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Abstract
The present work was carried out in the Punjab Agricultural University, Ludhiana, during 2022-23 to evaluate the impact of spacing on growth performance, biomass accumulation, microclimate modulation, and soil health of micro -forests under Punjab conditions. A factorial randomized block design was used, involving 15 native plant species planted at two different spacings (1 m × 1 m and 1.5 m × 1.5 m). The results showed that Melia azedarach exhibited superior growth across all parameters, including plant height (518.52 cm), basal diameter (48.93 mm), crown spread (275.11 cm)), and total biomass (66.19 t ha-1)), followed by Albizia lebbeck. The micro forest established with 1 m × 1 m spacing significantly improved soil health and microclimate better in comparison tothan 1.5 m × 1.5 m spacing. This configuration also resulted in higher biomass accumulation (47.70 t ha-1). In contrast, the 1.5 m × 1.5 m spacing promoted greater basal diameter (45.75 mm) and crown spread (155.19 cm) but resulted in lower biomass accumulation (28.44 t ha-1). Based on the findings, the study recommends the planting of native fast-growing species such as Melia azedarach, Albizia lebbeck, Dalbergia sissoo, Vitex negundo, and Morus alba at closer spacing to enhance urban ecological restoration, improve soil health, and mitigate the adverse effects of urbanization. Conversely, the inclusion of slow-growing species such as Madhuca longifolia and Aegle marmelosmarmalos is discouraged under such dense planting conditions.
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Introduction
Forests are the vast ecosystems that support diverse floral and faunal species. Historically, humans have relied on forests for usage of resources in a sustainable manner. However, over time, commercial exploitation has led to large-scale deforestation. Since 1990, approximately 420 million hectares of forests have been lost globally at an annual deforestation rate of 10 million hectares. Currently, the world has about 4.06 billion hectares of forest cover (Anonymous, 2020). In context to Indian scenario, the total recorded green cover in the country is 24.62 per cent of the total land area and Punjab being a predominantly agricultural state has a forest cover of just 3.67 percent, which is not sufficient enough to maintain ecological balance in the state (Anonymous, 2021). The concept of “Native forests by native trees” is one such method which will resolve this issue in a short span of time without impairing the core concept of ecology in contrast to conventional afforestation techniques (Miyawaki and Golley, 1993). This concept was suggested by a Japanese Botanist “Professor Akira Miyawaki (Miyawaki, 1975), which involves dense planting of local species in order to create a healthy competition between trees for sunlight, leading to their faster development. It is said that with the help of this method, a forest which is thirty times denser than a monoculture plantation can be created within a short span of time as it ensures ten times faster rate of growth (Poddar, 2021). Thus, a forest can be established in approximately 25 to 30 years, compared to that of natural process, which will take around 200 years (Kurian, 2020).
Planting at different densities directly influences the growth and development of the vegetation, which in turn affects soil nutrient dynamics through variations in litterfall (Chapin et al., 2002). Consequently, this facilitates the rapid growth and development of the tree species. The quality of vegetation within an ecosystem serves as a valuable indicator of its environmental state. The presence of significant native plant species in the micro forestsmicroforests contributes to a healthy and pleasant environment by mitigating air temperature, increasing relative humidity, and enhancing oxygen levels. However, the effectiveness of these changes depends on the plant shape, size, position, and the densities at which they are planted (Emmanuel, 2005). Changing environmental conditions have been a major issue of concern in the present scenario. Deforestation, global warming, air pollution, etc.... are some of the major reasons for the climate change, and thus increasing, biomass production through large -scale tree planting is one among the viable actions to mitigate the climate change (Swamy et al., 2003). The micro forestsmicroforests have thea high potential for enhanced biomass production primarily, due to the abundance of tree species within these forests (Swaine and Agyeman, 2008).
Thus, the present investigation was carried out to study the effect of spacing on growth performance, biomass accumulation, microclimate, and soil health of micro forestsmicroforests under Punjab conditions, which will emerge as a useful study for future reference and its prospects in increasing the green cover of the state.
Material and Methods
Details of the Experimental Site 
Study Area
The current research was conducted at the Forestry Research Farm, Punjab Agricultural University, Ludhiana, during the year 2022-23. The designated research site is geographically located at a latitude of 30˚ 54ʹ15 N and a longitude of 75˚ 47ʹ54 E, with an elevation of 247 m above the mean sea level representing the central plains of Punjab. This region falls under the Agroclimatic Zone VI (Trans – Gangetic Plains) of India. It is characterized by a subtropical to tropical type of climatic pattern, featuring extremely hot summers and cold winters. The average temperature of this region is approximately 24ºC and mean annual precipitation typically ranges from 700 to 800 mm.
Experimental Details
Methodology
The study aimed to investigate the impact of spacing on growth performance, biomass accumulation, microclimate, and soil health of micro forests. Fifteen native woody species were randomly planted, with three individuals of each species, at two different spacings (1 m × 1 m and 1.5 m × 1.5 m) in October 2020. The experimental design was factorial randomized block design (FRBD) with two factors –, consisting of two spacing and fifteen plant species which were replicated thrice.
Table 1: Details of the experiment
	Factor 1
	Spacing (2)

	Factor 2
	Plant species (15)

	List of plant species

	1.
	Azadirachta indica
	6.
	Terminalia arjuna
	11.
	Vitex negundo

	2.
	Morus alba
	7.
	Dalbergia sissoo
	12.
	Melia azedarach

	3.
	Madhuca longifolia
	8.
	Terminalia bellirica
	13.
	Bauhinia purpurea

	4.
	Sapindus mukorossi
	9.
	Lawsomia inermis
	14.
	Cassia fistula

	5.
	Albizia lebbeck
	10.
	Acacia nilotica
	15.
	Aegle marmelos






Growth parameters, including plant height (cm), basal diameter (mm), and crown spread (cm), were recorded two years after planting, in October 2022. A subsequent measurement was taken in April 2023, i.e., 2.5 years after planting. Meteorological data, including air temperature (°C) and relative humidity (%), were recorded for both micro forestsmicroforests twice a day (8:30 AM and 2:30 PM) using a portable Thermo-Hygroclock. Soil temperature (°C) was also measured at the same times using a portable soil thermometer of 10 cm in length. Data were collected at 15-day intervals throughout the study period. In April 2023, following the harvest, soil samples were collected from three depths: 0–15 cm, 15–30 cm, and 30–45 cm to evaluate the influence of different plant spacings on soil properties. Sampling was conducted at five random locations in both micro forestsmicroforests and in the control plot (without vegetation). Samples were then air dried, finely ground, sieved, and were used for analysis of available nitrogen by alkaline permanganate method (Subbiah and Asija, 1956), available potassium by neutral normal ammonium acetate method (Jackson, 1973), available phosphorous by sodium bicarbonate method 
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Fig. 1 Schematic representation of different plant species arrangement in micro forests under two different spacings 

(Olsen et al., 1954) and organic carbon by partial oxidation method (Walkley and Black, 1934). Soil pH and EC were determined by following the Jackson (1973) standard procedures (Jackson, 1973).. The destructive method of biomass estimation was conducted in April 2023 (at the age of 2.5 years) by uprooting all plants, after which their shoots were separated from the roots. To eliminate any soil or dust particles adhering to the plant samples, they were thoroughly washed with tap water. The plant samples were first air-dried and then oven-dried at 60ºC until a constant weight was achieved. The dried samples were then weighed using an electronic balance, and the final results were expressed in ton per hectare.

Result and Discussion
Effect of spacing on growth performance of micro forests
The data presented in Tables 2 and 3 indicate that both species and spacing had a significant influence on the growth performance of the micro forests. At the age of 2 years, Melia azedarach exhibited the 
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[bookmark: _Hlk194784859]dominance in terms of plant height (466.47 cm), basal diameter (41.05 mm) and crown dominance in terms of plant height (466.47 cm), basal diameter (41.05 mm) and crown spread (223.05 cm) which was statistically followed by Albizia lebbeck. In contrast, the lowest values for these parameters were recorded in Madhuca longifolia, followed by Aegle marmelos. With respect to spacing, the 1 m  1 m configuration was superior in terms of plant height (245.88 cm), whereas the 1.5 m  1.5 m spacing resulted in greater basal diameter (38.24 mm) and crown spread (135.37 cm). A significant species  spacing interaction revealed that Melia azedarach recorded the maximum plant height (470.93 cm) at 1 m  1 m spacing, while its basal diameter (42.59 mm) and crown spread (233.86 cm) were greatest at 1.5 m  1.5 m spacing. Conversely, the lowest plant height (87.67 cm) was recorded by Madhuca longifolia at 1.5 m  1.5 m spacing, whereas its basal diameter (16.21 mm) and crown spread (55.51 cm) was observed lowest at 1 m  1 m configuration.
[bookmark: _Hlk195887393]A consistent pattern was observed at 2.5 years age, with Melia azedarach exhibiting the supremacy in all growth parameters with an increment of 13.5 % (plant height), 19.21 % (basal diameter) and 23.34 % (crown spread) as shown in Fig. 2. Madhuca longifolia continued to exhibit the poorest growth performance. The 1 m  1 m geometry maintained higher plant height (12.05 % increment), whereas 1.5 m  1.5 m spacing resulted in an increment of 19.64 % (basal diameter) and 14.64 % (crown spread). The species × spacing interaction remained consistent, reaffirming the relative performance of the same species. Considering the biomass aspect, which was measured at 2.5 years of age, Melia azedarach (66.19 t ha-1) accumulated the highest biomass while Madhuca longifolia (13.91 t ha-1) had the lowest. Among the spacings, 1 m  1 m configuration (47.70 t ha-1) yielded greater biomass compared to 1.5 m  1.5 m with the highest biomass (88.20 t ha-1) recorded for Melia azedarach under the 1 m  1 m spacing.
The superior performance of Melia azedarach across all growth parameters can be attributed to its inherently fast growth rate and vigorous root system, which likely enhanced its ability to access essential nutrients, thereby promoting accelerated development compared to other species. In contrast, the slower growth rate of Madhuca longifolia, coupled with its placement between two fast-In contrast, the slower growth rate of Madhuca longifolia, coupled with its placement between two fast-growing species (Melia azedarach and Albizia lebbeck), likely contributed to its suppressed growth due to interspecific competition. This observation aligns with the findings of Dhanorkar et al. (2023), Goveanthan et al. (2019), and Ozaki and Meguro (2021), who reported the dominance of fast-growing species over others in Miyawaki plantations. The increased plant height observed under the closer spacing (1 m × 1 m) may be attributed to competition for light, encouraging vertical growth. Conversely, the wider spacing (1.5 m × 1.5 m) allowed individual trees a greater access to space and nutrients, promoting increased basal diameter and crown spread. Furthermore, the higher plant density per unit area in the 1 m × 1 m configuration resulted in greater overall biomass accumulation compared to the 1.5 m × 1.5 m spacing. Similar trends have been reported by Meguro et al. (2021) and Hayashi et al. (2017), who found that dense plantations established following Miyawaki method 

Table 2: Effect of variation in spacing of micro forests on plant height and basal diameter
	                                                            Plant height (cm)
	                   Basal diameter (mm)

	Age
	2 Years
	2.5 Years
	2 Years
	2.5 Years

	Species
	Spacing
	Spacing

	
	1 m  1 m
	1.5 m  1.5 m
	Mean
	1 m  1 m
	1.5 m  1.5 m
	Mean
	1 m  1 m
	1.5 m  1.5 m
	Mean
	1 m  1 m
	1.5 m  1.5 m
	Mean

	Azadirachta indica
	229.67
	183.67
	206.67
	254.66
	200.00
	227.33
	30.72
	36.98
	33.85
	34.76
	42.63
	38.70

	Morus alba
	314.67
	245.00
	279.84
	347.66
	266.33
	307.00
	32.68
	38.31
	35.50
	38.10
	43.60
	40.85

	Madhuca longifolia
	100.00
	87.67
	93.84
	109.81
	95.12
	102.47
	16.21
	18.75
	17.48
	18.29
	21.22
	19.76

	Sapindus mukorossi
	157.33
	127.33
	142.33
	176.49
	139.12
	157.81
	25.49
	30.24
	27.87
	27.73
	35.34
	31.54

	Terminalia arjuna
	155.33
	126.33
	140.83
	174.46
	137.66
	156.06
	29.21
	33.31
	31.26
	31.82
	41.04
	36.43

	Dalbergia sissoo
	357.00
	303.67
	330.34
	412.67
	319.67
	366.17
	35.05
	40.52
	37.79
	39.70
	49.46
	44.58

	Terminalia bellirica
	256.33
	202.67
	229.50
	286.00
	220.00
	253.00
	36.57
	38.97
	37.77
	42.06
	45.98
	44.02

	Lawsomia inermis
	140.00
	100.00
	120.00
	157.10
	109.26
	133.18
	25.34
	27.43
	26.39
	28.32
	30.95
	29.64

	Vitex negundo
	279.67
	206.33
	243.00
	313.00
	225.00
	269.00
	33.47
	38.85
	36.16
	37.30
	44.01
	40.66

	Melia azedarach
	470.93
	462.00
	466.47
	530.92
	506.12
	518.52
	39.50
	42.59
	41.05
	45.96
	51.90
	48.93

	Aegle marmelos
	125.00
	98.56
	111.78
	137.67
	107.01
	122.34
	21.52
	24.42
	22.97
	23.45
	28.11
	25.78

	Acacia nilotica
	281.33
	217.67
	249.50
	314.33
	237.56
	275.95
	31.15
	42.23
	36.69
	35.60
	48.92
	42.26

	Albizia lebbeck
	372.67
	351.97
	362.32
	419.94
	401.00
	410.47
	36.60
	41.37
	38.99
	42.99
	48.71
	45.85

	Cassia fistula
	325.00
	295.67
	310.34
	359.67
	322.33
	341.00
	24.16
	27.17
	25.67
	27.42
	31.75
	29.59

	Bauhinia purpurea
	123.33
	105.00
	114.17
	138.29
	114.64
	126.47
	20.80
	25.42
	23.11
	23.29
	29.86
	26.58

	Mean
	245.88
	207.57
	
	275.51
	226.72
	
	33.23
	38.24
	
	38.99
	45.75
	

	CD @ 5 %

	Species
	15.79
	3.32
	2.24
	2.2

	Spacing
	5.76
	1.21
	0.82
	0.8

	Species  Spacing
	22.33
	4.7
	3.17
	3.11


Table 3: Effect of variation in spacing of micro forests on crown spread and total biomass
	                                                         Crown spread (cm)
	                  Total biomass (t ha-1)

	Age
	2 Years
	2.5 Years
	2.5 Years

	Species
	Spacing
	Spacing

	
	1 m  1 m
	1.5 m  1.5 m
	Mean
	1 m  1 m
	1.5 m  1.5 m
	Mean
	1 m  1 m
	1.5 m  1.5 m
	Mean

	Azadirachta indica
	128.04
	131.97
	130.01
	148.30
	163.03
	155.67
	41.00
	28.95
	34.98

	Morus alba
	158.42
	179.42
	168.92
	191.41
	200.75
	196.08
	61.80
	32.00
	46.90

	Madhuca longifolia
	55.51
	62.51
	59.01
	59.18
	70.96
	65.07
	14.81
	13.00
	13.91

	Sapindus mukorossi
	87.84
	108.82
	98.33
	107.00
	110.61
	108.81
	32.90
	17.56
	25.23

	Terminalia arjuna
	85.31
	106.00
	95.66
	104.44
	110.33
	107.39
	41.80
	21.91
	31.86

	Dalbergia sissoo
	146.55
	157.00
	151.78
	163.00
	192.22
	177.61
	74.20
	42.23
	58.21

	Terminalia bellirica
	120.31
	131.77
	126.04
	139.98
	149.10
	144.54
	59.10
	32.89
	45.99

	Lawsomia inermis
	62.72
	83.38
	73.05
	79.82
	92.64
	86.23
	29.70
	17.42
	23.56

	Vitex negundo
	148.89
	169.66
	159.28
	182.22
	188.33
	185.28
	66.80
	36.48
	51.64

	Melia azedarach
	212.24
	233.86
	223.05
	272.23
	277.98
	275.11
	88.20
	44.17
	66.19

	Aegle marmelos
	30.71
	37.25
	33.98
	33.52
	40.70
	37.11
	25.20
	15.71
	20.45

	Acacia nilotica
	131.45
	152.21
	141.83
	164.45
	172.10
	168.28
	46.20
	34.44
	40.32

	Albizia lebbeck
	209.83
	229.20
	219.52
	257.10
	278.23
	267.67
	77.00
	43.72
	60.36

	Cassia fistula
	157.53
	178.33
	167.93
	192.20
	204.99
	198.60
	50.30
	29.60
	39.95

	Bauhinia purpurea
	53.17
	69.21
	61.19
	68.13
	75.85
	71.99
	15.70
	11.31
	13.51

	Mean
	119.23
	135.37
	
	144.20
	155.19
	
	47.70
	28.44
	

	CD @ 5 %

	Species
	46.83
	23.70
	1.60

	Spacing
	17.10
	8.66
	0.60

	Species  Spacing
	66.22
	33.52
	2.30





Fig. 2 Increment (%) in growth parameters of different plant species over a 6-month period (from 2 to 2.5 years) in micro forest system

growing species (Melia azedarach and Albizia lebbeck), likely contributed to its suppressed growth due to interspecific competition. This observation aligns with the findings of Dhanorkar et al. (2023), Goveanthan et al. (2019), and Ozaki and Meguro (2021), who reported the dominance of fast-growing species over others in Miyawaki plantations. The increased plant height observed under the closer spacing (1 m × 1 m) may be attributed to competition for light, encouraging vertical growth. Conversely, the wider spacing (1.5 m × 1.5 m) allowed individual trees a greater access to space and nutrients, promoting increased basal diameter and crown spread. Furthermore, the higher plant density per unit area in the 1 m × 1 m configuration resulted in greater overall biomass accumulation compared to the 1.5 m × 1.5 m spacing. Similar trends have been reported by Meguro et al. (2021) and Hayashi et al. (2017), who found that dense plantations established following Miyawaki method produced higher biomass per unit area in comparison to the trees planted at wider spacing using conventional afforestation practices.
Effect of spacing on the soil health of micro forestsmicroforests 
The effect of different spacings on soil health parameters of micro forestsmicroforests is presented in Table 4 and 5. Significant differences among treatments were observed for pH, EC, organic carbon, available nitrogen, and potassium, whereas available phosphorus remained statistically non-significant. Across all treatments, pH increased with soil depth, while remaining parameters (EC, organic carbon, available N, P, and K) exhibited a decreasing trend. Compared to the control (without vegetation), both micro forest spacings showed improvements in soil properties. The 1 m × 1 m spacing exhibited superior performance across all parameters: lower pH (6.49), higher EC (0.22 dS m⁻¹), organic carbon (0.35%), available nitrogen (275.97 kg ha⁻¹), phosphorus (12.57 kg ha⁻¹), and potassium (212.26 kg ha⁻¹), compared to the 1.5 m × 1.5 m spacing.
The observed improvements in soil parameters under micro forests compared to the control indicate the positive influence of vegetative cover on soil health. Higher organic carbon, nitrogen, and potassium in the 1 m × 1 m spacing can be attributed to denser canopy cover, increased litter deposition, and more intense root-soil interactions. Additionally, the presence of nitrogen-fixing tree species likely contributed to elevated available nitrogen levels through biological nitrogen fixation. The relatively short duration of micro forests may have limited the accumulation of phosphorus from litter decomposition and microbial mineralization. Comparatively lower values of nutrients in the 1.5 m × 1.5 m spacing may be attributed to delayed canopy closure and reduced root zone overlap, which may have limited organic matter input and nutrient cycling. The vertical distribution pattern of decreasing nutrient levels with depth and increasing pH—is consistent with surface accumulation of organic inputs and limited leaching.
The results of the present study are consistent with the findings of Hanpattanakit et al. (2022), Ahirwal and Maiti (2021), Lapok et al. (2017), and Lawal and Adekunle (2013), who reported improvements in soil health as a result of dense tree planting in Miyawaki forests. These studies linkedThese studies linked the enhancement of soil properties to increased litterfall, higher biomass turnover, and intensified belowground activity under dense plantations. Furthermore, Chan and Fong (2001) observed no significant variation in available phosphorus across sites with native vegetation, indicating that P availability may remain relatively unchanged despite vegetative cover. This supports the current findings where phosphorus did not vary significantly among treatments, likely due to its low mobility and strong fixation in soil matrices; however, in larger and more mature forests, available phosphorus may increase gradually over time due to sustained litter inputs and microbial mineralization.
Effect of spacing on microclimate modulation in micro forests
The meteorological data represented in Table 6 indicates that the micro forests have significantly 

Table 4: Effect of variation in spacing of micro forests on soil pH, EC and organic carbon 
	Treatment
	pH
	EC (dS m-1)
	Organic Carbon (%)

	
	0-15
	15-30
	30-45
	Mean
	0-15
	15-30
	30-45
	Mean
	0-15
	15-30
	30-45
	Mean

	Control
	7.22
	7.37
	7.45
	7.35
	0.21
	0.18
	0.17
	0.19
	0.27
	0.23
	0.20
	0.23

	1 m × 1 m
	6.40
	6.50
	6.56
	6.49
	0.24
	0.22
	0.21
	0.22
	0.37
	0.35
	0.33
	0.35

	1.5 m × 1.5 m
	6.82
	6.86
	6.87
	6.85
	0.22
	0.20
	0.19
	0.20
	0.34
	0.32
	0.30
	0.32

	Mean
	6.81
	6.91
	6.96
	
	0.22
	0.20
	0.19
	
	0.33
	0.30
	0.28
	

	CD @ 5 %

	Treatment
	0.17
	0.01
	0.07

	Soil depth
	NS
	NS
	NS

	Treatment  Soil depth
	NS
	NS
	NS



		
Table 5: Effect of variation in spacing of micro forests on available nitrogen, phosphorus and potassium
	Treatment
	Available N (kg ha-1)
	Available P (kg ha-1)
	Available K (kg ha-1)

	
	0-15
	15-30
	30-45
	Mean
	0-15
	15-30
	30-45
	Mean
	0-15
	15-30
	30-45
	Mean

	Control
	266.54
	259.32
	257.84
	261.23
	13.10
	12.10
	11.10
	12.10
	197.43
	191.19
	189.32
	192.65

	1 m × 1 m
	279.89
	275.75
	272.26
	275.97
	13.56
	12.70
	11.45
	12.57
	215.62
	210.09
	209.06
	212.26

	1.5 m × 1.5 m
	264.27
	262.41
	260.03
	262.24
	13.21
	12.48
	11.26
	12.32
	214.24
	208.56
	206.62
	210.81

	Mean
	270.23
	265.83
	263.38
	
	13.29
	12.43
	11.27
	
	209.09
	203.28
	203.34
	

	CD @ 5 %

	Treatment
	7.13
	NS
	8.10

	Soil depth
	NS
	NS
	NS

	Treatment  Soil depth
	NS
	NS
	NS



 the enhancement of soil properties to increased litterfall, higher biomass turnover, and intensified belowground activity under dense plantations. Furthermore, Chan and Fong (2001) observed no significant variation in available phosphorus across sites with native vegetation, indicating that P availability may remain relatively unchanged despite vegetative cover. This supports the current findings where phosphorus did not vary significantly among treatments, likely due to its low mobility and strong fixation in soil matrices; however, in larger and more mature forests, available phosphorus may increase gradually over time due to sustained litter inputs and microbial mineralization.
Effect of spacing on microclimate modulation in micro forests
The meteorological data represented in Table 6 indicates that the micro forests have significantly improved the microclimate by reducing air and soil temperature while increasing relative humidity. The mean air temperature within the micro forests (19.04°C) was 1.09°C lower compared to open conditions (20.13°C). Among the micro forests, the 1 m × 1 m (18.84°C) spacing exhibited a lower mean air temperature than the 1.5 m × 1.5 m (19.24°C). Similar variation was observed in terms of mean soil temperature, with a difference of 1.26°C between the micro forests (20.63°C) and the control (21.89°C). With regards to spacing, 1.5 m × 1.5 m (21.53°C) reported higher mean soil temperature in contrast to micro forest with 1 m × 1 m spacing (19.73°C). On the other hand, the mean relative humidity within the micro forests (64.16 %) was found to be 2.02 % higher than in open areas (62.14 %). Among the different spacings, 1 m × 1 m (64.89 %) exhibited a higher mean relative humidity compared to 1.5 m × 1.5 m (63.43 %).
The elevated temperatures of soil and air and lower relative humidity in the control and 1.5 m × 1.5 m can be attributed to the more open structure, allowing higher insolation and increased wind flow, which raised temperatures and reduced humidity. In contrast, the 1 m × 1 m spacing promoted faster canopy closure, providing greater shade, reducing heat accumulation and wind flow and thereby, enhancing localized moisture retention. 
These findings align with previous studies made by Wang et al. (2022), Bachir et al. (2021), and Duarte et al. (2015) who reported lower air temperatures and higher humidity in vegetated areas compared to open landscapes. Similarly, Krisdianto et al. (2021), Hamdan and De Oliveira (2019) and Heng et al. (2012) observed lower soil and air temperatures and increased relative humidity in Miyawaki forests compared to surrounding areas and conventional plantations.
Conclusion
The present study demonstrated that Melia azedarach exhibited the superior growth performance among the evaluated plant species, followed by Albizia lebbeck. The micro forest established with a 1 m × 1 m spacing significantly enhanced soil health and microclimate compared to the wider 1.5 m × 1.5 m spacing, and also resulted in greater biomass accumulation. Based on growth behaviour, it is recommended that vigorous species such as Melia azedarach, Albizia lebbeck, Dalbergia sissoo, and Vitex negundo are to be planted on the northern aspect of the site to minimize
Table 6: Effect of variation in spacing of micro forests on meteorological parameters 
	[bookmark: _Hlk195695004]Air temperature (°C)
	Relative humidity (%)
	Soil temperature (°C)

	Date
	Spacing
	Spacing
	Spacing

	
	1 m × 1 m
	1.5 m × 1.5 m
	Mean
	Control
	1 m × 1 m
	1.5 m × 1.5 m
	Mean
	Control
	1 m × 1 m
	1.5 m × 1.5 m
	Mean
	Control

	15-10-2022
	23.85
	24.30
	24.08
	24.90
	66.50
	65.00
	65.75
	64.00
	26.15
	27.95
	27.05
	28.20

	30-10-2022
	22.70
	22.40
	22.55
	23.70
	65.00
	64.00
	64.50
	63.00
	22.55
	24.05
	23.30
	24.50

	15-11-2022
	18.60
	18.90
	18.75
	19.70
	69.00
	67.50
	68.25
	67.00
	19.10
	21.40
	20.25
	21.70

	30-11-2022
	16.15
	16.15
	16.15
	16.70
	67.00
	66.00
	66.50
	64.00
	16.10
	17.55
	16.83
	18.00

	15-12-2022
	13.80
	13.20
	13.50
	14.20
	63.00
	62.00
	62.50
	61.00
	14.10
	15.45
	14.78
	15.90

	30-12-2022
	14.60
	15.05
	14.83
	15.50
	72.00
	70.00
	71.00
	69.00
	13.10
	15.35
	14.23
	15.50

	15-01-2023
	8.65
	8.40
	8.53
	9.40
	64.50
	63.00
	63.75
	62.00
	10.95
	12.70
	11.83
	13.00

	30-01-2023
	14.35
	14.00
	14.18
	16.30
	79.00
	77.50
	78.25
	77.00
	13.40
	14.80
	14.10
	15.30

	15-02-2023
	15.30
	16.70
	16.00
	17.10
	68.00
	66.50
	67.25
	65.00
	15.00
	17.15
	16.08
	17.70

	28-02-2023
	19.80
	20.40
	20.10
	21.00
	64.50
	62.50
	63.50
	61.00
	21.70
	23.00
	22.35
	23.50

	15-03-2023
	21.40
	23.15
	22.28
	23.70
	64.50
	63.50
	64.00
	61.00
	24.50
	26.20
	25.35
	26.50

	30-03-2023
	22.80
	23.60
	23.20
	24.30
	62.50
	60.50
	61.50
	59.00
	23.80
	25.40
	24.60
	25.70

	15-04-2023
	27.80
	28.45
	28.13
	29.50
	46.50
	45.00
	45.75
	43.00
	29.20
	31.10
	30.15
	31.50

	Mean
	18.84
	19.24
	19.04
	20.13
	64.89
	63.43
	64.16
	62.14
	19.73
	21.53
	20.63
	21.89






Conclusion
The present study demonstrated that Melia azedarach exhibited the superior growth performance among the evaluated plant species, followed by Albizia lebbeck. The micro forest established with a 1 m × 1 m spacing significantly enhanced soil health and microclimate compared to the wider 1.5 m × 1.5 m spacing, and also resulted in greater biomass accumulation. Based on growth behaviour, it is recommended that vigorous species such as Melia azedarach, Albizia lebbeck, Dalbergia sissoo, and Vitex negundo are to be planted on the northern aspect of the site to minimize                             
their shading impact on slower-growing species like Madhuca longifolia. The suitability of tree species for micro forest establishment was ranked as follows: Melia azedarach > Albizia lebbeck > Dalbergia sissoo > Vitex negundo > Cassia fistula > Morus alba > Azadirachta indica > Terminalia bellirica. Slow-growing species such as Madhuca longifolia and Aegle marmelos are not recommended due to their poor performance under dense planting conditions. Overall, the findings suggest that micro forests composed of fast-growing native species planted at closer spacing can substantially improve soil health, modify the microclimate, and enhance biomass accumulation. This approach holds significant potential for urban areas facing land scarcity, offering a viable strategy for rapid forest development and ecological restoration.
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