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INTRODUCTION

Productive pastures and hay fields begin with good stands of desirable forage species. Proper management of the forage can maintain stand persistence and performance if certain practices are followed. Red clover (Trifolium pretense L.) is a short-lived perennial legume that produces high-quality pasture and hay. Red clover can be used in a pure stand but is typically mixed with cool-season grasses in Kentucky. Stands of red clover often persist for three years following establishment before stand decline. Red clover is often used to renovate established pastures due to the relative ease of establishment by overseeding. Orchardgrass (Dactylis glomerata L.) is a perennial cool-season grass that is well suited for utilization in Kentucky pastures and hayfields. While not as common of a practice as legume overseeding, cool-season grasses such as orchardgrass are sometimes overseeded into existing stands of forages.
Overseeding pastures and hay fields can strengthen the stand to provide more desirable biomass, reduce weed competition, and prolong the stand life. A late-winter to early-spring application of nitrogen (N) fertilizer is commonly applied to stimulate early spring growth of non-leguminous forages. Furthermore, this provides an opportunity to apply phosphorus (P) and potassium (K) fertilizers in the same operation, as needed. However, there are potential negative effects from mixing the seed with fertilizer, especially reduced germination.
Salt index (SI) is a measure of the influence a fertilizer has on the osmotic pressure of a soil solution relative to a standard reference of sodium nitrate (Rader et al., 1943). In other words, the SI is a measure of the salt concentration of a fertilizer in the soil solution (Mortvedt, 2001). The SI does not precisely predict the amount of fertilizer that will cause injury, but SI can be used to compare fertilizer sources, which can vary considerably in their SI values (Mortvedt et al., 1999). For example, P fertilizers typically have lower SI values (~10 to 30) than K and N fertilizers (~40 to 120). Fertilizers with higher SI have greater potential to injure plants and seedlings than fertilizers with lower SI. 
Different fertilizer sources contain different forms or can transform into different intermediary forms that can inhibit germination and/or damage seedlings. Biuret toxicity from urea use was known to negatively affect seed germination, but modern urea production practices have greatly reduced this potential. Ammonia produced from urea hydrolysis can reach levels toxic to germinating seed and young seedlings. The reaction of anhydrous ammonia in the soil can inhibit germination or desiccate plant roots upon germination. 
Some seed are coated with materials that improve handling and placement, raise germination, and/or to provide nutrients or specific inoculants to improved plant nutrition. The coatings can consist of many different components, including diatomaceous earth, lime, clay, polymers, hydration enhancers, various inoculants, and adhesives alone or in combination to improve germination and seedling performance. Some coatings are designed to increase water adsorption and holding capacity around the seed to aid water imbibition and germination. 
Integrating fertilizer additions with pasture/hayfield overseeding in late-winter or early spring can maximize resources by minimizing inputs such as fuel and labor while improving the fertility and stands of those fields. However, little data is available on the impact of fertilizer type or the duration of seed exposure to fertilizer on the germination of raw (uncoated) and coated seed. The repercussions of seed exposure to fertilizer would be beneficial to know, especially if the seed/fertilizer mixture is not spread immediately. This study was conducted to determine if orchardgrass or red clover seed germination was influenced by fertilizer mixture, seed coating, or storage duration under ambient conditions similar to those experienced in a typical production situation in the mid-south area of the United States.
MATERIALS AND METHODS

Red clover and orchardgrass seed were obtained from a local seed dealer, and was either uncoated (raw) or coated with a proprietary mixture of lime, hydration enhancer, inoculant and adhesive. Fertilizer was obtained from a local farm supply store and consisted of urea (46-0-0), DAP (18-46-0), and KCl (0-0-60). Two different fertilizer combinations were utilized for the fertilizer treatment. One approach some forage producers use is to apply 50-50-50 (N-P2O5-K2O in lb/A) bulk blend mix that assumes soil tests for P and K are in the medium range and there is sufficient N to increase forage production. The blended application rate was 258 lb fertilizer/A using the fertilizer sources above. The other approach was to mix the seed with a rough fertilizer, such as muriate of potash (KCl), to help with seed distribution. This treatment was employed at a rate of 100 lb 0-0-60/A or 60 lb K2O/A. 
A 10 lb/A seeding rate was used for the raw and coated red clover and raw orchardgrass seed. A 30% higher seeding rate was used for the coated orchardgrass seed to adjust for the additional weight and assuming the coating did not improve seed germination. Seed and fertilizer mixtures were placed in specimen cups at the above rates and stored in a tobacco barn to replicate ambient outdoor conditions during May and June. A control treatment, consisting of only seed, without any fertilizer, was subjected to the same environmental conditions. Treatments were started/placed into storage in reverse order of storage length (longest storage period initiated first) to allow all seed/fertilizer mixtures to be removed on the same day for seed germination determination. Eight storage times were used (1, 3, 5, 7, 10, 14, 21, and 28 days of storage after seed were placed in the cup). Each treatment combination was replicated four times and the entire experimental trial was repeated twice. 
All seed treatments were removed at the end of the assigned storage treatment time and then tested for germination. Germination testing followed University of Kentucky Regulatory Services seed testing protocol. Briefly, 50 seed were removed from the mixture and placed on filter paper inside a petri dish moistened with deionized water (Figure 1). Germination counts were determined for red clover seed at days 3 and 7 after petri dish placement and at days 7, 10 and 14 for orchardgrass seed. The experimental design was a randomized complete block design with 4 replicates of the factorial combination of seed coating, fertilizer treatment and storage time treatment design. A quasi-binomial generalized linear model was used in the R statistical program to determine treatment differences. Red clover and orchardgrass were statistically evaluated separately. Fixed effects were fertilizer, seed coating, storage time and trial. Pairwise comparisons were made to investigate the differences in treatment effects. 
RESULTS AND DISCUSSION
Orchardgrass
For orchardgrass, the main effects of fertilizer, seed coating, time and trial were significantly different, as were the interactions of fertilizer by time, fertilizer by trial, coating by time and coating by trial, all at the 95% level of confidence. 
Germination in the control and blended fertilizer treatments behaved similarly for the different seed treatments, across trials, but the potash-orchardgrass treatments exhibited a different trend (Figure 2). Germination rate was similar across storage times for the control. Orchardgrass germination decreased with time of exposure to blended fertilizer, approaching zero after 28 days of storage. The coated orchardgrass seed had a much lower germination rate with blended fertilizer than in the potash treatment. Blended fertilizer contained urea which is more hygroscopic than either the DAP or KCl. This caused the mixture to adsorb more water than the potash treatment, so much so that there was a “slurry” of fertilizer and seed with this treatment. It was initially hypothesized that the higher SI for KCl (SI = 116) would lead to more injury and lower germination, but the urea (SI = 74) component of the blended fertilizer was a greater detriment to germination. Most likely, a combination of the SI and ammonia formation from the slurry was the reason the poor seed germination with time. The seed coating further decreased orchardgrass seed germination with greater storage times. 
Orchardgrass germination was similar between uncoated and coated seed in the potash treatments in the first trial, but raw seed germination rate decreased significantly, relative to coated seed, with exposure to potash in the second trial (Figure 2). The reason for these differences is not known. Although increased storage times increased moisture content of the potash treatments, they never approached the moisture levels of the blended fertilizer treatments. The orchardgrass germination values for the potash treatments with 28 days were similar to the blended fertilizer-coated seed treatments with 3 days of storage and with 10 days of storage of the blended fertilizer-uncoated orchardgrass seed treatments.

Red Clover
With red clover germination, the main effects of storage time and trial were significantly different, along with the interactions of fertilizer by time, coating by time, fertilizer by trial, time by trial and fertilizer by coating by trial, all at the 95% level of confidence. With red clover, the two trials gave similar trends in germination, but the seed coating treatments exhibited different germination trends in the presence of blended fertilizer (Figure 3). The fertilizer control treatment exhibited similar germination across trials and seed coatings and storage times (Figure 3). 
Red clover germination decreased with storage time in the clover-blended fertilizer and clover-potash treatments (Figure 3). Seed coating reduced clover germination slightly in the clover-potash treatment, but not as much as in the clover-blended fertilizer treatment (Figure 3). Again, the potash fertilizer treatment did not adsorb as much moisture with time as the blended fertilizer mixture containing the urea did. 
One noticeable difference between the two trials for the clover-blended fertilizer treatments was that in trial 1 germination was similar between raw and uncoated seed with 1 day of storage but in the second trial germination differed by more than 25% at day 1 (Figure 3). One possible explanation for this difference could be the greater relative humidity during trial 2, causing the hydration enhancer in the coating to adsorb more of the fertilizer salt solution than the hard raw seed, which led to decreasing germination. From day 14 to 30 the results for the clover-blended fertilizer treatments were similar for the two trials. The blended fertilizer was much more detrimental to germination of coated red clover seed than that of uncoated red clover. 
The uncoated red clover seed was much more tolerant than the coated seed to the blended fertilizer with storage time. Both trials show that raw seed germination was about 50% after 28 days of storage while coated seed germination was about 0% at day 21 (Figure 3). Red clover germination with raw seed-blended fertilizer was still lower than that in the potash-clover treatments, but more acceptable than any of the blended fertilizer-coated red clover results or any of the blended fertilizer-orchardgrass results. The “hard” nature of the raw red clover seed surface appears to provide some level of protection from injury due to seed storage in the presence of fertilizer. 
SUMMARY

Seed storage in fertilizer for extended periods of time was detrimental to germination. The longer the storage time the greater the decrease in germination. Although potash has a higher SI, it had less tendency to collect moisture and resulted in greater seed germination when seed was stored with blended fertilizer containing urea. Even a short storage time with the blended fertilizer for orchardgrass was detrimental to seed germination, regardless the seed coating. Red clover was more tolerant of storage with the blended fertilizer, especially when no seed coat was used. Mixing seed with fertilizer is a viable method when overseeding pastures, but the longer that seed is in contact with fertilizer, the lower the germination will be. These results indicate that if the seed-fertilizer mixture cannot be spread in a short period of time after mixing, a mix of blended fertilizer containing urea or coated seed should not be contemplated. If the fertilizer mixture does contain urea, uncoated red clover would be preferred over orchardgrass.
Figure 1. Seed germination testing procedure. 
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Figure 2. Seed germination results for the orchardgrass control, blended fertilizer and potash treatments for trial 1 and trial 2. 
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Figure 3. Seed germination results for the red clover control, blended fertilizer and potash treatments for trial 1 and trial 2.
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