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INTRODUCTION
Cool season annual forages, such as cereal grains, can provide early season grazing as well as high quality stored feed.
However, it is unclear if quality and yield of these forages could be improved through better fertility management.

Improved quality of homegrown forages can help to reduce expensive grain purchases. In addition, production of high
quality forage can imp



SILAGE QUALITY

Silage quality was analyzed by Cumberland Valley Analytical Forage Laboratory in Hagerstown, Maryland. Plot samples
were dried, ground and analyzed for crude protein (CP), acid detergent fiber (ADF), neutral detergent fiber (NDF) and
various other nutrients. The Nonstructural Carbohydrates (NSC) and Total Digestible Nutrients (TDN) were calculated
from forage analysis data. Performance indices such as Net Energy Lactation (NEL) were calculated to determine forage
value. Mixtures of true proteins, composed of amino acids, and non-protein nitrogen make up the crude protein (CP)
content of forages. The bulky characteristics of forage come from fiber. Forage feeding values are negatively associated
with fiber since the less digestible portions of the plant are contained in the fiber fraction. The detergent fiber analysis
system separates forages into two parts: cell contents, which include sugars, starches, proteins, non-protein nitrogen, fats
and other highly digestible compounds; and the less digestible components found in the fiber fraction. The total fiber
content of forage is contained in the neutral detergent fiber (NDF). Chemically, this fraction includes cellulose,
hemicellulose and lignin. Recently, forage testing laboratories have begun to evaluate forages for NDF digestibility.
Evaluation of forages and other feedstuffs for NDF digestibility is being conducted to aid prediction of feed energy content
and animal performance. Research has demonstrated that lactating dairy cows will eat more dry matter and produce more
milk when fed forages with optimum NDF digestibility. Forages with increased NDF digestibility (dNDF) will result in
higher energy values, and perhaps more importantly, increased forage intakes. Forage NDF digestibility can range from 20
to 80%. The NSC or non-fiber carbohydrates (NFC) include starch, sugars and pectins.

Fatty acid content and profile of the feed samples were analyzed using a modified version of the direct transesterification
method developed by Sukhija and Palmquist (1988). In brief, 1 mL of internal standard (1 mg C13:0 TAG/mL acetone),
2 mL of toluene, and 2 mL of 2% methanolic H,SO, acid were added to 500 mg of ground feed composites samples. The
solution was heated at 50°



is greater than the LSD value of 2.0. This means that the yields of these varieties were significantly different from one
another. The asterisk indicates that B was not significantly lower than the top yielding variety.

Variety Yield
A 6.0

B 7.5*
C 9.0*
LSD 2.0

RESULTS AND DISCUSSION
Seasonal precipitation and temperature recorded at a weather station in close proximity to Randolph Center, VT is reported

in Table 2. This season had above average temperatures and precipitation in May and June. Growing Degree Days (GDD)
for the small grain growing season in Randolph Center was 3433 which are 333 GDD above the 30-year average.

Table 2. Seasonal weather data collected near Randolph Center, VT, 2012.

Based on Northeast Regional Climate Center



Figure 1. Dry matter yield of forage fertilized with two fertilizers at two rates and harvested at four different stages of
maturity.

All the fertility treatments had greater crude protein than the control at the vegetative stage (Figure 2). At the boot stage,
Pro-Booster 100, Pro-Booster 50, and Chilean nitrate 100 had greater protein levels than the control. At the milk stage
harvest, only Pro-Booster 100 and Chilean Nitrate 100 were higher than the control. Finally, at the soft dough harvest,
Pro-Booster 100 was the only treatment to have higher protein than the control. The effects of the soluble fertilizer at the
low rate, Chilean nitrate 50, created a quick increase in protein levels, but the effects were not stable over the growing
season. However, fertilizing with Pro-Booster, a mix of complex organic materials had a lasting effect on crude protein,
such that this treatment was the only treatment significantly different from the control by the soft dough harvest.

There were numerous interactions between harvest stage and fertility treatment for the FA parameters tested. The profile
of Omega 3 fatty acids was greatest during the boot stage (Figure 3). Unfortunately, the vegetative stage samples were lost






Figure 4. Total fatty acid concentration of forage oats fertilized with two fertilizers at two rates and harvested at four different
stages of maturity (three stages of fatty acid data shown).

Harvest Stage
The small grains were harvested at the vegetative stage—when the grass was 8-10 inches in height, and the boot, milk and

soft dough stages. Yield and quality of the forage oats varied significantly by harvest stage. Yields increased with
maturity, averaging 6816 Ibs acre™ dry matter in the soft dough stage (Table 3). Crude protein levels were highest in the
vegetative stage averaging 24.2% (Figure 5). Acid Detergent Fiber (ADF), Neutral Detergent Fiber (NDF), digestible
NDF, Total Digestible Nutrients (TDN) and Net Energy of Lactation (NEL) were all most favorable in the vegetative
stage. The highest forage quality is generally seen during the leafy, vegetative stage of growth, and the results of this study
follow that trend. However, this is also the period of lowest yield. NDF, the percent of cell wall material in the forage, is
negatively correlated with intake potential in ruminants, and therefore, a lower number is desirable, which we saw in the
vegetative stage. ADF, the percentage of highly indigestible plant material in the forage, is negatively correlated with
digestibility, and a number below 35% is desirable. The average ADF value in this trial was below 35% for the vegetative
and boot stage harvests, indicating that the oats are a good option for forage when harvested at these stages.

The vegetative stage represents forage for pastured grazing. In terms of stored feed, small grains are usually harvested in
the boot or soft dough stage. The advantages of harvesting in the boot stage included increased yield while still having
relatively high protein and high digestibility. Boot stage forage quality is often similar to first cut perennial forage grasses.
Harvesting in the soft dough stages will provide the highest yields, but generally the lowest CP. The primary reason to
harvest in the soft dough stage is to have higher starch in the forage. The soft dough forage had a starch content of 13.5%.
However, the fiber content increases due to the stem and stalks beginning to dry down. As the grain begins to fill with
starch, this causes a dilution effect on other fiber components.

The highest levels of total fatty acids in the forage was found at the soft dough harvest (Table 4). The soft dough total FA
concentration of 27.5 mg g™ was almost double the levels of total FA at the boot stage. Levels of all fatty acids increased
with forage maturity, with the exception of linolenic acid (LNA), an omega-3 fatty acid. Omega-3 levels were highest in
vegetative stage forage.



Table 3. Spring forage oat yield and quality results averaged across treatments.

Harvest Stage DM Yield | CP | ADF | NDF | dNDF | Starch | TDN | NEL | NFC | NSC |
lbs ac™ % % % % % %  Mcal Ib™ % %




Table 4. Average forage fatty acid profile (%- in grey) and concentration (mg g™-in white) at three harvest stages.

Boot Milk Soft Dough | Trial Mean LSD
SFA (%) 32.8* 25.9 22.1 26.9 1.2979
SFA (mg g™) 4.4 5.0 5.9* 5.1 0.4945
C16 (%) 23.2* 19.2 18.0 20.1 1.5284
C16 (mg g™ 3.1 3.9 4.8* 3.9 0.4090
MUFA (%) 5.1 27.7 32.1* 21.6 1.0739

MUFA (mg g™} 0.7 55 9.0% 5.0 0.8870



Table 5. Spring forage yield and quality results averaged across harvest stage.

Treatment DM Yield | CP | ADF NDF | dNDF | Starch | TDN NEL NFC | NSC

Ibs ac™ % % % % % % Mcal Ib* | % %
CN50 4515* 13.8 | 35.6 54.0 51.3* 5.19 62.9 0.651 23.3 13.4
CN100 4234* 154 34.6*




Table 6. Forage fatty acid profile (% in grey) and concentration (mg g™ in white) of different fertility treatments and
application rates (Ibs acre™) averaged across three harvest stages.

Chilean Chilean Pro-Booster Pro-Booster Trial
nitrate 50 nitrate 100 50 100 Control Mean LSD
SFA (%) 29.1* 26.5 26.7 26.7 25.6 26.9 1.6756
SFA (mg g™) 4.8 5.2 5.4 5.0 5.1 5.1 NS

C16 (%) 21.4 19.1







Table 8. Spring oat forage yield and quality when harvested in the boot stage, 3-Jul 2012.
Boot Stage DM Yield CP






Figure 12. Yield and crude protein at the milk stage of forage oats fertilized with Chilean Nitrate or Pro-Booster at 50 or 100
Ibs. N acre™, Randolph Center, VT.

There was only one statistically significant difference in fatty acid content of the forage during the milk stage (Table 11,
Figure 13). The control had the highest level of mono-unsaturated fatty acids (MUFAS) of 31.3%.

Table 11. Fatty acid profile (% in grey) and concentration (mg g™ in white) of different fertility treatments and application
rates (Ibs acre™) of forage oats harvested in the milk stage.

Chilean Chilean Pro-Booster Pro-Booster Trial
nitrate 50 nitrate 100 50 100 Control Mean LSD
SFA (%) 27.7 24.1 27.2 26.5 24.0 25.9 NS
SFA (mg g 5.8 5.0 4.7 4.7 5.0 5.0 NS




Figure 13



Figure 14. Yield and crude protein at the soft dough stage of forage oats fertilized with Chilean Nitrate or Pro-Booster at 50 or
100 Ibs. N acre™, Randolph Center, VT.

Table 13. Fatty acid profile (% in grey) and concentration (mg g™ in white) of different fertility treatments and application
rates (Ibs acre™) of forage oats harvested in the soft dough stage.

Chilean Chilean Pro-Booster Pro-Booster Trial
nitrate 50 nitrate 100 50 100 Control Mean LSD
SFA (%) 24.2* 21.7 21.4 22.4%* 20.5 22.1 1.9331
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Figure 15. Omega 3 fatty acid profile of forage oats harvested in the soft dough stage, 2012. There was no statistical difference
for omega 3 fatty acids between the fertility treatments at the soft dough stage.

REFERENCE

Sukhija, P. S., and D. L. Palmquist. 1988. Rapid method for determination of total fatty-acid content and composition of
feedstuffs and feces. J. Agric. Food Chem. 36: 1202-1206.

ACKNOWLEDGEMENTS

The UVM Extension Northwest Crops and Soils Team would like to thank Organic Valley Farmers Advocating for
Organics for funding this research. Special thanks to the Beidler Family Farm for hosting this trial, Katie Blair, Conner
Burke, Lily Calderwood, Chantel Cline, and Savanna Kittell-Mitchell for their assistance with this trial. This information is
presented with the understanding that no product discrimination is intended and neither endorsement of any product
mentioned, nor criticism of unnamed products, is implied.

UVM Extension helps individuals and communities put research-based knowledge to work.

Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in cooperation with the
United States Department of Agriculture. University of Vermont Extension, Burlington, Vermont, University of
Vermont Extension, and U.S. Department of Agriculture, cooperating, offer education and employment to
everyone without regard to race, color, national origin, gender, religion, age, disability, political beliefs, sexual
orientation, and marital or familial status.




