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California brome and blue wildrye are important native grass species in the Pacific Northwest.  

However, both species have been reported to have low emergence under less than favorable field 

conditions.  Seed coating is used to improve emergence and stand establishment of various crops. 

Three studies were carried out to determine the effects of biochar-based seed coatings on seed 

and seedling performance of two lots each of California brome and blue wildrye.  Seeds of each 

lot were divided into seven sub-lots and were coated with coating treatments 1, 2, 3, 4, 5, and 6, 

plus one un-coated control. The first study was conducted in the growth chamber to evaluate 

viability and vigor of the seeds coated with the above treatments. Standard germination (SG), 

tetrazolium (TZ), accelerated aging (AAT), and cold soil (CST) tests were used for evaluating 

seed quality of uncoated seeds.  The CST was used to evaluate seed performance of coated seeds 

in both species.  The second study was conducted in the greenhouse to compare the effect of seed 

treatments on seed and seedling performance under two irrigation regimes: water stress, plants 

watered every 10-days, and normal watering, every 3-days.  The third study was conducted in the 

field to evaluate seed treatments under field conditions. When coated with combinations of 



 

 
 

biochar, lime, hydrophilic polymers and macronutrients, seed from both lots of both species 

showed equal or slightly higher germination over the untreated control.  No consistent pattern 

was observed for increasing or decreasing final germination, speed of germination, length of 

seedlings or dry matter contents of any of the treatments over the untreated controls in both crops 

under 3- or 10-day watering regime.  Although under laboratory and greenhouse conditions, seed 

coated with either lime or a combination of lime, biochar, hydrophilic polymers, and 

macronutrients improved seed performance over untreated control in some cases, under field 

conditions no improvement was observed for any of the seed coating treatments over the 

untreated controls. Changes in seed and seedling performance in this study were species specific, 

and depended mainly on the initial seed quality, and to a less extent on the irrigation regimes 

used and the seed coating formulation.  

Abbreviations: Treatments 1: CaCO3; 2: ½ CaCO3, ½ biochar; 3: 100% biochar; 4: ½ biochar, ¼ 

CaCO3, ¼ hydrophilic polymers; 5: ½ biochar, ¼ CaCO3, ¼ hydrophilic polymers & NPK 

supplement; 6: ½ biochar, ¼ CaCO3, ¼ hydrophilic polymer & GA3 500ppm. 
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1. Introduction and Literature Review 

Low seed emergence and stand establishment are sometimes an impediment to re-

vegetation efforts carried out by land management agencies in the wake of landslides or wildfire.  

Failure of native plants to establish quickly and uniformly in these disturbed areas increased the 

potential for invasive species incursion and erosion.   In this study, we compare the effects of 

several lime (CaCO3), biochar, and biochar-based seed coatings on the germination and vigor of 

seeds from California brome and blue wildrye.  Both species are important native grasses in the 

Pacific Northwest and are regularly used by land management agencies in re-vegetation efforts.  

Additionally, biochar has been shown to have beneficial effects on ecosystems and a magnifying 

effect of fertilizer on plant growth.  Biochar is commonly used as a soil amendment, and has not 

yet been utilized as a seed coating agent.  However, because of the unique properties of biochar, 

it could prove to be a beneficial ingredient in seed coating formulations to improve soil 

properties as well as increase seed germination and survivability under field conditions. 

Initial laboratory testing was carried out to assess the initial quality of seeds obtained for 

the study.  Additionally, two vigor tests, the accelerated aging test and the cold soil test, were 

carried out to assess seed vigor and to better predict how seeds from these species, as well as 

coated seeds will perform under less than favorable field conditions.  A greenhouse study was 

also carried out to determine interactions between seed quality, seed coating, and irrigation 

frequency.  Finally, a field study was conducted to subject the seeds, both coated and uncoated, 

to less than favorable field conditions.  By understanding how these species respond to coating, 

we can make better recommendations to land management agencies seeking to improve seed 

germination and stand establishment of native grasses under field conditions. 
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1.1 Origin and Use of Seed Coating 

Treatments applied to agricultural seed between time of harvest and time of planting fall 

into two categories:  seed treatment and seed coatings.  In its broadest sense, seed treatment 

refers to the application of one or more compounds, processes, or energies to the seed (Taylor, 

2001.  Scott (1989) defined seed coating as the application of needed materials to the seed 

surface in such a way that they affect the seed or soil at the seed-soil interface.  In this paper, we 

will use Scott’s definition of seed coating to describe the treatments applied in this study.  The 

first seed patent was filed on July 7, 1868 for a process for improvement of cotton (Gossypium 

L.) seed for planting.  First, the fuzz was removed from the seed to prevent sticking together.  

Seeds were then coated in a mixture of a glutinous material and gypsum and allowed to dry.  The 

resulting coating on the seed surface increased the ability of seed to flow through commercial 

planters as well as provided a potential source of nutrients for the germinating seed (Lafferty, 

1868).  Seed coatings are still in use by agricultural producers, with high implementation in the 

vegetable and flower industry where high-cost seeds are planted (Bruneau 1989), however the 

exact formulations and processes are often closely guarded secrets of each seed company (Scott, 

1989; Taylor and Harman, 1990). 

Agricultural seeds are coated for various purposes.  Taylor (2010) explains that seed 

coatings are designed to alleviate stress that seeds encounter in the field.  By not having to treat 

the entire soil profile, producers are able to manipulate the microenvironment directly around the 

seed, thereby potentially saving on production costs (Scott, 1989).  Appropriately-formulated 

coatings can assist in successful establishment of plant stands by ensuring by encouraging fast 

nutrient reserve mobilization and vigorous growth (Griepsson, 1999; Gorim et al., 2012).   
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Seed coatings are also employed to facilitate easier and more precise planting when it is 

advantageous for a plant to emerge from every planted seed (Taylor and Harman, 1990).  Seeds 

have been coated with diatomaceous earth to increase individual seed weight and improve seed 

ballistics, which has been shown to increase seed survivability as they are aerially-sown 

(Griepsson, 1999; Scott, 1989).  Coating seed also can help producers reduce costs and waste 

associated with thinning recently-emerged crops (Bruneau, 1989; Scott, 1989).  Irregularly-sized 

or shaped seed such as flower or grass seed can be pelletized to produce uniformly-shaped seed.  

In this process, seeds are coated with layers of filler such as CaCO3, gypsum, kaolinite clay, 

bentonite, zeolite, peat, vermiculite or diatomaceous earth and a binder such as gum, starch, 

gelatin, polyvinyl alcohol, or polymer until the seed has become spherical in shape.  Powdered 

lubricants are also sometimes added to increase seed flow through planting machinery (Taylor, 

2010; Scott, 1989).     

Seeds are also coated with substances that nourish and protect the seed as it germinates in 

the soil.   Seed coatings are used as vehicles for beneficial microbes.  Nitrogen fixing rhizobia 

and beneficial fungi are also applied to seed coatings (Taylor, 2010).  One effort sought to utilize 

a genetically-transformed Clavibacter spp. that produces the BT insecticidal protein delivered 

with the seed in a seed coating.  The bacteria would then colonize the xylem tissue of the 

emerging plant and protect it against predation by European corn borer (Fahey, 2009).  These 

types of biologically-active seed coatings often contain, in addition to the organism and binder, 

food bases and pH controlling chemicals to ensure healthy colonies of the microbes (Taylor, 

2010; Scott, 1989). 

In the agroforestry industry, tree seeds are sometimes coated with rodenticide to either 

kill or repel rodents that prey on direct-planted seeds.  For many years, Endrin was utilized as a 
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rodenticide on pine (Pinus spp.) seeds, but is no longer in use due to its high environmental 

toxicity (Radvanyi, 1972).  In its place, more environmentally-friendly compounds have been 

employed with much success, such as the use of oleoresin capsicum as a rodent and bird 

repellent.  Naturally derived from hot peppers, oleoresin has a low toxicity while still effectively 

discouraging frugivorous organisms from consuming high-value seed (Barnett, 1998).  

Carboxymethylchitosan applied to soybean (Glycine max) seeds prior to planting was shown to 

be an effective anti-feedant against cabbage moth larvae (Zeng and Zhang., 2010).  Insecticides, 

aracacides, and molluscicides have also been employed with similar success (Scott, 1989).  In 

the Midwestern region of the United States, onion seeds are film coated and pelleted with 

Cyromazine to protect the seed and young seedling from infestation with onion maggot.  Use of 

a seed coating as a delivery mechanism for cyromazine has been shown to be as effective as row 

application of the same chemical at a much higher rate (Taylor, 2001).  In some cases, 1, 8 

napthalic anhydride has been employed as a protectant against S-ethyl dipropylithiocarbonate 

damage in maize.  Other adsorbents such as activated carbon have been used with limited 

success against herbicides, but with more success against intrinsic germination inhibitors in 

tomato seeds (Scott, 1989).  Such coatings present opportunities for producers to maximize 

returns on their investment in high value seeds. 

Seed coatings are also formulated with herbicide to protect emerging seedlings from 

competition with weeds.  Herbicide-resistant varieties of maize were coated with Imazapyr and 

pyrithiobac effectively controlled parasitic Striga spp. throughout the entire growing season.  

Such weed control resulted in a highly significant grain yield increase (Kanampiu et al., 2002).  

Alfalfa (Medicago sativa) seeds that had been coated with thiocarbamate herbicide effectively 

controlled barnyard grass and ryegrass in both greenhouse and field plantings.  The herbicide had 
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no negative effects on final emergence, but alfalfa plants did show some signs of reduced 

rhizobia colonies and stunted plant growth (Dawson, 1981).   

Wheat seeds coated with CaCO2 reduce fungal spore germination and bacterial colony 

size under laboratory conditions.   H2O2 and chitosan were also applied as both a germination 

stimulant and antimicrobial compound (Sladdin and Lynch, 1983).  Higher germination rates 

were observed in treated seeds over the untreated control (Lizárraga-Paulín et al., 2013).  Other 

biological control agents have been explored for use and efficacy in seed coating as well (Scott, 

1989). 

In forage and pasture crops, fertilizer supplements are often added to seed coating, but 

with varied and often negative effects.  Hathcock et al. (1984) reports that Kentucky bluegrass 

(Poa pratensis L.)  and tall fescue (Schedonorus spp.) seeds coated with superphosphate showed 

little or no germination.  However, the same species, when coated with combinations of nitrogen, 

phosphorous, and potassium showed significant improvement in germination percentage over 

untreated controls.  This indicates that adding fertilizer to seed coating agents, in some cases, is 

an effective alternative to soil dressing nutrients when extensive seedbed incorporation is not 

possible.   Bruneau (1989) indicates that the high osmotic effect of fertilizer concentrated so 

closely to the seed may have reduced the rate of imbibition by the seed, resulting in slower seed 

germination.  Griepsson (1999) similarly reports that Kentucky bluegrass seeds, coated with 

fertilizer, had depressed germination percentage  High nutrient availability in some fertilizer 

coatings can either positively or negatively impact seed germination (Leinhauer, 2010).  This 

effect is often dependent on fertilizer composition and plant species.  Scott, citing Krigel (1967), 

points out a positive response in Trifolium spp. to fertilizer coating (Scott, 1989) while the 

literature above indicates a variety of responses, both positive and negative, based on species and 
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fertilizer formulation.  In one study, various combinations of copper, manganese, and zinc 

applied in a polymer matrix, when applied to dryland winter wheat, significantly increased grain 

yield and plant dry matter, as well as plant tissue concentrations of various macronutrients, 

suggesting an increase in plant nutrient uptake and utilization (Wiatrak, 2013).  Molybdenum 

applied in legume seed coating can also aide in nitrogen fixation (Scott, 1989). 

Some seed coatings are partially or completely composed of polymers that interact with 

soil moisture and effect seed germination.  Starch polymers used in seed coatings can absorb up 

to 1000 times their own weight in water and can hold that water near the seed surface for slow 

release in times of brief water deficit (Taylor, 2010).  Including lime (CaCO3) in the seed coating 

formulation has been reported to enhance water uptake and germination of pasture seeds under 

some conditions (Dowling and McWilliam, 1971).  Wiatrak (2013) reports that polymer coating 

improved nutrient uptake in dryland winter wheat.  When utilized in high-protein seeds, polymer 

coating can retard imbibition rates and reduce incidence of imbibitional chilling injury (Taylor, 

2010).  Water absorbing polymer coating improved germination in Kentucky bluegrass 

(Griepsson, 1999), but not over other coating formulations in the study.  This suggests that the 

presence of a seed coating, rather than its actual composition, is the main effecting factor.  

Conversely, polymer coating in fall-planted canola increased median germination time and 

depressed final germination percentage when fall precipitation levels were low (Willenborg et 

al., 2004).  Similarly, in a study of polymer-coated canola (Brassica napus L.) seeds, 

germination after 14 days was significantly lower in coated seeds than uncoated control.  In this 

particular study, it was reported that the hydrophilic coatings had little potential to improve 

establishment of Russian wildrye (Psathyrostachys junceus (Fisch.) Nevski) stands (Berdahl et 

al., 1980).  These findings were supported by Desai et al. who reported that hydrophilic polymers 



7 
 

 

had no significant effect on grain yield of short-duration maize (Desai et al., 1988) and by Gorim 

et al. (2012) who reported a reduction in germination rate in spring barley (Hordeum vulgare L.) 

and wheat (Triticum spp.).  However, the germination suppressive effect of seed coating varied 

with seed coating thickness.  Thicker seed coating resulted in lower suppression of germination, 

but was still lower than uncoated controls.  Further, early root biomass partitioning was higher 

for coated seeds than for uncoated seeds for some of the species and coating compositions tested.  

He concludes by pointing out that, as previously reviewed literature affirms, seed response to 

seed coating varies with seed species, coating composition, coating structure, and environmental 

conditions (Gorim et al., 2012).  Bruneau et al. indicate that a decrease in speed of germination 

for coated seeds could be attributed to a reduction in available oxygen due to thick, saturated 

seed coatings (Bruneau et al., 1989).   In some cases, a hydrophobic seed coating could be 

utilized to delay germination in order to synchronize flowering of dioecious plantings for 

breeding, or to delay germination in fall-sown crops (Scott, 1989). 

Some success has been reported in using peroxide-based seed coatings both as an 

antibiotic and as a germination stimulant (Scott, 1989; Taylor, 2010).  CaCO3 incorporated into 

rice (Oryza sativa L.) seed coating improved establishment over untreated controls under some 

cultivation methods.  In this particular study, utilizing anoxic-tolerant rice cultivars and CaCO3 

coating produced the highest establishment rates (Yamauchi and Chuong, 1995).  Similar results 

were reported for quality protein maize varieties coated with H2O2 where increase in speed of 

emergence was observed over untreated control (Lizarraga-Paulin, 2013).   

Seed coatings can also include growth promoters and hormones.  Surface-sown Kentucky 

bluegrass seeds with a coating that included cytokinin, a known germination promoter, had 

significantly higher establishment rates over other coatings and untreated seeds (Griepsson, 
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1999).  Humic acid has also been utilized in seed coatings (Gorim et al., 2012).   Seed coatings 

also present unique delivery systems for beneficial chemicals that can alleviate stresses that 

seeds encounter in the soil environment (Taylor, 2010).  In one case, seed coatings containing a 

surfactant were shown to increase water infiltration, percolation, and retention in a soil that had 

experienced a wildfire, which are notoriously hydrophobic.  While the presence of the surfactant 

had no effect on seedling emergence, crested wheatgrass and blue bunch wheatgrass had a 

significantly higher rate of survival and establishment over untreated seeds in the same soil 

(Madsen et al., 2012).   

While the purpose for any seed coating is to improve seed survivability and establishment 

under adverse field conditions, some coatings can have an adverse effect on the swift 

germination required for successful establishment.  Dowling (1978) reports an increase in clover 

establishment for coated seeds over untreated control.  However some seeds with coatings 

containing fertilizers have been implicated in reductions in germination rates in cool season turf 

grass (Bruneau, 1989), tall fescue (Dowling, 1978) and in cereal crops such as wheat (Triticum 

spp.), barley (Hordeum vulgare L.), and rye (Secale L.) (Gorim et al., 2012).  In at least one of 

these cases, it was pointed out that some fertilizers used in seed coatings are very hydrophilic 

and as such, have the potential to rob the seed of much-needed water (Bruneau, 1978).   Seed 

coating is, after all, a physical barrier that has the potential to protect the seed, but also to be a 

barrier to conditions necessary for proper germination.   

Water uptake by surface-broadcast grass seed has been explored using coated seeds as 

well.  Water uptake of pasture species was significantly enhanced by including absorbent lime or 

bentonite in seed coatings (Dowling, 1971).  Coating Kentucky bluegrass (Poa pratensis L.) seed 

with absorbent materials had a positive effect on speed of germination, but only when planted in 
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soils with a low water-holding capacity.   However, in similar soils, no significant change was 

observed in tall fescue (Festuca L.) coated with the same materials (Richardson and Hignight, 

2010).  Confirming the positive performance of coated grass seed in water-stressed soils, 

Leinauer et al. (2010) indicated that seed coating had a positive effect only under low irrigation 

regimes.  The variation in responses between different species and different coating formulations 

in different environments is pointed out many times in the literature (Scott, 1989; Gorim, 2012; 

Taylor, 2010; Taylor and Harman, 1990; Dowling, 1978; and Desai et al., 1988) indicate a 

complex set of interactions between seed species, seed health, soil composition, soil microbiota, 

environmental conditions, and seed coat composition.   

1.2 Biochar Interactions with Plant Physiology 

In their comprehensive work on biochar, Lehmann and Joseph (2009) define biochar as a 

carbon-rich product made by “so-called thermal decomposition of organic material under limited 

supply of oxygen and at relatively low temperatures (<700°C).”  This process is similar to the 

formation of charcoal with the exception that biochar is produced expressly for application as an 

agricultural product.  Biochar presents an opportunity to improve soil fertility and nutrient use 

efficiency by using locally-sourced and renewable energy (Lehmann and Joseph, 2009).  Biochar 

plays a role in carbon sequestration efforts and mitigation of climate change, while providing 

excellent opportunities for waste reduction and repurposing (Lehmanet al., 2009; Bargmann et 

al., 2013).  Rice and sorghum yields showed a significant increase when macronutrient fertilizer 

was used in conjunction with charcoal.  Additionally, an increase in plant nutrient assimilation 

was observed in charcoal amended soils (Steiner et al., 2007).  Yields of maize and peanut 

(Arachis L.) significantly increased when fertilizer was used in conjunction with bark charcoal.  

These increases were significant over un-fertilized soils and fertilized soils with no charcoal 
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(Yamatao et al., 2006).  These two study results highlight an apparent interaction between 

charcoal and fertilizer and plants’ ability to efficiently utilize fertilizer amendments.  Biochar-

amended soils have more favorable structure as well as increase dramatic increases in dry matter 

of radish when used in conjunction with nitrogen fertilizer (Chan et al., 2007).   

Depending on the chemical composition of biochars used in soil, they have the potential 

to adsorb herbicides and allelochemicals responsible for yield lags in continuous corn plantings 

(Rogovska et al., 2012).  A study utilizing Kentucky bluegrass seed screenings as feedstock for 

biochar produced an increase in dry matter in wheat shoot relative to biochar concentrations in 

soil.  In the study, the biochar showed no significant effect on wheat emergence over untreated 

control, but a significant increase in plant macro and micronutrient tissue concentrations (Griffith 

et al., 2012). MacDonald et al. (2014) explained the liming capabilities of biochar with the 

greatest increase in plant biomass accumulation observed in acidic soils.  This conclusion is 

supported with findings of Griffith et al. (2012) who described a reduction in plant aluminum 

uptake in wheat.  Aluminum toxicity is a concern for wheat farmers who plant in acidic soils.  

Van Zwieten et al.  (2007) also describe the liming effect of biochar on wheat in acid soil and 

Steiner et al. (2007) also reported a decrease in available aluminum in soils fertilized with 

macronutrient fertilizer and charcoal.  However, much like seed coatings, different biochars can 

have varied effects in different soil types. 

Some biochars have been found to exhibit a phytotoxic effect on germinating seeds 

(Rogovska et al., 2012) but these effects can be detected through laboratory phytotoxicity tests.  

Fulton et al. (2012) observed that fresh biochar made from Douglas fir (Pseudotsuga menzesii 

(Mirb.) Franco) chips and from filbert (Corylus L.) hulls emitted ethylene gas, which can be 

deleterious to economic plant growth and timing.  Buss et al. (2014) compared two batches of 
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biochar from the same feedstock and their effect on cress (Lepidium sativum L.) seed 

germination.  In one batch, the biochar had become contaminated with volatile organic 

hydrocarbons through faulty equipment and production.  The contaminated biochar was highly 

phytotoxic, while the uncontaminated batch did not adversely affect seed germination.  In all 

cases listed, however, phytotoxicity was detected through laboratory tests.  In the case of Fulton 

et al. (2012), ethylene emission was reduced by placing the biochar in open storage for 90 days 

and allowing it to degass.  In the case of Buss et al. (2014), open storage did not significantly 

reduce toxicity, but blending the contaminated biochar with uncontaminated biochar reduced, but 

did not eliminate, toxic effects.  

 

 

 

 

 

 

 

 

 

 

 



12 
 

 

2. Growth Chamber Study 

2.1 Objective 

The objective of this study was to determine the initial seed viability and vigor of two 

seed lots each of California brome and blue wildrye.  Viability and vigor tests are important tools 

used to predict how a seed lot will perform under field conditions.  Coated seeds from both lots 

of both species were used in the cold soil test (CST) to determine the effects of biochar-based 

seed coating treatments on seed vigor. 

2.2 Materials and Methods 

2.2.1 Seed Coating 

Two lots each of California brome (Bromus carinatus L.) and blue wildrye (Elymus 

glaucus L.) were obtained from Pacific NW Natives in Albany, OR.  In October 2013, both seed 

lots from each species were subjected to viability and vigor tests at the Oregon State University 

seed laboratory  to assess the initial quality of the un-coated seed lots.   Both lots of California 

brome were produced in 2011.  Lot 1 of blue wildrye was produced in 2012 and lot 2 was 

produced in 2011.  Seed lots were sub-divided into seven sub-lots and treated with the following 

coating treatments for use in the cold soil test:   

Table 2.1. Seed coating formulations used for coating seeds of both species used in the study.  

Treatment Coating Formulation 

Control No Coating 

1 CaCO3 (Lime stone). 

2 1/2 CaCO3, 1/2 Biochar 

3 100% Biochar 

4 1/2 Biochar, 1/4 CaCO3, 1/4 Hydrophilic Polymer 

5 1/2 Biochar, 1/4 CaCO3, 1/4 Hydrophilic Polymer + Macronutrient  

6 1/2 Biochar, 1/4 CaCO3, 1/4 Hydrophilic Polymer + GA3 500 ppm 
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Biochar used for this study was provided by Walking Point Farms, LLC of Tigard, OR.  

Feedstock used in the production of the biochar was beetle-killed pine (Pinus spp.) trees.  The 

biochar was passed through a 210 micron sieve before being incorporated into seed coating 

formulations.  A laboratory analysis of the biochar indicated the presence of trace minerals in the 

following concentration: zinc (Zn): 0.01%, calcium (Ca): 1.93%, magnesium (Mg): 0.39%, iron 

(Fe): 1/60%, manganese (Mn): 0.07%, copper (Cu): 0.002%, and sulfur (S): 0.002%.   The same 

biochar was utilized in the growth chamber, greenhouse, and field studies.   Gibberellin is a 

naturally-occuring plant hormone GA3 is a synthetic analog of this hormone that has been shown 

to counteract endogenous seed dormancy.  GA3 is frequently utilized to break dormancy and 

promote germination of many species, including native seeds. 

Seed Viability Testing 

2.2.2 Standard Germination Test 

Two un-coated seed lots from each crop were used in the study.  Initial seed viability of 

all seed lots was determined by the standard germination test (SGT) (AOSA, 2014c).  In October 

of 2013, four replications of 100 seeds each were planted on 2 layers of moistened paper towel in 

clear plastic germination boxes.  California brome seeds were placed in a laboratory germinator 

set to 20°C night time and 30°C daytime temperatures.  After 7 days, a first count was taken 

where the total number of germinated seeds was recorded.  A seed was said to have germinated 

when both radical and coleoptile had protruded from the seed more than 2 mm.  Germinated 

seeds were removed from germination media to reduce pathogen infection and to facilitate final 

counts.  The remaining seeds were left in the germinator until 14 days after the first day of the 
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test, at which time a final count of any additional seeds that had germinated was recorded.  The 

sum of germinated seeds from the first and final count was calculated for each replication and an 

average of the totals from each seed lot was recorded. 

Blue wildrye seeds were subjected to a similar test, except the seeds were pre-chilled at 

5°C in a dark chiller for 14 days prior to being placed in a lighted germinator.  The germinator 

used for the blue wildrye germination test was set to 15°C night time and 25°C day time 

temperatures.  First count for blue wildrye was recorded 7 days after being placed in the lighted 

germinator and final count was recorded at 21 days after being placed in the lighted germinator. 

Averages and totals were calculated as indicated above. 

2.2.3 Tetrazolium Test 

The tetrazolium (TZ) test is used to rapidly assess the viability of a seed sample.  It is 

often used in conjunction with the standard germination test to provide an estimate of initial 

quality of a seed lot.  The TZ test measures the presence of dehydrogenase enzyme activity in 

seed tissue during the process of respiration (Elias et al., 2012).  As the TZ solution penetrates 

the tissue of the seed embryo, live tissue is stained red by an oxidation reaction.  The exact 

procedures for carrying out the TZ test have been detailed (AOSA, 2014b) and will not be 

outlined herein.   

In the test, two replications of 100 un-coated seeds from each seed lot and each species 

were tested.  At the end of the testing period, seed embryos were examined under a dissecting 

microscope at the seed laboratory for the presence of red staining, indicating metabolically-

active and, thus, viable tissue was noted and results were recorded as mean presence (%) of 

viable tissue for each seed lot. 
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Seed Vigor Testing 

2.2.4 Accelerated Aging Test 

Deficiencies with the SGT have been noted, particularly in the test’s ability to accurately 

predict seed performance under less than favorable conditions in the field.  As a result of the 

SGT’s shortcomings, the concept of seed vigor has been developed.  In 1980, the Association of 

Seed Analysts (AOSA) defined seed vigor as “those seed properties that determine the potential 

for rapid, uniform emergence, and development of normal seedlings under a wide range of field 

conditions” (AOSA, 2014a).  Vigor testing, therefore, subjects the seed to stresses that mimic 

poor storage or field conditions to better predict actual performance in the field, where laboratory 

conditions simply are not present. 

The accelerated aging test (AAT) was carried out to predict the vigor of un-coated seeds 

planted under greenhouse and field conditions.  The accelerated aging test subjects seeds to high 

temperature and high relative humidity, both of which cause rapid seed deterioration.  A seed lot 

having high vigor will withstand these conditions and have higher percentage of germination 

than a low-vigor lot (AOSA, 2014a).  Egli and Tekrony. (1995) demonstrated a higher 

correlation between accelerated aging test results and field emergence in soybean than the 

standard germination test provided.  Therefore, in order to better predict the performance of the 

two seed lots in this study, the accelerated aging test was carried out in which 2 replications of 

100 un-coated seeds from each seed lot and each species was placed in 11cm x 11cm x 3.5cm 

plastic germination boxes suspended on a metal screen.  50 mL water was added to each box 

below the screens.  Lids were then placed on each box and the boxes were placed in a water-



16 
 

 

jacket laboratory oven set to 41°C for 24 hours, after which seeds were planted in a standard 

germination test following the procedures mentioned above.  Germination counts were recorded 

at 7 and 10 days after planting with final results being a mean percentage of normally germinated 

seeds for each seed lot. 

2.2.5 Cold Soil Test 

In addition to the accelerated aging test, the cold soil test (CST) was carried out to 

determine the effect of seed coatings and seed lot on seed vigor under laboratory stress 

conditions.  Though primarily utilized by the corn industry in North America and Europe, the 

cold test can also be applied as another test of seed vigor for many other crops.  The objective of 

the test is to simulate cold, wet soil conditions that may be encountered in the field during spring 

planting.  Typically, the cold test would utilize soil from the intended planting site to more 

closely approximate the soil nutrient and micro-biotic stresses encountered therein.  This study, 

however, utilized a commercially-prepared soil-less potting mixture. 

In the cold soil test, approximately 2.5cm of commercial potting mix, moistened to 

around 70% water holding capacity, was placed in the bottom of deep plastic germination boxes.  

Then, 100 seeds were placed on top of soil and covered with a thin layer of the same potting mix.  

This was repeated in 2 replications for each seed coating treatment and each seed lot.  The boxes 

containing the soil and seeds were then transferred to a dark chiller where they were maintained 

at 5°C for 7 days.  After 7 days, the boxes containing California brome seeds were transferred to 

a germinator set for 20°C night and 30°C daytime temperature and also allowed to germinate for 

7 days.  Boxes containing blue wildrye seeds were transferred to a germinator set for 15°C night 

and 25°C daytime temperatures and allowed to germinate for 7 days.  A seedling was said to 

have emerged when any part of the coleoptile was visible protruding above the soil surface.  The 
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total number of emerged seedlings for each replicate and treatment was recorded.  Final 

emergence recorded is the mean emergence of both replications of each coating treatment.    

2.2.6 Statistical Analysis 

 The standard germination test, tetrazolium test, and accelerated aging tests were all single 

factor (seed lot) tests.  The cold soil test was a two-factor test with factor A (seed lot) and factor 

B (coating treatment).  Since the objective of these studies was to compare seed lots within each 

species, no analysis was performed for differences between species.  Data from the growth 

chamber studies were subjected to ANOVA to determine the significance of effects of seed lot 

and seed coating treatments on seed germination, viability, and vigor.  The LSD test was used to 

separate the means whenever the effects were significant.  The statistical package MSTAT-C 

was used to analyze the data. 

2.3 Results and Discussion 

2.3.1 Standard Germination Test Results 

Table 2.2.  Results from the standard germination test performed on two lots each of un-coated 

California brome and blue wildrye seeds.  Results are the mean of four replications of 

100 seeds each per seed lot. 

Species Lot ID 
Initial Germination 

(%) 
California Brome B39-11-3 89 a 

California Brome B39-11-4 77 b 

Blue Wildrye M22-M146-12-11 93 a 

Blue Wildrye B39-11-23 86 b 

ǂ Means followed by same letter are not significantly different according to LSD test (P=0.05)  
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The standard germination test revealed a significant difference in seed viability and 

ability to germinate under favorable laboratory conditions.  California brome seed lot 1 had 89% 

germination and lot 2 of the same species had 77%.  The difference in viability of these two seed 

lots is supported by the results of the TZ test (Table 2.3), with lot 1 of California brome having 

94% viability and lot having 74% viability (Table 3).  Blue wildrye seeds from lot 1 had 93% 

germination and blue wildrye seeds from lot 2 had 86% germination (Table 2.2).  These results 

are in line with the TZ test results in Table 2.3. 

2.3.2. Tetrazolium Test Results 

Results from the tetrazolium test performed on the two seed lots from both species are 

outlined in Table 3.  Lot 1 of California brome had a greater percentage of viable tissue than lot 

2.  Both lots of blue wildrye had high levels of viability.  Lot 1 of blue wildrye also had greater 

viability than lot 2.  However, at P=0.05, this difference was not statistically significant (Table 

2.3). 

Table 2.3.  Results of tetrazolium test performed on two lots each of un-coated California brome 

and blue wildrye seeds.  Results are the mean of two replications of 100 seeds each 

Species Lot ID Viability (%) 
California Brome B39-11-3 94a 

California Brome B39-11-4 74b 

Blue Wildrye M22-M146-12-11 91a 

Blue Wildrye B39-11-23 85a 

ǂ Means followed by same letter are not significantly different according to LSD test (P=0.05)  
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2.3.3 Accelerated Aging Test Results and Discussion 

Both lots from both species had lower rates of germination in the accelerated aging test 

than in the standard germination test.  Lot 1 of California brome had 12% germination and lot 2 

had 15%.  This difference in germination was not significant and indicated that seeds of both lots 

had relatively poor vigor that prevented them from tolerating the harsh conditions of the 

accelerated aging test. 

Lot 1 of blue wildrye, with 76% germination, had significantly greater vigor over lot 2, 

which had 11% germination (Table 2.4).   

Table 2.4.  Results of accelerated aging test performed on two lots each of un-coated California 

brome and blue wildrye seeds.  Results are the mean of two replications of 100 seeds each. 

Species Lot ID Germination (%) 
California Brome B39-11-3 12 b 

California Brome B39-11-4 15 b 

Blue Wildrye M22-M146-12-11 76 a 

Blue Wildrye B39-11-23 11 b 

 ǂ Means followed by same letter are not significantly different according to LSD test (P=0.05)  

2.3.4 Cold Soil Test Results and Discussion 

California brome seeds from both lots exhibited low levels of vigor overall.  Seeds from 

lot 1 had slightly greater germination after the cold soil test than seeds from lot 2.  Slight 

improvement in germination was observed for coatings 1 (lime), coating 2 (lime and biochar), 

coating 4 (lime, biochar, and hydrophilic polymers).   However, none of the observed changes in 

germination over untreated control were significant over untreated control for either seed lot 

(Table 2.5). 
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Table 2.5. Germination percentage of two lots of coated California brome seeds after the cold 

test.  Results are the mean of 2 replications of 100 seeds each.  

Treatment 
Germination (%) 

Lot 1 Lot 2 

Control 26 ab 20 b 

1 27 ab 28 ab 

2 34 a 27 ab 

3 25 ab 24 ab 

4 28 ab 25 ab 

5 34 a 19 b 

6 24 ab 21 b 

ǂ Means followed by same letter are not significantly different according to LSD test (P=0.05) 

Blue wildrye seeds from lot 1 had greater germination than seeds from lot 2 overall.  

Germination percentage was not increased by any of the treatments over untreated control in lot 

1.  Seeds from lot 1 under treatment 6 (lime, biochar, hydrophilic polymers, and GA3) had 

significantly lower germination than untreated control.  Treatments 1 (lime) and 4 (1/2 biochar, 

¼ lime, ¼ hydrophilic polymer) had the highest germination of all seed treatments, but the 

increase was not significant.  Seeds from lot 2 under treatment 6 (lime, biochar, hydrophilic 

polymers, GA3) had significantly increased germination over untreated control.  No other 

significant changes in germination over untreated control were observed in lot 2 seeds (Table 

2.6). 
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Table 2.6. Germination percentage of two lots of coated blue wildrye seeds after the cold test.  

Results are the mean of 2 replications of 100 seeds each. 

Treatment 
Germination % 

Lot 1 Lot 2 

Control 74 ab 50 cd 

1 77 a 52 bcd 

2 71 abc 45 d 

3 67 abcd 48 cd 

4 78 a 50 cd 

5 75 ab 46 d 

6 49 cd 59 abcd 

ǂ Means followed by same letter are not significantly different according to LSD test (P=0.05) 
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3. Greenhouse Study 

3.1 Objective 

The objective of the greenhouse study was to determine the effects of seed coating 

treatments on seed and seedling viability and vigor of two lots each of California brome and blue 

wildrye  under low and high water stress irrigation regimes while still maintaining control over 

light and temperature.  The greenhouse study was also used confirm the results of the SGT, TZ 

test, as well as the vigor tests performed in the growth chamber study.   

3.2 Materials and Methods 

3.2.1 Seed Coating 

Seeds from the same two lots each of California brome and blue wildrye were coated 

with the formulations utilized in the growth chamber study (Table 2.1). 

3.2.2 Soil type and planting 

The soil chosen for the greenhouse test was a locally-sourced Woodburn silt loam soil.  

In order to better replicate field soil conditions, the soil was not sterilized or fertilized prior to 

planting. Seeds were planted in 50-cell greenhouse trays, one seed in each cell for a total of 50 

seeds in each tray on January 28, 2014. Three replications of each treatment were planted by 

hand. The greenhouse study lasted for five weeks. 

3.2.3 Greenhouse  

Two exact sets of trays were filled with soil and arranged in a complete randomized 

block design (CRBD) in the greenhouse. One set of trays was for regular irrigation regime at 3-

day intervals, and the second set was irrigated at 10-day intervals to measure the effect of seed 

treatments on seed germination and seedling growth under water stress conditions. Seedling trays 

were arranged on four benches in the greenhouse, with each bench holding two blocks of three 
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replications of the seven treatments.  One block contained the seedlings under 3-day irrigation 

and the other the seedlings under 10-day irrigation.  Two benches were designated for blue 

wildrye and two for California brome. All plants in the greenhouse were grown at 25°C ± 3°C 

and continuous light of approximately 160 µmol m-2 s-1 during the day and 80 µmol m-2 s-1 

during the night. Seedlings were observed at 3-day intervals, and the total number of emerged 

seedlings was recorded. 

3.2.4 Irrigation regimes 

 Two watering regimes were used to measure the effect of seed coating on seed viability 

and vigor under water stress: 1) Regular watering regime every three days, and 2) Stress 

watering regime every ten days.  The 50-cell flats were placed in solid bottom trays and filled 

with water for four days before being emptied. In the first four days, all treatments were thus 

watered daily.  This time of initial watering was to ensure the seeds had sufficient water 

available for initiation of germination. Afterwards, plants were watered in 3 and 10-day intervals 

throughout the remainder of the study, which lasted 5 weeks, until March 5, 2014.  

3.3 Data Collection 

3.3.1. Final germination percentage 

Final germination percent (emergence) was recorded at the end of the study after five 

weeks and was analyzed as the total percent emergence from each replication. 

3.3.2.  Speed of germination index  

Speed of germination is an index of seed vigor: the faster the seeds germinate, the greater 

the vigor of the seeds. The number of emerging seedlings in the greenhouse was counted at 3-

day intervals. A seedling was said to have emerged when at least 1cm of the coleoptile was 

visible above soil surface. The speed of germination index was calculated according to the 
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procedures described in the AOSA Seed Vigor Testing Handbook (AOSA, 2014a) using the 

following formula, where X is the speed of germination index: 

 X = 
countfinalofdays

seedlingsnormalofnumber

countfirstofdays

seedlingsnormalofnumber
 ....................................  

3.3.3. Seedling linear length 

Seedling length provides insight into a seed’s ability to germinate and allocate nutrients 

to vegetative parts of the plant in roots, leaves, and stem.   The linear length of 25 random 

seedlings of each replication from each treatment was measured at the end of the five-week 

greenhouse study period.  The seedling’s length (cm) was measured from the tip of the longest 

leaves to the tip of the longest root. The data was recorded and analyzed.  

3.3.4. Dry weight of whole seedlings 

The mean seedling dry weight of each treatment was determined at the end of the 

greenhouse study period.  After five weeks, seedlings from each replication of each treatment 

were excavated and placed in Ziploc bags and stored at 5°C until they were evaluated.  Seedlings 

were then removed from the bags and washed thoroughly under room temperature tap water. 

Seedlings were then placed in pre-weighed foil weigh boats that had been labeled with 

corresponding species, treatments, and replication, and placed in a calibrated oven at 100°C for 

24 hours to be dried.  At the end of the drying period, seedlings were immediately removed from 

the oven and allowed to cool to a manageable temperature, after which they were weighed using 

a laboratory analytical balance. The dry weight of whole seedlings of each replication for each 

treatment was recorded. Weights of all replications and treatments were adjusted to 25 seedlings 

for analysis.   
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3.3.5. Statistical Analysis 

The experimental design used in the greenhouse study is 3-factor randomized complete 

block design (RCBD) with 3 replications.   Factors B (lot 1 and lot 2) and factor C (seed coating 

treatments) were split plots on factor A (3-day and 10-day irrigation regimes). Since the 

objective of this study was to compare the effect of seed coating treatments on seeds from 2 seed 

lots within each species, no analysis was performed to compare differences between species. The 

data were subjected to ANOVA to determine the effect of each treatment on final germination, 

speed of germination index, seedling length, and dry matter content of each sample. The LSD 

test was used to separate the means whenever the effects were significant. The statistical package 

MSTAT-C was used to analyze the data. 

3.4. Results and Discussion 

3.4.1. Effect of seed coating treatments on California brome 

The analysis of variance (ANOVA) indicated that the final germination, speed of 

emergence, and growth rate were affected at different levels of significance by the seed coating 

treatments, seed lot and watering regimes at P≤0.05, P≤0.01, and P≤0.001.  Irrigation regime did 

not have a significant effect on seedling length or seedling dry matter.  This is possibly due to the 

relatively high humidity of the greenhouse reducing the effect of infrequent irrigation.  The 

interactions among treatments, irrigation regimes and seed lot were significant at P≤0.05 and 

P≤0.001 for speed of germination, seedling length, and dry matter content, indicating that seed 

growth was affected differently in response to watering every 3 days and 10 days and in response 

to initial seed viability and vigor (Table 3.1).   
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Table 3.1.  Analysis of variance for the significance of effects of seven seed coating   

    treatments and two seed lots grown under two irrigation regimes† on final germination     

               percentage, speed of germination, seedling length, and dry matter content of one     

               California brome seed lot. 

Source of 

variation 
Final germ (%) ‡ Speed germ. index Seedling length DM§ 

Treatment (T) *** *** * * 

Irrigation (I) * ** NS NS 

Seed Lot (Q) *** *** *** *** 

(T) x (I) *** *** *** ** 

(T) x (L) NS NS *** ** 

(I) x (L) *** *** * *** 

(T) x (I) x (L) NS ** ** * 

   NS, *, **, ***  not significant, significant at 0.05, 0.01, and 0.001 level of probability, 
respectively.  

† Seeds were watered every 3 or 10 days.  
‡ Germination represents the average of three-50 seed replicates. 
§ Dry matter content adjusted to 25 seedlings for each replication. 

 

3.4.1.2.  Final germination percentage 

The response of germination to seed coating treatments, irrigation regimes, and seed 

lot varied between seed lot, irrigation regime, and seed coating formulation and no consistent 

pattern of improvement or reduction in final germination percentage was observed. The seeds 

from seed lot 1 achieved a higher percentage of germination than seeds from seed lot 2, 

although this difference was not always significant. Higher germination rate was achieved 
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under 3-day irrigation regime in all coating treatments, but not in the un-treated control.  

However, the seeds from seed lot 2, under the 10-day irrigation regime, achieved higher 

germination percentage than 3-day regime. The untreated control seeds germinated better 

under 10-day irrigation regime than 3-day regime for both seed lots (Fig. 3.1). This suggests 

that the most critical period in establishing seedlings is the first four days where seeds have to 

receive enough water for the initiation of germination. Of course, soil composition, biotic 

stress such as disease and weed competition, and climate in the field can affect the period 

under which the young seedlings survive without water or under limited water availability in 

the soil.   

Under 3-day irrigation regime, seeds from seed lot 1 under all treatments germinated 

significantly better than the uncoated control.  Seeds from lot 2 under 3 day irrigation had 

increased germination for coatings 1, and 4 over the uncoated control.  No significant 

improvement in germination was observed for lot 1 or 2 seeds under 10 day irrigation for any of 

the seed coatings over uncoated control.  Under 10 day irrigation, seeds from lot 1 under 

treatment 6 had lower germination than uncoated control.  Under 10 day irrigation, lot 1 and lot 2 

seeds under treatment 6 had lower germination than uncoated control (Fig. 3.1). 
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Figure 3.1. Germination percentage of two lots of California brome seed watered every 3 and 10 

days at the greenhouse of Oregon State University seed lab for 5 weeks. 

 

3.4.1.3 Speed of germination index (SGI) 

The SGI varied among seed coating treatments depending on the irrigation regimes and 

seed lot. Seeds from seed lot 1 had better speed of germination index (SGI) compared to the lot 2 

in all seed coating treatments, including the untreated control (Fig. 3.2). 

Under the 3-day irrigation regime, all seed coating treatments in seed lot 1 had 

significantly better SGI than the untreated control, and the other treatments.  Under 3-day 

irrigation, seeds from lot 1 coated with treatments 1, 2, and 4 had the highest SGI of all 

treatments. Under the 10-day irrigation regime, no significant improvement in SGI was observed 
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in either seed lot for any of the treatments over untreated control.  Treatment 6 had a 

significantly decreased SGI over untreated control for both seed lots under 10-day irrigation (Fig. 

3.2).  Treatment 1 improved the speed of germination of seeds from lot 2 under 3-day irrigation 

over the other treatments, but was not significantly different from the untreated control (Fig. 3.2).   

 

 

Figure 3.2. Speed of germination index of high and medium California brome seed lots watered 

every 3 and 10 days at the greenhouse of Oregon State University seed lab for 5 weeks. 

 

3.4.4.4 Linear seedling length  

Linear seedling length varied among seed coating treatments depending on the irrigation 

regimes and seed lot.  No consistent pattern of change over the untreated control was observed 

among treatments.  Seeds for lot 1 under coating treatments 2, 4, 5, and 6 had significantly 

increased seedling length under 10-day irrigation over seeds under 3 day irrigation with the 



30 
 

 

exception of seeds under treatments 1, which had un-significantly greater seedling length under 

3-day irrigation.(Fig. 3.3).    

 

 
 

Figure 3.3. Linear seedling length of 2 seed lots of California brome seed lots watered every 3   

                 and 10 days at the greenhouse of Oregon State University seed lab for 5 weeks. 

 

3.4.4.5. Dry Matter Content 

Seedling dry matter content varied among seed coating treatments and between irrigation 

regimes and seed lot. For example, seeds in the un-coated control had increased dry matter 

content under 3-day irrigation than 10-day irrigation for both seed lots.  However, Treatment 5 

seeds had increased dry matter content for seeds under 10-day irrigation than 3-day irrigation 

(Fig. 3.4).  For seeds from lot 1, no significant improvement in dry matter content was observed 

for any of the coatings under 3 or 10 day irrigation over untreated control with the exception of 
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treatment 2, under which lot 1 seeds under 10-day irrigation had increased dry matter content 

over un-treated control.   

In lot 2, seeds with coating 1 had significantly increased dry matter content under both 3 

and 10-day irrigation regimes over uncoated control.  Under 10-day irrigation, lot 2 seeds under 

all coating treatments had increased seedling dry matter over untreated control (Fig. 3.4). 

 

Figure 3.4. Average dry matter contents of 25 seedlings of two lots of California brome seeds 

watered every 3 and 10 days at the greenhouse of Oregon State University seed lab for 5 

weeks. 

 

3.4.2. Effect of seed coating treatments on Blue wildrye 

ANOVA showed that seed coating treatment had significant effect on the final 

germination percentage, speed of germination, and seedling linear length at P≤0.001, and on dry 

matter content at P≤0.05 (Table 3.2).  Irrigation regime did not have significant effect on final 
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germination percentage, speed of germination, or seedling length, but affected the dry matter 

content significantly at P≤0.01 (Table 3.2).  

Seed lot affected final germination percentage and speed of germination (P≤0.001), and 

seedling length (P≤0.05), but it did not significantly affect the dry matter content. The high level 

of significant effects of seed lot on seed and seedling growth demonstrated the importance of 

performing sufficiently-accurate laboratory analysis to determine which seeds are higher quality 

and more vigorous prior to coating to ensure maximum benefit to swift, uniform establishment of 

plant populations. 

Interaction between seed coating treatments and irrigation regimes and was significant 

for final germination and seedling length (P≤0.001) and for speed of germination (P≤0.05)  

(Table 3.2), indicating that some treatments did better under 3-day watering regime, while others 

did better under 10-day watering regime. However, the interaction was not significant for dry 

matter content at P≤0.05, indicating that seeds accumulated dry matter similarly under all seed 

coatings and irrigation regimes.             

Interaction between seed coating treatments and seed lot was significant for final 

germination, speed of germination, seedling length (P≤0.001), and dry matter content (P≤0.05), 

indicating that the performance gains of a given seed coating formulation and application vary 

depending on a seed’s intrinsic viability and vigor (Table 3.2). 

Significant three-way interaction was observed among seed coating treatments, irrigation 

regime, and seed lot.  This interaction was significant for final germination percentage 

(P<0.001), speed of germination index (P<0.05), and seedling dry matter content (P<0.01) 

indicating that seed coating treatments responded differently to irrigation regime and seed lot 

(Table 3.2).  
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Blue wildrye showed varied responses to the different formulations of seed coating, as well as to 

irrigation regime, seed lot, and the interactions among these variables (Figs. 3.5-3.8).   

 

Table 3.2. Analysis of variance for the significance of effects of seven seed coating treatments 

and two seed lots grown under two irrigation regimes† on final germination percentage, 

speed of germination, seedling length, and dry matter content of one blue wildrye seed 

lot.      

Source of 

variation 
Final germ (%) ‡ 

Speed germ. 

index 

Seedling 

length 
DM§ 

Treatment (T) *** *** *** * 

Irrigation (I) ns ns ns ** 

Seed Lot (L) *** *** * ns 

(T) x (I) *** * *** ns 

(T) x (L) *** *** *** ** 

(I) x (L) *** *** ns ns 

(T) x (I) x (L) *** * ns ** 

 ns, *, **, ***  not significant, significant at 0.05, 0.01, and 0.001 level of probability, 
respectively.  

† Seeds were watered every 3 or 10 days.  
‡ Germination represents the average of three-50 seed replicates. 
§ Dry matter content adjusted to 25 seedlings for each replication.  

      

3.4.2.1 Final germination percentage 

Seeds from seed lot 1 generally germinated better than seeds from seed lot 2 in most seed 

coating treatments, including the untreated control. The response of germination to seed coating 

treatments, irrigation regimes, and seed lot varied.  Under 3-day irrigation regime, seeds from lot 
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1 with treatments 2, 3, 4, 5, and 6 had high germination percentage, but the untreated control had 

the highest among all treatments. Under 10-day irrigation regime, lot 1 seeds with coating 

treatment 2 had the highest germination percentage of all coating treatments (Fig. 3.5), but not 

over the uncoated control. Seed coating treatment 4, 5, and 6 had the best effect on germination 

of seeds from lot 2 under 3-day irrigation regime, whereas no treatment significantly increased 

germination of lot 2 seeds under 10-day irrigation regime (Fig. 3.5).   

 
 
Figure 3.5. Germination percentage of 2 blue wildrye seed lots watered every 3 and 10 days at 

the greenhouse of Oregon State University seed lab for 5 weeks. 

 

3.4.2.2. Speed of germination index (SGI) 

Seeds from lot 1 had better speed of germination index (SGI) compared to seeds from lot 

2 in treatments 2, 3, and 4, including the untreated control. The speed of germination responses 

to seed coating treatments, irrigation regimes, and seed lot varied. Under 3-day irrigation regime, 
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seeds from lot 1under treatments 2, 4, and 5 had the highest SGI, but were not significantly 

higher than the untreated control. Under 10-day irrigation regime, the seeds from lot 1 under 

treatments 2 and 4 germinated faster than the other treatments.  Under 3-day irrigation regime, 

treatments 1, 5, and 6 of seed lot 2 germinated faster than the untreated control from lot 2 (Fig. 

3.6).  

In general, the uncoated seeds of seed lot 1 germinated faster than seeds from lot 2 under 

both irrigation regimes, confirming the importance of initial seed quality before coating seed 

regardless of the chemicals included in the coating formula.  The reduction in speed of 

germination index for coated seeds over uncoated control is possibly due to the seed coating 

being a physical barrier to water and to the protruding radicle and coleoptile of germinating 

seeds. 

 
 

Figure 3.6.  Speed of germination index of two seed lots of blue wildrye seed lots watered every 

3 and 10 days at the greenhouse of Oregon State University seed lab for 5 weeks. 
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3.4.2.3. Linear seedling length  

Linear seedling length is a measure of seedling growth rate. In lot 1 seeds, significant 

increase in seedling length over untreated control was observed in seeds under 3 day irrigation 

coated with coating treatments 1, 2, and 5.  No consistent pattern of increased or decreased 

seedling length was observed within seed lots and irrigation regimes.  This was probably due to 

the seedlings, upon reaching a phototrophic growth stage, no longer were affected by any 

improvements to the original seed, such as seed coating (Fig. 3.7).  

 

Figure 3.7. Linear seedling length of two seed lots of California brome seed lots watered every 3   

                 and 10 days at the greenhouse of Oregon State University seed lab for 5 weeks. 

 

 3.4.2.4. Seedling Dry Matter Contents 

            Seedling dry matter content is another measure of seedling growth rate.  In most 

cases, seeds under 3-day irrigation regime had higher dry matter content than seeds under 10-day 
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irrigation regime, with some exceptions.  However, no consistent pattern of increased or 

decreased dry matter accumulation in seedlings was observed among seed lots for any of the 

seed coatings.  This is probably due to the seedlings reaching a phototrophic growth stage and no 

longer relying on improvement to the seed to increase growth rate (Fig. 3.8). 

 

Figure 3.8. Average dry matter contents of 25 seedlings of two lots of blue wildrye seed lots 

watered every 3 and 10 days at the greenhouse of Oregon State University seed lab for 5 

weeks. 

 

Lot 1 seeds under coating treatments 3, 4, and 6 had significantly decreased dry matter 

content over untreated control under 3-day irrigation.  Treatments 3 and 4 had significantly 

decreased dry matter content under 10-day irrigation as well.  Lot 2 seeds under treatments 3 and 

5 had significantly decreased dry matter content under 10-day irrigation over untreated control 

(Fig 3.8).  
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4. Field Study 

4.1 Objective 

 The objective of the field study was to determine the effects of seed coating treatments on 

the performance of two lots each of California brome and blue wildrye under field conditions.  

The study also provided an opportunity to compare results of the growth chamber study and 

greenhouse study with actual field performance of these two species. 

4.2. Materials and Methods 

4.2.1 Seed Coating 

Two seed lots each of California brome (Bromus carinatus L.) and blue wildrye (Elymus 

glaucus L.) were coated according to the protocol used in the growth chamber study (Table 2.1).  

The seed lots from each species were the same lots used in both the laboratory analysis and in the 

greenhouse studies. 

4.2.2. Field Description 

The site where the experiment was carried out is a centrally-located section of the Oregon 

State University Hyslop Research Farm in Corvallis, OR In October of 2014.  The site had been 

left fallow for several years prior with no recent history of chemical weed control or nutrient 

management.  Soil from fifteen points throughout the experiment site was sampled and bulked.  

This was then sent to the Oregon State University Soil Laboratory for complete nutrient and 

composition analysis.  The soil is classified as a Woodburn silt loam.  Laboratory analysis 

confirmed this classification and indicated that the soil was 16.3% sand, 56.3% silt, and 27.5% 

clay with a pH of 5.7.  
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Immediately prior to planting, the site was disked and harrowed to provide a soft 

seedbed.  Seeds were planted by hand to a depth of 1cm with seeds being spaced approximately 

40mm apart. Planting depth and spacing was accomplished by using a dibbler board made 

specifically for this study.  No pre-plant fertilizer was applied to the experiment site.  Watering 

was done daily by hand for the first 4 days, after which a watering schedule of every other day 

was followed until regular rainfall maintained soil moisture. 

4.3. Data Collection 

4.3.1. Final germination percent 

Final germination percent (emergence) was recorded at the end of the study and was 

analyzed as the total percent emergence from each replication.  Seedling emergence was 

measured every other day with a single researcher performing the count.  This schedule of 

counting was followed for the duration of the experiment, until 19 November2015, when 

seedlings were excavated and analyzed in the laboratory. 

4.3.2. Speed of germination index  

Speed of germination is an index of seed vigor: the faster the seeds germinate, the greater 

the vigor of the seeds. The number of emerging seedlings was counted at 3-day intervals. A 

seedling was said to have emerged when at least 1cm of the coleoptile was visible above soil 

surface. The speed of germination index was calculated according to the procedures described in 

the AOSA Seed Vigor Testing Handbook (AOSA, 2014a) using the following formula, where X 

is the speed of germination index: 

 X = 
countfinalofdays

seedlingsnormalofnumber

countfirstofdays

seedlingsnormalofnumber
 ....................................  
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4.3.3. Seedling linear length 

Seedling length provides insights into a seed’s ability to germinate and allocate nutrients 

to vegetative parts of the plant in the roots and the leaves and stem.  At the end of the field study, 

seedlings from each replication of each treatment were excavated and placed in Ziploc bags and 

stored at 5°C until they were evaluated.  Seedlings were then removed from the bags and washed 

thoroughly under room temperature tap water.  The linear length of 25 random seedlings of each 

replication from each treatment was measured. The data was recorded and analyzed.  

4.3.4. Dry weight of whole seedlings 

The dry weight of total seedlings of each treatment was determined at the end of the 

greenhouse study period.  The 25 seedlings were placed in pre-weighed foil weigh boats that had 

been labeled with corresponding species, treatments, and replication, and placed in a calibrated 

oven at 100°C for 24 hours to be dried.  At the end of the drying period, seedlings were 

immediately removed from the oven and allowed to cool to a manageable temperature, after 

which they were weighed using a laboratory analytical balance. The mean dry weight of whole 

seedlings of each replication of each treatment was recorded. Weights of all replications and 

treatments were adjusted to 100 seedlings for analysis.   

4.3.5. Statistical Analysis 

The experimental design used in the field study is 2-factor randomized complete block 

design (RCBD) with factor A (seed lot) and factor B (coating treatment) and 4 replications. Since 

the objective of this study was to compare the effect of seed coating within each species, no 

analysis was performed on differences between species.  The data were subjected to ANOVA to 

determine the effect of each treatment on final emergence, speed of germination and the growth 
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rate of each sample. The LSD test was used to separate the means whenever the effects were 

significant. The statistical package MSTAT-C was used to analyze the data. 

4.4 Results and Discussion 

4.4.1 California Brome 

ANOVA indicated that no significant interactions were observed between seed coating 

treatment and seed lot.  Treatment alone had a significant (p<0.05) effect on total seedling 

emergence only, with no significant effects on speed of emergence, seedling length, or seedling 

dry matter.  Seed lot had highly significant (P>0.001) effects on total seedling emergence, speed 

of emergence and seedling dry matter, but no significant effect on seedling length (Table 4.1). 

 

Table 4.1. Analysis of variance (ANOVA) for the significance of effects of 7 seed coating 

treatments, including 1 untreated control, and 2 seed lots on germination percent, speed 

of emergence, seedling length, and seedling dry matter content (adjusted to 100 

seedlings) of California brome. 

Source 
Final germ 

(%)†  
Speed germ. 

index 
Seedling 
Length 

DM‡ 

Treatment * NS NS NS 
Lot *** *** NS *** 

(T)x(L) NS NS NS NS 
  

NS, *, **, *** not significant, significant at 0.05, 0.01, and 0.001 level of probability, 

respectively.  

† Germination represents the average of four 100-seed replicates. 

 ‡ Dry matter content adjusted to 100 seedlings for each replication. 
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4.4.1.1. Effects of Seed Coating Treatment 

Within the two seed lots, no significant difference in final seedling emergence was 

observed over the untreated control.  In seed lot 2, treatment 5 had a 21.7 percent increase in 

final seedling emergence over treatment 2.  This increase in final seedling emergence was not 

significantly different than the untreated control (Fig. 4.1).  Similarly, no significant difference in 

speed of germination, seedling length, or seedling dry matter was observed (Figs. 4.2 and 4.3). 

4.4.1.2. Effects of Seed Lot 

The different seed lots had significant effects on total emergence, speed of emergence, 

and seedling dry matter.  Mean final emergence for lot 1 was 17.47 percent and for lot 2 was 

31.14 percent.  While the total emergence of the seed lots was different, both seed lots had 

relatively low emergence, indicating that both California brome seed lots had low initial vigor.  

This was observed, to some degree, in portions of the laboratory study as well as in the 

greenhouse study.  In the untreated control group, seed lot 2 had increased emergence over the 

untreated control group in lot 1.  For each of the treatment groups, seed lot 2 had increased final 

germination percentage than lot 1, but this difference was not significant in treatment 1 or 

treatment 6.  For seeds from lot 2, treatments 1 and 4 had the best effect on total emergence, but 

not significantly higher than untreated control.  No significant increase or decrease was observed 

in emergence over untreated control for either seed lot (Fig.4.1). 
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Figure 4.1.  Final emergence of California brome seedlings for 2 seed lots after 6 weeks.   

 

Speed of germination was likewise significantly impacted by seed lot.  Mean speed of 

germination index for seed lot 1 was 7.16 and for lot 2 was 13.51.  For each of the treatment 

groups, as well as the untreated control, seed lot 2 had faster speed of emergence than seed lot 1, 

but these differences were not significant in treatment 1 or treatment 6.  In lot 1 seeds, treatment 

6 had the highest SGI of all coating treatments, but was not significantly higher than the 

untreated control.  In lot 2, treatment 4 had the highest SGI of all coating treatments, but was not 

significantly higher than the untreated control (Fig 4.2). 
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Figure 4.2.  Speed of germination of California brome seedlings for 2 seed lots after 6 weeks.    
 

Mean seedling dry matter for seed lot 1 was 2.513 and 3.589 for seed lot 2.  Seeds from 

lot 2 under treatments 2, 3, and 5 had significantly increased dry matter content over seeds from 

lot 1 under the same treatments.  In lot 1, treatment 4 had the best effect on seedling dry weight, 

but was not significantly increased over untreated control.  In lot 2, treatment 3 had the best 

effect on dry weight, but was not significantly increased over untreated control (Fig 4.3) 

 

Figure 4.3.  Seedling dry matter content of 100 seedlings of two lots  of California brome 

seedlings after 6 weeks.    
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4.4.2. Blue Wildrye 

ANOVA indicates that interaction between treatments and seed lots were moderately 

significant (p<0.05) for total seedling emergence, speed of emergence, and seedling length.  

Treatment alone had a significant effect on total seedling emergence (p<0.01) and  speed of 

emergence (p<0.05). Treatment effect on seedling length and seedling dry matter was not 

significant.  Seed lot had a significant effect on total seedling emergence (p<0.01), speed of 

emergence (p<0.01) and a highly significant effect on seedling length (p<0.001).  Neither seed 

lot nor seed coating had a significant effect on seedling dry matter (Table 4.2). 

 

Table 4.2. Analysis of variance (ANOVA) for the significance of effects of 7 seed coating 

treatments, including 1 untreated control, and two seed lots on germination percent, 

speed of emergence, seedling length, and seedling dry matter content (adjusted to 100 

seedlings) of blue wildrye. 

Source 
Total 

Emergence 
Speed of 

Emergence 
Seedling Length 

Seedling Dry 
Matter 

Treatment ** * NS NS 
Lot ** ** *** NS 

(T) x (L) * * * NS 
 
NS, *, **, *** = not significant, significant at 0.05, 0.01, and 0.001 level of probability, 

respectively. 

† seeds were watered every 3 or 10 days,  

‡ Germination represents the average of four 100-seed replicates. 

 

4.4.2.1. Effect of Seed Coating Treatment 

Within each seed lot, some significant differences in final percent of emergence were 

observed between treatments and the untreated control.  In seed lot 1, treatment1 and 3 had the 
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only significantly different emergence over the untreated control, with a reduction in speed of 

germination index, while the remaining treatments had no significant change in emergence.  In 

seed lot 2, treatment 2 was significantly lower than the untreated control.   

Final percent of emergence was significantly higher for seeds from lot 2 under treatments 

1 and 3 than seeds from lot 1 under the same treatments.  In lot 1, treatment 4 had the best effect 

on final emergence, but not over the untreated control.  In lot 2, treatments 1 and 4 had the best 

effect on final emergence, but not over the untreated control (Fig. 4.4). 

 

Figure 4.4. Final percent of emergence of blue wildrye seedlings after 6 weeks.   

 

 Speed of germination was also affected by seed coating treatment.  In lot 1, treatment 5 

had the best effect on SGI, but was not significantly higher than the untreated control.  Treatment 

3 had a significantly reduced SGI over untreated control.  In lot 2, treatment 1 had the best effect 

on SGI, but was also not significantly increased over the untreated control (Fig. 4.5). 
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Figure 4.5. Speed of germination of blue wildrye after 6 weeks.    

4.4.2.2. Effect of Seed Lot  

The different seed lots had significant effects on all of the response variables with the 

exception of seedling dry matter content.  Mean final emergence for lot 1 was 30.25 percent and 

35.07 percent for lot 2.  Final seedling emergence for both seed lots was identical under the 

untreated control.  However, under treatment 1, seed lot 2 had 53.8 percent increase in 

emergence over seed lot 1.  Under treatment 3, seed lot 2 had a 43.9 percent increase in 

emergence over seed lot 1.  Similarly, under treatment 5, seed lot 2 had a 19.08 percent increase 

in emergence over seed lot 1.  Under the remaining treatments, no significant increase was 

observed in final emergence was observed in lot 2 seeds over lot 1 seeds (Fig. 4.5) 

Of the two indices chosen to ascertain seedling vigor (seedling linear length and seedling 

dry matter), neither showed a significant change in response over the untreated control.  

Treatments 2, 6, and the uncoated control from seed lot 2 had increased emergence over seed lot 

1.  The difference in emergence between seed lot 1 and seed lot 2 was significant under 
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treatments 1 and 3 (Fig. 4.5).   Speed of emergence was also significantly higher for lot 2 than 

for lot 1.  Mean speed of germination for lot 1 was 13.75 and for lot 2, 16.49.  Under treatment 2, 

speed of germination for lot 2 was faster than lot 1.  Under treatment 3, speed of emergence for 

lot 2 was significantly increased over lot 1.  Seedling length was also significantly impacted by 

seed lot.  Under treatments 2 and 4, seeds from lot 1 had increased seedling length over seeds 

from lot 2 (Fig. 4.5). 

 

 

Figure 4.6. Seedling linear length (cm) of two lots of blue wildrye after 6 weeks.   

 

4.5 Conclusions 

While in some cases, some improvement was observed in seed and seedling performance 

in coated seed over un-coated controls, no consistent or significant pattern in improvement was 

observed as a result of seed coating.  This was apparent throughout the greenhouse and field 

studies, in which significant two and three-way interactions between seed lot and coating 

treatment and seed lot, irrigation, and coating treatment were consistently observed for both 
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species.  However, seed lot consistently had an effect on seed and seedling performances across 

treatments, both seed coating and irrigation regimes indicating the importance of initial seed 

viability and vigor in the establishment of healthy plants under laboratory, greenhouse, and field 

conditions.  It is important to note from these findings that in this particular study, the results of 

the standard germination test and tetrazolium test did not necessarily reflect how seeds 

performed under less-than-ideal field conditions.  In this case, the addition of the accelerated 

aging and saturated cold vigor tests provided a better prediction for how the different seed lots 

would perform under field conditions.  In the case of the greenhouse trial performed in this 

study, the performance of the two seed lots more closely mirrored the results of the standard 

germination test and tetrazolium test.  This is probably due to the relatively low-stress 

environment encountered in the greenhouse, which did not provide sufficient stress to separate 

seed lots by vigor.  However, under the field trial in this study, both seed lots performed 

similarly to how they performed in laboratory vigor tests in most cases.   

In addition to the differences in viability and vigor tests, and how they correspond to field 

performance of seeds, it should also be noted that in almost all cases, and for both seed lots, 

100% biochar seed coating formulation did not have any significant effect, whether positive or 

negative, on seed and seedling performance over the untreated control.  The addition of other 

chemicals such as GA3 or macronutrients did not prove to be of significant benefit to the viability 

or vigor of either species.  Additionally, during the vigor tests and the field study, California 

brome exhibited extremely low vigor.  This could be attributed to the tests and study being 

carried out several months after the greenhouse test and the seeds decaying over time and losing 

vigor. 

 



50 
 

 

References 

(AOSA)a, Association of Official Seed Analysts. 2014. Seed Vigor Testing Handbook. Assoc. 

Offic. Seed Analysts, Ithaca, NY. 

(AOSA)b, Association of Official Seed Analysts. 2014. Tetrazolium Testing Handbook. Contrib. 

no. 29. Assic. Offic. Seed Analysts, Ithaca, NY. 

(AOSA)c, Association of Official Seed Analysts. 2014. Rules for Testing Seeds. Vol 1: 

Principles and Procedures. Assic. Offic. Seed Analysts, Ithaca, NY. 

Barnett, J. P. (1998). Oleoresin capsicum has potential as a rodent repellent in direct seeding 

longleaf pine. Proceedings of the Ninth Biennial Southern Silvicultural Research 

Conference; 1997 Feb 25-27, 326–328. 

Berdahl, J. D., and Barker, R. E. (1980). Germination and Emergence of Russian Wildrye Seeds 

Coated with Hydrophilic Materials1. Agron. J., 72(6), 1006.  

Bruneau, A. H., Peacock, C. H., and Dipaola, J. M. (1989). Cool season turf grass establishment 

with fertilizer coated seed, (194), 263–265. 

Buss, W. and Mašek, O. (2014). Mobile organic compounds in biochar - a potential source of 

contamination - phytotoxic effects on cress seed (Lepidium sativum) germination. J. 

Environ. Manage., 137, 111–9.  

Chan, K. Y., Van Zwieten, L., Meszaros, I., Downie, a, and Joseph, S. (2007). Agronomic values 

of green waste biochar as a soil amendment. Aust. J. Soil Res., 45, 629–634. 

Dawson, J. H. (1981). Weed Control with EPTC-Treated Seed of Alfalfa (Medicago spp) 

Weed Sci., 29(1), 105–110. 

 



51 
 

 

Desai, B. K., Prabhakar, A. S., and Dixit, L. A. (1988). Influence of Plant Population and 

Hydrophilic Polymer on Yield and Yield Attributes of Short Duration Maize. Karnataka  

J. Agric.Sci. 

Dowling, P., Clements, R., and McWilliam, J. (1971). Establishment and survival of pasture 

species from seeds sown on the soil surface. Aus. J. Agric. Res., 22(1), 61.  

Dowling, P. M. (1978). Effect of seed coatings on the germination, establishment, and survival 

of oversown pasture species at Glen Innes, New South Wales. N.Z,  J. Exp. Agric., 

6(February 2015), 161–166.  

Egli, D. and Tekrony, D. (1995). Soybean seed germination, vigor and field emergence.  Seed 

Sci. and Tech., 23(3), 595-607 

Elias, S. G.; Copeland, L. O.; McDonald, M. B.; and Baalbaki, R. Z. (2012). Seed testing: 

principles and practices. Michigan State University Press, East Lansing, MI. 

Fulton, W., Gray, M., Prahl, F., and Kleber, M. (2012). A simple technique to eliminate ethylene 

emissions from biochar amendment in agriculture. Agronomy for Sustainable Development, 

33(3). 

Gorim, L., and Asch, F. (2012). Effects of Composition and Share of Seed Coatings on the 

Mobilization Efficiency of Cereal Seeds During Germination. J. Agron. Crop Sci., 198(2), 

81–91.  

Griepsson, S. (1999). Seed coating improves establishment of surface seeded Poa pratensis used 

in revegetation. Seed Sci. Technol., 27, 1029–1032. 

Griffith, S.M., Banowetz, G.M., Gady, D. 2013. Char-amended farm soils – effects on soil 

chemistry and wheat growth. 2012 Seed Production Research at Oregon State 

University.(143)p.38-40  



52 
 

 

Hathcock,A. L., Dernoeden, P. H., Turner, T. R., and McIntosh, M. S. (1984a). Tall Fescue and 

Kentucky Bluegrass Response to Fertilizer and Lime Seed Coatings1. Agron. J., 76(6), 879.  

Kanampiu, F. K., Kabambe, V., Massawe, C., Jasi, L., Friesen, D., Ransom, J. K., and Gressel, J. 

(2003). Multi-site, multi-season field tests demonstrate that herbicide seed-coating 

herbicide-resistance maize controls Striga spp. and increases yields in several African 

countries. Crop Prot., 22(5), 697–706.  

Lafferty, R.M. 1868. Improvement in preparing Cotton-Seed for Planting. U.S. Patent 79,765. 

Date issued: 7 July. 

Lehmann, J., and Joseph, S. (2009). Biochar for Environmental Management: Science and 

Technology (1st ed.). Sterling, VA: Earthscan. 

Leinauer, B., Serena, M., and Singh, D. (2010). Seed coating and seeding rate effects on turf 

grass germination and establishment. HortTech., 20(February), 179–185. 

Lizárraga-Paulín, E.-G., Miranda-Castro, S.-P., Moreno-Martínez, E., Lara-Sagahón, A.-V., and 

Torres-Pacheco, I. (2013). Maize seed coatings and seedling sprayings with chitosan and 

hydrogen peroxide: their influence on some phenological and biochemical behaviors. 

Journal of Zhejiang University. Science. B, 14(2), 87–96.  

MacDonald, L. M., Farrell, M., Zwieten, L. Van, and Krull, E. S. (2014). Plant growth responses 

to biochar addition : an Australian soils perspective. Biol. Fertil. Soils, 50, 1035–1045.  

Madsen, M. D., Kostka, S. J., Inouye, A. L., and Zvirzdin, D. L. (2012). Postfire Restoration of 

Soil Hydrology and Wildland Vegetation Using Surfactant Seed Coating Technology. 

Range. Ecol. Manage., 65(3), 253–259.  

Radvanyi, A. (1972). Protecting coniferous seeds from rodents. Proceedings of the 5th 

Vertebrate Pest Conference.  



53 
 

 

Richardson, M. D., and Hignight, K. W. (2010). Seedling Emergence of Tall Fescue and 

Kentucky Bluegrass, as Affected by Two Seed Coating Techniques. Hort Tech., 20 (April). 

415-417. 

Rogovska, N., Laird, D., Cruse, R. M., Trabue, S., and Heaton, E. (2012). Germination tests for 

assessing biochar quality. J. Environ. Qual., 41(4), 1014–22.  

Sladdin, M., and Lynch, J. M. (1983). Antimicrobial Properties of Calcium Peroxide in Relation 

to Its Potential Use as a Seed Dressing. J. Gen. Microbiol., 129(7), 2307–2314.  

Scott, J.M. (1989). Seed Coatings and Treatments and Their Effects on Plant Establishment. 

Advances in Agronomy. 42. University of New England, New South Wales, Australia. 

Steiner, C., Teixeira, W. G., Lehmann, J., Nehls, T., De MacÊdo, J. L. V., Blum, W. E. H., and 

Zech, W. (2007). Long term effects of manure, charcoal and mineral fertilization on crop 

production and fertility on a highly weathered Central Amazonian upland soil. Plant Soil, 

291(1-2), 275–290.  

Taylor, A. G., and Harman, G. E. (1990). Concepts and Technologies of Selected Seed 

Treatments. Annu. Rev. Phytopathol., 28(d), 321–339.  

Taylor, A. G. (2001). Seed Coating Technologies and Treatments for Onion : Challenges and 

Progress. HortSci., 36(2), 199–205. 

Van Zwieten, L., Kimber, S., Morris, S., Chan, K. Y., Downie, A,., Rust, J., Cowie,A. (2009). 

Effects of biochar from slow pyrolysis of papermill waste on agronomic performance and 

soil fertility. Plant Soil, 327(1-2), 235–246.  

Wiatrak, Pawel. (2013). Infuence of Seed Coating With Micronutrients on Growth and Yield of 

Winter Wheat in Southeastern Coastal Plains. Am. J. Agric. Biol. Sci., 8(3), 230–238.  



54 
 

 

Willenborg, C. J., Gulden, R. H., Johnson, E. N., and Shirtliff, S. J. (2004). Germination 

Characteristics of Polymer-Coated  Canola (Brassica napus L.) Seeds Subjected to Moisture 

Stress at Different Temperatures. Agron. J., 96(May-June), 786–791. 

Yamato, M., Okimori, Y., Wibowo, I. F., Anshori, S., and Ogawa, M. (2006). Effects of the 

application of charred bark of Acacia mangium on the yield of maize, cowpea and peanut, 

and soil chemical properties in South Sumatra, Indonesia. Soil Sci. Plant Nutr. (Tokyo), 

52(4), 489–495. 

Yamauchi, M., and Chuong, P. V. (1995). Rice seedling establishment as affected by cultivar, 

seed coating with calcium peroxide, sowing depth, and water level. Field Crops Res., 41, 

123–134. 

Zeng, D.-F., and Zhang, L. (2010). A novel environmentally friendly soybean seed-coating 

agent. Acta Agriculturae Scandinavica, Section B – Soil Plant Sci., 60(6), 545–551.  

 


