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The use of cover crops is one essential step in management of nursery soils. Cover crops serve many different purposes within
the soil. First, cover crops help in reducing erosion by stabilizing soil. Second, cover crops can be used as a visual guide to
nutrient deficiencies in fields prior to sowing seedling crops. Most important, cover crops build organic matter, which has a
positive effect on seedling growth.

Organic matter helps to reduce the buildup of damping-off fungi, which could infect the emerging seedlings. Organic matter
also affects soil texture, water-holding capacity, nutrient availability, cation exchange capacity (CEC), soil pH, and the
presence and functions of microorganisms that are usually beneficial for seedling growth. In our sandy soils, every 1% buildup
of organic matter can release up to 75 Ib/ac (84 kg/ha) of nitrogen that can be used by the plants.

Standard Cover Crops

We typically use grass cover crops as opposed to legumes because grass cover crops do not build up as much damping-off fungi
as legume crops. The types of cover crops used in our nursery are as follows: Roundup Ready® corn, Concept-treated sorghum,
sorghum-sudan grass, wheat, and rye.

The Roundup Ready® corn and Concept-treated sorghum allow chemicals to be used at planting time or during the growing
season to help keep the fields cleaner prior to fumigation. All cover crops are grown until they must be tilled before fumigation.
We generally start flail mowing cover crops August 1 (Figure 1) in order to fumigate on or around September 1. Disking, chisel
plowing, and ripping are all done to help incorporate cover crop residue.

Living Mulch Cover Crop

Part of the acreage at the nursery is used to grow rye and wheat to be harvested for the seeds and straw. The straw is used
to cover all oak, black walnut, and hickory seedbeds for winter protection. In Indiana, a normal winter has cold temperatures
(0 to 10 °F [-18 to -12 °C]) with little or no snow for insulation. The beds are covered by 3 in (8 cm) of straw to protect seeds
from extreme cold temperatures. The harvested rye is sown at the same time as the tree seeds on all seedbeds. This prevents
seedbed erosion and provides protection of all seeds during the winter months. Along with the straw, this dense mat of rye
provides protection to the seeds from deer and squirrel predation. The wheat seeds are used to cover all costs incurred from
the harvesting of the rye and the bailing of straw by a local farmer.

In late winter or early spring, the rye is sprayed and killed before emergence of tree seeds. Depending upon timing of the
application, paraquat or Roundup™ can be used for a quick burndown of the rye as well as any winter annuals that might be
present (Figure 2). This can only be used before seedling emergence. After seedling emergence, Fusilade®is used to kill the
established rye over the seedbeds.

After the rye has been killed, the straw is removed by means of a controlled burn (Figure 3). Removal of all straw may require
the field to be burned more than once. The burning is quick and does not get hot enough to damage exposed seeds. I do feel that
you would want to burn before the seeds start to emerge from the ground to avoid seedling damage. All fire can be extinguished
by the use of the irrigation system if necessary.
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Figure 1—Flail-mowing of corn cover crop at
Vallonia Nursery.

Figure 3—Rye straw removed from seedbeds with a
controlled burn.

The rotation normally used at the Vallonia Nursery is
1 yearin wheat/rye, 1 year in corn/sorghum, and then 1 year
in seedling production. All ground is fumigated prior to
sowing for seedling production.

Figure 2—Established rye killed with herbi-
cides before seedling emergence.
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Cover Crops Used at Flint River and Walker Nurseries

Flint River Nursery, located near Montezuma, Georgia, has used rye, wheat, brown top millet, and sorghum sudan grass
for cover crops. Flint River has just begun to return to a summer cover crop situation.

At Walker Nursery, located near Reidsville, Georgia, certified rye has been sown by the State Department of Corrections
(DOC) for their harvesting, with a benefit to both DOC and the nursery. They prepare land, plant, fertilize, spray herbicides
and harvest the rye. Generally, no summer cover crop is sown at Walker.

Methods and Rates of Application at Flint River Nursery

We are generally on a 2:2 rotation (2 seedling crops, then 2 cover crops) where practical. We will grow a crop for 3 consecutive
years on a particular field before it is harvested and planted into cover crop. Quality generally is greatly reduced in the third
year.

Our soil organic matter content has been generally pretty low in the past, but has increased significantly over the past year.
Sudan grass provides us with the mostincrease in organic matter, as well as the most coverage and, therefore, the most shading
or choking-out of nutsedge and other weeds. Nutsedge, particularly purple nutsedge, is the hardest weed to control and our
biggest problem.

Wheat bulk is generally the cheapest and most used winter cover crop. We plantwheat bulk in November, with an application
rate of 2.5 bushels/ac (6.25 bushels/ha) and harrowed in lightly with a drag on the back of the harrow. No water, fertilizer, or
herbicide are applied.

This past year, we waited for the wheat to mature and dry, and then drilled sudan grass right on top of it, disturbing the
soil as little as possible. This worked very well because sudan grass seeds were already germinating from the application of
sudan grass during the previous summer. The rate of application is around 30 Ib/ac (34 kg/ha). Sudan grass, as well as wheat,
rye, and millet, seem to be nonhosts of needle nematodes (Longidorus spp.) (Cram and Fraedrich, this proceedings).

Nutsedge control is a big factor to consider. The nursery routinely sprayed all fallow fields 2 or 3 times each summer in the
pastinanattemptto eradicate nutsedge. The nursery is now trying to keep fields in some type of cover crop when notin seedling
production.

Costs Involved for Cover Crops

No costs are involved for rye sown at Walker Nursery. All costs are incurred by the DOC.

Costs at Flint River Nursery usually range from U.S. $7 to $10 per bushel for wheat bagged, and U.S. $4 to $6 per bushel
bulk. Sudan grass ranges from U.S. $9 to $13 per 50 Ib (23 kg) bag. Sorghum sudan is the most beneficial and costs less per
acre overall.

With the uncertainty of methyl bromide in the future, it is more important than ever to include cover crops in our regime.
In the first year for non-fumigated hardwoods, the weed control from residual seeds left behind is the only problem. This is
never a problem in first-year fumigated hardwoods or pines where broad spectrum herbicides can be used.
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Abstract: Managers in the southern United States rely on chemical and non-chemical methods
of weed control. Chemical treatments include fumigation with methyl bromide and chloropicrin
in combination with selective herbicides. If methyl bromide is no longer produced in the future,
the amount of handweeding will likely increase unless managers adapt to the change. Some
nursery managers will increase use of both sanitation practices and herbicides. Although several
herbicides are registered for use on hardwoods, some formulations can injure seedlings if applied
toseedbeds. Grasses can be effectively controlled with selective herbicides and many small-seeded
broadleaf weeds can be suppressed with preemergence herbicides. Several nursery managers
have fabricated shielded herbicide sprayers to apply herbicides between drills.
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Introduction

Hardwoods grown in southern forest nurseries represent approximately 4% of the total seedling production. Less than half
of the forest tree nurseries in the South grow hardwoods. In 2002, total production from hardwood nurseries was less than 50
million seedlings (McNabb and VVanderSchaaf 2003). However, on an area basis, a hardwood crop is more valuable than a pine
(Pinus spp.) crop. One hectare (2.5 ac) of hardwoods typically produces about 440,000 seedlings (each worth about U.S. $0.30
each). This amounts to a crop value of over U.S. $130,000/ha (U.S. $52,000/ac).

Oaks (Quercus spp.) account for more than half of the hardwood production (Table 1). Other large-seeded species include
hickory (Carya spp.), pecan (Carya illionensis [Wangenh.] Sarg.), and black walnut (Juglans nigra L.). Small-seeded species
include yellow poplar (Liriodendron tulipifera L.), green ash (Fraxinus pennsylvanica Marsh.), cottonwood (Populus deltoides
Bartr.), sycamore (Platanus occidentalis L.), sweetgum (Liquidambar styraciflua L.), and dogwood (Cornus florida L.).

Developing herbicide programs for individual species such as black walnut can be difficult because relatively few seedlings
are produced. Due to the high crop value of hardwoods, several managers prefer that herbicide screening tests be limited to
pines. For these reasons, weed control research in hardwood seedbeds has concentrated on developing herbicide programs that
are suitable for most hardwoods. Without herbicides, handweeding in hardwood seedbed might exceed 500 hr/ha (200 hr/ac).
Although a nursery may grow only a few hectares of hardwoods each year, handweeding times might exceed that for a much
larger area of conifers. For example, untreated hardwood seedbeds at one nursery required more than 3,900 hr/ha (1,560 hr/
ac) of handweeding (Abrahamson 1987). When combining soil fumigation with herbicides, hardwood seedbeds now require only
60 to 250 hr/ha (24 to 100 hr/ac) of handweeding.

Management Practices

Efficient weed management systems for hardwoods involve a combination of methods which may include sanitation, living
mulch, fumigation, and herbicides. Less efficient systems usually rely on just 1 or 2 methods of weed management.
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Table 1—Hardwood seedling production from nurseries in 2002
(McNabb and VanderSchaaf 2003).

Group Bareroot Container Total
Oaks 27,325,800 171,100 27,496,900
Green ash 2,621,500 7,000 2,628,500
Yellow poplar 1,282,800 14,000 1,296,800
Dogwood 892,900 8,000 900,900
Pecan 892,000 0 892,000
Sycamore 782,000 7,000 789,000
Sweetgum 638,200 3,000 342,200
Black walnut 508,000 0 508,000
Cottonwood 320,000 0 320,000
Others 11,849,000 33,400 11,882,400
Total 47,112,200 243,500 47,355,700
Sanitation

Sanitation is an important component of an effective weed
control program (Wichman 1982). For this reason, it is
important to prevent the introduction of weed seeds in
composts, mulches, seeds, and irrigation water. Composts
were used in the past to increase soil fertility, but they were
a source of weed seeds. Adding leaves from lawns or munici-
pal sludge to the soil can also introduce weeds. Therefore,
composts are typically not used in hardwood seedbeds.

Weed seeds can be present in mulches such as pine straw,
wheat straw and, in some situations, sawdust. During the
1950s, pine straw was the favored mulch at many hardwood
nurseries, but it often introduced a significant amount of
grass seeds (South 1976). Today, several hardwood manag-
ers use weed-free, polyethylene soil stabilizers instead of
straw mulches.

Several nursery managers use certified seeds for cover-
crops to reduce the introduction of noxious weeds. Regula-
tions require certified seeds to be free of primary noxious
weed seeds and only small amounts of common weed seeds
are allowed. Several managers sow cover-crops at densities
that keep soil shaded to suppress weed growth. In particu-
lar, nutsedge (Cyperus spp.) competes poorly when shaded
by dense cover crops.

Irrigation water can be a major source of weed seeds,
especially when pumped from lakes, ponds, or rivers. For this
reason, several nurseries use in-line screens to filter weed
seeds. Some of the newer filter systems are self-cleaning.

Weed seeds, rhizomes, and tubers are easily introduced to
anurseryonfarmequipmentthatis rented or borrowed from
adjacent landowners. For this reason, some managers thor-
oughly clean rented combines before harvesting cover crops.
Some managers avoid this potential weed source by not
harvesting corn (Zea mays L.).

Mechanical Cultivation

Since thedrill spacing within aseedbed is often 30 to 60 cm
(12 to 24 in), mechanical cultivation is more feasible than in
most pine seedbeds (South 1988). At one nursery, mechani-
cal cultivation reduced handweeding requirements by 21 hr/
ha (8.5 hr/ac) (Barham 1980). Although reductions in weed
densities can be achieved by mechanical cultivation (South
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1988), most hardwood nurseries in the South rely on other
weed-control practices.

Living Mulch

The concept of a living mulch was introduced into
the South by the Virginia Department of Forestry dur-
ing the 1980s. Rye (Secale cereale L.) seeds were drilled
into the sections immediately before sowing white pine
(Pinusstrobus L.) and hardwoods in the fall. The living
mulch protected the fall sown seedbeds from injury by
wind, rain, and frost. This system was also effective for
fall-sown hardwoods in Illinois and Indiana (Stauder
1993; Wichman 1993). Nursery managers in Georgia and
Tennessee currently use this system on fall-sown hard-
woods (Ensminger 2002). Wheat (Triticum aestivum L.),
rye, or oats (Avena sativa L.) is sown on prepared beds
before fall sowing acorns. The grass mulch is sprayed
with glyphosate in February prior to emergence of oak
seedlings. This system provides several advantages, in-
cluding a retardation of weed growth.

Fumigation

It is relatively easy to justify soil fumigation, which
typically costs less than 2% of the value of the hardwood
crop. For this reason, most hardwood managers in the South
fumigate the soil prior to each hardwood seedling crop.
Although dazomet is used in northern hardwood nurseries
(Schroeder and Alspach 1995; Storandt 2002), hardwood
managers in the South have relied on methyl bromide/
chloropicrin fumigation to reduce pest populations. One
advantage of methyl bromide/chloropicrin is that it can be
used relatively close to fields containing seedlings. In some
situations, injury to adjacent crops has occurred when
dazomet or metham sodium was applied without a tarp
(Scholtes 1989; Buzzo 2003).

Few hardwood nurseries have problems growing
endomycorrhizal crops after fumigating with 98% methyl
bromide (Campbell 1992). So far, fumigation tests with 336
kg/ha (300 Ib/ac) of chloropicrin have not detrimentally
affected sweetgum or oaks. Methyl bromide fumigation that
included chloropicrin at 129 to 168 kg/ha (115 to 150 Ib/ac)
has occasionally reduced growth of some species (for ex-
ample, sweetgum and dogwood). This was due to a deficiency
of endomycorrhizal inoculum (South and others 1980). In
fact, in 1994, one nursery in Georgia had stunted corn due to
effective fumigation with 33% chloropicrin and 66% methyl
bromide. Some managers may use other fumigants such as
dazomet or 1,3-dichloropropene for beds to be sown with
dogwood or sweetgum.

In the future, methyl bromide will continue to be produced
by oceans, fires, plants, and fungi. However, it is possible
that in the future, it will no longer be used as a fumigant due
to restrictions on production. If this turns out to be true,
some managers will likely switch to fumigants that are
relatively weak on weeds. Possible alternatives include
chloropicrin and dazomet. Although both can control certain
soil-borne pests, neither is as effective in controlling nut-
sedge as methyl bromide (Carey 1995; Carey and South
1999; Fraedrich and Dwinell 2003).
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Herbicides

To control weeds without injuring hardwood seedlings,
the herbicide must either be selective (such as fluziflop-
butyl; see Table 2 for common names) or it must be applied
in a manner that avoids seedling injury. Selectivity is based
on physiological or morphological differences between crop
and weed. For example, a physiological difference between
broadleaves and grasses is the basis of selectivity for
sethoxydim and for fluziflop-butyl. As a result, handweeding
grasses should no longer be necessary. Many annual broad-
leaf weeds can be controlled with other herbicides (South
and Gjerstad 1980; South 1984, 1992; Porterfield and others
1993; Altland and others 2003).

Morphological differences between crop seeds and weed
seeds can be used to provide some selectivity. Large-seeded
species such as oak, walnut, pecan, and hickory tolerate
preemergence herbicides that might kill small-seeded spe-
cies. For example, oxyfluorfen can be applied after sowing
without injury to walnut, pecan, hickory, and oak.

Differences in plant size can also influence selectivity.
Some herbicides (like trifluralin, oryzalin, prodiamine, and
napropamide) are active mainly on seed germination. These
herbicides can be applied once hardwood seedlings have
germinated and have developed a few true leaves. The
herbicides can be toxic to small hardwood seeds, such as
sycamore, if applied at time of sowing. When applied after
the seedlings are established, the chance of injury is greatly
reduced. Although these herbicides do not control emerged
weeds, they will help keep subsequent weed seeds from
germinating. This technique is used successfully by several
nursery managers in the South.

Weed Control in Bareroot Hardwood Nurseries

With some herbicides, formulation affects selectivity. For-
mulating herbicides as granules is a common practice to
reduce injury. When applied to dry foliage, herbicide gran-
ules of oxyfluorfen and oxadiazon are less phytotoxic than
liquid formulations. Herbicide injury still occurs if granules
lodge in the foliage or are not completely washed off with
irrigation. Therefore, it is important for most granules to be
applied to dry foliage. At some nurseries, irrigation is ap-
plied immediately after treatment to increase selectivity.

Although granular herbicides are commonly used in con-
tainer nurseries that produce horticultural plants (Everest
and others 1998), bareroot nurseries rarely use granular
herbicides. Although effective weed control can be obtained
with granular herbicides (Reeder and others 1992), many
managers apply cheaper liquid formulations as broadcast
sprays. Forexample, 1 kg (2.2 Ib) of napropamide might cost
U.S. $13 as a powder and U.S. $100 as a granular formula-
tion. A partial list of trade names of granular herbicides used
in ornamental container nurseries is provided in Table 2.

Selectivity can be increased by avoiding contact to crop
foliage. This can be done with either using hand-held equip-
ment or by using shields to apply herbicides between drill
rows (Figure 1). Most foliar active herbicides should be
directed away from the crop and toward the weeds. A
number of nursery managers have fabricated equipment to
apply glyphosate to weeds between seedling drills (see
Stallard, this proceedings; Vachowski, this proceedings).

A final way to provide selectivity is to apply the herbicide
to the cover-crop instead of treating the hardwood crop
directly. For example, some nursery managers sow Roundup
Ready corn and then spray glyphosate to kill nutsedge and
troublesome annual weeds. There are several new herbi-
cides that are registered for use on cover crops (Webster
2003) but are not legal for use on hardwood seedbeds.
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Table 2—Common names, trade names, and manufacturers of selected herbicides.

Trade name Common name Company
Selective grass herbicides
Acclaim® Fenoxaprop-ethyl Bayer
Fusilade® Il Fluazifop-butyl Syngenta
Vantage® Sethoxydim BASF
Envoy® Clethodim Valent
Selective herbicides
Barricade® Prodiamine Syngenta
Dacthal® DCPA Amvac
Devrinol® Napropamide United Phosphorus
Treflan™ 4EC Trifluralin Monterey
Pennant® Magnum™ Metoalochlor Syngenta
Granules
BroadStar™ Flumioxazin Valent
Devrinol® 2G Napropamide United Phosphorus
Ronstar® G Oxidiazon Bayer
Rout® Oxyfluorfen+oryzalin Scotts
OH2® Oxyfluorfen+pendimethalin Scotts
Regal 0-O® Oxyfluorfen+oxadiazon Regal
Pendulum® Pendimethalin BASF
Non-selective
Basagran® T/O Bentazon BASF
Finale® Glufosinate-ammonium Bayer
Roundup Pro® Glyphosate Monsanto
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Figure 1—A directed herbicide sprayer for hard-
wood seedlings at the East Tennessee Nursery.

Treatments Used by Managers

Commonly used herbicides were determined by surveying
14 hardwood nurseries. Methyl bromide/chloropicrin fumi-
gation was used at all of the nurseries. To suppress hard-
wood diseases and to reduce the consumption of methyl
bromide, several managers used methyl bromide with 33%
chloropicrin.

Half of the nursery managers (7) used no herbicides at
time of sowing. Some were afraid that herbicides could
result in seedling injury. Five nurseries had good results in
tests of oxyfluorfen on large-seeded species such as oaks,
persimmons (Diospyros virginiana), and hickories. One
nursery applied EPTC asapre-sow, soil-incorporated treat-
ment. Trifluralin was used after sowing at 2 nurseries.

Managers at 13 nurseries used postemergence herbicides
(applied postemergence to the crop). Selective grass herbi-
cides were the most popular. Sethoxydim was used at 8
nurseries and 7 nurseries used fluzifop-butyl. One nursery
applied the granular herbicide Rout to a limited amount of
emerged seedlings.

Napropamide was applied postemergence to the crop at 6
nurseries and prodiamine was applied in a like manner at 4
nurseries. These herbicides can be applied to seedbeds after
germination of hardwoods is complete (South 1984, 1992).
These herbicides do not have contact activity and therefore
are not generally phytotoxic to emerged seedlings or weeds
(Skroch 1994; Everest and others 1998).

Glyphosate was used as a directed spray (Figure 1) at 5
nurseries as needed to weeds that were tolerant of other
herbicides. Several nurseries have constructed shielded
applicators to apply glyphosate between seedling drills.

Managers at 6 nurseries apply a soil stabilizer after
sowing hardwoods. Rates vary depending on season, soils,
rainfall patterns, and budgets. One manager applies 1,122
I/lha (118 gall/ac) of Agrilock over fall-sown beds (over
sawdust mulch) while 561 I/ha (59 gal/ac) are applied after
sowing in the spring (with no sawdust mulch). Two manag-
ers used rates as low as 330 I/ha (35 gal/ac).
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Comments by Managers

The following edited comments are from 9 nursery managers:

1. Cover small seeds with mulch or soil at the time of
sowing (especially when treating with a soil stabilizer).

2. Trifluralin (applied just after sowing) caused some
damage to sycamore.

3. No problems were encountered with sethoxydim or
trifluralin. Oryzalin slightly damaged dogwood, sy-
camore, sweetgum, and maple (Acer spp.). OH-2 in-
jured deciduous magnolias (Magnolia spp.), maples,
dogwood, and sweetgum.

4. Soil-incorporated EPTC, applied 30 days before sowing
in the spring, does not seem to have any effect on
seedlings. We also have treated soil in fall before
sowing in spring.

5. Oxyfluorfen applied as a postemergence herbicide to
oaks, and watered in immediately, causes some slight
burning, butdoes not have any long lasting effect on the
seedlings.

6. Pendimethalin at sowing gives good control in oaks and
pecan.

7. Metolachlor applied as a preemergence herbicide (after
sowing) slows the germination of white oak and sawtooth
oak, but has little noticeable effect in water, willow,
cherrybark, Nuttall, or Shumard oaks.

8. Metolachlor applied as a postemergence herbicide to
hardwoods slows the growth of seedlings a little, but
not adversely so.

9. Oxyfluorfen can be used on large-seeded oaks, persim-
mons, and hickories. A surfactant rather than oil should
be used when using sethoxydim or fluziflop-butyl. Us-
ing a crop-oil can damage hardwoods. Shrub lespedeza
(Lespedeza thunbergii (DC.) Nakai) can be treated with
2,4-D amine.

10. Sethoxydim should be applied before (not after) top-
pruning oaks.

Conclusion

Due to the numerous species involved, a single herbicide
regime is unlikely to be effective for all hardwood species.
South (1995) proposed a regime that could be adapted for a
variety of hardwood species. A regime of this type should be
used in conjunction with a rigorous sanitation program. The
regime relies on use of a selective grass herbicide (for
example, fenoxaprop-ethyl, fluazifop-butyl, sethoxydim) in
conjunction with a few other herbicides (napropamide,
prodiamine, oryzalin) to control germination of small-seeded
broadleaf weeds. Oxyfluorfen can be used for large-seeded
field-grown ornamentals. Nutsedge is controlled with
glyphosate on fallow land (South 1979; Fraedrich and others
2003) while emerged weeds are controlled with either
handweeding or directed applications of glyphosate or
glufosinate-ammonium. Due primarily to a difference in
herbicide use, some claim that weed control in bareroot
seedbeds is now easier than controlling weeds in container
nurseries (McRae 1999).
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