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Abstract  24 

 Seed enhancements involve post-harvest modifications of seeds intended to improve 25 

germination and plant performance. This includes seed modifications that facilitates the delivery 26 

of other plant-benefiting components (e.g., nutrients or plant protectants). This study considers 27 

the use of tomato-seed encapsulation as a possible extension of seed coatings. Placing seeds 28 

within gelatin capsules offers potential benefits including space for greater volumes of additives, 29 

separation between protectant chemicals and seeds, diminished human exposure to 30 

agrochemicals, and improved uniformity for mechanical planters. Therefore, the objectives of 31 

this study were to determine to what degree seed encapsulation alters plant emergence, affects 32 

plant performance, and serves as a possible delivery-system for controlled-release fertilizers. The 33 

results suggest that seed encapsulation may delay initial plant emergence by one day, and 34 

between one and two days for fertilizer treatments. Gelatin capsules alone improved early root 35 

development, promoted plant growth, and increased fruit production; indicative of gelatin’s 36 

biostimulant properties. The addition of controlled-release fertilizers (especially Florikan) 37 

appeared to provide greater aboveground, belowground, and total plant mass, and higher fruit 38 

yield. The results of this study support the notion that seed encapsulation can improve tomato 39 

performance, and that other component(s) can be successfully delivered to provide additional 40 

plant benefits.         41 

 42 
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Introduction 47 

 Post-harvest modifications of seeds used to improve germination and/or plant 48 

performance are often referred to as ‘seed enhancement’ (Taylor et al., 1998). This 49 

characterization also applies to any seed modification that facilitates the delivery of seeds along 50 

with other beneficial components employed during planting. While broadly defined, seed 51 

enhancement can be categorized into three general techniques (i.) pre-sowing hydration or liquid 52 

priming, (ii.) seed conditioning, and (iii.) seed coatings (Taylor et al., 1998; Jamieson, 2006). For 53 

the most part, these techniques are not mutually exclusive, and can be combined in different 54 

ways to provide cumulative benefits that improve seed quality, germination, and/ or growth.   55 

   Seed coat technologies typically include pelleting, encrusting, or film coating. Pelleting 56 

involves the layered deposition of materials that can alter the shape and size of the original seed. 57 

This change in conformation can improve plantability, especially for seeds that are small or 58 

irregularly shaped (Barut, 2008; Sidhu et al., 2019). In most cases, seeds are coated with both an 59 

adhesive binder and a filler agent (or bulking agent). Pelleted materials can also contain plant 60 

protectants such as fungicides and insecticides, thereby providing additional benefits to seeds 61 

and emerging plants (Heijbroek and Huijbregts, 1995; Taylor et al., 2001). Seed coatings, which 62 

were adapted from the pharmaceutical industry, involve the uniform deposition of polymers, 63 

plasticizers, and colorants forming a film that acts as a physical barrier (Taylor et al., 1998). The 64 

reduced friction among coated seeds, partially attributed to its improved uniformity, has been 65 

shown to enhance flow characteristics in mechanical planters (Hill, 1999; Barut, 2008). As with 66 

pelleting, plant protectants and other beneficial material can be applied to seeds through film 67 

coating (Scott, 1998; Rocha et al., 2019). The spatial separation between the seed surface and the 68 

chemical protectant, however, is not as great as those achieved through pelleting and some film-69 
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coatings may be toxic or inhibitory to seeds of some crops (Taylor et al., 1998; Hill, 1999). As 70 

such, film coatings are often preferred as a means to reduce overall exposure of chemicals (used 71 

as seed treatments) to agricultural workers.  72 

 One possible extension of seed coatings is the use of pharmaceutical capsules in which 73 

seeds and other beneficial components (or plant protectant chemicals) can be placed inside a 74 

single unit. This seed encapsulation approach may combine the benefits of both pelleting and 75 

coating. That is, seed encapsulation may provide precise uniformity with reduced friction 76 

allowing for the use of mechanical planters, may offer needed separation between protectant 77 

chemicals and seeds (perhaps extending seed viability), and minimize exposure of agrochemical 78 

chemicals to workers. Pharmaceutical capsules also come in different sizes, and depending on 79 

the size and shape of the seed, capsules may provide sufficient space to deliver greater volumes 80 

of beneficial additives at the time of sowing. Moreover, pharmaceutical capsules are relatively 81 

inexpensive (1,000 capsules for 10 US Dollars; at the time of this writing), and do not require 82 

equipment such as side-vented-drum coating machines that provide needed ventilation for drying 83 

seed coat formulations (Yehia, 2008). Finally, pharmaceutical capsules can be made from 84 

different compounds, including gelatin (collagen-based material from animal bone or hide) or 85 

plant-based hydroxypropyl methyl cellulose (HPMC). Gelatin, protein hydrolysates, and other 86 

amino acid-based products may also behave as effective plant biostimulants, with enhanced plant 87 

growth and/or yields observed a variety of corps (Morales-Payan and Stall, 2003; Parrado et al., 88 

2008; Ertani et al., 2009; Koukounararas et al., 2013; Amirkhani et al., 2016; Wilson et al., 89 

2018). In cucumber, for example, there was a positive correlation between the amount of gelatin 90 

provided to the seed and both plant growth and total tissue nitrogen content (Wilson et al., 2018). 91 
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 Due to the potential advantages associated with seed encapsulation within gelatin 92 

capsules, we sought to evaluate the efficacity of this technology and to explore its potential as a 93 

possible delivery system for materials that may enhance plant performance in tomato 94 

(Lycopersicon esculentum Mill.). More specifically, the objectives of this research were to (i.) 95 

determine if and to what degree seedling emergence was altered when placed within gelatin 96 

capsules, (ii.) characterize any differences in tomato performance following emergence of 97 

encapsulated seeds, (iii.) evaluate the use of seed encapsulation as a possible vehicle for the 98 

delivery of controlled-release fertilizers (a surrogate for other beneficial agrichemicals), and  (iv.) 99 

owing to the plant-biostimulant properties of gelatin, consider if there are any long-term 100 

influences on flower and fruit production in tomatoes.        101 

 102 

Materials and Methods 103 

Experimental Design 104 

Seeds of tomato plants (Lycopersicon esculentum Mill. Cv. Early Girl) were encapsulated 105 

in pharmaceutical gelatin capsules (bovine gelatin extract from hide, size 00; Capsuline Inc., 106 

Dania Beach, FL) with or without controlled-released fertilizers. Fertilizer treatments involved 107 

three different manufactures including Coor’s (13:13:13, N:P:K; Coor Farm Supply, Smithfield, 108 

NC), Florikan with nutricote (18:6:8; Florikan, Sarasota, FL), and Osmocote (14:14:14; ICL 109 

Specialty Fertilizers, Dublin, OH). Two fertilizer pellets were placed in each capsule, which 110 

accounted for approximately 45, 100, and 55 mg fertilizer per capsule for Coor’s, Florikan, and 111 

Osmocote, respectively. For all encapsulated treatments (with and without fertilizer), the 112 

remaining void space within the capsule were loosely filled with a dried mixture consisting of 113 

compost (60%) and peat (40%). 114 
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To evaluate seedling emergence, five seeds (control) or five encapsulated seeds 115 

(treatments) were planted equidistantly in 3.4 L polypropylene pots with sandy-loam soils in 116 

mid-March. A total of 50 pots were employed in this study (n=10) and were placed in a 117 

randomized complete block design that accounted for the north-south orientation of the 118 

glasshouse benches (Hartung et al., 2019). The climate-controlled glasshouse maintained 119 

temperatures between 25 and 30°C, with relative humidity fluctuating between 34 and 89% 120 

throughout the study. Plants were watered daily with approximately 400 mL of water.  121 

 122 

Plant Measurements  123 

Emergence (and survival) was monitored daily for the first 16 days, and then twice-a-124 

week through the remaining 24 weeks. In this study, successful seedling emergence was 125 

characterized by the presence of aerial cotyledons, and was reported as percent emergence from 126 

each experimental unit (i.e., pot). One plant from each pot was selected and evaluated weekly 127 

(over 26 weeks) for changes in plant height (growth). Flower and fruit production was also 128 

monitored within each pot from 7- to 26-weeks. Plants were harvested at 3-, 7-, and 10-weeks, 129 

and evaluated for biomass. At the end of 26 weeks, a forth plant was harvested for biomass 130 

estimates. For biomass, plants were carefully removed from the pots, separated between above- 131 

and below-ground structures, dried in a laboratory oven at 60°C until constant weight, and 132 

massed.  133 

As mentioned, fruit production was recorded throughout the study. This included 134 

cumulative number of fruit produced (both unripened and ripened), as well as the number of 135 

ripened fruit. Once the fruit had fully ripened (based on deep-red coloration) it was harvested, 136 

and fresh weight was immediately recorded.   137 
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Data Analyses  138 

 Harvested-ripen fruit data was used to calculate the mean individual fruit mass, mean 139 

number of fruit per plant, and total fruit mass produced per plant, and was statistically analyzed 140 

to compare controls against encapsulated treatments (with and without fertilizers) using 141 

generalized linear models (GLM). Wald chi square tests for pairwise evaluations were conducted 142 

when significant treatment responses were identified by GLMs. Similarly, seedling emergence 143 

data, including number of days until first seedling emergence, third seedling emergence, and the 144 

fifth seedling emergence (for pots with 100% germination) were statistically analyzed using 145 

GLMs followed by Wald chi square tests when treatment differences were detected.   146 

 For longitudinal data including changes in plant height, seedling emergence/and survival 147 

over time, cumulative flower and fruit production, and biomass (recorded over 4 different 148 

intervals), we employed generalized estimating equations (GEE), which is an extension of GLMs 149 

designed for repeated-measures analyses (Zeger and Liang, 1986; Ballinger, 2004), to compare 150 

controls against encapsulated treatments. GEEs were selected because of the model’s ability to 151 

evaluate non-normal longitudinal data that is often characteristic of count data. Wald chi square 152 

tests were performed on parameters identified by GEE to have significant treatment responses. 153 

All statistical analyses were conducted using SPSS software version 26 (IBM Corp. 2019), 154 

where comparisons were considered significant at an a = 0.05.      155 

 156 

 157 

 158 

 159 

 160 
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Results 161 

 When considered over time, there were significant differences in seedling emergence 162 

among the control and encapsulated treatments (p < 0.001). That is, seedling emergence 163 

appeared earlier for controls in comparison to treatments, and the Coor’s treatment, particularly, 164 

seemed to lag other treatments in both timing of germination and total emergence (figure 1). As 165 

such, the number of days (after sowing) until first emergence was also different among the 166 

control and experimental treatments. In this case, there was a one-day delay in emergence for 167 

Capsule, Florikan, and Osmocote treatments, compared to the control (p = 0.021, 0.002, and < 168 

0.001, respectively), and a two-day delay in emergence for the Coor’s treatment (table 1; p < 169 

0.001). The number of days until complete (100%) seedling emergence also reviled significant 170 

treatment delays (p < 0.001). While there were no differences in the number of days for complete 171 

emergence between control and Capsule treatments (both around nine days; p = 0.789), the 172 

encapsulated fertilizer treatments were delayed by 2-, 3-, and 8-days for Florican, Osmocote, and 173 

Coor’s treatments, respectively (table 1; p < 0.046). Nevertheless, when you consider the total 174 

seedling emergence after 30 days, although there was a trend of lower emergence in the Coor’s 175 

treatments (only 86 ± 5.2% germinated), there were no statistical differences among the control 176 

and encapsuled treatments (table 1; p = 0.190).  177 

 Plant growth over time, as indicated by a change in overall height, was significantly 178 

different among the control and encapsulated treatments (p = 0.005). Although there were no 179 

differences in plant height over time between the control and Osmocote treatment (p = 0.162), 180 

the remaining treatments (Capsule, Coor’s, and Florikan) revealed taller plants throughout most 181 

of the study (figure 2; p < 0.018). Differences among plant height appeared to be most 182 

pronounced between 7- and 14-weeks, where there was a clear separation between controls and 183 
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experimental treatments. By 14-weeks, the height of the control plants begins to match those of 184 

some encapsulated treatments, and appears to be associated with a lag in plant growth for 185 

encapsulated plants around the time of flower induction (~ 8 to 9 weeks).  186 

 There were significant differences in plant mass among control and encapsulated 187 

treatments. By the third week, aboveground biomass in control plants were larger than both 188 

Coor’s and Osmocote treatments (table 2; p < 0.034). During this time, however, the Capsule 189 

treatment had twice as much belowground biomass compared to the control (p = 0.008), and all 190 

encapsulated treatments (with and without fertilizers) had more than two-times the root/shoot 191 

ratios observed in the controls (ratio of 0.32 ± 0.03 in the controls, compared to values at or 192 

above 0.68 for encapsulated treatments; table 2; p < 0.014). For week-7 and beyond, these 193 

biomass characteristics began to change. At that point, aboveground biomass among control and 194 

encapsulated treatments were no longer statistically different, except for the Florikan, which was 195 

statistically larger than the controls (p < 0.007). Similarly, belowground biomass was greater in 196 

Florikan treatments relative to the control for week-7, -10, and -26 (p < 0.001), and periodic 197 

increases in belowground biomass were also observed in Capsule (week-26; p = 0.045), Coor’s 198 

(week-26; p = 0.033), and Osmocote (week-7; p = 0.004; table 2). Total plant biomass closely 199 

mirrored aboveground biomass, with lower mass in the Coor’s treatments compared to the 200 

control on week-3 (p = 0.002), followed by significant increases in total biomass for Florikan 201 

(week-7 through week-26; p < 0.001) and Osmocote (week-7; p = 0.018) treatments.                     202 

 As with other growth metrics, there were notable enhancements in the total number of 203 

flowers produced per plant for fertilized treatments (figure 3a). That is, while there were no 204 

statistically significant differences in flowers produced per plant over time between control and 205 

Capsule (p = 0.167), Coor’s, Florikan, and Osmocote treatments had greater number of flowers 206 
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produced over the 26-week period (p = 0.019, 0.005, and < 0.001, respectively). By the end of 207 

the study, control and Capsule treatments produced 8.3 ± 0.9 and 11.5 ± 1.9 flowers per plant 208 

(respectively), compared to 12.2 ± 1.6, 13.1 ± 1.4, and 16.5 ± 2.86 flowers per plant for Coor’s, 209 

Florikan, and Osmocote treatments (figure 3a). The elevated flower production in fertilized 210 

treatments, however, did not translate into a significantly higher number of fruit (both unripen 211 

and ripen) produced per plant over the same 26-week period; although a trend of more fruit per 212 

plant is noted in encapsulated treatments (figure 3b; p = 0.069). Interestingly, when only ripen-213 

harvested fruit is considered (i.e., not including green immature fruit that remained on plants), 214 

there were significantly more fruit produced by Capsule and Florikan treatments compared to the 215 

control (p = 0.032, and 0.018, respectively; figure 4a). Similarly, when you consider total ripen 216 

fruit mass produced per individual plant (g plant-1), both Capsule and Florikan produced more 217 

fruit by mass than the control (p = 0.011, and 0.007, respectively; figure 4b). For all encapsulated 218 

treatments, the fresh weight of ripen fruit was greater than those observed in the control (p < 219 

0.014; figure 4c).  220 

 221 

Discussion 222 

  In this study, we investigated the use of gelatin seed encapsulation as a possible 223 

technique for seed enhancement in tomatoes. The use of pharmaceutical gelatin capsules alone 224 

provided some plant benefits including better root development within the first three weeks, 225 

higher plant growth within the first 12 weeks (as indicated by changes in height), and improved 226 

fruit production. These results are consistent with other studies involving protein hydrolysates as 227 

a possible plant biostimulant (Taylor et al., 1998; Calvo et al., 2014; Skwarek et al., 2020). In a 228 

study by Colla et al. (2014), for example, tomato cuttings that were exposed to plant-derived 229 
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protein hydrolysate had significantly greater shoot and root dry weights, along with greater root 230 

length, diameter, and surface areas in as little as eight days after treatment. In a study by Parrado 231 

et al. (2008), there were significant improvements in plant height, number of flowers per plant, 232 

and number of fruit per plant after 18 weeks in tomatoes treated with a similar plant-derived 233 

hydrolysate extract. In a study more comparable to ours, involving pharmaceutical capsules as a 234 

biostimulant, there were significant increases in both leaf area and plant mass after 28 days for 235 

tomatoes planted with as little as one-half of a gelatin capsule (Wilson et al., 2018). These 236 

reported growth and performance benefits, however, are not restricted to tomatoes, as other 237 

studies have shown beneficial biostimulant-like responses involving animal- or plant-derived 238 

protein hydrolysates in arugula, broccoli, cucumber, kiwifruit, maize, papaya, passionfruit, pea, 239 

pepper, and snapdragon (Quartieri et al., 2002; Morales-Pajan and Stall, 2004; Ertani et al., 240 

2009; Colla et al., 2014; Cristiano et al., 2018; and Wilson et al., 2018).  241 

As mentioned, the findings from this study were comparable to those observed by Wilson 242 

et al. (2018), wherein tomato seeds planted along with gelatin capsules appeared to have 243 

beneficial growth responses. The difference between our study and Wilson et al. (2018), 244 

however, is that we placed seeds within gelatin capsules to function as both a biostimulant and as 245 

a potential delivery system for both seed and other plant-benefiting components, rather than 246 

placing seeds adjacent to capsules where it can serve primarily as a biostimulant. To test whether 247 

capsules can effectively deliver other beneficial components, we added controlled-release 248 

fertilizers. The results from this study suggest that the addition of fertilizers can delay total seed 249 

emergence (i.e., 100% germination); from one to two days for Florikan and Osmocote, to as 250 

much as eight days for Coor’s. Although some of the delay may be attributed to the time 251 

necessary to allow water to dissolve the capsule and initiate seed germination, nutrient pulses 252 



 12 

may also inhibit germination and early seedling growth (Bremner and Krogmeier, 1989; 253 

Bremner, 1995). That is, under certain circumstances, elevated pulses of N, and to a lesser degree 254 

P, can adversely affect the growth and development of tomatoes (Magalhas and Wilcox, 1984; 255 

Jones, 1998; Barreto et al., 2016). This notion is supported, in part, by the responses observed in 256 

the Coor’s treatment including seedling emergence delays, lower aboveground mass within the 257 

first three weeks, and comparatively lower ripened fruit production. While the Coor’s fertilizer is 258 

approximately 13% nitrogen, only 8.4% is considered controlled-release and remaining nitrogen 259 

is in the form of conventional ammonia and urea. Ammoniacal nitrogen, when applied directly or 260 

as a hydrolytic biproduct of urea, has been shown to adversely affect seed germination 261 

(Openshaw, 1970; Bremner and Krogmeier, 1989). Perhaps this blend of conventional and 262 

controlled-release fertilizers produced an elevated pulse of nutrients that initially influenced 263 

germination and early growth. Nevertheless, aside from delays in emergence, the addition of 264 

small amounts of controlled-release fertilizers in gelatin capsules appeared to provide some 265 

additional benefits to tomatoes. This is especially true for Florikan treated tomatoes, which 266 

consistently maintained higher aboveground, belowground, and total plant dry mass, as well as 267 

higher ripen-fruit production with larger fruit mass.         268 

 Although animal-derived protein hydrolysates have been shown to improve plant growth 269 

(Calvo et al., 2014), it is unclear how these biostimulants would affect long-term flower and fruit 270 

production in tomato. The results from this study suggest that tomatoes, with seeds initially 271 

encapsulated with controlled-release fertilizers, would produce 50 to 100% more flowers, 272 

depending on the fertilizer used. While the total number of fruit produced per plant (both ripen 273 

and unripen) was not significantly different among the treatments, both Capsule and Florikan 274 

treatments did produce more mature/harvested fruit. This discrepancy can be explained, in part, 275 
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by earlier fruit development in treated plants, and a disproportionally higher number of 276 

unripened-green tomatoes remaining on control plants by the end of the study. Interestingly, all 277 

encapsulated treatments produced between 16.9 and 19.6% larger fruit by weight. Larger fruit 278 

size is constant with other tomato studies that employed controlled-release fertilizers either 279 

solely or as mixed blends with conventional fertilizers (Cole et al., 2016; Incrocci et al., 2020; 280 

Qu et al., 2020). It is also possible that the larger fruit observed in the Capsule treatment, without 281 

fertilizer, was attributed to the biostimulant properties of gelatin and/or degradation products 282 

from the capsule serving as plant nutrients.                                      283 

 Seed coatings can be described as any enhancement that directly applies plant-benefiting 284 

material to seeds. This includes pelleting, film coating, and seed encrusting, and may involve 285 

slurries and dry powders (Jolayemi, 2019; Qiu et al., 2020). Unlike film coatings, however, dry 286 

powders generally do not adhere well to seed surfaces resulting in poor dousing, loss of 287 

uniformity, and formation of dust, while thick seed coatings may break or disintegrate before 288 

sowing (Halecky et al., 2016; Jolayemi, 2019; Qiu et al., 2020). Furthermore, externally applied 289 

seed coatings may not be able to provide enough dosage of beneficial material to be effective 290 

(Qiu et al., 2020). This study considered an alternative approach using pharmaceutical gelatin 291 

capsules to encase seeds along with other plant-benefiting components. Depending on seed size, 292 

capsules can provide sufficient void space to add greater volumes and/or multiple types of plant-293 

benefitting components. Gelatin alone has been shown to ack as a biostimulant (Calvo et al., 294 

2014; Wilson et al., 2018), and the addition of other agrichemicals may provide additive benefits 295 

without the concern of material loss or human exposure as observed in other forms of coating. 296 

Moreover, gelatin capsules promote uniformity in the seeds and can be easily sowed using 297 

mechanical planters. Finally, animal-protein hydrolysates have been found to be an efficient, 298 
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safe, and sustainable biostimulant or fertilizer, with no harmful or toxic effects on soil microbiota 299 

the environment (Corte et al., 2014; Jolayemi, 2019). Therefore, seed encapsulation using gelatin 300 

capsule may provide unique advantages that are not offered by other forms of seed enhancement. 301 

The results of this study support the notion that seed encapsulation can improve tomato 302 

performance under certain circumstances, and that other component(s) can be successfully 303 

delivered within the capsule to provide additional benefits to the plant. Further research is 304 

necessary to determine the best ways to utilize this technology, especially its roles in seed 305 

enhancement and as a delivery system of plant-benefitting materials.  306 
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Figure Captions 

Figure 1. Seedling emergence over time for controls and encapsulated treatments including 

Capsule only, and capsules with controlled-release fertilizers (Coor’s, Florikan, and Osmocote). 

Data are presented as means ± 1 SE. Significant differences among treatments, based on GEEs 

following a repeated-measures design, are identified by letters following the name of the 

treatment listed in the legend, wherein different letters identify significant differences among the 

treatments (n = 10).   

Figure 2. Plant height over time for controls and encapsulated treatments including Capsule only, 

and capsules with controlled-release fertilizers (Coor’s, Florikan, and Osmocote). Data are 

presented as means ± 1 SE. Significant differences among treatments, are identified by letters 

following the name of the treatment listed in the legend, wherein different letters identify 

significant differences among the treatments (n = 10).   

Figure 3. Cumulative flower production per plant (panel-A), and cumulative fruit production 

(both ripen and unripen) per plant (panel-B) for controls and encapsulated treatments including 

Capsule only, and capsules with controlled-release fertilizers (Coor’s, Florikan, and Osmocote). 

Data are presented as means ± 1 SE. Significant differences among treatments, are identified by 

letters following the name of the treatment listed in the legend for panel-A, wherein different 

letters identify significant differences among the treatments (n = 10).   
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Figure 4. Number of ripen-fruit harvested per plant (panel-A), total ripen-fruit mass (fw) 

harvested per plant (panel-B), and average fruit mass (fw) for controls and encapsulated 

treatments including Capsule only, and capsules with controlled-release fertilizers (Coor’s, 

Florikan, and Osmocote). Data are presented as means ± 1 SE. Significant differences among 

treatments, are identified by letters above the bars, wherein different letters identify significant 

differences among the treatments (n = 10).   
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Table 1. Seedling emergence including number of days until first observed (First Emerge), 3 out 
of 5 Emerged (60%; Third Emerge), 5 out of 5 emerged (100%; Fifth Emerge), and total percent 
emergence after 30 days. Treatments included control, encapsulated seeds (Capsule), and seeds 
encapsulated with controlled-release fertilizers (Coor’s, Florikan, and Osmocote). Data are 
presented as means ± 1 SE. Significant differences from the controls are identified by asterisks (a 
= 0.05). Note, 10 replicates for all parameters, except Fifth Emerge where N > 6.       
 
Parameter             Control                Capsule     Coor’s     Florikan  
Osmocote 
First Emerge (d)        6.5  ± 0.17 7.4 ± 0.16*   8.6 ± 0.43*   7.7 ± 0.30*   7.9 ± 0.31* 
Third Emerge (d)      7.7  ± 0.47 8.9 ± 0.35* 11.1 ± 0.31*   9.4 ± 0.27*   9.8 ± 0.25* 
Fifth Emerge (d)        9.3  ± 0.66           9.7 ± 0.31 17.0 ± 2.49* 11.6 ± 0.26* 12.2 ± 0.31* 
Emergence (%)           98  ± 2.0  90 ± 5.4    86 ± 5.2    96 ± 2.7    90 ± 4.5 
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Table 2. Dry mass measured on plants including aboveground-, belowground-, and total- dry 
mass, and root/shoot mass ratios for control and treated plants (capsule, Coor’s, Florikan, and 
Osmocote). Plants were harvested on 3-, 7-, 10-, and 26- weeks after planting. Data are presented 
as means ± 1 SE. Significant differences from the controls are identified by asterisks (a = 0.05).       
 
Parameter (wk) Control     Capsule     Coor’s    Florikan  Osmocote 

Aboveground Mass (g) 
Wk-3           0.11  ± 0.02 0.11 ± 0.01 0.04 ± 0.01* 0.08 ± 0.01 0.07 ± 0.01* 
Wk-7           0.65  ± 0.11 0.74 ± 0.07 0.54 ± 0.12 1.03 ± 0.01* 0.90 ± 0.15 
Wk-10           0.74  ± 0.10 1.02 ± 016 0.66 ± 0.19 1.46 ± 0.16* 0.95 ± 0.34 
Wk-26           3.09  ± 0.31 3.69 ± 0.52 4.02 ± 0.49 4.82 ± 0.41* 3.27 ± 0.53 

Belowground Mass (g) 
Wk-3           0.03  ± 0.01 0.06 ± 0.01* 0.03 ± 0.01 0.05 ± 0.01 0.04 ± 0.01 
Wk-7           0.23  ± 0.03 0.27 ± 0.03 0.25 ± 0.05 0.56 ± 0.08* 0.43 ± 0.05* 
Wk-10           0.22  ± 0.04 0.34 ± 0.07 0.23 ± 0.03 0.73 ± 0.12* 0.34 ± 0.12 
Wk-26           1.26  ± 0.14 1.90 ± 0.29* 1.94 ± 0.30* 2.59 ± 0.30* 1.63 ± 0.13 

Total Mass (g) 
Wk-3           0.14  ± 0.03 0.17 ± 0.02 0.07 ± 0.01* 0.14 ± 0.02 0.11 ± 0.01 
Wk-7           0.88  ± 0.13 1.01 ± 0.09 0.80 ± 0.15 1.59 ± 0.14* 1.32 ± 0.18* 
Wk-10           0.95  ± 0.13 1.36 ± 0.22 0.98 ± 0.22 2.18 ± 0.23* 1.21 ± 0.46 

     Wk-26           4.35  ± 0.42 5.59 ± 0.77 5.96 ± 0.69 7.41 ± 0.67* 4.90 ± 0.59 
Root/Shoot 

Wk-3           0.32  ± 0.03 0.68 ± 0.14* 0.89 ± 0.11* 0.69 ± 0.11* 0.68 ± 0.11* 
Wk-7           0.38  ± 0.05 0.38 ± 0.04 0.53 ± 0.08 0.55 ± 0.07 0.56 ± 0.09 
Wk-10           0.29  ± 0.03 0.34 ± 0.05 0.37 ± 0.07 0.51 ± 0.07* 0.40 ± 0.06 
Wk-26           0.42  ± 0.03 0.52 ± 0.05 0.50 ± 0.05 0.54 ± 0.06 0.58 ± 0.08 
 

 
 
 
 
 

 


