



ESTABLISHMENT POTENTIAL OF SEED BALLS IN FOREST ECOSYSTEMS IN TAMIL NADU
ABSTRACT 
Aims: To assess establishment potential of seed balls in different forest ecosystems. 
Study design: Laboratory standardization and then field experiments. 
Place and Duration of Study: Laboratory work and field experiments were conducted in Athikadavu, Pethikuttai forests of Karamadai and Sirumugai forest ranges in Western Tamil Nadu for South-West and North-East monsoon seasons respectively. 
Methodology: Laboratory experiments were done to determine the germination potential of the selected tree and grass species by use of sand tray, roll towel and pot culture. Depending on the laboratory standardization, seed balls were made with optimized medium of red soil and vermicompost (2:1 ratio) that was found to be effective in terms of seed ball size, weight, fragmentation and dissolution behavior. After this, field experiments were conducted with the seven species. 
Findings: Laboratory findings showed that there was increased germination in grass species which included Apluda mutica (80%), Eriocoma hymenoides (85%) and lower germination in tree species which included Albizia amara (25%). Nevertheless, very low germination in the forest conditions was observed during field observations. In South-West monsoon, germination was restricted to 27 percent, but a small increase (to 89 percent) was seen during North-East monsoon. Moreover, grass species fared better than tree species and only Albizia amara and Acacia chundra established significantly as far as tree species were concerned. Overall, the study revealed that seed balls had maximum germination potential of about 10% under forest ecosystems. 
Conclusion: Seasonal effects, as well as fungal infection, pest incidence and environmental conditions, had significant impacts on seed ball establishment. More research to enhance seed ball technology to achieve successful mass restoration of forests is needed.
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1. INTRODUCTION

Globally, forests have faced extensive deforestation and degradation, leaving large forest areas degraded and erosion prone. Active restoration is therefore required to recreate canopy cover, rebuild soils, and sequester carbon. Planting nursery raised seedlings is effective but costly, labour-intensive, and often impractical at landscape scale. By contrast, direct-seeding (sowing seeds on site) is much cheaper and easier to scale (de Souza & Engel, 2023; González et al., 2023), but typically yields are very low due to early establishment of tree species under field conditions. Direct sowing in tropical forests often achieves <20% seedling emergence (Naruangsri et al., 2024). The main obstacles are seed predation, poor microsite conditions (temperature, moisture, competition), and inherent seed dormancy or slow germination (Lázaro-González et al., 2023). These challenges are acute in seasonal dry forests, which experience pronounced monsoon droughts and frequent fires. The dominant canopy species (e.g. Albizia, Acacia, Chloroxylon) and grasses (Apluda, Eriocoma) are adapted to these stresses (Khurana & Singh, 2001), but successful natural regeneration from seed is often limited by harsh environment and seed predators. In this context, the present study was carried out in the forest ecosystems of Coimbatore Forest Division, Tamil Nadu, at Athikadavu (Karamadai forest range) and Pethikuttai (Sirumugai forest range), which represent typical dry deciduous and moist deciduous forest types. 

Seed balls are an emerging low-tech planting method that can help overcome some of these barriers (Jawahar & Umarani, 2020). Seed balls are prepared with soil, organic compost, and water (and sometimes nutrients or biocontrol agents) and rolled into small balls. Once dried, seed balls can be broadcast by hand to germinate when conditions are favorable. This approach was popularized by Masanobu Fukuoka in 1980s and has been tried in Asia, Africa and America to restore degraded lands. However, detailed reports on these excercise are very scanty. Seed balls protect seeds by buffering temperature and moisture, providing microbial nutrition, and physically sheltering them from animals (Rawat et al., 2024). The organic medium (e.g. vermicompost) slowly releases nutrients and harbors beneficial microbes, further aiding germination. Previous studies have shown seed balls can significantly improve moisture retention and seedling emergence in arid and semi-arid restoration trials (Sudrajat and Rustam, 2020). Clay-based seed pellets (about 2.5 cm diameter) produced seedlings more reliably than bare seed in a semiarid grassland; pellets with 10% clay content yielded higher than both bare seeding and higher-clay pellets (Teichroew & Rew, 2024). Similarly, Nwankwo et al. (2018) showed that nutrient-enriched seedballs greatly increased early shoot and root growth under dry conditions. However, influence of seed ball composition on field establishment under forest ecosystems remains insufficiently documented. Despite the potential of seed balls for low-cost restoration, their field performance in tropical dry forests is still poorly understood.

Germination under laboratory conditions is often high, but actual field emergence is usually low due to moisture stress, unsuitable burial depth, fungal attack, seed predation, and weed competition. Site factors such as rocky or compacted soils and monsoon timing further influence establishment success (Vieira et al., 2021). Further, field-level constraints such as fungal infection, pest incidence and environmental stress have been observed to influence seed ball establishment under forest conditions. In India, especially in the dry forests of Tamil Nadu, quantitative studies comparing species, seasons, and seed ball mixture ratios are very limited. In particular, the influence of seasonal variation, especially South-West monsoon (SWM) and North-East monsoon (NEM) conditions, on seed ball establishment has not been adequately studied in forests of Tamil Nadu. The selected tree and grass species used in this study are native to these forest ecosystems and were identified based on field surveys and consultation with forest officials. Therefore, the present study was undertaken to assess the establishment potential of seed balls in forest ecosystems of Tamil Nadu, with specific emphasis on species performance, seasonal influence and field-level constraints affecting seed ball establishment.
2. MATERIALS AND METHODS
2.1 Study Area 


The study was conducted in two forest ecosystems Athikadavu (Karamadai Forest Range) and Pethikuttai (Sirumugai Forest Range) of Coimbatore Forest Division, Tamil Nadu, India, between June and December 2025. Soil samples were collected from all study sites and analyzed for physicochemical properties including pH, electrical conductivity, organic carbon, bulk density, porosity, available nutrients and micronutrients.

2.2. Identification of Tree and Grass Species

Based on field surveys in two identified forest areas, native tree and grass species were selected for the study. The final species chosen for seed ball preparation included five tree species, namely Albizia amara, Acacia chundra, Sapindus emarginatus, Zizyphus jujuba, and Chloroxylon swietenia, along with two grass species, Apluda mutica and Eriocoma hymenoides.

2.3. Optimization of Seed Ball Mixture


Experiments were carried out to optimize the seed ball mixture by evaluating different media compositions and seed coating formulations. Two major media types were tested: (i) red soil combined with vermicompost in different ratios, and (ii) a composite mixture consisting of red soil (40%), saw dust (40%), vermicompost (15%), and arbuscular mycorrhiza (5%). These media compositions were assessed to identify the most suitable mixture for seed ball preparation and field establishment.
2.4. Seed Treatment

Following seed treatment methods were identified and employed (Table. 1). Different seed germination tests such as sand tray method, roll towel method and pot studies were conducted to calculate the average germination percentage of each species collected from the lot that is procured for this study.
2.5. Laboratory Germination Studies


Laboratory germination studies were conducted to evaluate inherent germination potential of selected tree and grass species prior to seed ball preparation. For this purpose, different seed germination tests such as sand tray method, roll towel method and pot culture studies were carried out under controlled conditions as per standard seed testing procedures. In sand tray method, seeds were sown in sterilized sand medium and maintained under optimal moisture conditions to facilitate uniform germination. Similarly, in roll towel method, seeds were placed between moist germination papers and incubated under laboratory conditions to assess seed viability and vigor. In addition, pot culture studies were conducted by sowing seeds in soil-filled pots to simulate near-natural growth conditions and to observe seedling emergence behavior. The germination percentage was recorded based on normal seedling emergence, and the average germination percentage for each species was calculated.
Table.1. Seed treatments methods

	Name of the Species
	Treatment Method Employed

	Chloroxylon swietenia
	Soaked in cold water for 24 hours

	Zizyphus jujuba
	Soaked in thiourea solution for 34 hours

	Sapindus emarginatus
	Soaked in hot water (80°C) for 10 mins, then cooled and left for 24 hrs

	Albizia amara
	Soaked in hot water (80°C) for 10 mins, then cooled and left for 24 hrs

	Acacia chundra
	Soaked in hot water (80°C) for 10 mins, then cooled and left for 24 hrs

	Apluda mutica
	No treatment

	Eriocoma hymenoides
	No treatment


2.6 Field Experimental Design and Implementation


In the two study areas namely Athikadavu (Near Manar Beat, Karamadai forest range) and Pethikuttai (Sirumugai forest range), experimental sites were selected physically by the research team to exclude bushes and other obstacles and mapped using GPS mapping tools, and the latitude and longitude of each experimental location were recorded and plotted using Google Earth for precise monitoring. The GPS mapping of experimental plots in Athikadavu and Pethikuttai forests is presented in Fig. 1 (a & b).


In each forest (location), seven plots representing five tree species and two grass species were delineated by employing GPS mapping [Fig. 2 (a & b)]. A total of 100 seed balls were applied in each plot, ensuring uniform distribution for periodical monitoring. During the South-West monsoon season (August–September 2025), field experiments were conducted where in 2100 seed balls (100 numbers per plot) were applied across seven plots in each study area through random broadcasting to simulate natural dispersal. Germination and seedling establishment were monitored at regular intervals under field conditions. The seed ball application during the South-West monsoon is illustrated in Fig. 3.

Subsequently, during the North-East monsoon season (November–December 2025), a second field trial was conducted based on the observations from the first experiment. Improved experimental methods were adopted, wherein wooden pegs were placed at regular intervals in rows for each species, and four seed balls were positioned around each peg in East–West and North–South directions to facilitate systematic monitoring and accurate assessment of germination. In addition, to minimize fungal infection and pest damage observed during the first trial, seeds were treated with Trichoderma viride at 4 g kg⁻¹ of seed during seed ball preparation. The systematic placement and monitoring approach adopted during the second field trial is presented in Fig. 4.
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	Figure. 1. GPS mapping of experimental plots (a) Athikadavu & (b) Pethikuttai forest
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Figure 2. Identification of experimental plots in forest ecosystems

	[image: image3.png]





	Figure 3. Seed ball application during South-West monsoon

	[image: image4.png]




	Figure 4. Systematic seed ball placement and monitoring using wooden peg method during North-East monsoon


2.7. Seed Ball Quality Evaluation Parameters


Seed ball quality was evaluated based on physical parameters identified during the literature survey and laboratory standardization studies. Parameters such as seed ball weight, seed ball size, fragmentation number and dissolution time were considered to assess the quality of seed balls during preparation and handling. These parameters were measured to understand the structural stability and behavior of seed balls under field conditions. In particular, fragmentation number was used to indicate extent of breakage, while dissolution time was recorded to understand the rate of disintegration of seed balls in water.

2.8. Biological Treatment (Trichoderma Application)


Since fungal infection and pest attack were observed during first field trial, appropriate corrective measures were adopted in second field trial. Accordingly, during seed ball preparation, seeds were treated with Trichoderma viride at the rate of 4 g kg⁻¹ of seeds. This treatment was carried out to reduce fungal infection and to improve the establishment potential of seed balls under field conditions. The biological treatment was applied only during the North-East monsoon trial.

2.9. Statistical Analysis


The experimental data were subjected to statistical analysis using appropriate methods. Analysis of variance (ANOVA) was carried out to evaluate the significance of treatments. Standard Error of Difference (SEd) and Critical Difference (CD) at 5 % level were calculated, and significance of differences among treatments was tested at 5 % probability level.
3. RESULTS AND DISCUSSION
3.1 Characterization of Forest Soil

The soil analysis of the two forest sites revealed noticeable differences in their physico-chemical properties, which may influence seed ball germination and seedling establishment (Table 2). The soil of Pethikuttai forest was slightly alkaline (pH 7.90), whereas Athikadavu forest was moderately acidic to near neutral (pH 6.13). Electrical conductivity was low in both sites, indicating non-saline conditions suitable for plant growth. Athikadavu recorded higher organic carbon content (0.77%) than Pethikuttai (0.66%), suggesting comparatively better organic matter status. Both sites had similar bulk density (1.18 g cc⁻¹), while Athikadavu showed higher particle density (2.50 g cc⁻¹) and greater porosity (52.9%) than Pethikuttai (41.2%), which could enhance root penetration, aeration and moisture retention.With respect to nutrient availability, Pethikuttai soil contained higher available nitrogen (210 kg ha⁻¹), potassium (275 kg ha⁻¹), calcium (1120 mg kg⁻¹) and sulphur (17.9 mg kg⁻¹), whereas Athikadavu soil had higher available phosphorus (19.8 kg ha⁻¹), zinc (0.68 ppm), copper (1.84 ppm), iron (5.17 ppm), manganese (9.48 ppm), boron (1.24 ppm) and magnesium (288 mg kg⁻¹). 

These differences in soil fertility and physical conditions are likely to influence seed ball performance under field conditions, particularly in terms of moisture retention, nutrient availability and root establishment. Seedling emergence and establishment from direct seeding are strongly governed by microsite soil water status and soil physical properties such as texture, structure and porosity (Heydariet al., 2017). The higher porosity and organic carbon observed in Athikadavu soil may support improved moisture retention and aeration, thereby facilitating better seedling establishment, whereas higher macronutrient availability in Pethikuttai soil may favour early growth stages. Similar findings have been reported where adequate organic matter and improved soil structure enhance early seedling survival and growth in restoration sites (Stapleton et al., 2023). Therefore, site-specific soil characteristics play an important role in determining the establishment potential of seed balls under forest ecosystems. 

​​Table 2. Physical and chemical properties of forest soils
	Parameters
	Pethikuttai Forest
	Athikadavu Forest

	pH
	7.90
	6.13

	EC (dSm-1)
	0.05
	0.10

	Organic Carbon (%)
	0.66
	0.77

	Bulk Density (g/cc)
	1.18
	1.18 

	Particle Density (g/cc)
	2.00
	2.50

	Porosity (%)
	41.2
	52.9

	Available N (kg/ha)
	210
	193

	Available P (kg/ha)
	13.8
	19.8

	Available K (kg/ha)
	275
	272

	Available Zn (ppm)
	0.63
	0.68

	Available Cu (ppm)
	0.53
	1.84

	Available Fe (ppm)
	2.85
	5.17

	Available Mn (ppm)
	6.19
	9.48

	Available B (ppm)
	0.47
	1.24

	Calcium (mg/kg)
	1120 
	560 

	Magnesium (mg/kg)
	192
	288 

	Sulphur (mg/kg)
	17.9 
	5.2 


3.2 Optimization of Seed Ball Mixture

Experiments were conducted to optimize seed ball mixture by evaluating different media compositions and seed coating formulations. Two types of media were tested, namely red soil + vermicompost in different ratios and composite mixture consisting of red soil (40%), saw dust (40%), vermicompost (15%) and arbuscular mycorrhiza (5%). Among these, composite mixture exhibited maximum fragmentation number and lowest dissolution rate, indicating poor structural stability and moisture responsiveness, and hence these treatments were excluded from further experiments.

The physical properties of seed ball mixtures prepared using red soil and vermicompost at different ratios are presented in the Table 3. Fragmentation number ranged from 14.6 fragments (T1: 1:0) to 7.7 fragments (T10: 4:1), with lower fragmentation observed in soil-dominant mixtures, indicating improved structural stability. Similarly, dissolution time increased from 215 seconds (T1) to 372 seconds (T10) with increasing soil proportion, and a moderate dissolution time suitable for germination was recorded in T6 (2:1 ratio) with 340 seconds, along with comparatively lower fragmentation (8.5). Based on seed ball size, weight, fragmentation number and dissolution rate, the red soil and vermicompost mixture in 2:1 ratio was identified as the optimum formulation for further studies.
Table 3. Physical parameters of red soil and vermicompost at different ratios on Albizia amara seed ball medium

	Treatment
	Seed ball weight (g/ball)
	Seed ball size (cm/ball)
	Fragmentation (No.)
	Dissolution (sec/ball)

	T1 - 1:0
	18.4±0.21
	2.6±0.12
	14.6±0.22
	215±3.2

	T2 - 1:1
	17.8±0.18
	2.7±0.13
	13.1±0.20
	245±3.0

	T3 - 1:2
	17.1±0.17
	2.8±0.12
	12.4±0.21
	268±2.9

	T4 - 1:3
	16.5±0.16
	2.9±0.13
	11.7±0.19
	285±3.1

	T5 - 1:4
	15.9±0.15
	3.0±0.14
	11.1±0.18
	300±3.3

	T6 - 2:1
	17.6±0.16
	2.7±0.12
	8.5±0.16
	340±3.5

	T7 - 2:2
	17.0±0.18
	2.8±0.13
	10.2±0.17
	318±3.1

	T8 - 2:3
	16.4±0.17
	2.9±0.12
	11.0±0.20
	295±2.9

	T9 - 3:1
	18.1±0.19
	2.6±0.11
	8.1±0.15
	358±3.6

	T10 - 4:1
	18.5 ± 0.22
	2.5±0.10
	7.7±0.14
	372±3.9



These results indicate that the composition of seed ball media, particularly the ratio of red soil to vermicompost, plays a crucial role in determining structural stability, resistance to breakage and moisture response, which are essential for successful seed germination and establishment under field conditions (Tamilarasan et al., 2021). Similar findings have been reported where optimized combinations of soil and organic amendments improved seed ball integrity, reduced fragmentation and provided favourable dissolution characteristics for seedling emergence. Lower fragmentation observed in soil-dominant mixtures indicates enhanced mechanical strength, while moderate dissolution ensures gradual disintegration, facilitating water absorption and germination (Zubaidah et al., 2022). Further, exclusion of mixtures containing higher proportions of sawdust and other additives due to poor structural stability is consistent with studies indicating that excessive organic matter can lead to rapid disintegration and reduced effectiveness of seed balls under field conditions. Therefore, selection of red soil and vermicompost in 2:1 ratio can be considered as an effective and suitable formulation for improving seed ball performance in forest ecosystem restoration.
3.3. Laboratory Germination Performance of Selected Species

Laboratory germination studies revealed variation in germination potential among the selected tree and grass species, and the average germination percentage is presented in Table 4. The results showed that grass species exhibited relatively higher germination compared to tree species. Among the grass species, Apluda mutica and Eriocoma hymenoides recorded germination of 80% and 85%, respectively. In contrast, among the tree species, Chloroxylon swietenia and Acacia chundra recorded 60% germination, followed by Sapindus emarginatus (50%) and Zizyphus jujuba (40%), whereas Albizia amara recorded comparatively lower germination of 25%. These observations indicate species-specific variability in germination potential under controlled conditions. Further, the comparatively higher germination observed in grass species when compared to tree species indicates their better performance under laboratory conditions, whereas lower germination in certain tree species reflects their comparatively poor germination behaviour (Cevallos et al., 2022). Moreover, higher germination recorded under laboratory conditions contrasts with the observations recorded under field conditions, where germination was found to be very low, thereby indicating the influence of field conditions on seed ball establishment (Milano et al., 2024). 

Table 4. Germination (%) of different species in lab studies
	Name of the Species
	Germination (%)

	Chloroxylon swietenia
	60

	Zizyphus jujuba
	40

	Sapindus emarginatus
	50

	Albizia amara
	25

	Acacia chundra
	60

	Apluda mutica
	80

	Eriocoma hymenoides
	85


3.4. Field Performance during South-West Monsoon


Field observations recorded during SWM revealed that establishment potential of seed balls in forest ecosystems was very low, as presented in Figure 5. Among grass species, Apluda mutica and Eriocoma hymenoides recorded relatively higher germination of 6-7% and 4-5%, respectively, in Pethikuttai and Athikadavu forests when compared with tree species. Among tree species, germination of Albizia amara and Acacia chundra was found to be 2-3%, whereas remaining species showed very low or no germination under field conditions. It was also observed that fungal infection was detected in all five tree species and pest attack was recorded in few plots. Although rainfall was recorded after seed ball application, overall germination percentage remained low under field conditions.
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Figure 5. Seed ball performance in different forests thrown during South West Monsoon

The low germination observed during this season indicates environmental influences affecting seed germination and emergence under forest ecosystems (Grossnickle and Ivetic, 2017). Further, comparatively better performance of grass species when compared with tree species indicates variation in establishment potential among species under field conditions, reflecting species-specific differences in germination and establishment behaviour (Araujo and Perez, 2022).

3.5. Field Performance during North-East Monsoon


Observations recorded during NEM revealed that establishment potential of seed balls showed slight improvement when compared to SWM, as presented in Figure 6. Among grass species, Apluda mutica and Eriocoma hymenoides recorded relatively higher germination of 8-9% in both Pethikuttai and Athikadavu forests when compared with tree species. Among tree species, germination of Albizia amara and Acacia chundra was found to be 3-4%, whereas remaining species did not germinate under field conditions. The improved germination observed during this season coincided with adoption of improved experimental methods and application of Trichoderma viride treatment during seed ball preparation. However, overall germination remained low under forest conditions.
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Figure 6. Seed ball performance in different forests thrown during North East Monsoon

The slight improvement observed during NEM indicates the influence of seasonal conditions such as rainfall pattern and soil moisture, along with experimental modifications, on seed ball establishment (Mwendwa et al., 2020) However, consistently low germination across species indicates that seed ball establishment under forest ecosystems remains a challenge, which may be considered as major constraint in seed ball application under field conditions. 
3.6 Seasonal and Species-wise Influence on Seed Ball Establishment


Comparison between two field trials clearly indicated that both seasonal conditions and species type had a significant influence on the establishment potential of seed balls in forest ecosystems. During SWM, germination was limited to 6–7% in grass species and 2–3% in tree species, whereas during NEM, germination increased to 8–9% in grass species and 3–4% in tree species. Further, species-wise evaluation revealed that grass species such as Apluda mutica and Eriocoma hymenoides consistently recorded higher germination percentages under both seasonal conditions, whereas among the tree species, only Albizia amara and Acacia chundra showed limited germination and the remaining species did not germinate under field conditions. These observations indicate that both seasonal variation and species characteristics play an important role in determining the establishment potential of seed balls under forest ecosystems. (Piotrowski et al., 2023; Laumann et al., 2023)
3.7 Constraints Affecting Seed Ball Establishment under Forest Conditions


Field observations indicated that several factors limited the establishment potential of seed balls under forest ecosystems. Fungal infection was observed in all five tree species, and pest attack was recorded in few plots during the field trials. In addition, the overall low germination recorded under field conditions indicates the influence of environmental factors on seed ball performance. It was also observed that soil conditions influenced establishment, and racking of soil during seed ball placement may be required to improve germination. These constraints collectively affected seed germination and seedling survival, thereby limiting the effectiveness of seed ball technology under field conditions.

3.8 Relationship between laboratory optimization and field performance


Laboratory experiments indicated that red soil and vermicompost in 2:1 ratio was an effective seed ball medium based on seed ball size, weight, fragmentation number and dissolution rate. However, field observations revealed that despite using the optimized seed ball composition, germination remained low under forest conditions, with a maximum of 8–9% observed across species. Further, comparison between laboratory and field performance clearly showed that germination under laboratory conditions was relatively higher across all species, whereas field trials recorded very low germination. This variation indicates that although seed ball composition influences physical stability and quality, actual establishment under forest ecosystems is largely governed by environmental conditions. In the recent times, there is a huge popularity among the schools and college students to organize seed ball events as a part of conservation and sustainability promotion. However, the real potential of currently available seed ball technology remained a mystery due to lack of systematic post monitoring. Majority of the research on the seed balls in India and Tamil Nadu in specific have reported only laboratory or microcosm-based germination performance, however, this study is a maiden attempt to assess the establishment potential of seed balls in real forests. Thus, this dataset greatly helps to redesign the seed ball technology that can significantly enhance the establishment potential to serve the real purpose of restoring forest landscapes. 
4. CONCLUSION

The present study was carried out to assess the establishment potential of seed balls in forest ecosystems. Laboratory studies indicated higher germination in grass species such as Apluda mutica and Eriocoma hymenoides, whereas lower germination was observed in certain tree species including Albizia amara. However, under field conditions, overall germination of seed balls was considerably low. Observations recorded during South-West monsoon showed limited germination, whereas slight improvement was observed during North-East monsoon. In both seasons, only few species such as Albizia amara and Acacia chundra exhibited minimal establishment among tree species, while grass species consistently performed better. Overall, field observations revealed that seed balls had maximum germination potential around ten per cent under forest ecosystems. The results also indicated that fungal infection, pest incidence, and environmental conditions significantly influenced seed ball establishment. Thus, although the optimized seed ball mixture (red soil + vermicompost in 2:1 ratio) was found to be effective under laboratory conditions, its field performance remains a challenge, highlighting the need for further refinement of seed ball technology for improving establishment under forest conditions for promoting future large scale forest restoration projects. 
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