (852–910 g kg⁻¹). Bulk density substantially decreased, total porosity and moisture content increased with organic amendment application compared to unamended control sample. The soil chemical properties namely pH, SOC, available P, exchangeable Ca and ECEC were also significantly elevated. Structural indicators viz: water-stable aggregates (>0.25 mm), mean weight diameter (MWD), and the degree of structural enhancement (DSE) significantly (P ≤ 0.05) increased in responses to organic amendments.  The poultry and cattle manure resulted in the greatest DSE values (97.33% and 94.00%, respectively), while that in the control was only 26.38%. This indicates a very high degree of degradation. According to correlation analysis, aggregate stability was negatively correlated with bulk density and strongly positively correlated with soil organic carbon, clay content, and ECEC. 
Conclusion:The use of locally available animal manure, such as poultry dropping and cow dung, can greatly improve soil structure quality and mitigate the risks of soil degradation in southeastern Nigeria.

Keywords:Structural enhancement, aggregate stability, soil properties, organic amendments,ultisols

1. INTRODUCTION 
Soil refers to the unconsolidated organic or mineral material found on the earth's surface that can be differentiated. from the initial material due to losses, inclusions, reductions, transfers, and changes in energy and substance (Soil Survey Staff, 2014). Soil  as a non-renewable resource that plays a significant role in the environment and economy (Brady and Weil 2017), provides essential ecosystem services including agricultural production, water regulation, habitat for life, nutrient cycling, and construction materials (Blum, 2005; FAO, 2015). However, despite the importance of these ecosystem services,soil are degraded and this has remained a major constraint in humid tropical regions such as southeastheren Nigeria (Lal, 2009). Overuse, traditional farming systems, and high rainfall intensity have also contributed to the loss of structural integrity in these soils (Nwite et al., 2016), leading to increased erosion rates, low water-holding capacity, and reduced crop yields (Onweremadu et al., 2011; Akindele & Chukwu, 2014).

Soils with stable aggregate architecture exhibit improved porosity, enhanced water movement, reduced erosion risk, and greater resilience to environmental stresses (Bronick & Lal, 2005). However, Onweremadu et al., (2021) and Ahukaemere et al. (2016) highlighted that the decline in soil structural indices in Southeastern Nigeria is strongly correlated with a loss in soil organic carbon (SOC). As the "glue" that binds soil particles together (Six et al., 2004), disappears, the soil becomes a loose collection of sand grains that are easily washed away by the region's heavy torrential rains.
However, to halt this trend, the use of organic amendments has been identified as a sustainable and economical means of improving the organic matter content of degraded soils  (Agim 2016, Bot and Benites, 2005). Unlike inorganic fertilizers, whose application is very low in Africa  due to high cost, limited or untimely availability (Liverpool-Tasi et al., 2017) and  which provide a rapid nutrient supplement (Haufiku et al., 2025) but do little to improve the physical structure of the soil,(Ramesh et al., 2005), organic amendments from plant residues, animal manures, and other organic materials, provide carbon and nutrients, and increase soil biota and aggregation and porosity (Haynes & Naidu, 1998). Experiments have shown that organic amendments can greatly improve water-stable aggregates and mean weight diameter, thus improving soil erosion resistance and crop yields (Adesodun et al., 2005; Ojeniyi et al., 2017).  Poultry Manure manure is known for its capacity to increase microbial populations, which in turn produce polysaccharides that act as a binding agent for soil particles to form stable aggregates (Nnabude and Mbagwu, 2001).The very porous nature of biochar, which serves as a permanent carbon sink, improves the water-holding capacity and aeration of Ultisols in sandy soils (Agber and Agoume, 2015). Rice husks or legume husks help in the slow release of nutrients and act as a physical mulch that shields the soil surface from the kinetic energy of raindrops.
Despite the advantages, there is a lack of local data on the comparative role of different animal-based organic amendments on soil structural properties under the prevailing conditions of the soils.There is an urgent need to determine the  organic amendment that offers the fastest and longest-lasting structural improvement for the leached soils of this area. This research, therefore, examines the role of different organic amendments, namely goat droppings, cow dung, poultry droppings, pig slurry, and their blends on on soil structural stability and deformation susceptibility in a degraded ultisol in humid tropics of  Southeastern Nigeria.
. The aim was to determine the options that can most effectively improve soil structural properties, ultimately aiming to improve soil management practices for enhanced agricultural productivity in the region.

2. material and methods 
2.0 Materials and methods
The experiment was carried out at the Federal University of Technology Owerri's Teaching and Research Farm in Imo State, which is situated between latitudes 05° 29' 06s and longitudes 07° 02' 06s. The Beni formation, also known as coastal plain sand, is the source of the soils (Onweremadu et al. 2021). The region has a longer wet season that lasts from April to November, mean daily minimum temperatures of 19–24°C and maximum temperatures of 28–35°C, and average relative humidity of up to 80%. Although semi-deciduous forests still make up the majority of the vegetation, agriculture and other human activities have changed it to include topsoil with a moderate humus composition.

2.1 Sample collection and Experimental design
Soil samples were were collected with the aid of soil auger from a depth of 0-15cm and placed in a perforated bag. Every bag holds 10kg of sampled soil. In a randomized complete block design format, 0.25 kg of the organic amendments namely as, poultry droppings, goat droppings, cow dung and their combination were applied in three replicates to each bag. The combination were allowed to stay for one month before samples were taken for laboratory analyses.
2.2  Laboratory analyses
2.2.1 Water Stable aggregates determination
Using the method of (Kemper and Rosenau, 1986), 100g of soil samples were pre-wetted in distilled water and then poured into the uppermost nest of sieves of size 4.75, 2.00, 1.00, 0.50, and 0.25mm diameter respectively. Together with their samples, the packed sieves were submerged in water and oscillated vertically once every second for 30 cycles with an amplitude of 4 cm. During every oscillation, great care was taken to guarantee that the soil particles on the topmost sieve were always below the water's surface. The aggregates that remained on each sieve after wet sieving were carefully moved into a moisture can, dried in an oven for 48 hours, and then weighed. Percent water-stable aggregates  (WSA) = (Ma/Mt) ×100 …………Equ. 1, where  Mt = total mass of the soil sieved (g) and  Ma = Mass of resistant aggregate (g)
2.2.2 Mean weight diameter (MWD) of the water stable aggregates was calculated as (Kemper and Rosenau 1986) documented where MWD=X iWi …Equ. 2. where: Xi is the mean diameter of the ith sieve size and Wi is the proportion of the total aggregates in the i th fraction for water stable aggregates and dry aggregates stability analyses described respectively  . The higher the MWD values, the higher proportion of macro-aggregates in the sample and therefore better stability.
2.2.3 Potential structural deformation index (PSDI)
The potential structural deformation index used to assess the susceptibility of the soils to disintegration as water touches the soil was determined following the method documented by Igwe and Nwokocha (2005) as   Equ…..3.    Where MWDw= mean weight diamterwet sieving, MWDd= Mean weight diameter dry seiving.

2.2.4 Degree of structural enhancement
The level of structural enhancement employed to assess improvements in soil structure resulting from treatments was determined using the formula as  Chinedu and Ahamefule (2012) documented.
DSE = 1 - (MWDc / MWDt) × 100. Equ….4 Where MWDc represents the average weight diameter for control and MWDt pertains to the treated soils. Positive values signify an input toward structural improvements,while a negative value signifies a lack of contributions.
Particle size distribution was determined using hydrometer method according to Gee and Or, (2002) mettod. Bulk density was determined using core method as described by Blake and Hartge(1986). Moisture content was determined by the method  of Landon (1991). Total porosity was calculated  as Landon (1991) documented  using the formular    ×100………Equ. 4 	where= Bulk density,=particle desnity value of 2.654 mgm-3

2.3 Chemical properties
Soil pH was determined using 1: 2.5 soil/water in water (Hendershot et al.,1993). The Walkey & Black wet oxidation method was used to analyze the organic carbon in the soil (Nelson and Sommers, 1982). The modified Kjeldhal method was used to calculate total nitrogen in accordance with Bremner & Mulvaney's (1982) protocols. The Bray 11 method was used to determine the amount of phosphorus that was available (Olsen & Sommers, 1982). Exchangeable bases were identified and described by Thomas (1982). The summation method of total exchangeable bases and acids was used to calculate the effective cation exchange capacity (Brady and Weil 2017).
2.4 Data analyses.
Generated data were analyzed using analyses of variance (ANOVA). Significant means were separated using least significant difference at 5% probability level.

Correlation and regression analysis among selected soil properties and structural indexes were analyzed with (SAS, 2016). 

3. results and discussion

4.1: Selected physical and chemical properties of studied soil
The results in Table 1 indicate that the soils across all treatments were dominantly sandy, with sand contents ranging from 852.28 to 909.61 g kg⁻¹. Silt and clay fractions were comparatively low, a characteristic feature of soils in southeastern Nigeria developed on coastal plain sands and sandstone formations (Ojanuga, 2006; Nwite et al., 2016). The dominance of sand explains the generally low clay contents and the narrow variation in silt/clay (S/C) ratios among treatments. All soils were classified predominantly as loamy sand, except the mixture of amendments which was classified as sand. Such coarse-textured soils are inherently prone to rapid drainage, low nutrient retention, weak aggregation, and high susceptibility to erosion, especially under intense tropical rainfall (Brady & Weil, 2017).Values of silt fraction indicated high degree of weathering. Agim,etal (2012); Igwe and Okebalama (2006)
4.1.1  Bulk Density
Bulk density measurements showed considerable variation (P ≤ 0.05) between the soil samples, with values ranging from 1.24 Mg m⁻³ in the soil under pig slurry to 1.56 Mg m⁻³ in the control. The high bulk density of the control soil can be attributed to compaction and poor structural integrity, which is common in degraded soils with low organic matter content (Lal, 2009). Bulk density measurements above 1.50 Mg m⁻³ in sandy loam and loamy sand soils can limit root development and water infiltration (USDA-NRCS, 2008). The low bulk density measurements in soils under pig slurry (1.24 Mg m⁻³) and cow dung (1.36 Mg m⁻³) suggest better soil structural integrity before the incorporation of the amendments. This can be attributed to differences in the amount of organic residues, biological activity, and past land use practices. Low bulk density measurements are indicative of improved soil pore continuity and lower soil compaction, which are essential for sustainable crop growth in coarse-textured soils (Bronick & Lal, 2005). 
4.1.2 Total Porosity
Total porosity was inversely related to bulk density, with measurements ranging from 41.22% in the control to 49.51% in the mixture of amendments (Table 1) .The relatively low porosity in the control soil underscores its poor physical state, with restricted pore and air-water movement. High porosity values in the amended soils underscore good pore distribution and improved physical state, even before the application of the amendments. In sandy soils, total porosity is very much dependent on bulk density and organic matter content. Improved porosity enhances infiltration rates, decreases surface runoff, and increases soil aeration, all of which are critical for root and microbial growth (Hillel, 2004). 
4.1.3 Soil Moisture Content
Soil moisture content was significantly (P ≤ 0.05) different among the treatments, with values ranging from 200.16 g kg⁻¹ in the control to 654.77 g kg⁻¹ in the mixture of amendments. The low moisture content in the control soil is in line with its high bulk density, low porosity, and sandy texture, which are all contributing factors to low water-holding capacity (Brady & Weil, 2017).Higher moisture contents noted in soils treated with the mixture of amendment can be attributed to the improvement in the distribution of pore sizes and the water retention capacity in the micro- and mesopores. Despite the low water-holding capacity associated with sandy soils, the presence of organic residues can improve the retention of moisture in the soil through the improvement of aggregate stability and organic colloids (Lal, 2009; Hudson, 1994).
Table1.Physical properties of the soil samples before amendment

	Soil
Samples under different Amendments
	Sand
	Silt
	Clay
	S/C Ratio
	Textural Class
	  Bulk density
	Total porosity
	Moisture      content

	
	gkg-1
	
	
	mgm-3
	%
	gkg-1

	Goat dropping (T1)
	886.27
	15.03
	98.7
	0.15
	Loamy sand
	1.43
	46.12
	543.60

	Cow dung (T2)
	865.33
	47.11
	87.56
	0.54
	Loamy sand
	1.36
	48.76
	544.21

	Poultry dropping
	852.28
	16.23
	131.49
	0.12
	Loamy sand
	1.45
	45.36
	543.17

	Pig slurry
	897.11
	24.33
	78.56
	0.31
	Loamy sand
	1.24
	43.27
	324.00

	Mixture of amendments
	909.61
	26.53
	63.86
	0.41
	sand
	1.34
	49.51
	654.77

	Control (T5)
	899.6
	16.23
	84.17
	0.19
	Loamy sand
	1.56
	41.22
	200.16

	LSD (P=0.05)
	2.33*
	NS
	1.33*
	NS
	
	0.22*
	1.23*
	43.21*


4.2. Chemical properties.
4.2.1 Soil Reaction (pH)
The use of organic amendments resulted in a substantial rise in soil pH compared to the control, thus indicating a degree of reduction in soil acidity. The control soil had a strongly acidic pH (4.63) (Table 2), which is characteristic of highly weathered tropical soils in southeastern Nigeria, where leaching of basic cations and the dominance of exchangeable acidity are prevalent (Lal, 2009; Brady & Weil, 2017). However, the soils treated with poultry droppings (5.77), pig slurry (5.61), goat droppings (5.34), and the mixture of amendments (5.85) showed a marked rise in pH values, which were significantly different at P ≤ 0.05. The liming properties of organic amendments can be explained by the release of basic cations such as Ca²⁺, Mg²⁺, K⁺, and Na⁺ ions during the process of decomposition, as well as the complexation of Al³⁺ and H⁺ ions by organic ligands (Haynes & Naidu, 1998). Similar observations of increased soil pH values after manure application have been observed for Ultisols and Alfisols in southern Nigeria (Agim et al., 2012; Ojeniyi et al., 2012; Adesodun et al., 2005).
4.2.2 Soil Organic Carbon (SOC) 
Application of organic amendments significantly increased SOC contents compared to the control. The control had the lowest SOC (0.48gkg-1) (Table 2), indicating depletion of organic matter due to continuous cultivation and erosion. On the other hand, the combination of organic amendments and goat droppings had the highest SOC (1.11gkg-1 and 1.07gkg-1, respectively). The increase in SOC level is attributed to the direct addition of organic carbon from manure application and the subsequent increase in microbial biomass and residues (Six et al., 2004). Increased SOC  levels improves aggregate stability, nutrient cycling, and overall soil health. These results support previous research that showed organic amendments to be effective in restoring organic matter levels in degraded tropical soils (Mbagwu & Piccolo, 1993; Lal, 2009).
4.2.3 Available Phosphorus
Available phosphorus was significantly (P ≤ 0.05) different among treatments, with poultry manure having the highest concentration (71.13 mgkg-1)  (Table 2), followed by the combination of amendments (60.00 ppm) and pig slurry (59.94 mgkg-1). The lower available P (Eshett et al. 1992) in the control soil (27.91 ppm) is typical of acidic tropical soils, where phosphorus is usually fixed by iron and aluminum oxides (Akamigbo and Igwe 1990, Brady & Weil, 2017). Organic amendments increase the availability of phosphorus by releasing P during mineralization and by preventing P fixation through competition and chelation of Fe and Al ions (Nziguheba & Bünemann, 2005). Poultry manure is known to have high concentrations of available phosphorus, hence its superior performance in this study, as also found by Ojeniyi et al. (2012) and Ayeni (2011).
Table 2. Chemical properties of soil samples before amendment
	Samples	
	pH
	SOC
	Avail P
	Ca2+
	Mg+
	Na+
	 K+
	TEA
	TEB
	ECEC
	BS

	
	
	gkg-1
	mgkg-1
	cmolkg-1
	%

	Control
	4.63
	0.48
	27.91
	0.37
	0.46
	0.02
	0.04
	0.73
	0.22
	0.95
	96.79

	Mixture of amendments
	5.85
	1.11
	60.00
	6.87
	0.33
	0.09
	0.18
	0.37
	1.87
	2.24
	99.57

	Poultry dropping
	5.77
	0.59
	71.13
	11.6
	0.53
	0.12
	0.26
	0.2
	3.12
	3.32
	99.89

	Goat dropping
	5.34
	1.07
	19.62
	3.1
	0.1
	0.05
	0.14
	0.19
	1.03
	1.22
	99.73

	Pig slurry
	5.61
	0.93
	59.94
	4.77
	0.37
	0.09
	0.07
	0.45
	1.33
	1.88
	97.81

	Cow dung
	4.95
	0.84
	52.31
	3.17
	0.6
	0.03
	0.08
	0.21
	0.97
	1.18
	99.54

	LSD (P=0.05)
	0.34*
	0.02
	5.89*
	1.65*
	NS
	NS
	NS
	NS
	0.56*
	0.02*
	NS


SOM=Soil organic carbon, AP=Available phosphorus, ECEC=Effective cation exchange capacity,*=significant at 5 % probability level, **=Highly significant at 5 % probability level, ns=not significant at 5 % probability level, 





	
31
4.3.0 Effect of organic amendment on water stable aggregates and mean weight diameter..
4.3.1 Water stable aggreagte aggregates  (WSA).

The results of the water-stable aggregates after the application of the organic amendment are shown in Table 3.  The availability and distribution of the aggregates in the sieves did not show a distinct pattern. The results show a marked improvement in the structural properties of the soils amended with organic amendments compared to the control soil. The result showed that the sieves > 0.25mm were favored. This result implies that the soils at sizes <0.25 mm are loose, have low organic matter and clay content to bind them due to leaching and high mineralization rates. Among the organic amendments, the highest WSA >0.25 mm  (58.04%) was recorded in goat dropping soil, followed by pig slurry soil (49.16%). The result obtained in goat dropping and pig slurry  amended soils  suggests that the availability of organic carbon in the soils was showcased which promoted the formation of aggregates (Angers and Girroux 1996.
4.3.2 Mean Weight Diameter of Wet Aggregates
Mean weight diameter of wet aggregates is an indicator of the resistance of soil structure to rainfall and water splash. The results shown in Table 3 indicate that the organic amendments significantly (P ≤ 0.05) increased the MWD of wet aggregates compared to the control. The control soil had a very low MWD of 0.17, indicating that the soil structure was highly degraded and susceptible to wetting-induced breakdown. Low MWD values are typical of highly degraded tropical soils with low organic matter and poor aggregation (Bronick & Lal, 2005; Agim, 2016).
The MWD of wet aggregates was highest in pig slurry (0.59), followed by goat dropping (0.41), cow dung (0.33), poultry droppings (0.31), and mixture of amendments (0.23). The results show that the organic amendments improve the stability of wet aggregates, indicating that they provide organic binding materials that enhance aggregate cohesion and resistance to slaking. This is in agreement with Tisdall & Oades, (1982), Six et al., (2004) who stated that the application of organic amendments increases microbial activity, leading to the production of polysaccharides and other binding materials that improve aggregate stability under wet conditions.
Table 3. Water stable aggregates of soil samples before amendment	
	Sample
	5-2.0
	2-1
	1-0.5
	0.5-0.25
	WSA>0.25
	MWDw

	
	sieve sizes  (mm)
	%
	

	Goat dropping
	2.61
	5.71
	10.73
	38.99
	58.04
	0.41

	Cow dung
	2.30
	6.85
	5.51
	28.83
	43.49
	0.33

	Poultry dropping
	2.70
	5.39
	7.16
	24.64
	39.87
	0.31

	Pig slurry
	1.53
	4.12
	4.49
	39.02
	49.16
	0.59

	Mixture of amendments
	1.12
	3.81
	4.28
	27.44
	36.65
	0.23

	Control
	1.20
	3.15
	2.98
	13.91
	21.24
	0.17

	LSD (P=0.05)
	NS
	0.67*
	NS
	1.89*
	1.23*
	0.11*



WSA= water stable aggregates, NS=not significant, *=significant at 5% level of probability, MWDw=Mean weight diameter by wet sieving 

4.3.3  Mean weight diameter dry sieveing (MWDd).
Dry aggregate MWDd values tended to be lower and more variable than wet aggregate MWD values. This is to be expected, since dry aggregates are less affected by management-induced changes than wet aggregates, which are direct indicators of organic matter-mediated stabilization processes (Kemper & Rosenau, 1986). The similarity in dry aggregate MWD values among treatments suggests that soil texture and mineral composition were the dominant factors in the formation of dry aggregates before the application of soil amendments. However, the fact that dry aggregate MWD was lower in amended soils than in the control soil suggests that the impact of soil amendments was greater in wet conditions, where the role of organic matter in protecting aggregates from water-induced disruption was highlighted.
4.3.4  Degree of Structural Enhancement (DSE) 
The degree of structural enhancement (DSE) presented in Table 4 is a measure of the overall improvement in soil structure resulting from the application of soil amendments based on changes in wet and dry aggregate stability. The DSE values showed highly significant (P = 0.05) improvements in soil structure resulting from the application of organic amendments. The poultry droppings showed the highest degree of structural enhancement (DSE) value of 97.33%, followed closely by cow dung (94.00%), pig slurry (89.82%), mixture of amendments (89.44%), and goat droppings (87.04%). On the other hand, the control soil showed a very low DSE value of 26.38%, thus confirming its poor structure.  Chinedu and Ahamefule (2012) also reported similar findings while working on a clay loam soil at Nsukka Southeastern Nigeria. 
The remarkably high DSE values under poultry droppings and cow dung can be linked to their relatively high nutrient content and high rates of decomposition, which enhance microbial biomass and the production of organic binding agents.In particular, poultry manure is recognized to contain readily available organic carbon and calcium, which are essential for aggregate stabilization and clay particle flocculation (Haynes & Naidu, 1998; Bronick & Lal, 2005). The low DSE value in the control soil is indicative of the lack of external organic amendment, thereby resulting in poor aggregation, susceptibility to wetting, and erosion (Adesodun et al., 2005; Nwite et al., 2016).

4.3.5. Potential structural deformation index PSDI
Table 4 presents the significant differences (LSD, P = 0.05) in the Potential Structural Deformation Index (PSDI) of the studied soil as affected by various organic amendments. The control soil had the highest PSDI value of 79.26%, showing very high potential susceptibility to structural deformation. The very high PSDI value of the control soil confirms its poor structural integrity and high potential susceptibility to deformation, a characteristic common in soils with low organic matter content and low biological binding agents. Recent research highlights that soils without organic amendments are highly susceptible to aggregate slaking and dispersion because of the low organic carbon content and low microbial activity (Wang et al 2013). The lower PSDI value for pig slurry is also consistent with its higher aggregate stability values for wet aggregation indices, further emphasizing its effectiveness in enhancing soil structural stability under wetting stress. Conversely, poultry dropping and the mixture of amendments had high PSDI values (>74%), suggesting low protection against deformation. While poultry manure is highly nutritious, its fast mineralization and low contribution of non-degradable carbon may impact the durability of binding agents required for higher aggregate stability.
Table 4: Degree of structural enhancement and potential structural deformation of studied soil.
	Organic amendments
	Degree of structural enhancement (DSE)
	Potential structural
Deformation index
(PSDI)

	Goat dropping
	58.53
	67.96

	Cow dung
	48.48
	69.72

	Poultry dropping
	45.16
	75.96

	Pig slurry
	71.18
	40.40

	Mixture of amendments
	26.08
	74.15

	Control
	-
	79.26

	LSD(P=0.05)
	2.33*
	3.65*



LSD= Least significant difference, *= Significant at 5% probability level
4.4 Correlation among selected soil property
There was a significant (P=0.05) relationship between aggregate stability and silt in both wet and dry conditions (Table 5). With SOC (R=0.77) and clay (R=0.82), the best correlation of water stable aggregates (WSA >0.25) was discovered. Bulk density and SOC had a negative correlation with WSA> 0.25 mm (R=-0.49 and R=-0.54), respectively. When considered independently, the degree of structural enhancement was negatively correlated with bulk density (R = - 0.67) and positively correlated with ECEC (R = 0.48), SOC (R = 0.67), and clay (R = 0.69). In contrast, the clay fraction accounted for approximately 82% of the value of WSA>0.25, while organic matter accounted for 77%. Similarly, clay was responsible for roughly 69% of the structure's value, while effective cation exchange capacity accounted for 48% of the increase.
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Table 5: Correlation matrix among selected soil properties
	Soil property
	pH
	
	SOC
	AP
	EC
	BD
	MC
	Sand
	Silt
	Clay
	WSA>0.25
	MWD
	DSE

	DSE
	0.33*
	
	0.67*
	0.02ns
	0.48*
	-0.67*
	0.56*
	0.19ns
	0.21ns
	0.69*
	0.87*
	0.77*
	1

	MWD
	0.32ns
	
	0.37ns
	0.23ns
	0.45*
	-0.45*
	0.21ns
	0.32ns
	0.33ns
	0.73*
	0.49*
	1
	

	WSA>0.25mm
	0.34*
	
	0.77*
	0.45*
	0.17ns
	-0.49*
	0.37ns
	0.45*
	0.21ns
	0.82*
	1
	
	

	Clay
	0.56*
	
	0.73**
	0.12ns
	0.44*
	-0.34*
	0.78**
	0.12ns
	0.33ns
	1
	
	
	

	Silt
	0.34*
	
	0.56*
	0.32ns
	0.33ns
	0.42*
	0.78**
	0.43*
	1
	
	
	
	

	Sand
	0.29ns
	
	0.33ns
	0.21ns
	0.56*
	0.45*
	0.33ns
	1
	
	
	
	
	

	MC
	2.22ns
	
	0.78**
	0.52*
	0.63*
	0.33ns
	1
	
	
	
	
	
	

	BD
	4.67*
	
	-0.54*
	0.01ns
	0.21ns
	1
	
	
	
	
	
	
	

	ECEC
	0.62*
	
	0.46*
	0.33ns
	1
	
	
	
	
	
	
	
	

	AP
	0.32ns
	
	0.43*
	1
	
	
	
	
	
	
	
	
	

	SOC
	0.67*
	
	1
	
	
	
	
	
	
	
	
	
	


SOM=Soil organic carbon, AP=Available phosphorus, ECEC=Effective cation exchange capacity,BD=Bulk density,*=significant at 5 % probability level, **=Highly significant at 5 % probability level, NS=not significant at 5 % probability level, WSA= Water stable aggregates,MWD=Mean weight diameter,DSE=Degree of structural enhancement


4.5 CONCLUSION
This research work evaluated the effects of organic amendments on soil structural stability and deformation susceptibility in a degraded ultisol in humid tropics of  Southeastern Nigeria. The application of organic amendments significantly improved the physical, chemical, and structural properties of the soil. The bulk density of the soil decreased, while the total porosity and moisture content increased, which indicated an improvement in the soil's pore continuity and water-holding capacity. The soil pH became more neutral. Water-stable aggregates, mean weight diameter, and degree of structural improvement were significantly higher in the organic-amended soils than in the control soil which has higher values of potential structural deformation index. Poultry droppings, pig slurry and pig cow dung were the best treatments in increasing the aggregate stability and degree of structural improvement. Correlation analysis also revealed that soil organic carbon, clay content, and effective cation exchange capacity were major driving forces of aggregate stability and improvement, while bulk density was a negative force. The use of locally available animal manure, such as poultry dropping and cow dung, can greatly improve soil structure quality and mitigate the risks of soil degradation in southeastern Nigeria.
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