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General Production Information

Production Facts:

●     During 2005, approximately 1,885,000 acres were in hay production.
●     Harvested 4.37 million tons, fourth largest crop since 1909.
●     Estimated yield of 2.32 tons per acre.
●     Valued was estimated at $4,367,000 for Tennessee during 2005.
●     Tennessee ranks 12th of 48 states listed in hay production for 2005.
●     Tennessee ranks 3rd in 2005 of all other hay production types, producing 4,255 tons.
●     During 2005, Tennessee accounted for 3.05% of all hay acreage and 2.89% of total US tonnage of hay 

produced.
●     The majority of hay fields are composed of primarily fescue,however, a hay producer may select mixtures of 

grasses with various legumes. This document will be addressing hay production with emphasis on grasses 
used for hay and excluding legumes. 

Cultural Practices:

Field preparation 
Depending on grass type(s) selected for production, fields may be prepared by mowing previous grass stands 
followed by use of burn-down herbicides. Also, fields may be lightly plowed to prepare a seed bed, however this is 
rarely done to reduce risk from erosion.  A burn-down or pre-emergent herbicide may be applied one month to one 
day prior to seeding to help reduce weeds as well as making it easier for planting.   Occasionally, if hay types 
include bermudagrass, sorghum x sudan, or pearl millet, then fields may be lightly disked to aid in weed reduction 
and as well as increasing seed germination.  Steps for preparing areas for bermudagrass production are listed in the 
Appendix-A.

Planting 
Various methods of planting may be utilized in hay production, however to reduce effects of erosion, most 
producers use no-till drills to seed hay fields.

●     Fescue and Bermuda grass may be broadcast on the field and cultipacked into the soil surface or a no-till drill 
may be used for planting.  The majority of fields may receive a burn-down herbicide application two to three 
weeks prior to planting. Below is a more detailed scheme for Bermuda grass production.

●     Orchardgrass is incorporated within the first ¼ to ½ depth of the soil. 
●     Sorghum x sudangrass or pearl millet is drilled into any remaining stubble.
●     Timothy seed is generally dropped onto the soil surface but may be drilled. 
●     Often growers may rent a no-till drill to plant seeds of selected grasses.

The Crop Profile/PMSP database, including this document, is supported by USDA NIFA.



Table 1. Recommended planting rates and dates 

Crop Seeding rate 
(lb/acre) Seeding date Avg. no. 

cuttings/year
Seeding 
depth

Tall fescue 15
Aug. 15-Oct 1 
Feb 20-April 
1

2-3 ¼-½ ”

Orchardgrass 15
Aug 15-Oct 1 
Feb 20-April 
1

2-3 ¼-½ ”

Timothy 9
Aug 15-Oct 1 
Feb 20-April 
1

2-3 ¼-½ ”

Bermudagrass 6-10 April 15-July 
1 3-4 ¼-½ ”

Sorghum X 
Sudangrass 30 April 20-July 

1 2-3 1"-2"

Annual ryegrass 20 Aug 15-Oct 
15 1 ¼-½ ”

Pearl millet 10-15 May 1-July 
15 1 ½ to 1½”

Fall planting is usually the most successful for tall fescue, orchardgrass and timothy.

 

Worker Activities

Pesticide applications 

●     To obtain greatest response from seeding, the majority of hay producers generally seed in the fall except for 
bermudagrass, which is planted in the spring.

●     Preplant or burn-down herbicides may be applied several weeks to a day prior to planting.
●     Insecticide applications, if needed, may be applied but are generally applied August through September.
●     Broadleaf herbicides are generally applied in late March to late May.  
●     Insecticides are rarely needed, however if used may be needed in early fall for fall armyworm control or may 

be applied in spring for other occasional pests.

Harvest or cutting 
After mowing, poor weather and handling conditions can lower hay quality. Rain may cause leaf loss and nutrient 
leaching from plants during curing. Sunlight can remove vitamin A content through bleaching. Raking dry, brittle 
hay can cause excessive leaf loss. Raking hay while hay is moist (40 percent moisture) and bailing before hay is 
crisp (at 18 percent moisture) will help reduce leaf losses at harvest. For optimum yield, hay is harvested prior to 
plant bloom, when in a vegetative state. The majority (98%) of the hay produced is harvested in a round hay bale 



method. Harvesting hay in square bales has greater labor costs associated with its production and is generally only 
used for feeding individual animals or sold for horse markets.   

●     Little, if any direct hand contact would be made with hay products, unless square bale hay production is 
utilized by the hay producer. Square bales are generally made from harvests of fescue, fescue mixes and pure 
stands of bermudagrass.

●     The number of cuttings varies depending on grass type selected. Hay producers may expect to have 2-3 
cuttings for fescue, timothy, orchardgrass, sorghum-sudangrass or pearl millet, 3-4 cuttings for pure 
Bermudagrass and usually only 1 cutting for annual ryegrass.

Fertilizer and Liming 
Fertilizer is applied prior to or at the time of planting and throughout the spring and/or fall. Depending on soil tests 
usually 200 to 400 lbs of 19-19-19 are applied to the field. Cost varies from $50 to $111 per acre for both fertilizer 
and lime. Sorghum-sudan grass may require additional nitrogen to increase growth of the crop. Inadequate rainfall 
may cause increased nitrogen content in sorghum-sudan grass, which may cause hay to be toxic to livestock, 
therefore would be considered a loss.

Production costs 
Depending on hay production method selected, input costs may vary slightly for each method. Fescue is considered 
a cool season grass, which is most often planted in the fall. The estimated expenses per acre are available in 
publication PB1658 titled “Tennessee Forage Budgets.” Estimates include variable, fixed and labor 
expenses. Herbicide expense has been removed, since herbicide cost may vary considerably depending on products 
used and frequency of applications. Input costs, include costs for fertilizer, lime, weed control, fuel/oil, repairs, 
operating interests, machinery (depreciation, interest, insurance, housing) seed and labor. Average cost per acre 
during 2005 would have ranged from $258 to $300 per acre. A summer annual hay such as sorghum-sudangrass in 
no-till establishment has an estimated cost of $210 per acre. Input cost for winter annual hay production using wheat 
is estimated at $136 per acre for conventional tillage system and $145 estimated for no-till establishment.   

Table 2. Estimated Expenses per Acre for Hay Production*

Hay type Production type Est. cost per acre

Bermudagrass
Traditional Establishment $415.42
Annual maintenance $283.29

Fescue Traditional Establishment $292.81
Orchardgrass Traditional establishment $292.81
Sorghum-Sudan Hybrid No-till Est. $249.52
Grain sorghum No-till establishment $219.20
Pearl; Millet No-till establishment $249.88

The estimates listed above include everything from seed to depreciation, however cost does not include cost of 
pesticides. 
*Estimated costs provided by A.J. Rhea, Area Extension Specialists.

Background 



When pasture growth is limited, some type of stored feed must be provided to grazing animals. Hay is one source 
that is most versatile for livestock producers to use as a stored feed source. Grasses and legumes both are often used 
in hay production, however, this document will focus on grasses used in Tennessee for hay production. Hay 
production may consist of various grasses as well as being a mixed grass composition. The major grasses found in 
hay production include; fescue, Bermudagrass, timothy grass, orchard grass, sorghum-sudan grass and variation of 
mixtures of these grasses. Tall fescue is a very important crop for livestock production. It is used for hay production 
and for pastures for livestock such as cattle and horses as feed.

Tall fescue and orchard grass are by far the main grasses generally used in Tennessee for hay production.  Each year 
approximately 3.5 million acres are planted in tall fescue with 1,885,000 acres during 2005 placed in hay 
production. Depending on weather conditions, producers can expect to have two to three cuttings per year. Often 
hay stands are mixes of grasses which include; fescue, orchardgrass, and/or timothy. Hay production, which would 
include only orchardgrass stands (a preferred hay), are usually in production for three to five years. Where other 
types of grasses may include a one-year production (sorghum-sudan grass or pearl millet) system and other grasses 
maybe in production for five or more years, depending on grass type (fescue).

Hay stocks stored on Tennessee farms were estimated at 3.63 million tons on December 1, 2005, which represented 
83 percent of the 2005 years production. Late fall rains revitalized many pastures, allowing producers to continue 
grazing into late fall of 2005, thus preserving hay stocks for the season.

Most hay production areas 
Generally, individuals that are involved in cattle or horse production, usually keep animals away from hay 
production fields until after the first or second cutting. After spring and mid-summer cuttings, livestock may be 
permitted to feed in fields where hay was harvested. Livestock may be removed again in the November to January 
to allow the field to rest prior to another spring harvest.

 

Insects

 

Various insects may be observed in hay production areas. Most commonly the fall armyworm may be found in the 
late summer. They are most often observed during extremely dry summers and rarely insecticide applications are 
needed for their control. Another common invader, are grubs.  Grubs feed on roots of developing plants. Damage 
caused by grubs usually goes unnoticed until severe damage has occurred. Grasshoppers are probably the most 
commonly observed and widespread pest in hay production areas. Again these are generally observed in late season 
and are usually observed at higher populations on field edges. During 2005, damage received from insect infestation 
was less than 1% for the season. However, greater damage may occur if fields are not regularly checked or if 
weather conditions become optimum for pest development. 

 
Armyworms  

True armyworm (Pseudaletia unipuncta), Fall armyworm (Spodoptera frugiperda), Beet armyworm (Spodoptera 
exigua)

True armyworms overwinter as partly grown larvae. Early in spring, larvae resume feeding at night, usually on 



grasses and small grains. First generation adults appear in May or June depending upon climatic conditions. Moths 
mate soon after emergence and feed on nectar for 7 to 10 days. Females then deposit up to 2,000 eggs in small 
clusters or rows on the leaf sheaths of grasses. About 6 to 20 days later, larvae emerge. After feeding for 3 or 4 
weeks, they drop to the ground and pupate in earthen cells 5 to 7.5 cm deep within the soil. Moths emerge about 2 to 
4 weeks later. True armyworms complete five or more generations per year. Preferring to feed at night, armyworms 
devour succulent foliage. By feeding on leaves and occasionally stems, they can severely damage seedling stands. 
Because they feed at night, armyworms may inflict much injury before they are detected. Having exhausted a 
current food supply, the worms migrate as an "army" to new host plants. Fields adjacent to or harboring lush grass 
are most commonly attacked.

Fall armyworms overwinter in several life stages in the tropics, but usually as pupae south of Tennessee. Moths 
usually migrate into Tennessee during June and early July. New moths may continue to appear until November. 
Each female lays about 1,000 eggs in masses of 50 to several hundred. Two to 10 days later, the small larvae 
emerge, feed in clusters on the remains of the egg mass, and then scatter in search of food. Unlike the nocturnal true 
armyworms, fall armyworms feed any time of the day or night, but are most active early in the morning or late in 
the evening. When abundant, these caterpillars eat all the food at hand and then crawl in great armies to adjoining 
fields. After feeding for two or three weeks, the larvae dig about 20 mm into the ground to pupate. Within two 
weeks, a new swarm of moths emerges, usually flying several miles before laying eggs. Three to four generations 
occur each year in Tennessee.

The beet armyworm has several generations per year. Flight activity is greatest in July and August. Eggs are laid in 
masses of 15 to 150 mostly on the undersides of leaves and mostly within 10 cm of the soil surface. Females may 
cover the eggs with a mat of scales that protects them from parasites and insecticides. Females prefer younger plants 
to older plants. Two to nine days later the eggs hatch. First and second instar beet armyworms feed in groups, 
especially in the growing tips where they web several leaves together. Older larvae do not restrict feeding to young 
leaves. The third and fourth instars last one to three days. The fifth instar feed for two to six days. Beet armyworms 
are cannibalistic, particularly when feeding on plants with low nitrogen levels. Moths that develop from 
cannibalistic caterpillars lay more eggs than moths that developed from caterpillars that fed only on plant material. 
Mature beet armyworms tunnel into the soil 2.5 cm and form a cell in which they pupate. The pupal stage lasts 4 to 
11 days. The moths are nocturnal and mating and egg laying occur at night. Females deposit up to 600 eggs during 
their 7- or 8-day life. Adults may live up to 30 days.

Chemical pest management tools

Organophosphate insecticides: 

●     Methyl parathion (Methyl 4): Highly toxic, must use an enclosed cab for application.

Carbamate insecticides: 

●     Methomyl (Lannate): Product is highly toxic.
●     Carbaryl (Sevin): Relatively safe for user, effective.

Pyrethroid insecticides: 

●     Cyfluthrin (Baythroid): Relatively safe for user, restricted use pesticide, provides excellent control.



Non-organophosphate, non-carbamate, non-pyrethroid insecticides: 

●     Bacillus thuringiensis (various products): Extremely safe to use, little to no effect on non-target organisms.

Non-chemical pest management tools

●     Parasites, various diseases, insect predators, and birds usually keep armyworms under control except after 
cold, wet springs. 

●     When practical, cultural methods, such as disking large areas, can help reduce future armyworm populations 
by exposing the pupae to natural enemies and hot weather. 

●     Cotesia marginiventris (Cresson) is a common parasite of the beet armyworm. Meteorus laphygmae Viereck, 
Pristomerus spinator (Fabricius), Campoletis flavicincta (Ashmead), and Chelonus insularis Cresson also 
parasitize the immature stages of the beet armyworm.

●     A polyhedrosis virus sometimes causes epizootics in beet armyworm populations that causes virtually 100 
percent mortality in some fields.

●     Pheromone traps can help monitor for moth flight activity. 

 
Grasshopper 

(Melanoplus spp.)

Although approximately 600 species of grasshoppers occur in the United States, the differential, twostriped, and 
redlegged grasshoppers are among the most troublesome species in hay production. The differential and redlegged 
species are sporadically of economic concern in Tennessee, but the problem is generally not an annual concern. 
Damage is most severe when hot, dry weather slows the growth of the crop thereby preventing a rapid recovery. 
Damage may be caused by both the nymphs and adult grasshoppers. These grasshopper species overwinter as eggs 
in the soil. Eggs hatch throughout April, May and June as soil temperatures rise and spring rains begin. 

Mature grasshoppers mate and continue feeding on crop plants. About 2 weeks later, females begin to deposit 
clusters of eggs in the soil. During this process, a glue-like secretion cements soil particles around the egg mass, 
forming a protective "pod." Each pod may contain 25 to 150 eggs, depending on the species of grasshopper. 
Grasshoppers which deposit masses containing few eggs usually lay more pods to compensate. Ideally each female 
may produce 300 eggs. Swarms of grasshoppers usually adopt a specific area as their breeding ground and lay all 
eggs in that vicinity. Most economically important grasshopper species complete only one generation each year. 
Redlegged grasshoppers, however, have at least two annual generations.

Chemical pest management tools

Organophosphate insecticides: 

●     Dimethoate (Cygon 480): Difficult to obtain product.
●     Malathion (various): Fairly safe for applicator to use.
●     Methyl parathion (Methyl 4): Product is extremely dangerous for applicator.

Carbamate insecticides: 

●     Carbaryl (Sevin 4L, XLR): Product is safe for user.



Non-Organophosphate, non-carbamate, non-pyrethroid insecticides: 

●     Diflubenzuron (Dimilin): Product is safe for user and little effect to beneficials. Is a Restricted-Use-Pesticide.

Non-chemical pest management tools: 

●     Mow weedy areas around perimeter of field prior to infestation.
●     Mow early in the event of heavy infestation.

 
Grubs 

(Scarab beetle larvae)

Grubs may a cause severe damage during establishment of fields. The major scarab beetles known to cause 
problems in establishment of hay fields are the Japanese beetle (Popillia japonica), May beetle (Phyllophaga spp.), 
and green June beetle (Phyllophaga spp.). Other scarab beetles may be observed, but rarely cause severe damage. 
Phyllophaga species have a 2 or 3 year life cycle, depending upon the species. They overwinter in the soil as larvae 
in two distinct sizes and as adults that have never flown. In the spring, the adults emerge from the ground in the 
evening, feed on tree leaves, and mate during the night. They return to some sheltered site in the morning. Females 
then enter the ground to deposit about 50 eggs in earthen balls. The egg-laying period lasts a couple of weeks. In 
three to four weeks, grubs hatch from the eggs and feed on dead organic matter, later moving to the roots of plants. 
The larvae molt twice, the second and third instars being the overwintering forms. In late August, the second and 
third instars burrow over 1 meter deep into the ground to hibernate. The larvae do the most damage during the 
second year. In early spring, third instar larvae construct earthen cells in which they pupate. Adult beetles emerge 
from pupal cases in late summer, but do not leave the ground; instead, they overwinter there and emerge the next 
spring.

The Japanese beetle grubs overwinter in cells within 13 cm of the soil surface. In spring, they move upward, almost 
to ground level, where they complete feeding and pupate. About 140 days elapse from egg hatch to larval 
maturity. Adults emerge as early as mid-May in lower Tennessee and as late as July in North East Tennessee. 
However, even in the beetles' southernmost range, peak emergence occurs in July. Throughout summer, the beetles 
attack the fruit and foliage of many plants. Soon after emerging, females deposit 40 to 60 eggs in small batches 5 to 
8 cm deep in the ground. Under extremely dry conditions, many eggs and larvae perish. However, during warm, wet 
summers populations thrive and eggs hatch about two weeks after deposition. The newly emerged larvae feed until 
cold weather forces them into hibernation. One generation occurs each year.

Both larvae and adults of scarab beetles are destructive. The adults are defoliators, chewing the leaves of various 
plant species. The grubs feed on and injure the root systems of grasses and other plants. Heavily infested turf can 
often be rolled up like a carpet, exposing the white grubs.

Chemical pest management tools:

Carbamate insecticides: 

●     Carbaryl (Sevin): Grass must be cut fairly low, so product may be rained into root zone.



Non-organophosphate, non-carbamate, non-pyrethroid insecticides: 

●     Bacillius thuringiensis (various): Very safe for user and non-target organisms.

Non-chemical pest management tools:

●     Pheromone traps, often attracts adults from surrounding areas.  May need several changes of trap 
pheromones and containers.

●     Tilling of areas prior to planting may assist in control by desiccation of larvae or physical destruction. 

 

Fire ants  
(Solenopsis invicta)

Red imported fire ants live in colonies that contain cream-colored to white immature ants, often called brood. The 
brood is comprised of the eggs, larvae, and pupae. Also within the colonies are adult ants of different types, or 
castes. The castes include winged males, winged females (which are unmated queens), workers of varying size, and 
one or more mated queens. The winged males and females fly from nests, usually in the spring and early summer, to 
mate in flight. Upon landing, mated females will shed their wings after finding a suitable nesting site. All the males 
die after mating. While thousands of winged males and females can be produced per year in large colonies, they do 
not sting, and fewer than 10% of the females will survive to produce a colony. Newly-mated queens can fly as far as 
12 miles from the nest (or even farther in the wind), but most land within a mile. Several lower tiered Tennessee 
counties are under fire ant quarantine these may be viewed at http://www.state.tn.us/agriculture/regulate/plants/
tnifa_quar.jpg.

Chemical pest management tools:

NOTE: Products used for other pests may have some activity on fire ants, however insecticide baits have provided 
good results.

Baits: 

●     Hydramethylnon (Amdro): Has a 7-day PHI.
●     Fenoxycarb (Award): Treated areas may not be grazed or harvested for one year after application. 

Note: Various treatments may be used such as: broadcast bait applications, individual mound treatments, a 
combination of broadcast baiting and individual mound treatments, and, barrier and/or spot treatments.

Possible alternative pest management tools: 

●     Abamectin B1 (Ascend): This product is a bait formulation, however is currently not labeled for pastures or 
cropland use.

●     Pyriproxyfen (Esteem): Available for use in 2006. Product is an ant bait which is an insect growth 
regulator. Product was not available in 2005.

http://www.state.tn.us/agriculture/regulate/plants/tnifa_quar.jpg
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Non-chemical pest management tools: 

●     Female phorid flies are attracted to fire ants and may provide some control.
●     Quarantine, state regulations for movement of hay from infested areas, http://www.state.tn.us/agriculture/

regulate/plants/ifa.html . Growers are required to obtain certification from TDA prior to movement of hay 
outside of county. 

 
Chinch bug 
(Blissus spp)

Chinch bug populations are concentrated near the surface of the soil. Nymphs extract plant juices with needle-like 
mouthparts and are primarily responsible for turf damage. On rare occasions these may be found in hay production 
areas of field containing bermudagrass and/or fescue.  Feeding is primarily restricted to the tender basal area of 
grass blades and nodes of runners. As the nymphs feed, yellowish spots first appear and soon become brown, 
irregular dead areas in the grass. As the grass dies, the nymphs move to the periphery of the dead spots causing the 
area to expand. Chinch bug damage is greatest during the summer when hot, dry conditions exist.  Chinch bugs 
overwinter as eggs. The eggs are found inserted in crevices at grass nodes or between overlapping leaf blades. 
Females deposit 100-300 eggs. Eggs hatch in spring, which release nymphs to feed and develop for 2-6 weeks. 
Adults cause little damage, but new generations of nymphs increase the feeding damage.  These are rarely a 
problem in Tennessee, however if observed, may be found in West Tennessee in the southern counties bordering 
Mississippi and Alabama.

Chemical pest management tools NOTE: Pesticides are rarely needed for this pest, since high pest populations and 
damage are rarely observed. If observed would usually be found in Bermuda grass or fescue areas.  Generally, these 
pests are not noticed by most growers.  Products containing methyl parathion or carbaryl would provide adequate 
control of this pest.

Non-chemical pest management tools: 

●     Chinch bugs are attacked by several predatory insects.
●     Fungal populations may provide adequate control during prolonged cool springs.

 
INSECTICIDES

Organophosphates insecticides: 

●     Dimethoate (Cygon 480): Has a 28-day PHI and a no REI was listed on the label. It has “Warning” listed as 
the signal word. Labeled for grasshopper nymph and adult control. The labels states that it may be applied at 
550mL to 1L formulation per hectare or 0.26 to 0.48 lbs ai per acre. Product is not recommended for 
control in Tennessee. Product is very difficult to obtain and pricing was not available.

●     Malathion (Fyfanon ULV): 0-day PHI, a12-hour REI and “Caution” listed as the signal word.  Product 
formulation contains 9.9 lbs ai per gallon. Applied at the rate of 8 – 12 fl.oz. or 0.61 to 0.928 lbs ai per acre 
per application. Labeled to control grasshoppers.  Cost ranges from $3.21 to 4.62 per acre per application.

●     Methyl parathion (Methyl 4): Has a 15-day PHI and a 4-day REI.  It has “Danger” listed as the signal word 
and is a Restricted-Use-Pesticide. Applied at the formulation rate range of 1 to 1.5 pints or 0.5 to 0.75 lbs ai 
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per acre per application. Labeled for control of leafhoppers, grasshoppers, armyworms and chinch 
bugs. Product is difficult to obtain and pricing was not available.

Carbamates insecticides: 

●     Carbaryl (Sevin 4L, 80S): It has a 14-day PHI and a12-hour REI. The 4L formulation has “Caution” listed as 
the signal word. Applied at the formulation rate range of 1 to 1.5 quarts or 1 to 1.5 lbs ai per acre per 
treatment. No more than 3 quarts 4L or 3 lbs ai per acre per year. Labeled to control armyworms, fall 
armyworm, ticks, chinch bug, Essex skipper, and stripped grass looper. Product priced at $8.10 to 10.13 per 
acre per acre for the 4L formulation and $6.50 to 9.75 for the 80S formulation.

●     Methomyl (Lannate LV): Has a 3-day PHI and a 48-hour REI. Has “Danger” listed as the signal 
word. Formulation of 2.4 lbs ai per gallon applied at the formulation rate of ¾ to 3 pints or 0.225 to 0.9 lbs ai 
per acre. Labeled to control the fall armyworm and other armyworms. Cost ranges from $5.19 to $20.78 per 
acre per application.

Pyrethroid insecticides: 

●     Cyfluthrin (Baythroid 2): Has a 7-day PHI and a 12-hour REI. Is a Restricted-Use-Pesticide which has 
“Danger” listed as the signal word.  Applied at the formulation rate range of 1.6 to 1.9 fl. oz. or 0.025 to 0.03 
lbs ai per acre.  Product is used to control armyworms. Cost ranges from $4.45 to 5.28 per application per 
acre.

Non-organophosphate, non-carbamate, non-pyrethroid insecticides: 

●     Pyriproxyfen (Esteem): Has a 12-hour REI. It has “Caution” listed as the signal word and is an insect growth 
regulator. This product will be available in 2006. Used to control fire ants. Not labeled in 2005 for use in 
pastures, rangelands or area where livestock feed, however, received a label in 2006 for this purpose. May be 
applied broadcast at 1 – 2 lbs formulation per acre or as an individual mound treatment of 2 – 4 tablespoons 
per mound. Rate ai per acre would be 0.05 to 0.10 lbs ai per acre. Labeled for control of fire ants. Pricing not 
available since product was not available during 2005.

●     Hydramethylnon (Amdro): Has a 7-day PHI and a 12-hour REI. It has “Caution” listed as the signal word.  
Generally applied to the mound at the rate of 2 to 5 level tablespoons per mound with no more that 2 lbs 
formulation per acre may be applied. Labeled for control of fire ants, but also controls harvester ants and 
bigheaded ants.

●     Fenoxycarb (Award): Has a 365-day PHI and 12-hour REI. This product is a bait, which has “Caution” listed 
as the signal word. Applied at the rate of 1 to 1.5 lbs ai per acre. Treated areas may not be grazed or 
harvested for one year after application. Labeled for control of fire ants.

●     Diflubenzuron (Dimilin 25W, 2L ): No PHI listed on the label. It has a 12-Hour REI and “Caution” listed as 
the signal word and is a Restricted-Use-Pesticide. It is listed as an insect growth regulator. Applied at 1 to 2 
oz of 25WP or 2 fl.oz. per acre per application. Labeled to control grasshoppers and Mormon crickets. Cost 
is approximately $3.21 per acre per application for the 2L formulation.

●     Bacillus thuringiensis (Dipel ES, Javelin WG, Biobit, Condor, others):  No PHI was listed on the label. 
Javelin has a 4-hour REI and “Caution” listed as the signal word. Javelin may be applied at 0.25 to 1.5 lbs 
per acre. Used to control armyworms. Other products have similar REIs but various rates. Dipel is applied at 
the formulation rate range of 1 - 2 pints per acre and cost ranges from $4.67 to $9.35 per application per acre.

 



Weeds

Occasionally, various weeds may become a problem in spotty areas of pastures or areas used for hay production. 
When this occurs various herbicides are used as spot treatments to control weeds suchas: buckbrush, wild brambles, 
honeysuckle, ironweed, multiflora rose, osage orange, locust, sassafras, sumac, sweetgum, Canada thistle, musk 
thistle, and yucca. Buttercup and spiny amaranth are two weeds that appear to be a widespread problem thorough 
out the state. Buttercup (Ranunculus spp.) is one of the more common weed pests found in most hay production 
areas.

 
HERBICIDES

Various herbicides are used in hay production for weed control. Hay producers have to be careful in herbicide 
selection, especially if legumes are mixed with grass species selected for hay production. Also, several weed species 
can be poisonous to livestock. Listed below are various herbicides labeled for use in hay production.   Tables 5 and 
6 list relative effectiveness herbicides available during 2005.  Table 3 lists the estimated herbicide usage for 2005.  
Listed below are various herbicides with PHI, REI, rates and approximate costs with targeted weeds, which may 
have been available to Tennessee hay producers.

●     Dicamba (Banvel): Has various PHI depending on rate used. For usage rates of 1 pint, it has a PHI of 37-
days for hay and 7-days for grazing. For rates of 1 quart it has a 51-day PHI and a 21-day PHI for grazing. 
For rates up to 2 quarts, it has a 70-day PHI and a 40-day PHI for grazing.  It has a 24-hour REI. The label 
has “Warning” listed as the signal word.  Banvel may be applied at rate range of 1 pint or 0.5 lbs ai to 2 
quarts or 2 lbs ai per acre per application.  Usually newly seeded areas receive a o.5 lbs ai per acre treatment. 
Cost may range from $7.00 to $28.00 per acre per application, however usually only the lower rate range is 
used.

●     Diglycolamine salt of dicamba (Clarity): It is a 4 lbs ai per gallon formulation.  It has “Caution” listed as the 
signal word and a 24-hour REI. Depending on the size of weed to control, this product may be applied from 
8 to 64 fl.oz. or 0.25 to 2 lbs ai per acre per application. Used to control various broadleaf weeds. Cost ranges 
from $5.88 to $47.00 per acre per application.

●     Paraquat (Gramoxone Max 3SL): Applied when grass is dormant, and has a 12-hour REI.  It has “Danger” 
listed as the signal word and is a Restricted-Use-Pesticide. Applied at the formulation rate range of 1.5 to 3 
pints per acre. Used when the grass is dormant to help clean up annual broadleaf weeds. Livestock may not 
be allowed to feed in treated areas or fed treated hay. Cost ranges from $8.19 to 16.39 per acre per treatment.

●     Metsulfuron (Cimarron 60DF): Has a 4-hour REI and “Caution” listed as the signal word. Applied at the 
formulation rate of 0.025 to 0.0625 lbs or 0.015 to 0.0375 lbs ai per acre. No more than 1.66 oz formulation 
or 0.06225 lbs ai per acre per year may be applied. Controls various broadleaf weeds. Depending on grass 
type, there may be a waiting period prior to application. For bermudagrass there is a 2 month, Timothy has a 
12 month and Fescue a 24 month establishment period prior to application. Cost ranges from $8.76 to 21.90 
per acre.

●     Triclopyr and Clopyralid (Redeem R&P): Applied at the formulation rate range of 2 to 3 pints or 0.56 + 0.19 
to 0.84 + 0.28 lbs ai triclopyr and clopyralid per acre. Used when products containing 2, 4-D are not an 
option. Mainly used for thistles, ragweed, cocklebur, buttercup and various other weeds. This product will 
kill many pasture legumes. Cost ranges from $25 to $37.50 per acre.

●     Picloram and 2,4-D (Grazon P+D): Material must be dry prior to re-entry into the field.   Is a Restricted-Use-
Pesticide, which has “Danger” listed as the signal word. Applied at the formulation rate range of 2 to 4 pints 
per acre. Approved for use in Anderson, Bedford, Benton, Bledsoe, Blount, Bradley, Cannon, Coffee, 



Cumberland, Decatur, Fentress, Franklin, Giles, Grundy, Hamilton, Hardin, Henderson, Hickman, Houston, 
Humphreys, Knox, Lawrence, Lewis, Lincoln, Loudon, Marion, Marshall, Maury, McMinn, Meigs, Monroe, 
Moore, Morgan, Perry, Polk, Rhea, Roane, Sequatchie, Scott, Van Buren, and Wayne. Cost ranges from 
$4.00 to $8.00 per acre per application.

●     Picloram and fluroxypyr (Surmount): Is a Restricted-Use-Pesticide, which has “Danger” listed as the signal 
word. Approved for use in Anderson, Bedford, Benton, Bledsoe, Blount, Bradley, Cannon, Coffee, 
Cumberland, Decatur, Fentress, Franklin, Giles, Grundy, Hamilton, Hardin, Henderson, Hickman, Houston, 
Humphreys, Knox, Lawrence, Lewis, Lincoln, Loudon, Marion, Marshall, Maury, McMinn, Meigs, Monroe, 
Moore, Morgan, Perry, Polk, Rhea, Roane, Sequatchie, Scott, Van Buren, and Wayne.  Product is difficult to 
obtain and no pricing was available.

●     Dicamba + 2, 4-D Amine (Weedmaster 3.87SL): Applied at the formulation rate range of 1 to 4 pints or 
0.125 + 0.36 dicamba to 0.5 + 1.4 lbs 2,4-D amine ai per acre per application. This mixture will provide 
control of a wider range of weeds than either herbicide alone. It is only partially effective on perennials such 
as dock, brambles, and horsenettle. This product will kill all pasture legumes. Cost ranges from $3.50 to 
$11.00 per acre per application.

●     Atrazine (AAtrex 4L or 90WDG): Has a 12-hour REI. This product is a restricted-Use-Pesticide, which has 
“Caution” listed as the signal word. Applied at the rate of 2 to 3 pints 4L formulation or 1 to 1.5 lbs ai per 
acre. Used in sorghum-Sudangrass hybrid grasses as a postemergent herbicide. Applied at the rate of 2 qt 4L 
formulation or 2.2 lbs 90WDG formulation or 2 lbs ai per acre per application. Applied over the top usually 
before weeds exceed 1.5 inches in height. Product is not applied when plants are 12 inches in height or 
larger. Crop injury may occur if sensitive crops are following sorghum hybrids. Cost ranges from $3.24 to 
4.86 per acre for 4L formulation and ranges from $3.07 to $4.60 per acre per application of 90WDG 
formulation. Cost would be higher when using sorghum sudangrass.

●     2, 4-D Amine (various 4L): Has a 30-day PHI and a 7-day grazing restriction. It has a 48-hour REI. Has 
“Danger” listed as the signal word. Applied at the formulation rate range of 1 to 3 pints or 0.5 to 1.5 lbs ai 
per acre. Used to control annual broadleaf and perennial weeds. Less volatile than the Ester formulation, 
however may volatilize during hot weather. Cost would range from $2.05 to $6.15 per acre per application.

●     2, 4-D Ester (various LV): Has a 30-day PHI and a 7-day grazing restriction with a 12-hour REI. Has 
“Caution” listed as the signal word. It has 5.6 lbs ai per gallon of formulation.   Applied at the formulation 
rate range of 24 to 64 fl.oz. or 1.05 to 2.8 lbs ai per acre. Used to control annual broadleaf and perennial 
weeds. Even though this product is a low volatile product is may be subject to volatility during hot weather. 
Cost would range from $3.62 to $9.65 per acre per application.

 
Herbicides and their specific uses:

For dormant Bermudagrass: 

●     Paraquat (Gramoxone Max 3SL): Applied when grass is dormant, and has a 12-hour REI.  It has “Danger” 
listed as the signal word and is a Restricted-Use-Pesticide. Used when the grass is dormant to help clean up 
annual broadleaf  weeds.  Livestock may not be allowed to feed in treated areas or fed treated hay. 

For established Bermudagrass: 

●     Metsulfuron (Cimarron 60DF): Has a 4-hour REI and “Caution” listed as the signal word. Applied at the 
formulation rate of 0.025 to 0.0625 lbs or 0.015 to 0.0375 lbs ai per acre. No more than 1.66 oz formulation 
or 0.06225 lbs ai per acre per year may be applied. Controls various broadleaf weeds.  Depending on grass 
type, there may be a waiting period prior to application. For bermudagrass there is a 2-month establishment 



period prior to application.

For newly established grasses: 

●     2, 4-D Amine (2, 4-D Amine 4L): Has a 30-day PHI and a 7-day grazing restriction.  It has a 48-hour REI. 
Has “Danger” listed as the signal word. Applied at the formulation rate range of 1 to 3 pints or 0.5 to 1.5 lbs 
ai per acre. Used to control annual broadleaf and perennial weeds.  Less volatile than the Ester formulation, 
however may volatilize during hot weather.

For established grass with white clover: 

●     2, 4-D Amine (2, 4-D Amine 4L): Has a 30-day PHI and a 7-day grazing restriction.  It has a 48-hour REI. 
Has “Danger” listed as the signal word. Applied at the formulation rate range of 1 to 3 pints or 0.5 to 1.5 lbs 
ai per acre. Used to control annual broadleaf and perennial weeds.  Less volatile than the Ester formulation, 
however may volatilize during hot weather.

●     2, 4-D Ester (2, 4-D LV Ester 4EC) has a 30-day PHI and a 7-day grazing restriction with a 12-hour 
REI. Has “Caution” listed as the signal word. It has 5.6 lbs ai per gallon of formulation.   Applied at the 
formulation rate range of 24 to 64 fl.oz. or 1.05 to 2.8 lbs ai per acre. Used to control annual broadleaf and 
perennial weeds. Even though this product is a low volatile product is may be subject to volatility during hot 
weather. 

For established grass with annual lespedeza: 

●     2, 4-D Amine (2, 4-D Amine 4L): Has a 30-day PHI and a 7-day grazing restriction.  It has a 48-hour REI. 
Has “Danger” listed as the signal word. Applied at the formulation rate range of 1 to 3 pints or 0.5 to 1.5 lbs 
ai per acre. Used to control annual broadleaf and perennial weeds.  Less volatile than the Ester formulation, 
however may volatilize during hot weather.

For established grass only: 

●     2, 4-D Ester (various products): Has a 30-day PHI and a 7-day grazing restriction with a 12-hour REI. Has 
“Caution” listed as the signal word. It has 5.6 lbs ai per gallon of formulation.   Applied at the formulation 
rate range of 24 to 64 fl.oz. or 1.05 to 2.8 lbs ai per acre. Used to control annual broadleaf and perennial 
weeds. Even though this product is a low volatile product is may be subject to volatility during hot weather. 
Usually only one application needed.

●     Triclopyr and Clopyralid (Redeem R&P): This product is used when products containing 2, 4-D are not an 
option.

●     Picloram and 2,4-D (Grazon P+D): Material must be dry prior to re-entry into the field. Is a Restricted-Use-
Pesticide, which has “Danger” listed as the signal word. Approved for use in Anderson, Bedford, Benton, 
Bledsoe, Blount, Bradley, Cannon, Coffee, Cumberland, Decatur, Fentress, Franklin, Giles, Grundy, 
Hamilton, Hardin, Henderson, Hickman, Houston, Humphreys, Knox, Lawrence, Lewis, Lincoln, Loudon, 
Marion, Marshall, Maury, McMinn, Meigs, Monroe, Moore, Morgan, Perry, Polk, Rhea, Roane, Sequatchie, 
Scott, Van Buren, and Wayne.

●     Picloram and fluroxypyr (Surmount): Is a Restricted-Use-Pesticide, which has “Danger” listed as the signal 
word. Approved for use in Anderson, Bedford, Benton, Bledsoe, Blount, Bradley, Cannon, Coffee, 
Cumberland, Decatur, Fentress, Franklin, Giles, Grundy, Hamilton, Hardin, Henderson, Hickman, Houston, 
Humphreys, Knox, Lawrence, Lewis, Lincoln, Loudon, Marion, Marshall, Maury, McMinn, Meigs, Monroe, 



Moore, Morgan, Perry, Polk, Rhea, Roane, Sequatchie, Scott, Van Buren, and Wayne.
●     Metsulfuron (Cimarron 60DF): has a 4-hour REI and “Caution” listed as the signal word.  Applied at the 

formulation rate of 0.025 to 0.0625 lbs or 0.015 to 0.0375 lbs ai per acre. No more than 1.66 oz formulation 
or 0.06225 lbs ai per acre per year may be applied. Controls various broadleaf weeds. Depending on grass 
type, there may be a waiting period prior to application. For bermudagrass there is a 2-month, Timothy has a 
12 month and Fescue a 24 month establishment period prior to application. This product is generally only 
used for bermudagrass establishment.

NOTES: If a herbicide is used by a producer, generally only one application is received per season. 

Table 3. Estimated herbicide usage in 2005 hay production

Active Ingredient Tradename Percent acreage treated
Paraquat* Gramoxone plus 2%
Glyphosate* Various 1%
2,4-D Amine 4L Various 10%
Dicamba Banvel 2%

Picloram
Grazon 0.8
Sumount 0.1

Metslfuron Cimarron <1%
Estimates determined by Dr. Gary Bates, University of Tennessee, Extension Service, Plant Sciences Department. 
*Products use prior to seeding

 
Herbicides commonly used in hay production: 

●     2,4-D (2,4-D Amine 4L): Applied at the formulation rate of 1 – 2 pints or 0.5 to 1 lb ai per acre per 
application. Used to control buttercup, thistles, wild turnip, horseweed and plantain.  Generally applied when 
weeds are less than 4” in height. Product will kill clovers and other legumes in the seedling stage of growth.

Pasture Weed Controls (applied after hay harvest): 

●     Bermudagrass (dormant only): Paraquat (Gramoxone Max 3SL): Applied at the formulation rate range of 
12-20 fl.oz. or 0.28 to 0.47 lbs ai per acre. Used as a burn down to control most annual weed species present 
at the time of spraying.

●     Bermudagrass (Established only): Metsulfuron (Cimarron 60DF): Applied at the formulation rate range of 
0.1 to 0.3 oz per acre or 0.0038 to 0.011 lbs ai per acre. Controls various broadleaf weeds.

 
Table 4. Products Labeled for Control of Specific Weeds in Hay Production Areas 



Active 
ingredient Tradename

Formulation 
rate per 100 
gallons of 
water

Rate per 
acre active 
ingredient

Targeted weed
(s)

Metsulfuron Cimarron 
60DF 1 oz 0.0375 lb

Brambles, 
buckbrush, 
multiflora rose, 
Thistle Canada

2,4-D ester + 
Triclopyr ester

Crossbow 
3EC 1 – 1.5 gallons 3 – 4.5 lbs

Brambles, 
Ironweed, 
multiflora rose

Fluroxypyr + 
triclopyr + 
surfactant

PastureGard
1 – 1.5 gallons 
+ 2 qts. 
surfactant

 
Brambles, 
Ironweed, 
multiflora rose

Triclopyr + 
surfactant

Remedy 
4EC**

2 qts + 2qts 
surfactant 2 lbs

Brambles, 
honeysuckle, 
multiflora rose, 
osage orange, 
yucca**

Glyphosate Roundup 
Ultra 4L 1 – 1.5 gallons 4 – 6 lbs

Brambles, 
honeysuckle, 
multiflora rose

2, 4-D Amine 2, 4-D Amine 
4L 3 qts 3 lbs Honeysuckle, 

musk thistle
Dicamba Banvel 4L 1 gallon 4 lbs Honeysuckle

2, 4-D Ester 2, 4-D Ester 
4EC 3 qts 3 lbs Musk thistle

**Diesel fuel may be added to Remedy at a 2% (by volume) to aid in control of yucca.

 
Table 5. Expected weed response to pasture herbicides

Weed

LATE WINTER TO EARY SPRING 
APPLICATIONS

FALL (November to Early December) 
APPLICATIONS

2,4-
D 
Ester

2,4-D 
Amine

Grazon 
P+D*

Redeem 
R&P WEEDMASTER

2, 4-
D 
Ester

2, 4-D 
Amine

Grazon 
P+D*

Redeem 
R&P WEEDMASTER

Buttercups 9 8 9 9 9 9 8 9 9 9
Common 
chickweed 2 1 8 8 5 3 2 9 9 8

Dandelion 9 8 9 8 8 9 8 9 8 8
Curly dock 4 3 9 -- 4 5 3 9 -- 6



Wild garlic 8 6 5 -- 6 8 6 5 -- 6
Henbit 2 1 8 8 4 3 2 8 8 7
Horseweed 9 8 9 9 9 9 8 9 9 9
Broadleaf 
plantain 8 7 8 8 9 8 7 8 8 9

Buckhorn 
plantain 7 6 8 8 8 7 6 8 8 8

Red sorrel 3 3 8 7 5 3 3 8 8 6
Bull thistle 8 7 9 9 8 9 7 9 9 9
Muck 
thistle 8 7 9 9 7 9 8 9 9 8

Key to Response Ratings: 0=No control, 10=100% control, - = no data.   Ratings are based on labeled rates of each 
Herbicide, applied at the optimum time for each weed.  * Grazon may only be used in approved Tennessee counties.

 
Table 6. Expected Weed Response to Herbicides: Late-Spring to Summer Applications. 

Weed 2,4-D 
Ester

2, 4-D 
Amine

Grazon P
+D*

Redeem 
R&P Weedmaster

Spiny amaranth 9 7 7 4 9
White heath aster 7 5 8 -- 7
Bitter sneezeweed 8 7 9 -- 8
Brambles 4 2 6 6 5
Chicory 5 4 8 8 8
Common 
cocklebur 9 9 9 9 9

Goldenrod 6 4 8 6 7
Horsenettle 3 2 9 5 4
Tall ironweed 7 6 6 6 7
Jimsonweed 8 7 4 9 8
Common 
lambsquarter 9 9 9 8 9

Milkweed 3 2 5 -- 6
Oxeye daisy 5 4 8 -- 6
Pigweeds 5 4 4 2 6
Pokeweed 5 4 4 2 6
Purple (perilla) 
mint 8 7 7 -- 8



Ragweeds 9 8 9 9 9
Smartweed 7 5 -- -- 8
Sumpweed 9 8 7 8 9
White snakeroot 6 6 8 -- 7
Wingstem 8 7 8 -- 8

0=no control; 10= 100% control; -- = data not available. Rates are based on labeled rates of each herbicide, applied 
at the optimum time for each weed. * For use in approved TN counties.

 

Diseases

There are various diseases which may be observed in hay production in Tennessee. In fescue, commonly observed 
include; net blotch (Helminthosporium spp.), gray leaf spot, rust, and Pythium blight. Using reduced rates of 
nitrogen during the season may aid in reduction of net blotch. In most instances, foliar diseases occur during 
extremely humid conditions, and it is suggested that growers harvest early when diseases become severe. However, 
if Pythium blight is observed, it is suggested that growers do not mow when mycelium is present to help reduce 
spread of the fungus.

Fescue toxicosis: 
In the late 1970s, it was discovered that the poor performance and toxicosis symptoms were associated with cattle 
grazing tall fescue infected with the fungus Neotyphodium coenophialum. This is commonly known as or called the 
“fescue endophyte.”  This fungus lives and grows between the cell of a toll fescue plant and produces no signs or 
symptoms on the plant.  Effects of the endophyte on grazing cattle or cattle fed harvested hay can be seen as one or 
more clinical signs. The toxicosis is the result of chemicals or alkaloids produced inside the plant.  Fescue toxicosis 
also can affect mares, especially pregnant mares.

Control: 

●     Use a herbicide to kill out the older infected fescue and establish an endophyte free tall fescue with 
endophyte free seeds.

●     Seed with endophyte free cultivars; Alta, Kenhy, Ky-31, Phyter, and AU-Triumph.

NOTES: research has shown that fescue infected with the endophyte generally has less damage caused by insect 
infestation than endophyte free fescue.

 
FUNGICIDES

No foliar fungicides are currently labeled for us in hay production.

 

Contacts



●     Gary Bates, Professor, Plant Sciences, University of Tennessee, Knoxville, TN   865-974-7208. 
gbates@tennessee.edu

●     Darrell Hensley, Assistant Extension Specialist, Entomology and Plant Pathology, University of Tennessee, 
Knoxville, TN.  865-974-7958. dhensley@utk.edu

●     Russ Patrick, Professor, Entomology and Plant Pathology, University of Tennessee, Jackson, TN.  731-425-
4718. russ1212@tennessee.edu

●     Alice Rhea, Farm Management Specialist, Blount County Extension, University of Tennessee, 865-982-
6430, arhea@tennessee.edu
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Appendix-A

Establishment of Bermudagrass

When planted properly, the hybrid bermudagrasses can become well established in 2 to 3 months and provide 
grazing or hay in the first season. A description of the steps required for success follows: 

1.  Choose a reasonably well drained soil and destroy common bermudagrass and weeds by fallowing (leaving 
the area at rest) the soil.

2.  Plant only in moist soil that has received 200 - 500 lbs/A of a complete fertilizer such as a 19-19-19 or 10-10-
10. 

3.  Turn the soil with a mold board plow and smooth with a disk harrow to destroy germinating grass seeds the 
same day you plant. 

4.  Plant fresh, pure, live sprigs or freshly cut tops (6 weeks old or older) so a part of the stem will be deep but 
tips will be above ground. Four bushels will plant an acre on 2 to 3 foot centers if sprigs are pushed into the 
soil with a pointed stick. Broadcast 25 to 30 bushels of sprigs or tops per acre and push them into the soil 
with a disk harrow. 

5.  Pack the soil well with a heavy roller or by driving the tractor over the planting to establish the capillarity in 
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the soil necessary to keep the soil moist around the sprigs. 
6.  Spray immediately with 2 lbs/acre of 2,4-D to control both the grass and broadleafed weeds. It is an excellent 

preemergent herbicide for both grass and broadleafed weeds if applied the same day the grass is planted. A 
second application will usually be required within 30 days. 

7.  Complete steps 3 through 6 the same day to hold the soil moisture once the soil is disturbed and to control 
the weeds. 

Fertilization

1.  (Winter) Test soil and lime to keep pH above 5.5 and correct severe deficiencies. Use dolomitic lime to 
supply essential magnesium and calcium as well as to correct the soil pH. 

2.  (February) Burn when first shoots emerge to hasten spring growth, increase first cut hay yields one-half ton, 
and control weeds, spittlebug, and other pests. 

3.  (Mid-March) Broadcast first application of N-P-K to fully utilize spring growing conditions. 
4.  Fertilize only enough to produce the grazing (30 to 200 lbs. N/A) or forage for hay or silage (200 to 400 lbs.)

N/A) needed. 
5.  Pound for pound of N, ammonium nitrate and nitrate of soda are best. Ammonium sulfate requires 3 times as 

much lime to correct its acid residue. Urea N is only about 80% as good per pound of N because of N loss to 
the air from urease activity. Apply ammonium nitrate (50 lbs. N/A) to overcome the lag in response to 
anhydrous ammonia that can cut first hay yields a half ton or more. P and K are essential. A 4-1-2 ratio of N-
P2O5-K2O usually supplies adequate amounts of P and K for grazing if the ratio is used every time the grass 

is fertilized. If all the P & K is applied in the spring, the grass will take up more than it needs and may be 
short late in the season. A 16-4-8 or similar blend will make a very efficient fertilizer for Bermuda grass. 

6.  Sulfur is an essential nutrient for all plants. Blending a small part of the N from ammonium sulfate will 
supply the sulfur needed. 

7.  Minor elements are rarely needed in Bermuda grass production. 


