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Introduction

Grasses, like al plants, require nitrogen for growth. Most grasses will also show a growth
response to the addition of N fertilizer. The amount of N fertilizer needed to
achieve optimum growth may differ, however, from the amount that is
environmentally acceptable. Research on N losses from grazed lands indicates
that most of the losses occur by NO, leaching (Sharpley and Syers, 1979; Owens
and Bonta, 2004; Owens et al., 1983; Ryden et al., 1984). Plot studies have
been conducted with N rates ranging from 100 to 500 kg N ha' (Watson et al.,
1992) and 0 to 700 kg N ha' (Macduff et al., 1990). Ten to 20% losses of
applied N were measured; losses were greater with more pemeable soils and
grazing. European and New Zealand literature reviewed by Whitehead (1995)
indicated that little NO3-N leaching occurred at N fertilizer rates less than 200-
300 kg ha-1; but above these rates, losses increased substantially. Leaching
was found to be greater under grazing than mown grass systems. Much of this
research was conducted with plots or lysimeters in a maritime climate. Small
watersheds in Ohio were used in multi-year grazing studies to assess N leaching
on a systems basis in a continental climate.

Site Descriptions and Methods

The study site is at the North Appalachian Experimental Watershed near Coshocton, Ohio. There
is a ‘medium fertility system” and a “high fertility system”. There are small (0.26 —
1.1 ha) instrumented watersheds in each system for detemining surface runoff.
The subsurface measurement sites are located at springs developed on the
outcrop of the Middle Kittaning clay, a nearly impemeable layer that maintains a
perched aquifer. The watershed slopes range from 12 to 25 % with an average
of 20% and 6 to 25% with and average of 25% in the medium fertility and high
fertility systems, respectively. The three main soil types (Berks shaly silt loam,
Rayne silt loam, Keene silt loam, and Dekalb channery sandy loam) are well
drained and formed in residuum from acid silty shale, siltstone, or sandstone.
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Figure 1. WS 102 & 104 (left); sketch of medium fertility area showing paddocks and the
watersheds inthem (right).
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This was part of a larger area where a spring calving beef herd was rotated weekly during the
growing season (May-October). Predominant vegetation was orchardgrass
(Dactylis glomerata L.), Kentucky blue grass (Poa Pratensis L.), and tall fescue
Festuca arundinacea Schreb.). Tall fescue became the predominant vegetation
in later years ofthe study. P and K fettilizers were applied according to soil tests
to maintain levels of 28 and 168 kg ha™', respectively.

1974-1979 56 kg N ha' as NH,NO, applied annually inthe spring.

1979-1990 168 kg N ha'' as methylene urea applied in 3 equal, split applications (April, June, &
August) in WS 102 & 104; the same N rate was applied in WS 135 as NH,NO,.

1990-2001 0 N applied; cattle were rotated with same frequency through half of the area; hay
was made on the other half (through 1996) and removed.

2001-2007 112 kg N ha! applied annually in 2 equal, split applications (April, June)

2001-2004 same cattle rotation

2005-2008 cattle were rotated through small paddocks on a 1-2 day frequency (WS 102 & 104).
Cattle continuously grazed WS 135.

Figure 2. Medium fertility area —summer grazing/winter feeding area (WS 129) in February (left)
and June (right).

Medium Fettility — Summer grazing/Winter Feedin S 129) — Figure 2

This was part of the same “larger area” as MF-S where a spring calving beef herd was rotated
during the growing season and kept continuously during the domant season
(November—APriI) with hay being brought in.

1974-1979 56 kg N ha' as NH,NO, applied annually in the spring.

1979-1986 No N fertilizer applied; approximately 300 kg N/ha was brought in annually with the
hay which was fed.

1986-2004 Cattle were no longer wintered here; used in summer grazing rotation only.

2005-2008 This area was acontinuous grazing area.

1987-1989 168 kg N ha ' applied in 3 equal, split applications.

1990-2000 No N fertilizer applied

2001-2008 112 kg N ha! applied annually in 2 equal, split applications (April, June)
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Figure 3. Sketch of high fertility area showing summer and winter paddocks and the
watersheds inthem (left); a spring sampling site (right).
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This was a part of an area where a spring calving beef herd was rotated weekly during the
growing season. Predominant vegetation was orchardgrass. P and K fertilizers
were applied according to soil tests to maintain target levels of 56 and 336 kg ha!,
respectively.

1975—1980A 224 tl;g N ha' as NH,NO, applied in 3 equal, split applications (April, June, &

ugust).

1980-1999 No N fertilizer agglied; alfalfa (Medicago sativa L.) was interseeded into the
orchard grass in 1980.

1999-2007 b224 kg N ha' as NH,NO, applied annually in 3 equal, split applications as
above.

1999-2002 Hay was made and removed; no grazing.
2003-2008 Cattle grazed on a weekly rotation.

Figure 4. High fertility grazing area — grass-legume (left); high fertility grazing area with
winter feeding area in foreground (right).
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In this part of the high fertility area, hay was made during the summer and stored in the
paddock in which it was made. During the dormant periods (November — April),
the beef herd was rotated through the paddocks to eat fall regrowth and then
rotated again to eat the stored hay. Tall fescue was the predominant
vegetation.

1975—1980A 224 lt<)g N ha' as NH,NO, applied in 3 equal, split applications (April, June, &

ugust).

1980-1999 No fertilizer applied; alfalfa was interseeded into the tall fescue in 1980

1999-2002 50 kg N ha' applied annually as NH,NO,

2002-2005 No fertilizer applied

2005-2008 Paddock with WS 106 was removed from the pasture study system



Results and Discussion

Nitrate-N concentrations in the shallow groundwater, collected at developed spring sites, were
well below 10 mg L' in the medium fertility area with annual fertilizer
applications of 56 kg ha' (Figures 1 & 2). NO,-N concentrations from summer
grazing/winter feeding area (WS 129) began to increase sharply because, in
addition to the fertilizer, approximately 300 kg N ha! was brought into the area
each winter in the hay (Figure 5). Initial NO,-N concentrations in WS 102
groundwater were high because no-ill corn had been grown on this watershed
for 5 years immediately prior to the pasture study (annual N inputs ranged from
125 kg N ha! plus manure to 334 kg N ha').

With the increase in fertilizer N in the summer grazing areas, NO,-N concentrations began to
increase with a delayed response. With the annual N rate of application of 168
kg ha', NO,-N concentrations in groundwater rose above 10 mg L-" with both
NH,NO, and the slow release methylene urea. With the cessation of fertilizer
applications, NO,-N concentrations decreased similarly with rotational grazing
and with forage removal in hay. NO,-N concentrations reached pre-study levels

of <5mg L.
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Figure 5. Seasonal awerage NO,-N concentrations in shallow groundwater (spring
developments) from the 4 watersheds in the “medium fertility” pasture area,
1974 - 2001. (Owens, et al., 1982; Owens and Bonta, 2004)

Beginning in 2001, N fertilizer was added to the pastures again, being applied at the rate of 112
kg ha'. NH,NNO, was applied to 2 paddocks (WS 129 & 135); (NH,),SO, was
applied to 2 paddocks (WS 102 & 104). NO,N concentrations in shallow
groundwater from the areas receiving NH,NO, increased rather sharply before
decreasing somewhat (an initial flush?) while there was a slight increasing trend
in the areas receiving (NH,),SO, followed by NH,NO, (Figure 6). Nevertheless,
all seasonal average NO,-N concentrations remained below 10 mg L* at the
annual 112 kg N ha'' rate.

Beginning in 2005, 2 paddocks were continuously grazed (WS 129 & 135) and 2 paddocks were
intensively grazed with daily rotation. With sufficient time, differences in nitrate
leaching may be observed, but differences in NO,N concentrations in
groundwater have not been measured yet.
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Figure 6. Seasonal awerage NO,N concentrations in shallow groundwater from the 4
watersheds inthe ‘medium fertility” pasture area, 1999 — 2008.

Application of N fertilizer at an annual rate of 224 kg ha' caused NO,-N concentrations in shallow
groundwater to increase rapidly, approaching or exceeding 10 mg L* within 5 years
(Figure 7).

Changing the N source from N fertilizer to legumes in a grass-legume forage mix, NO,-N
concentrations in groundwater decreased rapidly in the summer grazing areas (WS 103
& 110), dropping below 2mg L. NO,-N concentrations in groundwater from the winter
feeding area (WS 106) also dropped rapidly but not tothe same levels. A factor may be
the recycling of feed into urine and manure, which was “applied” during cooler weather
and with less olatile N loss. After several years of this management, the NO,-N
concentrations did decrease further (Figure 8). When this area was removed from the
pasture system, NO,-N concentrations decreased below 2mg L.
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Figure 7. Seasonal average NO,-N concentrations in shallow groundwater (spring developments)
from 3 watersheds in the “high fertility” pasture area, 1975 — 1999.

With NO,-N concentrations at a “baseline” level in the “high fertility” pasture system, 224 kg N ha"'
was applied annually in a non-grazing management; hay was made and removed from
this area. [A second spring (spring 2) was developed for WS 110; it is closer to the
actual watershed and probably can reflect responses to surface management more
quickly.] An increase in groundwater NO,-N concentrations was not observed with the
increased N fertilization (Figure 8).

When grazed was iniiated again (same management as 1975 -1980), groundwater NO,-N
concentrations had an increasing trend. However, the increase was not nearly as
sharp as in the 1975 — 1980 period. Satisfactory explanations for this observation are
difficult. Perhaps the age of the forage stand made a difference in N utilization. The
1975 — 1980 period was a period of above average precipitation, which may have been
a large factor.
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Figure 8. Seasonal average NO,-N concentrations in shallow groundwater (spring developments)
from 3 watersheds in the “high fertility” pasture area, 1997 —2008.

Conclusions

Based on the research at the NAEW in Ohio, applying N fertilizer (or other N sources, e.g.
manure) to grazed lands should not cause NO,N concentrations in shallow
groundwater to exceed the 10 mg L' standard. N application levels above that, even
though they are split applications greatly increase the risk of causing elevated NO,-N
concentrations in groundwater. Obviously, there are many contributing factors, e.g. soil
type, stocking rate (e.g. high rates from management intensive grazing), and type of
forage. There is much work yet to be done.
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