Structural Organization and Biodiversity Gradient in Forest, Agroforestry and Wetland Ecosystems of Gonda, Uttar Pradesh, India
Abstract
A comparative phytosociological assessment was conducted across three land-use systems—forest land, agroforestry, and wetland ecosystems—in Gonda district, Uttar Pradesh, to evaluate vegetation structure and diversity patterns during 2022–23. Quadrate-based sampling (10 m × 10 m for trees; 5 m × 5 m for shrubs) was employed to quantify density, frequency, basal area, and Importance Value Index (IVI). Tree diversity indices were computed using Shannon–Wiener (H′), Simpson’s dominance (1–D), and Pielou’s evenness (J′). Forest land exhibited moderate diversity (H′ = 1.67) with strong dominance of Shorea robusta (IVI = 98.54), reflecting a semi-monodominant stand structure. Agroforestry systems showed plantation-driven dominance of Tectona grandis (IVI = 95.24) with comparatively lower diversity (H′ = 1.56) and evenness (J′ = 0.68), indicating structural simplification due to management practices. Wetland ecosystems recorded the highest species richness (S = 12), Shannon diversity (H′ = 2.20), Simpson index (0.87), and evenness (J′ = 0.89), demonstrating greater heterogeneity and balanced species distribution. Seasonal analysis of herbaceous vegetation revealed maximum diversity during the rainy season (H′ up to 2.45 in wetlands), highlighting the regulatory role of soil moisture and hydrological conditions. The observed diversity gradient highest in Wetland followed by  Forest and Agroforestry underscores the influence of land-use intensity and moisture regime on vegetation organization in the Gangetic plains. The findings provide quantitative evidence for ecosystem-level differentiation and emphasize the conservation importance of wetland habitats within managed rural landscapes.
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Introduction
[bookmark: _GoBack]Vegetation structure and species composition are fundamental indicators of ecosystem functioning and stability. Quantitative assessment of plant communities through phytosociological parameters provides insights into species dominance, regeneration potential, and ecological balance. As highlighted by Curtis and McIntosh (1950), the Importance Value Index (IVI) integrates relative density, frequency, and dominance to determine the overall ecological significance of species within a community. This method has since been widely applied in forest and agroecosystem studies.
Forest ecosystems in tropical regions are often characterized by uneven species distribution, where a few species exhibit strong dominance while others occur sporadically (Fayaz et al., 2025). According to Odum (1971), dominance patterns reflect both environmental suitability and competitive interactions among species. In contrast, agroforestry systems are influenced by anthropogenic interventions, resulting in selective species preference and altered community structure (Nair, 1993). Wetland ecosystems, however, are primarily regulated by hydrological conditions, which shape species assemblages and seasonal variability (Mitsch & Gosselink, 2000).
Seasonal fluctuations further influence herbaceous diversity, particularly in monsoonal climates. Species composition in such systems often shifts between summer, rainy, and winter seasons in response to soil moisture and temperature gradients. Understanding these structural variations is critical for biodiversity conservation, biomass estimation, and ecosystem sustainability. Therefore, the present study evaluates phytosociological characteristics of tree and herbaceous vegetation across forest, agroforestry, and wetland ecosystems of Gonda.
Material and methods
Study area 
The present investigation was carried out in Gonda district, located in the eastern part of Uttar Pradesh, India. Geographically, the district lies between approximately 26°47′ to 27°20′ N latitude and 81°30′ to 82°15′ E longitude, forming part of the Middle Gangetic Plains. The region is characterized by flat alluvial topography with fertile Indo-Gangetic alluvial soils deposited by tributaries of the Ghaghara river system. The climate of the study area is sub-tropical monsoonal. The mean annual rainfall ranges between 1000–1200 mm, most of which is received during the southwest monsoon. Summer temperatures may exceed 42°C, while winter temperatures can drop to 8–10°C. Such pronounced seasonal variability significantly influences vegetation dynamics, particularly herbaceous diversity. Soils of the region are predominantly alluvial in origin, varying from sandy loam to clay loam texture, with moderate to high fertility. Soil moisture availability fluctuates seasonally, particularly in wetland and low-lying areas, affecting species composition and dominance patterns.
Forest site: a mixed reserved type forest managed by forest authority 
Agroforestry site: a managed plantation of mixed trees along with the agricultural crops
Wetland site: an ecologically important freshwater wetland located within Gonda district
A total of 36 quadrates of trees of the size (20×20) m and 30 quadrates of shrubs of the size (5×5) m were taken in all the three sites. The quadrates were taken with spacing of at least (50-100) m.
Data collection and analysis
Quadrate method
Quadrat methods were used for the collection of data to analysis vegetation diversity parameters. In this study, species were enumerated within randomly laid quadrats of different sizes depending on the size and nature of the plant community. Trees and saplings were analysed by randomly placing quadrats of 10 m × 10 m at each site. The circumference at breast height (CBH; 1.37 m above ground level) of all trees and saplings within each quadrat was measured and recorded individually. Individuals with CBH ≥ 31.5 cm were categorized as trees, those with CBH between 10 cm and 31.5 cm as saplings, and those with CBH ≤ 10 cm as seedlings.
Vegetation data were quantitatively analyzed to determine density, frequency, and abundance following the methods described by Curtis and McIntosh (1950). The abundance-to-frequency (A/F) ratio was calculated according to Whitford (1949). Relative frequency, relative density, and relative basal area were computed following Phillips (1959). These relative values were summed to obtain the Importance Value Index (IVI) as proposed by Curtis (1959). Species diversity (H′) was calculated using the Shannon–Wiener diversity index (Shannon & Weaver, 1963), while concentration of dominance (CD) was determined using Simpson’s index (Simpson, 1949). The shrub layer was analyzed by sampling quadrate of 5 m x 5m randomly on each forest site. The following formulae was used for the analysis of above parameters:   
Density = 
Frequency = 
Dominance =
Basal area
It is the area occupied by the base of a tree, is considered as a good indicator of the size, volume and biomass of a tree. The basal area will be calculated by using the formula (Kent and Coker 1992).
Basal area =  
Important value index 
Important value is a measure of how dominant a species is in a given study area. Foresters do not generally inventory a forest by counting all the trees, but by locating points in the forest and sampling a specified area around those points. Three kinds of data were estimated namely Relative frequency, Relative density, and Relative dominance where each of these values was expressed as per cent and ranges from 0 to 100. The Important value Index (IVI)e is the sum of these three measures and can range from 0 to 300. This value of 300 is called Important Value Index (IVI). It does incorporate three important parameters.
Relative density = 

Relative frequency =    

Relative dominance =  

Diversity indices 
1. Species Richness (S): Species richness refers to the total number of species present in a defined sampling unit. It provides a basic measure of diversity but does not account for abundance distribution.
2. Species Evenness Index (J′): Evenness reflects how evenly individuals are distributed among species. It is calculated using:

Where:
· = Shannon index
· = total number of species

Simpson’s dominance index (1949): it measures the species dominance of a particular area and is calculated by the formula;
                                        Cd = Σ(ni/N) ^2 
       ni = Total number of individuals of ith species 
       N = Total number of individuals of all species
3.3.5 Shannon – Wiener Diversity index (1963): The Shannon-Wiener diversity index (H) is commonly used to characterize species diversity in a community. Shannon’s index accounts for both abundance and evenness of the species present. It is calculated by the formula.
                                       H’= - Σ(ni/N) log(ni/N) 
ni = Total number of individuals belonging to ith species 
     N = Total number of individuals in the sample




Result and Discussion
A total of 457 tree species and 1277 herbs species were recorded across the three ecosystems as a Forest land, Agroforestry and wetland. This implies that the study area is rich in herbaceous and tree species and amond all the forest land contributes the most in vegetation status. Greater contribution in vegetation cover leads to greater carbon sequestration.  The results of tables are discussed below: 
Tree Layer Phytosociology
The forest ecosystem of Gonda during 2022–23 exhibited a total basal area of 1.348 m² and an overall tree density of 17.33 number / m, indicating a structurally developed stand. Species distribution was markedly uneven, with clear dominance by Shorea robusta. Shorea robusta recorded the highest density (8.08), representing 46.72% relative density, along with a basal area of 2155.42 cm² and 38.49% relative dominance, culminating in the highest IVI (98.54). The disproportionately high IVI compared to other species confirms its ecological supremacy and suggests that the forest stand is structurally regulated by this single species. Such high dominance often reflects competitive exclusion and efficient resource utilization, particularly light interception and soil nutrient uptake. The second most significant species was Tectona grandis, with density of 2.75, relative density of 15.89%, and IVI of 42.33. Although substantially lower than S. robusta, its moderate IVI indicates successful establishment and regeneration within canopy gaps. Intermediate IVI values were recorded for Holoptelea integrifolia (27.18) and Acacia catechu (23.27), suggesting secondary structural roles. Species such as Terminalia arjuna (IVI = 15.59), Syzygium cumini (18.08), and Madhuca longifolia (17.07) exhibited comparatively low representation, likely due to restricted microhabitat suitability or competitive pressure from dominant taxa.
The agroforestry system displayed a comparatively lower total basal area (1.0434 m²) and density (10.92 number / m), indicating reduced structural complexity relative to the forest. Species distribution was strongly skewed towards economically preferred species. Tectona grandis emerged as the overwhelmingly dominant species with density of 5.0, contributing 45.79% relative density, 34.09% relative dominance, and an IVI of 95.24. The high relative frequency (15.36%) further confirms uniform plantation distribution. Unlike the natural forest, dominance here is anthropogenically driven rather than competitively established. Moderate IVI values were observed for Eucalyptus tereticornis (35.85) and Pongamia pinnata (29.77). These species showed balanced contributions of density and dominance, reflecting integration of timber and nitrogen-fixing species within the system.
Fruit-bearing species such as Mangifera indica (IVI = 19.08) and Psidium guajava (26.68) contributed to compositional diversity but exhibited lower structural dominance. Species like Annona reticulata and Carica papaya recorded the lowest IVI values (13.38 each), suggesting scattered occurrence and limited ecological influence.
The wetland ecosystem recorded the highest total basal area (1.6094 m²) but lower overall density (9.83 number / m), indicating presence of fewer but larger-diameter trees. This pattern suggests mature individuals with substantial biomass contribution. Terminalia arjuna showed the highest IVI (53.26), supported by density of 2.41, relative density of 24.66%, and relative dominance of 15.68%. Its dominance reflects adaptation to riparian and waterlogged conditions. Sarca asoca exhibited the second-highest IVI (45.09), primarily driven by high relative dominance (21.62%). Similarly, Ficus religiosa recorded IVI of 39.54, with strong relative density (16.16%). Notably, Ficus benghalensis displayed the largest basal area (2444.2 cm²) despite moderate density, indicating fewer but massive individuals contributing significantly to stand biomass.

Table 1 Phyto-sociological analysis of tree species of forest area in Gonda in 2022-23
	Tree
	DBH /cm
	BA
(cm2)
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Acacia nilotica
	42.4
	1411.24
	0.83
	25
	3.33
	4.81
	10
	5.29
	20.10

	Holoptelea integrifolia
	39.6
	1231.01
	1.41
	25
	5.67
	8.18
	10
	8.99
	27.18

	Tectona grandis
	42.4
	1411.24
	2.75
	33.3
	8.25
	15.89
	13.33
	13.09
	42.33

	Acacia catechu
	37.5
	1103.91
	1.08
	16.67
	6.5
	6.26
	6.67
	10.31
	23.27

	Shorea robusta
	52.4
	2155.42
	8.08
	33.3
	24.25
	46.72
	13.33
	38.49
	98.54

	Madhuca longifolia
	51.6
	2090.11
	0.58
	25
	2.33
	3.37
	10
	3.70
	17.07

	Ficus racemosa
	31.5
	778.91
	0.83
	16.67
	5
	4.81
	6.67
	7.99
	19.42

	Syzygium cumini
	39.6
	1231.01
	0.66
	25
	2.67
	3.85
	10
	4.23
	18.08

	Terminalia arjuna
	38.7
	1175.69
	0.58
	16.67
	3.5
	3.37
	6.67
	5.55
	15.59

	Eucalyptus tereticornis
	33.7
	891.51
	0.5
	33.33
	1.5
	2.89
	13.33
	2.38
	18.60

	
	
	13480. 1
	
	17.33
	250
	63
	100
	100
	100




Table 2 Phyto-sociological analysis of tree species of agroforestry area of Gonda in 2022-23
	Tree
	DBH /cm
	BA
(cm2)
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Tectona grandis
	34.8
	950.67
	5
	33.33
	15
	45.79
	15.36
	34.09
	95.24

	Mangifera indica
	39.7
	1237.2
	0.5
	16.67
	3
	4.57
	7.68
	6.81
	19.08

	Saraca asoca
	32.6
	834.27
	0.83
	16.67
	5
	7.63
	7.68
	11.36
	26.68

	Annona reticulata
	40.1
	1262.3
	0.25
	16.67
	1.5
	2.28
	7.68
	3.40
	13.38

	Leucaena leucocaphala
	39.5
	1224.8
	0.41
	25
	1.67
	3.81
	11.52
	3.78
	19.12

	Psidium guajava
	31.4
	773.98
	0.83
	16.67
	5
	7.63
	7.68
	11.36
	26.68

	Eucalyptus tereticornis
	38.2
	1145.5
	1.33
	25
	5.33
	12.21
	11.52
	12.12
	35.85

	Pongamia pinnata
	32.5
	829.16
	1
	25
	4
	9.15
	11.52
	9.09
	29.77

	Azadirachta indica
	43.4
	1478.6
	0.5
	25
	2
	4.57
	11.52
	4.54
	20.64

	Carica papaya
	29.8
	697.11
	0.25
	16.67
	1.5
	2.28
	7.68
	3.40
	13.38

	
	
	10434
	10.92
	216.7
	44
	100
	100
	100
	300




Table 3 Phyto-sociological analysis of tree species of wetland area of Gonda in 2022-23
	Tree
	DBH /cm
	BA
(cm2)
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Madhuca longifolia
	44.3
	1540.6
	0.75
	25
	3
	7.65
	9.69
	6.48
	23.83

	Alangium salviifolium
	37.6
	1109.8
	0.58
	16.67
	3.5
	5.95
	6.46
	7.56
	19.98

	Ficus religiosa
	32.4
	824.06
	1.58
	25
	6.33
	16.16
	9.69
	13.69
	39.54

	Acacia nilotica
	42.6
	1424.6
	0.41
	25
	1.66
	4.25
	9.69
	3.60
	17.55

	Albizia lebbeck
	41.7
	1365
	0.25
	25
	1
	2.55
	9.69
	2.16
	14.4

	Terminalia arjuna
	38.6
	1169.6
	2.41
	33.33
	7.25
	24.66
	12.92
	15.68
	53.26

	Mangifera indica
	44.8
	1575.5
	0.25
	16.67
	1.5
	2.55
	6.46
	3.24
	12.25

	Melia azedarach
	37.8
	1121.6
	0.16
	16.67
	1
	1.70
	6.46
	2.16
	10.32

	Ficus benghalensis
	55.8
	2444.2
	0.66
	25
	2.66
	6.80
	9.69
	5.76
	22.26

	Azadirachta indica
	43.7
	1499.1
	0.5
	8.333
	6
	5.10
	3.23
	12.97
	21.3

	Acacia nilotica
	38.7
	1175.7
	0.58
	25
	2.33
	5.95
	9.69
	5.04
	20.69

	Saraca asoca
	32.8
	844.53
	1.66
	16.67
	10
	17.01
	6.46
	21.62
	45.09

	
	
	16094
	9.833
	258.3
	46.25
	100
	100
	100
	300




   
Fig 1: Importance Value Index (IVI) of forest Iand	Fig 2: Importance Value Index (IVI) of Agroforestry


Fig 3: Importance Value Index (IVI) of Wetland  
Herbaceous Layer Dynamics
Agroforestry System
During summer, the agroforestry system recorded nine herbaceous species with a cumulative density of 6.75 and total abundance of 32.83. Species composition was strongly influenced by xeric conditions. Datura innoxia emerged as the most dominant species, exhibiting the highest density (2.5), relative density (37.04%), relative dominance (30.49%), and IVI (81.81). Its high abundance (10) and frequency (25%) indicate effective adaptation to elevated temperature and reduced soil moisture.Onosma bracteatum ranked second (IVI = 48.15) due to relatively higher relative dominance (21.34%), suggesting moderate spatial spread but limited frequency (16.67%). Abrus precatorius showed the highest frequency (33.33%) among species but lower dominance (7.62%), indicating wider distribution with smaller population clusters. Species such as Phaseolus vulgaris (IVI = 9.04) and Calotropis gigantea (IVI = 20.56) displayed restricted occurrence and low structural contribution. The overall pattern suggests that summer conditions promoted dominance by a few drought-tolerant taxa, leading to uneven distribution within the herbaceous layer.
In the rainy season, total density increased markedly to 11.75 and total abundance to 73.5, indicating strong seasonal regeneration. Species composition shifted towards moisture-responsive taxa. Cyperus rotundus recorded the highest IVI (50.3) and relative dominance (29.93%), despite low frequency (8.33%), reflecting dense localized patches. Alysicarpus ovalifolius (IVI = 36.38) and Digitaria sanguinalis (IVI = 34.05) exhibited balanced contributions of density and frequency (25%), suggesting improved recruitment under favorable moisture conditions. 
During winter, total density declined to 7.333 and abundance to 41.67, reflecting seasonal reduction in herb growth. However, species distribution remained relatively balanced. Digitaria sanguinalis attained the highest IVI (43.43) due to maximum relative density (17.12%) and balanced dominance (12.02%). Alysicarpus ovalifolius (IVI = 41.49) maintained high relative density (15.98%) and frequency (25%), suggesting tolerance to lower temperatures. Cyperus rotundus displayed comparatively high relative dominance (21.63%), indicating persistence of underground propagules.
Wetland System
The wetland system recorded significantly higher structural values compared to agroforestry, with total density of 24.3 and abundance of 146.83. Aquatic and semi-aquatic species dominated the community. Salvinia natans exhibited the highest IVI (47.64) and relative dominance (29.3%), indicating floating mat formation.
Hydrilla verticillata showed high density (4) and IVI (40), reflecting strong submerged colonization. Solanum nigrum and Alternanthera sessilis contributed moderate structural roles (IVI = 33.15 and 26.71, respectively). During rainy, total density increased further to 26.3, indicating peak productivity. Hydrilla verticillata remained dominant (IVI = 38.97), supported by highest relative density (15.21%) and dominance (18%). Phyllanthus niruri (IVI = 32.41) and Nymphaea pubescens (IVI = 30.66) displayed significant structural contribution, reflecting expansion of emergent and floating vegetation. Species such as Phragmites australis and Alternanthera sessilis exhibited moderate IVI values (24–26), indicating stable distribution. The rainy season supported maximum species richness and density, confirming the regulatory role of hydrological input in wetland productivity. 
In winter, total density declined to 12.75, yet structural dominance remained pronounced. Hydrilla verticillata showed exceptionally high IVI (64.13) and relative dominance (31.28%), indicating sustained submerged biomass even during lower temperature conditions. Centella asiatica (IVI = 39.67) and Ipomoea aquatica (IVI = 36.07) maintained substantial contributions through balanced density and frequency.
Across seasons, the agroforestry system exhibited strong seasonal fluctuation in dominance patterns, with summer showing pronounced single-species dominance (Datura innoxia), while rainy and winter seasons displayed relatively distributed IVI values.
In contrast, the wetland ecosystem maintained consistently higher total density, abundance, and IVI concentration across seasons. Hydrophytic species such as Hydrilla verticillata and Salvinia natans played structural keystone roles.

Seasonal variation of the of herbaceous species in Agroforestry and wetland in 2022-2023
Table 4 (a) Phyto-sociological analysis of herbaceous diversity of agroforestry area of Gonda during summer season in 2022-23
	Herb
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Onosma bracteatum
	1.16
	16.67
	7
	17.28
	9.52
	21.34
	48.15

	Achyranthes aspera
	0.5
	16.67
	3
	7.40
	9.52
	9.14
	26.08

	Calotropis gigantea
	0.33
	16.67
	2
	4.93
	9.52
	6.09
	20.56

	Datura innoxia
	2.5
	25
	10
	37.04
	14.29
	30.49
	81.81

	Digitalis purpurea
	0.33
	16.67
	2
	4.93
	9.52
	6.09
	20.56

	Abrus precatorius
	0.83
	33.33
	2.5
	12.35
	19.05
	7.62
	39.02

	Digitaria sanguinalis
	0.33
	25
	1.33
	4.93
	14.29
	4.06
	23.29

	Cleome gynandra
	0.66
	16.67
	4
	9.87
	9.52
	12.2
	31.6

	Phaseolus vulgaris
	0.08
	8.33
	1
	1.23
	4.76
	3.04
	9.04

	
	6.75
	175
	32.83
	100
	100
	100
	300






Table 4 (b) Phyto-sociological analysis of herbaceous diversity in agroforestry during rainy season in Gonda in 2022-23
	Herb
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Argemone 
mexicana
	1.41
	16.67
	8.5
	12.06
	9.52
	11.56
	33.15

	Achyranthes aspera
	1.5
	16.67
	9
	12.77
	9.52
	12.24
	34.53

	Calotropis gigantea
	1
	16.67
	6
	8.511
	9.52
	8.16
	26.2

	Alysicarpus ovalifolius
	1.58
	25
	6.33
	13.48
	14.3
	8.61
	36.38

	Trianthema portulacastrum
	1.33
	16.67
	8
	11.35
	9.52
	10.88
	31.76

	Abrus precatorius
	0.66
	33.33
	2
	5.674
	19
	2.72
	27.44

	Digitaria sanguinalis
	1.41
	25
	5.67
	12.06
	14.3
	7.71
	34.05

	Cleome gynandra
	1
	16.67
	6
	8.51
	9.52
	8.16
	26.2

	Cyperus rotundus
	1.83
	8.33
	22
	15.6
	4.76
	29.93
	50.3

	
	11.75
	175
	73.5
	100
	100
	100
	300





Table 4 (c) Phyto-sociological analysis of herbaceous diversity in agroforestry during winter season in Gonda in 2022-23
	Herb
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Chenopodium 
album
	0.83
	16.67
	5
	11.42
	9.52
	12.02
	32.96

	Achyranthes aspera
	0.91
	16.67
	5.5
	12.56
	9.52
	13.22
	35.30

	Calotropis gigantea
	0.66
	16.67
	4
	9.132
	9.52
	9.61
	28.27

	Alysicarpus ovalifolius
	1.16
	25
	4.66
	15.98
	14.3
	11.22
	41.49

	Trianthema portulacastrum
	0.41
	16.67
	2.5
	5.708
	9.52
	6.01
	21.24

	Abrus precatorius
	0.66
	33.33
	2
	9.132
	19
	4.80
	32.99

	Digitaria sanguinalis
	1.25
	25
	5
	17.12
	14.3
	12.02
	43.43

	Cleome gynandra
	0.66
	16.67
	4
	9.132
	9.52
	9.61
	28.27

	Cyperus rotundus
	0.75
	8.333
	9
	10.27
	4.76
	21.63
	36.67

	
	7.333
	175
	41.67
	100
	100
	100
	300






Table 5 (a) Phyto-sociological analysis of herbaceous diversity in wetland area during summer season in Gonda:
	Herbs
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Bacopa monnieri
	1.75
	33.33
	5.25
	7.21
	14.31
	3.58
	25.1

	Centella asiatica
	1.58
	33.33
	4.75
	6.52
	14.31
	3.24
	24.07

	Alternanthera sessilis
	2.33
	25
	9.33
	9.62
	10.73
	6.36
	26.71

	Solanum nigrum
	3.17
	16.67
	19
	13.06
	7.15
	12.9
	33.15

	Hydrilla verticillata
	4
	16.67
	24
	16.49
	7.15
	16.3
	40

	Vallisneria spiralis
	1.33
	16.67
	8
	5.49
	7.15
	5.45
	18.1

	Salvinia natans
	3.58
	8.33
	43
	14.78
	3.57
	29.3
	47.64

	Vitex negundo
	2.25
	16.67
	13.5
	9.27
	7.15
	9.2
	25.63

	Marsilea minuta
	2
	25
	8
	8.24
	10.73
	5.45
	24.43

	Typha angustifolia
	1.5
	16.67
	9
	6.18
	7.15
	6.13
	19.47

	Justicia adhatoda
	0.75
	25
	3
	3.09
	10.73
	2.04
	15.87

	
	24.3
	233.3
	146.83
	100
	100
	100
	300



Table 5 (b) Phyto-sociological analysis of Herbaceous diversity in wetland area during rainy season in Gonda in 2022-23
	Herb
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Portulaca oleracea
	1.33
	25
	5.33
	5.07
	8.57
	4.01
	17.65

	Phyllanthus niruri
	3.5
	25
	14
	13.31
	8.57
	10.5
	32.41

	Nymphaea pubescens
	3
	16.67
	18
	11.41
	5.71
	13.5
	30.66

	Phragmites australis
	2.33
	33.33
	7
	8.87
	11.43
	5.26
	25.57

	Polygonum barbatum
	1.58
	16.67
	9.5
	6.02
	5.71
	7.14
	18.88

	Typha angustifolia
	1.5
	16.67
	9
	5.70
	5.71
	6.77
	18.19

	Justicia adhatoda
	0.75
	25
	3
	2.85
	8.57
	2.26
	13.68

	Helminthostachys zeylanica
	1.33
	8.33
	16
	5.07
	2.85
	12
	19.96

	Vallisneria spiralis
	1.33
	16.67
	8
	5.07
	5.71
	6.02
	16.8

	Hydrilla verticillata
	4
	16.67
	24
	15.21
	5.71
	18
	38.97

	Bacopa monnieri
	1.75
	33.33
	5.25
	6.65
	11.43
	3.95
	22.03

	Centella asiatica
	1.58
	33.33
	4.75
	6.02
	11.43
	3.57
	21.02

	Alternanthera sessilis
	2.33
	25
	9.33
	8.872
	8.57
	7.02
	24.46

	
	26.3
	291.7
	133.17
	100
	100
	100
	300




[bookmark: _Hlk216864351]Table 5 (c) Phyto-sociological analysis of herbaceous diversity in wetland area during winter season in Gonda in 2022-23
	Herb
	Density
(individual/cm2)
	Frequency
(%)
	Abundance
	Relative density
(%)
	Relative frequency
(%)
	Relative dominance
(%)
	IVI

	Bacopa monnieri
	1.16
	25
	4.66
	9.15
	12.02
	7.68
	28.85

	Centella asiatica
	1.91
	25
	7.66
	15.03
	12.02
	12.62
	39.67

	Eclipta prostrata
	1.25
	16.67
	7.5
	9.80
	8.01
	12.35
	30.16

	Hydrilla verticillata
	3.16
	16.67
	19
	24.84
	8.01
	31.28
	64.13

	Vallisneria spiralis
	0.91
	33.33
	2.75
	7.19
	16.03
	4.52
	27.74

	Marsilea minuta
	1.5
	25
	6
	11.76
	12.02
	9.87
	33.66

	Ipomoea aquatica
	1.66
	25
	6.66
	13.07
	12.02
	10.97
	36.07

	Typha angustifolia
	0.91
	16.67
	5.5
	7.19
	8.01
	9.05
	24.26

	Justicia adhatoda
	0.25
	25
	1
	1.96
	12.02
	1.64
	15.63

	
	12.75
	208.3
	60.75
	100
	100
	100
	300




Table 6: Diversity Indices of Tree Layer in Different Land-Use Systems (2022–23)
	Land-use System
	Species Richness (S)
	Shannon Index (H′)
	Simpson Index (1–D)
	Evenness (J′)

	Forest Land
	10
	1.67
	0.69
	0.73

	Agroforestry
	10
	1.56
	0.73
	0.68

	Wetland
	12
	2.20
	0.87
	0.89



The forest land recorded a Shannon diversity index (H′) of 1.67, indicating moderate diversity. Simpson’s index (0.69) suggests noticeable dominance by one or few species. Evenness (0.73) shows relatively uneven distribution of individuals across species.This moderate diversity coupled with lower Simpson value confirms strong dominance structure, primarily influenced by a single ecologically superior species (Shorea robusta, as reflected earlier in IVI analysis). Such dominance reduces equitability despite acceptable species richness (S = 10). The forest therefore reflects a semi-monodominant structure typical of sal-dominated tropical moist deciduous stands.
Agroforestry recorded Shannon index of 1.56, slightly lower than forest land. However, Simpson’s index (0.73) was marginally higher than forest, suggesting somewhat better distribution of individuals across species compared to forest.Evenness (0.68) was the lowest among the three systems, indicating uneven distribution and strong plantation-driven dominance. Although species richness (S = 10) is similar to forest land, diversity is structurally constrained by management preference, particularly dominance of Tectona grandis.
The wetland ecosystem recorded the highest species richness (S = 12) and the highest Shannon diversity (H′ = 2.20). Simpson’s index (0.87) indicates high diversity with lower dominance concentration. Evenness (0.89) was also highest, reflecting a more equitable distribution of individuals among species. The elevated diversity indices suggest that wetlands support heterogeneous tree assemblages. Unlike forest and agroforestry systems, dominance is distributed across multiple species such as Terminalia arjuna, Saraca asoca, and Ficus religiosa. 
Seasonal Diversity Pattern in Agroforestry Herb Layer
In agroforestry land, species richness remained constant (S = 9) across all seasons, indicating stable species presence throughout the year. However, diversity indices showed seasonal variation.
During summer, Shannon index (H′ = 1.69) and Simpson index (0.75) were comparatively lower, reflecting dominance by a few drought-tolerant species such as Datura innoxia. Evenness (0.77) indicates moderate inequality in species distribution.
With onset of monsoon, diversity increased substantially. Rainy season recorded H′ = 2.12 and Simpson index = 0.87, while evenness reached 0.96. This indicates nearly uniform distribution of individuals among species due to improved soil moisture and favorable growth conditions.
Winter season maintained high diversity (H′ = 2.14) and evenness (0.97), suggesting stable herbaceous assemblage under moderate temperature conditions. The seasonal rise in diversity from summer to rainy season demonstrates strong climatic control over herbaceous community structure.
Seasonal Diversity Pattern in Wetland Herb Layer
Wetland ecosystems exhibited higher diversity compared to agroforestry in all seasons.
Summer season recorded H′ = 2.29 with species richness of 11, reflecting coexistence of floating, submerged, and emergent macrophytes. Simpson index (0.88) indicates low dominance concentration.
Rainy season showed maximum diversity among all systems (H′ = 2.45; Simpson = 0.91; S = 13). Enhanced water availability and nutrient influx likely promoted germination and expansion of aquatic species. High evenness (0.96) indicates equitable distribution among taxa.
Winter season showed slight decline in richness (S = 9) and Shannon index (2.07), possibly due to temperature reduction and senescence of some hydrophytes. However, diversity remained relatively high, reflecting hydrological buffering capacity of wetlands.

Table 7a: Seasonal Diversity Indices of Herbaceous Layer (2022–23) in Agroforestry System
	Season
	Species Richness (S)
	Shannon Index (H′)
	Simpson Index (1–D)
	Evenness (J′)

	Summer
	9
	1.69
	0.75
	0.77

	Rainy
	9
	2.12
	0.87
	0.96

	Winter
	9
	2.14
	0.87
	0.97






Table 7b: Seasonal Diversity Indices of Herbaceous Layer (2022–23) in Wetland System
	Season
	Species Richness (S)
	Shannon Index (H′)
	Simpson Index (1–D)
	Evenness (J′)

	Summer
	11
	2.29
	0.88
	0.95

	Rainy
	13
	2.45
	0.91
	0.96

	Winter
	9
	2.07
	0.86
	0.94



Conclusion
The present study provides a comparative evaluation of vegetation structure and diversity across forest land, agroforestry, and wetland ecosystems in Gonda district, Uttar Pradesh. Quantitative phytosociological analysis revealed that although forest and agroforestry systems possessed comparable tree species richness (S = 10), their structural organization differed significantly due to contrasting dominance patterns. Forest stands were regulated by strong ecological dominance of Shorea robusta (IVI = 98.54), resulting in moderate diversity (H′ = 1.67) and uneven species distribution. Agroforestry systems, dominated by Tectona grandis (IVI = 95.24), exhibited lower Shannon diversity (H′ = 1.56) and the least evenness (J′ = 0.68), reflecting management-driven structural simplification.
Wetland ecosystems demonstrated the highest structural heterogeneity, with greater basal area (16,094 cm²), higher species richness (S = 12), and elevated diversity indices (H′ = 2.20; Simpson = 0.87; J′ = 0.89). Unlike forest and agroforestry systems, dominance in wetlands was distributed among multiple species, indicating balanced community organization under hydrological regulation. Seasonal analysis of herbaceous vegetation further highlighted moisture as a key determinant of diversity, with wetlands consistently maintaining higher Shannon values (up to 2.45) compared to agroforestry systems.
Overall, the study establishes a clear diversity gradient as highest and wetland followed by forest land and Agroforestry demonstrating that land-use intensity and moisture regime are primary drivers of vegetation structure in the region. The findings underscore the ecological importance of wetland habitats in sustaining biodiversity within managed rural landscapes and provide a quantitative basis for land-use planning and conservation strategies in the Gangetic plains.
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IVI of forest Iand

IVI	
Fabaceae (Leguminosae)	Ulmaceae	Lamiaceae	Fabaceae (Leguminosae)	Dipterocarpaceae	Sapotaceae	Moraceae	Myrtaceae	Combretaceae	Myrtaceae	20.100000000000001	27.18	42.33	23.27	98.54	17.07	19.420000000000002	18.079999999999998	15.59	18.600000000000001	

IVI of Agroforestry

IVI	
Lamiaceae	Anacardiaceae	Fabaceae (Caesalpinioideae)	Annonaceae	Fabaceae (Mimosoideae)	Myrtaceae	Myrtaceae	Fabaceae (Faboideae)	Meliaceae	Caricaceae	95.24	19.079999999999998	26.68	13.38	19.12	26.68	35.85	29.77	20.64	13.38	

IVI of Wetland 

IVI	
Sapotaceae	Cornaceae (sometimes placed in Alangiaceae)	Moraceae	Fabaceae (Mimosoideae)	Fabaceae (Mimosoideae)	Combretaceae	Anacardiaceae	Meliaceae	Moraceae	Meliaceae	Fabaceae (Mimosoideae)	Fabaceae (Caesalpinioideae)	23.83	19.98	39.54	17.55	14.4	53.26	12.25	10.32	22.26	21.3	20.69	45.09	

