Plant Density Manipulation on the Growth of Tephrosia bracteolata Guill. & Perr. and Associated Weed Species

ABSTRACT
This study investigated the influence of plant density manipulation on dry matter accumulation and weed-suppressing ability of Tephrosia bracteolata. The seeds of Tephrosia bracteolata were sown on a field with 0.2 m inter-row spacing while intra-row spacing was varied from 0.1 m – 1.6 m. The plant densities were D0 = 0 Plants/m2, D1 = 50 Plants/m2, D2 = 25 Plants/m2, D3 = 12.5 Plants/m2, D4 = 6.25 Plants/m2 and D5 = 3.125 Plants/m2. The experiment was conducted in a Randomised Complete Block Design with three replications. Data were collected 16 weeks after sowing on Plant Height, Number of Leaves, Stem Diameter, Shoot Dry Weight, and Weed Dry Weight. Weed species were enumerated using 0.5 m by 0.5 m quadrats to calculate species relative importance value, Shannon-Wiener index, dominance index, and equitability index. The results showed that plant density on plant height and stem diameter were not significantly different α0.05, while number of leaves, shoot dry weight, and weed dry weight observed at 12.5 Plants/m2 were significantly different at α0.05 compared to other plant densities. Twenty-eight weed species and one woody tree species were enumerated.  Desmodium scorpiurus, Diodra sarmentosa, and Tridax procumbens were the most important species, while species dominance was low across plant densities. Shannon-Wiener index was highest in 6.25 Plants/m2 (2.425) and lowest in 50 Plants/m2 (1.911). The equitability index was lowest in 50 Plants/m2 (0.745) and highest in 0 Plants/m2. These results suggest that Tephrosia bracteolata sown at 12.5 Plants/m2 positively influenced dry matter accumulation and weed suppression.
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Introduction
In regions of low soil fertility, such as sub-Saharan Africa, due to soils low in organic matter and organic mineral pool (Stwart et al., 2019), many soil rehabilitation practices are adopted to increase soil fertility status while ensuring optimum crop production.  In the past, various strategies to improve soil nutrient status had been adopted, which included crop rotation, shifting cultivation, and bush fallow. Concerns over land limitation and fragmentation limited the adoption of these practices due to advancements in industrialisation, changes in consumption patterns, and human population growth. Without addressing soil health issues, agricultural production will continually fail to meet the needs of the rapidly growing population. Long-term solutions, such as approaches that increase organic matter, organic nutrient pools, and nutrient cycling are essential components to achieving sustainable soil fertility (Vanlauwe et al., 2015).
Recently, intentional preservation of agricultural lands by growing cover crops as sown fallow has been adopted to maintain soil fertility, suppress weed population, and alleviate synthetic nitrogen fertiliser requirement. In sown fallow system, fast growing species especially herbaceous legumes are ideal for nutrient-depleted soil (Abhiram and Eewaran, 2022) as legumes have a large capacity to supply biological nitrogen to the soil (Carlos et al., 2022b), they also contribute to the cycling of nutrients and the increase of nitrogen input through the process of biological nitrogen fixation (Alvarez et al., 2017). Tephrosia bracteolata Guill. & Perr. is a tropical legume cover crop belonging to the family Fabaceae (Balogun et al., 2008), its leaves are a source of protein supplements for ruminant livestock, and it has been widely adopted as a fodder bank to improve pasture quality. Indigenous knowledge has identified that Tephrosia bracteolata thrives on nutrient-depleted soil and, in so doing, rehabilitates the soil (Isichei and Awodoyin, 1990), thereby making it a promising green manure plant.
Optimising plant density can significantly improve plant growth and development, as inappropriate plant density can be detrimental to yield per unit area and result in low or partial coverage of the soil.  In our work, we tried to establish appropriate planting density for Tephrosia bracteolata sown fallow for the conditions of a rainforest-savanna transition eco-zone of Nigeria. In this regard, the following objectives were set: 1) to investigate the effect of plant density on growth and dry matter accumulation of Tephrosia bracteolata, 2) to investigate the effect of plant density on weed suppression efficiency of Tephrosia bracteolata and 3) to enumerate associated weed species of Tephrosia bracteolata under sown fallow system.
[bookmark: _GoBack]Materials and Methods
The field study was carried out during the onset of wet seasons of 2023 and 2024 at the Crop Garden, Department of Crop Protection and Environmental Biology, University of Ibadan (transiting rainforest-derived savanna), Nigeria. The average maximum temperature was 29.3⁰C (April – July) in 2023 and 29.8⁰C (April – July) in 2024, while the minimum temperature was 23.1⁰C (April – July) in 2023 and 23.7⁰C (April – July) in 2024. The average rainfall recorded was 8.81 mm (April – July) in 2023 and 6.94 mm (April – July) in 2024.  The sandy loam soil of the experimental site had 6% organic carbon, 0.68 g/kg total Nitrogen, 11.30 g/kg Available Phosphorus, and 0.19 cmol/kg Potassium. 
The experimental plot layout was laid out in randomised complete block design in three replications with six planting densities (D0: 0 Plants/m2 = Control, D1: 50 Plants/m2 = 0.2 m x 0.1 m, D2: 25 Plants/m2 = 0.2 m x 0.2 m, D3: 12.5 Plants/m2 = 0.2 m x 0.4 m, D4: 6.25Plants/m2 = 0.2 m x 0.8 m, D5: 3.125 Plants/m2 = 0.2 m x 1.6 m) allocated within eighteen individual plots of 1 m by 1 m.  In both years of the study, Tephrosia bracteolata seeds were sown by the seed drilling method on 9th April in 2023 and 2024. The experimental plots were left weedy throughout the study.
The average plant height, stem diameter, number of leaves, and shoot dry weight were recorded from three randomly selected T. bracteolata plants in each plot. For the estimation of dry matter accumulation, T. bracteolata samples were packaged into envelopes and then oven dried to constant weight at 80⁰C in a Gallenkamp oven. Weed dry matter accumulation was estimated by clearing all weed species rooted within the 0.5 m x 0.5 m quadrat used for weed species enumeration. The weeds were packaged into envelopes and then oven dried to constant weight at 80⁰C in a Gallenkamp oven. 
Weed Control Efficiency (%) was calculated according to Nazir et al. (2020) as:
WEC (%) = 
Where Wc =Weed dry weight of control plot, Wt = Weed dry weight of treated plot.
Weed species encountered on sown T. bracteolata plots at 16 weeks after sowing were enumerated in 2023 and 2024. Quadrats of 0.5 m by 0.5 m were laid at the centre of each plot for the quantitative analysis of weed species. All the weed species rooted within the quadrat were identified to species level with the aid of a handbook of West African weeds (Akobundu et al., 2016). After identification, each species was numbered and recorded to calculate weed species density, relative density, abundance, frequency, relative frequency, and relative importance value following the description of Kent (2011):
1. Density (D) =       where D is the number of weeds of a particular species per unit area sampled. 
2. Relative Density (RD) = 	    where RD is the density of an individual weed species relative to the total density of all weed species.
3. Frequency (F) =	  where F is the measure of the occurrence of a weed species within a quadrat.
4. Relative Frequency (RF) =  where RF is the frequency of a weed species relative to the total frequency of all weed species.
5. Relative Importance Value (RIV) =   where RIV is the summation of the density and frequency of each weed species in the sampled area. 
Species diversity was assessed using the Shannon-Wiener index of species diversity (H´) was calculated as H´ = -∑pi.Inpi (Zar, 2010). Where (Pi) is the proportion of the number of individuals of a species (n) in relation to the total number of individual species enumerated (N), In (Natural logarithms). The Equitability Index (J) was calculated as; J´ = H´/In(S) (Pielou, 1966) to measure evenness, where (H´) is the Shannon-Wiener Diversity Index, (In) is the natural logarithm, and (S) is the number of species. The Simpson Dominance Index (D) was calculated as D = ∑pi2 (Simpson, 1949), where (Pi) is the proportion of number of individuals of a species (n) in relation to total number of individual species enumerated (N) and Simpson Diversity Index was calculated as 1-D (Simpson, 1949) where D is Simpson Dominance Index.
Results
Plant density on growth parameters
There was no significant difference (α=.05) in mean plant height across the various plant densities, although 12.5 plants/m2 (197.34, 199.07) had the tallest plant height in 2023 and 2024 respectively while 50 plants/m2 (180.31, 185.47) had the shortest plant height in both years respectively (Table 1). 
12.5 plants/m2 had the widest stem diameter (11.68, 11.97), followed closely by 25 plants/m2 (11.35, 11.37), while 6.25 plants/m2 had the narrowest stem diameter (9.68, 9.76) in 2023 and 2024, respectively. There was no significant difference (α=.05) among mean stem diameter across all plant densities (Table 1). 



The difference among the mean number of leaves at various plant densities was not significant (α=.05) except between densities 12.5 plants/m2 and 25 plants/m2. Number of leaves was highest at 12.5 plants/m2 (2703.56, 2723.78) and was lowest at 50 plants/m2 (1121, 1188.89) in 2023 and 2024 respectively (Table 2).



Table 1: Effect of Varying Plant Density on Plant Height (cm) and Stem Diameter (cm) of Tephrosia bracteolata [Values Shown are Means±SE, n=3]
	
	2023
	2024
	2023
	2024

	Density (Plants/m²)
	Plant Height (cm)
	Stem Diameter (mm)

	D0 (0)
	
	
	
	

	D1 (50)
	180.31±3.59a
	185.47±3.78a
	10.31±0.45a
	10.33±0.45ab

	D2 (25)
	195.62±4.46a
	196.21±4.57a
	11.35±0.43a
	11.37±0.42ab

	D3 (12.5)
	197.34±5.22a
	199.07±4.90a
	11.68±0.56a
	11.97±0.57a

	D4 (6.25)
	191.67±3.96a
	192.26±3.88a
	9.68±0.28a
	9.76±0.32b

	D5 (3.125)
	192.56±3.82a
	194.41±3.80a
	10.33±0.27a
	10.24±0.31ab


In a column, means with the same letters are not significantly different at α.05 (DMRT)
D0 = Density at 0 Plants/m2, D1 = Density at 50 Plants/m2, D2 = Density at 25 Plants/m2, D3 = Density at 12.5 Plants/m2, D4 = Density at 6.25 Plants/m2, D5 = Density at 3.125 Plants/m2, SE = Standard Error



Table 2: Effect of Varying Plant Density on Number of Leaves and Shoot Dry Weight (g) of Tephrosia bracteolata. Values Shown are Means±SE, n=3]
	
	2023
	2024
	2023
	2024

	Density (Plants/m²)
	Number of Leaves
	Number of Leaves
	Shoot Dry Weight (g)
	Shoot Dry Weight (g)

	D0 (0)
	
	
	-
	-

	D1 (50)
	1121.00±21.17c
	1188.89±6.20c
	58.89±2.53b
	61.84±2.77bc

	D2 (25)
	2277.89±7.39ab
	2286.67±7.50ab
	61.78±4.02b
	68.44±3.02b

	D3 (12.5)
	2705.56±7.81a
	2723.78±3.10a
	76.22±5.77a
	91.97±2.44a

	D4 (6.25)
	1998.22±8.07b
	2009.33±5.80b
	52.44±3.42bc
	55.87±2.75cd

	D5 (3.125)
	1801.33±3.82c
	1854.44±5.08b
	41.89±0.42c
	48.67±1.23d


In a column, means with the same letters are not significantly different at α.05 (DMRT)
D0 = Density at 0 Plants/m2, D1 = Density at 50 Plants/m2, D2 = Density at 25 Plants/m2, D3 = Density at 12.5 Plants/m2, D4 = Density at 6.25 Plants/m2, D5 = Density at 3.125 Plants/m2
SE = Standard Error


Table 3: Effect of Varying Plant Density on Weed Dry Weight and Weed Control Efficiency of Tephrosia bracteolata [Values Shown are Means±SE, n=3]
	
	2023
	
	2024
	

	Density (Plants/m²)
	Weed Dry Weight (g)
	WCE (%)
	Weed Dry Weight (g)
	WCE (%)

	D0 (0)
	185.78±3.65a
	
	189.15±2.72a
	

	D1 (50)
	82.67±5.40ab
	55.50
	83.56±5.01bc
	55.82

	D2 (25)
	90.89±9.66ab
	51.08
	93.67±0.51bc
	50.48

	D3 (12.5)
	69.11±2.38c
	62.80
	70.00±2.33c
	62.99

	D4 (6.25)
	110.22±13.65b
	40.67
	112.22±3.34b
	40.67

	D5 (3.125)
	156.56±2.67a
	15.73
	161.44±2.41a
	14.65


In a column, means with the same letters are not significantly different at α.05 (DMRT)
D0 = Density at 0 Plants/m2, D1 = Density at 50 Plants/m2, D2 = Density at 25 Plants/m2, D3 = Density at 12.5 Plants/m2, D4 = Density at 6.25 Plants/m2, D5 = Density at 3.125 Plants/m2, WCE = Weed Control Efficiency, SE = Standard Error




Plant density on dry matter accumulation
12.5 plants/m2 had the highest mean shoot dry weight among the plant densities and was considerably higher than the other densities. The least shoot dry weight was observed in 3.125 plants/m2. The same dry matter accumulation trend was observed in 2023 and 2024 (Table 2).
Control plot (0 plants/m2) had the highest weed dry weight and was significantly different (α=.05) from weed dry weight observed in 12.5 plants/m2 and 6.25 plants/m2 but was not significantly different (α=.05) from 50 plants/m2, 25 plants/m2 and 3.125 plants/m2 in 2023 while in 2024, control plot also had the highest weed dry weight followed closely by 3.125 plants/m2 and was significantly different (α=.05) from the other plant densities. Plant density 12.5 plants/m2 had the least weed dry weight in 2023 and 2024 (Table 3).
Weed control efficiency was best at 12.5 plants/m2 (62.80%), followed closely by 50 plants/m2 (55.50%), and 3.125 plants/m2 had the least weed control efficiency (15.73%) in 2023. The same trend was observed in 2023 and 2024 for weed control efficiency (Table 3).
Weed Species Enumeration
Twenty-eight (28) weed species and one woody tree species were identified during enumeration in 2023 and 2024. Desmodium scorpiurus, Diodia sarmentosa, and Tridax procumbens were the most important species, while Brachiaria deflexa, Chrysopogon aciculatus, Commelina benghalensis, Cyperus rotundus L., Senna siamea, Setaria longiseta, and Talinum triangulare were the least important species in 2023 (Table 4). In 2024, Brachiaria deflexa, Commelina benghalensis, Eragrostis tenella, and Setaria longiseta were the least important species, while Desmodium scorpiurus, Diodia sarmentosa, and Tridax procumbens were the most important species (Table 5).
Plant density 6.25 plants/m2 had the most weed species (19, 21) in 2023 and 2024 enumeration, while 0 plants/m2 (11) and 1.25 plants/m2 (16) had the least weed species enumerated in 2023 and 2024, respectively. The number of individual weed species ranged from 268 (0 plants/m2) to 141 (12.5 plants/m2) in 2023 and from 365 (0 plants/m2) to 207 (50 plants/m2) in 2024. The Simpson´s Diversity Index (1-D) values ranged from 0.795(50 plants/m2) to 0.880 (6.25 plants/m2) in 2023, and the values ranged from 0.850 (50 plants/m2) to 0.924 (6.25 plants/m2) in 2024. The Shannon-Wiener Index (H’) values ranged from 1.911(50 plants/m2) to 2.425 (6.25 plants/m2) in 2023, and the values ranged from 2.198 (50 plants/m2) to 2.760 (6.25 plants/m2) in 2024. The highest Equitability Index (J) 0.744 was observed at 0 plants/m2 and

the lowest 0.744 at 50 plants/m2 in 2023, while in 2024, 6.25 plants/m2 had the highest equitability index (0.753), and the lowest (0.563) was observed at 50 plants/m2 (Table 6).
Table 4: weed species enumerated at different planting densities of Tephrosia bracteolata in 2023
	
	
	
	Relative Importance Value

	Family
	Weed Species
	Life Cycle
	D0
	D1
	D2
	D3
	D4
	D5

	Amaranthaceae
	Alternanthera brasiliana
	Annual, Perennial
	-
	6.47
	6.01
	3.34
	2.05
	-

	
	Amaranthus spinosus
	Annual
	-
	-
	-
	2.62
	-
	5.85

	Asteraceae
	Tithonia diversifolia
	Perennial
	6.48
	3.54
	5.44
	4.05
	2.31
	3.47

	
	Tridax procumbens
	Annual, Perennial
	17.87
	21.12
	16.63
	21.00
	18.06
	16.50

	Cleomaceae
	Cleome Viscosa L.
	Annual
	7.43
	-
	10.32
	4.05
	7.87
	8.46

	Commelinaceae
	Aneilema aequinoctiale
	Perennial
	-
	2.31
	-
	-
	2.05
	-

	
	Commelina benghalensis
	Annual, Perennial
	-
	-
	-
	-
	2.05
	-

	Cyperaceae
	Cyperus haspan
	Perennial
	-
	2.00
	3.44
	-
	-
	-

	
	Cyperus rotundus L.
	Perennial
	-
	-
	-
	-
	4.43
	-

	
	Mariscus alternifolius
	Perennial
	-
	-
	-
	7.59
	6.02
	3.25

	
	Mariscus flabelliformis
	Perennial
	8.17
	-
	-
	-
	3.9
	1.73

	Euphorbiaceae
	Acalypha fimbriata
	Annual, Perennial
	-
	-
	2.89
	2.63
	-
	-

	
	Euphorbia hyssopifolia
	Annual
	-
	-
	-
	2.63
	2.58
	1.95

	Fabaceae
	Desmodium scorpiurus
	Annual, Perennial
	11.34
	11.86
	13.18
	10.22
	7.28
	13.46

	
	Mimosa invisa Mart.
	Perennial
	7.43
	9.09
	7.45
	4.05
	5.95
	7.37

	
	Senna obtusifolia
	Annual, Biennial
	7.81
	2.31
	2.57
	9.16
	2.84
	11.72

	
	Senna siamea
	Perennial
	-
	-
	-
	-
	-
	1.73

	Malvaceae
	Urena lobata L.
	Perennial
	-
	-
	2.29
	-
	-
	1.73

	Nyctaginaceae
	Boerhavia coccinea Mill
	Perennial
	-
	6.78
	2.57
	-
	-
	-

	Phyllanthaceae
	Phyllanthus amarus
	Annual
	7.61
	2.93
	6.01
	5.25
	8.8
	3.90

	Poaceae
	Andropogon gayanus Kunth
	Perennial
	7.98
	4.93
	4.87
	2.63
	-
	2.38

	
	Brachiaria deflexa
	Annual
	-
	-
	-
	-
	5.69
	-

	
	Chrysopogon aciculatus
	Perennial
	-
	-
	-
	-
	2.05
	-

	
	Cynodon dactylon
	Perennial
	-
	-
	-
	-
	2.05
	-

	
	Digitaria horizontalis
	Annual
	2.78
	-
	-
	-
	2.84
	5.42

	
	Eragrostis tenella
	Annual, Perennial
	-
	-
	-
	4.05
	-
	-

	
	Setaria longiseta
	Annual
	-
	3.54
	-
	-
	-
	-

	Portulacaceae
	Talinum triangulare
	Perennial
	-
	2.31
	-
	-
	-
	-

	Rubiaceae
	Diodia sarmentosa
	Annual, Perennial
	15.07
	20.81
	16.92
	16.75
	11.18
	11.07


D0 = Density at 0 Plants/m2, D1 = Density at 50 Plants/m2, D2 = Density at 25 Plants/m2, D3 = Density at 12.5 Plants/m2, D4 = Density at 6.25 Plants/m2, D5 = Density at 3.125 Plants/m2
Table 5: Weed Species enumerated at different planting densities of Tephrosia bracteolata in 2024
	
	
	
	Relative Importance Value

	Family
	Weed Species
	Life Cycle
	D0
	D1
	D2
	D3
	D4
	D5

	Amaranthaceae
	Alternanthera brasiliana
	Annual, Perennial
	-
	-
	6.60
	5.36
	6.71
	-

	
	Amaranthus spinosus
	Annual
	1.49
	1.90
	-
	7.28
	-
	5.84

	Asteraceae
	Tithonia diversifolia
	Perennial
	4.75
	4.08
	5.22
	2.68
	3.98
	3.46

	
	Tridax procumbens
	Annual, Perennial
	13.24
	16.84
	13.49
	15.74
	11.65
	16.5

	Cleomaceae
	Cleome Viscosa L.
	Annual
	5.39
	-
	9.35
	6.21
	5.03
	8.45

	Commelinaceae
	Aneilema aequinoctiale
	Perennial
	1.63
	1.90
	5.12
	-
	1.41
	-

	
	Commelina benghalensis
	Annual, Perennial
	-
	-
	-
	-
	3.32
	-

	Cyperaceae
	Cyperus haspan
	Perennial
	-
	-
	5.12
	-
	1.41
	-

	
	Cyperus rotundus L.
	Perennial
	-
	-
	-
	2.89
	2.89
	-

	
	Mariscus alternifolius
	Perennial
	-
	-
	1.87
	7.07
	3.88
	3.25

	
	Mariscus flabelliformis
	Perennial
	7.76
	-
	-
	-
	2.56
	1.73

	Euphorbiaceae
	Acalypha fimbriata
	Annual, Perennial
	-
	4.08
	1.47
	1.82
	1.74
	1.94

	
	Euphorbia hyssopifolia
	Annual
	-
	2.39
	-
	1.82
	1.74
	1.94

	Fabaceae
	Desmodium scorpiurus
	Annual, Perennial
	12.56
	10.79
	9.55
	9.32
	7.04
	13.46

	
	Mimosa invisa Mart.
	Perennial
	5.43
	8.14
	7.38
	2.68
	8.35
	7.37

	
	Senna obtusifolia
	Annual, Biennial
	8.31
	1.90
	5.02
	6.00
	6.71
	11.71

	
	Senna siamea
	Perennial
	3.12
	-
	5.22
	-
	-
	1.73

	Malvaceae
	Urena lobata L.
	Perennial
	1.76
	1.90
	3.35
	-
	-
	1.73

	Nyctaginaceae
	Boerhavia coccinea Mill
	Perennial
	-
	8.14
	5.61
	-
	-
	-

	Phyllanthaceae
	Phyllanthus amarus
	Annual
	5.85
	4.05
	3.94
	7.18
	5.89
	3.89

	Poaceae
	Andropogon gayanus Kunth
	Perennial
	6.80
	8.62
	5.71
	5.36
	-
	2.38

	
	Brachiaria deflexa
	Annual
	-
	-
	-
	-
	4.96
	-

	
	Chrysopogon aciculatus
	Perennial
	2.85
	-
	-
	-
	4.14
	-

	
	Cynodon dactylon
	Perennial
	-
	-
	-
	2.89
	5.13
	-

	
	Digitaria horizontalis
	Annual
	2.04
	-
	-
	-
	1.90
	5.42

	
	Eragrostis tenella
	Annual, Perennial
	-
	-
	-
	2.68
	-
	-

	
	Setaria longiseta
	Annual
	-
	2.87
	-
	-
	-
	-

	Portulacaceae
	Talinum triangulare
	Perennial
	4.48
	1.90
	-
	-
	-
	-

	Rubiaceae
	Diodia sarmentosa
	Annual, Perennial
	12.42
	17.31
	11.12
	12.9
	9.01
	11.06


D0 = Density at 0 Plants/m2, D1 = Density at 50 Plants/m2, D2 = Density at 25 Plants/m2, D3 = Density at 12.5 Plants/m2, D4 = Density at 6.25 Plants/m2, D5 = Density at 3.125 Plants/m2

Table 6: Diversity Indices of weeds enumerated at varying planting densities of Tephrosia bracteolata in 2023 and 2024
	
	Density (Plants/m2)
2023
	
	Density (Plants/m2)
 2024

	Diversity Indices
	D0
	D1
	D2
	D3
	D4
	D5
	
	D0
	D1
	D2
	D3
	D4
	D5

	Species Richness
	11
	13
	14
	15
	19
	16
	
	17
	16
	16
	17
	21
	16

	Individuals
	268
	162
	174
	141
	189
	230
	
	365
	207
	254
	234
	304
	230

	Dominance (D)
	0.147
	0.205
	0.143
	0.159
	0.120
	0.141
	
	0.125
	0.150
	0.105
	0.110
	0.076
	0.141

	Simpson Diversity Index
	0.855
	0.795
	0.857
	0.841
	0.880
	0.859
	
	0.875
	0.850
	0.895
	0.890
	0.924
	0.859

	Shannon-Wiener Index (H’)
	2.131
	1.911
	2.175
	2.140
	2.425
	2.207
	
	2.339
	2.198
	2.459
	2.468
	2.760
	2.207

	Equitability Index (J)
	0.891
	0.744
	0.821
	0.793
	0.823
	0.794
	
	0.610
	0.563
	0.731
	0.694
	0.753
	0.568


D0 = Density at 0 Plants/m2, D1 = Density at 50 Plants/m2, D2 = Density at 25 Plants/m2, D3 = Density at 12.5 Plants/m2, D4 = Density at 6.25 Plants/m2, D5 = Density at 3.125 Plants/m2

Discussion
The technique of plant density manipulation has been an effective agronomic practice for improving biomass and crop yield. Planting density did not have a significant effect on T. bracteolata plant height, similar results were obtained in the studies of (Irmak and Djaman 2016; Djaman et al., 2022), who reported that there was no significant effect of plant density on maize plant height. Woodruff et al. (2002) stated that plant height is not always a planting density dependent variable, and that soil fertility is the most important factor that determines plant growth.  There was a non-linear relationship between planting density and stem diameter of T. bracteolata, the intermediate planting density was the optimal point for stem growth, and beyond this point, further or narrower spacing didn´t benefit stem growth. Whereas, Han (2020) reported a linear relationship between planting density and stem diameter of Populus tomentosa.  T. bracteolata yielded more leaves at intermediate planting density, this result was in contrast with the results of (Maboko and Du Plooy, 2013; Adelere and Awodoyin, 2022), who reported that lower planting density aided in more leaf production of Ocimum basilicum and Indigofera hirsuta respectively. In this study, biomass yield of T. bracteolata increased with intermediate planting density which resulted in increased above-ground dry matter accumulation. Earlier reports by (Gao et al., 2019; Zhang et al., 2021) reported higher biomass accumulation under lower planting density which is not in agreement with the findings of this study as intermediate planting density had a significant effect on biomass accumulation.
Tephrosia bracteolata sown under an intermediate planting density of 1.25 kg/ha seeding rate suppressed weed growth, thus reducing weed biomass by 63% during the fallow periods. Since T. bracteolata is an erect branching cover crop, the intermediate planting density allowed optimum growth by the utilisation of available resources. Kunz et al. (2016) reported that cover crop species white mustard, fodder radish, and spring vela suppressed weeds by 60%. The faster development of T. bracteolata allowed higher biomass accumulation combined with a dense canopy aided rapid soil coverage resulting in higher competitive ability to smother emerged surrounding weeds. Cover crops have an inherent ability to suppress weeds because of intensive competition for resources such as nutrients, light, space, and water (Bezuidenhout et al., 2012). The soil seed bank played a crucial role in weed species diversity associated with T. bracteolata, as the same weed species were documented during the two successive post-fallow periods. Broadleaf weeds, eg, (Tridax procumbens) were the most prominent species along with some grasses and a few sedges. Tridax procumbens is known for its invasive nature as it can rapidly colonise open areas, grasslands, and disturbed areas (More et al., 2023).
Conclusion
This study evaluated the effect of Tephrosia bracteolata planting density on dry matter accumulation and weed suppression. Intermediate plant density improved all plant parts, leading to optimum growth and high dry matter biomass. This work is the first report on the appropriate planting density of Tephrosia bracteolata as sown fallow plant under field conditions in a rainforest-savanna transition eco-zone of Nigeria. Furthermore, Tephrosia. bracteolata has a relatively strong weed suppression ability in fallow system.
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