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FLUSHING EWES ON CHEMICALLY
CURED HILL PASTURE IN

WESTERN OREGON

I. INTRODUCTION

Livestock producers in areas with a Mediterranean cli-

mate usually have a lack of high quality pasture in late

summer. The severity of this problem varies with the length

of the summer dry season. In western Oregon the dry period

usually occurs in July and August. The average rainfall

during this time is less than three centimeters (Hyer and

Becker, 1952). This period is relatively short compared to

the four to five months of drought experienced in some

Mediterranean regions (Pullman and Allden, 1971), but its

timing makes it very significant to sheep producers.

The production cycle of many western Oregon sheep

growers requires that ewes be bred in August and September.

At this time most pastures are at their lowest nutritive

value of the year (Hedrick, 1957). Without supplemental

feeding the ewes will be in declining body condition. This

can result in very poor levels of reproduction (Scott,

1970). If lamb production is to be maximized, the live

weight of these ewes must be increased prior to breeding

(Coop, 1966; Morley et al., 1978). This practice is refer-

red to as flushing. Using supplemental feed for flushing is

not always the best investment available to the sheep pro-

ducer (Scott, 1970; Hohenboken and Taiwo, 1976). However,

flushing can also be achieved by moving sheep to a higher
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quality pasture (Scott, 1970; Torell et al., 1972). Unfor-

tunately, western Oregon sheep producers often have no such

pasture available.

The technique of chemical curing may be a means of

providing a high quality pasture for flushing in late sum-

mer (Arnold et al., 1970; Barrett et al., 1973a). The tech-__

nique consists of applying a fast acting herbicide to a

pasture at its peak nutritional value in order to preserve

standing forage of high quality for later use. Since 1961,

chemical curing has been investigated as a means of improv-

ing the nutritive quality of late summer forage in Mediter-

ranean and semiarid environments.

This study was conducted to evaluate the use of chemi-

cally cured hill pasture for flushing ewes in late summer

in western Oregon.
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II. LITERATURE REVIEW

The possibility of chemically curing forage was first

recognized by Forrest Sneva (1964a, 1964b, 1967) at the

Squaw Butte Experiment Station at Burns, Oregon. While

testing :several chemicals for the ability to suppress grow-

ing point dominance in grass plants, he observed that para-

quat, a bipyridylium herbicide, arrested the movement of

nutrients within the plant. Since that time, curing forage

with paraquat has been investigated by several workers

(Wallace et al., 1966; Agbakoba and Goodin, 1967; Romberg

et al., 1969; Kay, 1970; Sneva et al., 1973; Arnold and

Barrett, 1974). Atrazine (Freymen, 1970), cacodylic acid

(Kay and Torell, 1970), and diquat (Kay and Torell, 1970)

have also been tested, but were found to be less effective

than paraquat. Paraquat seems to have a unique combination

of chemical and physical properties which are important in

its use as a chemical curing agent.

Properties and Mode of Action of Paraquat

Paraquat is the common name for 1,1'-dimethy1-4,41-

bipyridinium ion. It is a large bivalent cation synthesized

from pyridine, usually as a dichloride salt (Figurel). It

is nonvolatile and very soluble in water (Calderbank and

Slade, 1976). Paraquat was first synthesized in 1882

(Weidel and Russo), and some of its chemical properties were
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studied in 1933 (Michaelis and Hill). However, its herbici-

dal properties were not investigated until the late 1950's,

after discovery of the phytotoxic activity of the related

compound diquat (Calderbank and Slade, 1976).

The property most important to paraquat's use for

chemical curing is that it is quick-acting. It is a foliar

applied herbicide which usually causes wilting and desicca-

tion within a few days. Normally, as plants approach matur-

ity they decline in nutritional value (Stoddart and Smith,

1955; Cook and Harris, 1968; Anderson and Scherzinger,

1975). The content and digestibility of most nutrients de-

crease, and the lignin content increases, as the plant fin-

ishes the season's growth and stores food reserves in the

roots. Quickly killing the foliage stops these processes.

Thus, forage cured with paraquat prior to maturity has more

nutritive value than forage allowed to mature (Figure 2).

The mode of action of a herbicide is the sequence of

events from its first contact with the plant to its final

effect, which may be death of the plant (Klingman et al.,

1975). This sequence includes absorption of the herbicide

by the plant, its translocation within the plant, and its

biochemical or biophysical action upon the plant. The last

step causes the herbicidal effect and is referred to as the

mechanism of action (Klingman et al., 1975). Paraquat's

usefulness as a chemical curing agent is due in part to its

somewhat unique mechanism of action.
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Mechanism of action

The rapid desiccation of plants treated with paraquat

is due primarily to the disruption of membranes in the

cells (Brian, 1964; Ashton and Crafts, 1973; Calderbank and

Slade, 1976). The plasmalemma, the tonoplast, and the mem-

brane of the chloroplast are all affected (Ashton and

Crafts, 1973; Calderbank and Slade, 1976). Since most of

the turgidity of plant tissues is due to osmotic pressure

within the vacuoles of the cells (Jensen and Salisbury,

1972), disruption of the tonoplast alone would probably be

sufficient to wilt the plant. In addition, wilting is en-

hanced by disruption of the plasmalemma, which releases the

cell contents into the porous cell wall matrix, thus making

them more subject to evaporation.

The paraquat ion itself is probably not the agent

which causes membrane disruption (Brian, 1964; Merkle et

al., 1965; Calderbank and Slade, 1976). Paraquat is reduced

to a stable monovalent free radical (Figure 3) by the

photosynthetic electron transport system within plant cells

(Ashton and Crafts, 1973; Calderbank and Slade, 1976). This

free radical can then be reoxidized by oxygen in a reaction

that produces hydrogen peroxide or peroxide radicals (Boon,

1964; Calderbank and Slade, 1976). Most research indicates

that recurring formation and reoxidation of paraquat free

radicals produces large quantities of peroxides which then



Figure 3. Reduction of paraquat to free radical.
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disrupt the cell membranes (Boon, 1964; Calderbank and

Slade, 1976). Whatever the actual mechanism may be, it is

widely agreed that both light and oxygen are required for

paraquat to rapidly damage plant tissues (Boon, 1964;

Akhavein and Linscott, 1968; Calderbank and Slade, 1976).

However, oxygen is probably never a limiting factor when

spraying terrestrial plants under normal conditions (Ashton

and Crafts, 1973).

Temperature also affects the biochemical activity of

paraquat. Merkle et al. (1965) found that paraquat caused

less damage to leaf cell membranes at low temperatures.

Bovey and Davis (1966) observed that paraquat injured

plants less rapidly at lower temperatures. Since photoreac-

tions are insensitive to temperature variation (Akhavein

and Linscott, 1968), these results probably involve some

process other than the photoreduction of paraquat.

There is also evidence that paraquat can be reduced to

its free radical form in the dark by the respiratory elec-

tron transport system, although much more slowly than by

the photosynthetic system (Bozarth et al., 1965; Ashton and

Crafts, 1973). Some workers have observed paraquat damage

not related to photosynthesis (Merkle et al., 1965; Jordan

et al., 1966; Appleby and Brenchley, 1968; Bovey and

Miller, 1968; Putnam and Ries, 1968) which may be due to

this process (Ashton and Crafts, 1973). Under normal field

conditions any paraquat damage occurring at night would be
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insignificant in comparison to the rapid injury produced in

sunlight (Ashton and Crafts, 1973).

Absorption

Although many workers have studied the influence of

environmental conditions on the uptake of paraquat by

plants, there is no direct evidence regarding its route of

entry into the leaves. Indirect evidence suggests that en-

try occurs primarily through the hydrophilic elements of

the cuticle, with some absorption also through the stomata

(Brian, 1966; Akhavein and Linscott, 1968; Calderbank and

Slade, 1976). Light, temperature, and relative humidity all

influence absorption of paraquat by plants, although their

individual effects can not always be distinguished in the

field (Akhavein and Linscott, 1968; Ashton and Crafts,

1973) .

Since the discovery of its herbicidal properties, many

workers have noted that paraquat gives longer lasting weed

control when applied in the late afternoon or evening

(Brian and Headford, 1968; Putnam and Ries, 1968; Brian,

1969; Headford, 1970). Brian (1967, 1969, 1970,) found that

a period of darkness after application increased uptake of

paraquat, but increased absorption was not always associ-

ated with more rapid herbicidal action. Headford (1970) ob-

served that evening spraying resulted in slower dessica-

tion, but gave more prolonged weed control than spraying at
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midday. A dark period shortly after treatment apparently

allows more paraquat to enter the plant before light-in-

duced damage begins to develop (Smith and Sagar, 1966;

Ashton and Craft, 1973). Brian and Ward (1967) found that

uptake of diquat increased as light intensity decreased.

Indirect evidence suggests that similar results would be

obtained with paraquat (Brian, 1970; Headford, 1970). Thus,

both the timing and intensity of light affect paraquat

absorption.

Temperature and relative humidity may also contribute

to the greater absorption of late afternoon applications of

paraquat (Putnam and Ries, 1968; Ashton and Crafts, 1973).

Low temperatures and high humidity both slow the drying of

spray droplets, thus giving more opportunity for absorption

(Kent, 1964; Thrower et al., 1965; Smith and Sagar, 1966).

Brian (1966) found that high humidity before treatment

enhanced absorption more that high humidty after treat-

ment. This suggests that hydration of the cuticle when

humidity is high improves penetration by paraquat (Brian,

1966; Ashton and Crafts, 1973). Brian (1966) also found

that paraquat uptake was not affected by soil moisture.

Translocation

Paraquat is generally considered a contact herbicide

because it destroys plant cells so rapidly in daylight that

here is little opportunity for translocation to take place
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(Klingman et al., 1975; Calderbank and Slade, 1976). That

which does occur is almost exclusively via the xylem (Smith

and Davies, 1965; Slade and Bell, 1966). However, there is

some evidence of symplastic translocation of paraquat in

rapidly growing tissues (Ashton and Crafts, 1973: Calder-

bank and Salde, 1976). Light-induced damage prevents para-

quat from moving into the xylem (Slade and Bell, 1966;

Putnam and Ries, 1968). Darkness shortly after treatment

allows it to enter the xylem, but very little translocation

occurs in darkness because there is little transpiration

(Akhavein and Linscott, 1968). When the plant is exposed to

light, transpiration increases and paraquat which has enter-

ed the xylem is translocated (Slade and Bell, 1966). This

phenomenon probably contributes more to the effectiveness

of late afternoon applications than does the increase in

absorption (Putnam and Ries, 1968).

Temperature, relative humidity, and soil moisture also

influence paraquat translocation because they affect trans-

piration (Akhavein and Linscott, 1968; Calderbank and

Slade, 1976). High temperature and low humidity :tencLto

increase transpiration (Jensen and Salisbury, 1972). Brian

(1966), however, reported that movement of paraquat within

plants increased as relative humidty increased. Brian and

Ward (1967) observed similar results with diquat. The

results. of both experiments may reflect increased uptake

rather than increased translocation. Brian (1966) also
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reported that translocation of paraquat tended to increase

as soil moisture decreased.

Effects of surfactants, spray volumes and drop size

Interactions between herbicides, surfactants, and

plant surfaces are affected by the chemical properties of

the herbicide, the structure and concentration of the sur-

factant, the plant species, and environmental conditions

(Foy and Smith, 1965; Brian, 1972). Generally, the addition

of a surfactant to paraquat increases it herbicidal effec-

tiveness by improving both leaf surface coverage and pene-

tration of the cuticle (Smith and Foy, 1965; Frian, 1972;

Bland and Brian, 1972). Highly water soluble agents are

more effective than lipophilic compounds (Evans and Eckert,

1965), and cationic or nonionic agents are better than

anionic surfactants (Smith and Foy, 1967). Surfactant con-

centrations below 0.6 percent (by volume) usually give the

best results (Evans and Eckert, 1965; Akhavein and lin-

scott, 1968). Of 22 surfactants tested with paraquat by

Evans and Eckert (1965), the two most effective were X-77

(alkylarylpolyoxyethylene, free fatty acids, isopropanol)

and Tergitol TMN (trimethy nonyl polyethylene glycol

ether).

Brian (1972) and Bland and Brian (1972) found that

surfactants which enter plant tissues, instead of remaining

in the cuticle, inhibit movement of paraquat within the
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plant. Penetration is related to molecular structure and is

more likely to occur with water soluble compounds. However,

this inhibition of translocation must usually be insignifi-

cant compared to the increase in absorption, since highly

water soluble surfactants enhance paraquat activity the

most.

Some investigators have studied the influence of spray

volume and droplet size on the herbicidal effectiveness of

paraquat, with an emphasis on developing improved spraying

techniques (Douglas, 1968; McKinlay et al., 1974). However,

the dosages used were much lower than those used in most

chemical curing studies. McKinlay et al, (1974) reported

that spray volume and droplet size had less influence on

phytotoxicity with higher doses of paraquat.

Considerations in chemical curing

Since the herbicidal action of paraquat requires light,

and since paraquat translocation in the xylem is primarily

upward, perennial plants are only topkilled. Curing a

perennial pasture with paraquat will therefore not reduce

the stand. For chemical curing to be effective, the topkill

must be fairly rapid and complete. Both the speed and

thoroughness of paraquat action are affected by the environ-

mental conditions before and after spraying. The effects of

environmental factors on paraquat action are summarized in

Table I. Conditions which speed up biochemical activity



TABLE I. EFFECTS OF ENVIRONMENTAL FACTORS ON THE MODE OF ACTION OF PARAQUAT.

Factor
Biochemical
Activity*

Uptake Movement* Speed
of Kill

Recovery
Time*

Authors

Light Intensity
High
Low

Light/Darkness
after treatment

Light
Dark

Temperature
High
Low

Humidity
High
Low

Soil Moisture
High
Low

rapid
slow

rapid
slow

faster
slower

(same)

(same)

less
more

less
more

less
more

more
less

same

less
more

less
more

more
less

(less)
(more)

less
more

rapid
slow

rapid
slow

faster
slower

shorter
longer

shorter
longer

(shorter)
(longer)

(longer)
(shorter)

2,6,7,9,
12

4,5,6,9,
12,13,
14,15

1,10,11,
14,16

3,8,10,
12,16

3

Authors:

1. Bovey & Davis, 1966. 7. Brian & Headford, 1968. 12. Putnam & Ries, 1968.
2. Brian, 1964. 8. Brian & Ward, 1967. 13. Slade & Bell, 1966.
3. Brian, 1966. 9. Headford, 1970. 14. Smith & Sagar, 1966.
4. Brian, 1967. 10. Kent, 1964. 15. Smith & Davies, 1965.
5. Brian, 1969. 11. Merkle et al., 1965. 16. Thrower et al., 1965.
6. Brian, 1970.

* Parentheses indicate that available evidence suggests this relationship, but is
inconclusive.
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usually reduce absorption and translocation, while enhancing

rapid dessication. Plants generally recover sooner after a

quick topkill than after a slow one. Whether these phe-

nomena are related to the nutritional quality of chemically

cured forage is not known. However, it seems likely that

environmental conditions will affect the amount of paraquat

needed for maximum curing. These factors should be con-

sidered in determining the time of application. The use of

surfactant should also reduce the dosage required for

effective curing.

Environmental Aspects of Chemically Curing Forage

The fate of paraquat in the environment must be under-

stood in order to wisely evaluate its use as a chemical

curing agent. Of particular concern are the effects of

paraquat residues on animals which consume chemically cured

forage and the contamination of animal products for human

consumption. Chemical or biological activity in soil or

water must also be considered. Although little information

is available regarding the toxic effects of paraquat cured

forage on livestock, the effects of direct oral doses have

been widely studied. This information should be considered

in evaluating the safety of chemically cured forage.
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Metabolism of direct doses

Several studies have indicated that paraquat is poorly

absorbed through the gut. Daniel and Gage (1966) reported

that 93 to 96% of a small dose of paraquat (four to six mg

per kg of body weight) given to rats was excreted in the

feces. All of the paraquat that was absorbed was excreted

in the urine within two days. Similar results were obtained

by other workers (Lichfield et al., 1973; Monks, 1974).

When Hemingway et al. (1974) gave cows eight mg/kg of para-

quat orally, 96% of the dose was excreted in the feces and

0.7% in the urine. Stevens and Walley (1966) obtained com-

parible results with cows given the same dosage. Hemingway

et al. (1974) also observed similar excretion of paraquat

by sheep.

Most evidence suggests there is little metabolic

breakdown of paraquat by animals. Daniel and Gage (1966)

reported that up to 39% of a paraquat dose was microbiolo-

gically degraded in rats, but other workers found that only

trace amounts are degraded in rats, guinea pigs, dogs, and

hens (Monks, 1974; Oliver and Hemingway, 1972). Hemingway

et al. (1974) found that 95% of an oral dose of eight mg/kg

given to cows was excreted unchanged in the feces, and less

than one percent as breakdown products. They observed simi-

lar metabolism of paraquat by sheep. Calderbank et al.

(1968) reported no evidence of breakdown when paraquat was
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incubated with sheep rumen contents.

Very little paraquat has been found in the milk or

tissues of animals given direct oral doses. Stevens and

Walley (1966) gave eight mg/kg to cows and found that only

0.01% of the dose appeared in the milk. Using the same dos-

age of 14C-labelled paraquat, Hemingway et al. (1974) re-

ported that only 0.0032% of the radioactivity was found in

the milk, indicating a paraquat concentration of 0.005 ppm.

Further analysis showed that some of the
14C from the la-

belled paraquat had been incorporated into lactose and pro-

tein in the milk. When cows were given 20 mg/kg of diquat

(2/3 of the oral L.D. 50) only 0.1 ppm was detected in the

milk (Howe and Wright, 1965); when the milk was processed

the diquat remained evenly distributed between the butter-

fat, whey, and casein fractions (Stevens and Walley, 1966).

(Absorption and metabolism of diquat and paraquat are simi-

lar (Calderbank and Slade, 1976), so the results of such a

large dose of diquat are informative.) Edwards et al.(1974)

fed cows a diet containing up to 150 ppm paraquat for

several weeks. They detected no paraquat residues in the

milk and less than 0.1 ppm in the tissues.

Toxicity to non-ruminant animals

In an extensive study, Howe and Wright (1965) found

that the acute toxicity of paraquat to animals varied con-

siderably with species. They reported oral L.D. 50 values
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of 40 to 50 mg/kg for cats, 40 to 80 for guinea pigs, 200

for rats, and 300 for hens. Smalley and Radeleff (1970)

found an oral L.D. 50 of 50 mg/kg in swine, while much

smaller doSes were fatal when given intravenously or in-

jected into the peritoneal cavity (10 and 20 mg/kg respec-

tively). At dosages near the oral L.D.50, death usually re-

sults from respiratory failure; but massive doses affect

the nervous system as well (Howe and Wright, 1965; Smalley

and Radeleff, 1970). Respiratory symptoms usually include

fibrosing pneumonitis, bronchitis, bronchiolitis, pulmonary

congestion, and edema (Smalley and Radeleff, 1970). Bojan

et al. (1978) reported that an intraperitoneal dose of 20

mg/kg of paraquat increased the production of urethan-

induced lung tumors in mice.

Paraquat does not appear to have any chronic toxicity

in animals. Howe and Wright (1965) found no toxic effects

in rats fed a diet containing 125 ppm paraquat throughout

their lifespan, or in dogs fed a diet containing 50 ppm for

two years. They also reported that ducks and pheasants were

unaffected when fed diets containing 10,000 and 17,000 ppm

paraquat, respectively,, for ten days. In fact, a dilute

paraquat formulation is commercially available in Great

Britain foi treatment of coccidiosis in poultry (Fitzsim-

mons, 1965) .
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Toxicity to man

The lethal dosage of paraquat in man is not precisely

known. Based on information from cases of accidental inges-

tion, Howe and Wright, (1965) estimated that it is greater

than 25 mg/kg. However, at least one fatal accident has

been reported in which the dosage was probably less than

this (Fennelly et al., 1968). The symptoms in man are simi-

lar to those observed in laboratory animals (Matthew et

al., 1968), with death usually resulting from respiratory

failure one to three weeks after ingeston (Bullivant,

1966; Fennelly et al., 1968; Matthew et al., 1968),In many

cases the functions of the liver and the kidneys are tempo-

rarily impaired (Bullivant, 1966; Fennelly et al., 1968;

Matthew et al., 1968). Treatment usually includes forced

diuresis, anti-inflamatory drugs, and antibiotics (Kerr et

al., 1968; Fennelly et al., 1968; Matthew et al., 1968).

Absorbents such as Fuller's earth, activated charcoal, mag-

nesium trisilicate, Res-Q universal antidote, and Gelusil

tablets may substantially reduce intestinal absorption of

paraquat if taken shortly after ingestion (Clark, 1971;

Staiff et al., 1973). When using paraquat, a supply of Gel-

usil tablets or Res-Q universal antidote could be kept on

hand as a safety precaution (Staiff et al., 1973).

Paraquat is corrosive and the concentrate can cause

severe eye irritation and damage, with its effects often
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being delayed (Cant and Lewis, 1968; Swan, 1968; Joyce,

1969). Prompt treatment can usaully prevent permanent dam-

age from developing (Swan, 1968). Breathing paraquat spray

mist may cause nose bleeding, and contact of the concen-

trate with the base of a fingernail may cause it to be shed

(Howe and Wright, 1965). Persons applying paraquat should

wear gloves and goggles when handling the concentrate and

avoid inhaling the spray mist (Howe and Wright, 1965).

Toxicity to ruminant animals

Howe and Wright (1965) reported an oral L.D. 50 for

paraquat of 50 to 73 mg/kg in both cattle and sheep.

Stevens and Walley (1966) and. Calderbank et al. (1968) re-

ported a value of 35 to 50 mg/kg for cattle. Smalley and

Radeleff (1970) found that doses greater than 45 mg/kg in-

jected into the rumen killed sheep within two to five days,

but 45 mg/kg was not always lethal. When they injected

paraquat into the abdominal cavity, as little as ten mg/kg

caused death within 18 hours. As with other animals, death

usually results from respiratory failure, and massive doses

also affect the nervous system (Howe and Wright, 1965:

Smalley and Radeleff, 1970). Verma and Bahga (1976) orally

administered 100 mg/kg to buffalo calves. The symptoms,

which began to appear within six hours, included stagger-

ing, incoordination, stiff neck, irregular and feeble

heartbeat, labored breathing, rumen stasis and bloat,
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severe muscular weakness, and convulsions leading to coma

and death.

There has been little investigation of chronic toxici-

ty of paraquat in ruminants. Howe and Wright (1965) found

that eight-month-old lambs and claves were unaffected when

20 ppm paraquat was added to their drinking water. fdr-_:one

month. Fitzsimmons (1965) used paraquat to treat coccidio-

sis in young goats with no harmful side effects. He used

an initial dose of four mg/kg followed by two mg/kg daily

for five days.

In order to compare the results of direct doses of

paraquat to effects on animals consuming chemically cured

forage, the chemical and physical fate of paraquat applied

to plants must be understood.

Degradation of plants

Paraquat is not metabolically degraded by plants be-

cause it kills them too quickly (Funderburk, 1969; Calder-

bank and Slade, 1976). However, it is photochemically bro-

ken down by sunlight (Slade, 1966; Funderburk, 1969;

Calderbank and Slade, 1976). Slade's (1966) work indicates

that paraquat absorbed by plant tissue is protected from

sunlight and that most of the photodecomposition occurs on

plant surfaces. This is supported by Sneva's (1967) obser-

vation that decompostion of paraquat was much more rapid

during the first 30 days after treatment than during the
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second 30 days.

The only photochemical breakdown products identified

thus far are 4-carboxy-l-methylpyridinium ion and methyl-

amine (Slade, 1965); Funderburk et al., 1966; Calderbank and

Slade, 1976). Some of the methylamine results from further

photochemical breakdown of the 4-carboxy-l-methylpyridinium

ion (Slade, 1965). Calderbank et al. (1968) found that

4-carboxy-l-methylpyridinium did not accumulate in paraquat

cured forage. This may be explained by either further

photodecomposition or by leaching.

The initial concentration of paraquat in chemically

cured forage is determined by the rate of application (Howe

and Wright, 1965; Sneva, 1967), the amount of herbage pres-

ent at the time of application (Howe and Wright, 1965), and

the percent cover at the time of treatment. For example,

spraying on kg/ha or paraquat on a pasture with 1000 kg

of herbage per hectare and 100% cover produces an initial

concentration of 1000 ppm; but if the cover is only 50%

(with 1000 kg/ha)., then only half of the paraquat sprayed

would reach the herbage, giving an initial concentration of

500 ppm.

After treatment, the paraquat content of chemically

cured forage in affected by the intensity and length of ex-

posure to sunlight (Senva, 1967; Calderbank and Slade,

(1976) and leaching by rainfall (Calderbank et al., 1968,

Kay and Torell, 1970). Sneva (1967) concluded that paraquat

degraded more quickly in an open stand of crested wheatgrass



23

(Agropyron desertorum Fisch. ex Link Schult.) than in dense

meadow vegtation (mostly Juncus and Carex app.) because

light intensity was higher in the open vegetation. Calder-

bank et al. (1968) observed a much higher paraquat concen-

tration in forage one day after treatment with 1.12 kg/ha

on a cloudy October day (1000ppm) than one day after

treatment in July (400 ppm). At their location, the amount

of solar radiation of wavelengths causing photodecomposi-

tion present in October is one tenth of the amount present

in July (Calderbank and Slade, 1976). In spite of this and

the cloudy weather, the concentration on the area sprayed

in October dropped to 400 ppm by the third day after.Jtreat-

ment. This was attributed to 1.57 cm of rain which fell on

the second day (Calderbank et al., 1968). With a rate of

2.24 kg/ha, Warboys and Ledson (1965) found that paraquat

treated grass mulch collected two to 14 days after spraying

caused damage to emerging seedlings under greenhouse condi-

tions. Since the rate of application was very high and

paraquat is water soluble, it was probably leached from

the mulch onto the seedlings by daily watering.

Paraquat concentrations in forage have been measured

in only a few studies, and the values reported vary consid-

erably (Table II). Those reported by Calderbank et al.

(1968) and Warboys and Ledson (1965) for the first 35 days

after treatment are much higher than those reported by

Sneva (1967). This is due mostly to differences in initial



TABLE II. PARAQUAT CONCENTRATIONS IN CHEMICALLY CURED FORAGE'(IN PPM).

Authors: Calderbank et al.,
1968

Kay and
Tore11,1970 Sneva,1967

Warboys and
Ledson,1965

Vegetation: grass, 8 cm highl annual
2pasture

crested
wheatgrass meadow 1grass-

Spray Date: Jul 30 Jul 20 Oct 11 May 10 June 18 June 18 not given
4

Rate, kg/ha: 1.12 1.12 1.12 1.12 0.90 0.22 0.56 2.24

Days after
spraying: 1 390 400 1000

2 92 20 52 700
3 400
7 400 511
8 340

14 200 200 250
21 230 275
28 210
30 25 2 31
35 135
66 74
70 2 38
80 7
90 2 10
92 33
120 38

Initial
5Yield, kg/ha : (1120-2240) 3273 (1010) -- (1120-3360)

% Cover: 100 100 506 -- 100

Initial
Conc., PPm2

(500-1000) 342 (350-440) -- (670-2000)

Latitude of
study area: 53°N 40°N 43°N 43°N 52°N

Notes: 1. Species not given. 2. Bromus mollis L., Lolium multiflorum Lam., Medicago
hispida Gaertn. 3. Mostly Juncus and CaiitT. Study subject suggests an autumn spray
date. 5. Parentheses indicate estimatiiEised on concentration data, information from
each study, and other yield data (Kay, 1964; Sneva, 1964b, 1970; Rolston and Chu,
1976). 6. Estimated from photo (Sneva, 1964b). 7. Parentheses indicate values based
on estimated yield values.
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paraquat concentration, resulting from differences in ap-

plication rate and percent cover. Calderbank et al. (1968)

applied 1.12 kg/ha to a grass sward (i.e. 100% cover)

eight centimeters high. Warboys and Ledson (1965) sprayed

2.24 kg/ha on what was probably a similar sward. Sneva

(1967) applied 0.90 kg/ha to a stand of crested wheatgras.s

with about 50% cover (estimated from photo in Sneva,

1964b), so the amount of paraquat that actually reached the

plants was roughly equivalent to 0.45 kg/ha applied to a

pasture with 100% cover.

The concentration differences shown in Table II are

probably also influenced by the application dates, the

latitudes of the study locations, and the density of the

pastures. These factors all affect the amount of sunlight

received by the herbage over a given period of time (Sneva,

1967; Calderbank and Slade, 1976). Sneva's (1967) pastures

were also subject to leaching by unusually high summer

rainfall, and late summer regrowth diluted the paraquat

residue with additional herbage. Apparently, this is why

his values for the period 66 to 120 days after treatment

are lower than those reported by Kay and Torell (1970)

(Table II).

Sneva and Gomm (1979) used drop tubes to spray para-

quat within the canopy of meadow vegetaion, rather than

from above. With an application rate of 0.22 kg/ha, they

found that herbage sprayed this way contained only 0.16 ppm
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of paraquat, while herbage sprayed from above contained

9.0 ppm. This technique may help minimize paraquat residues

in chemically cured forage.

Metabolism and toxicity of paraquat-cured forage

In a thorough study of the metabolism of paraquat in

animals grazing chemically cured pasture, Calderbank et al.

(1968) conducted trials with heifers, cows, and horses on

grass pastures sprayed with 1.12 kg/ha. The concentrations

of paraquat in the forage during the trials are shown in

Table II. In the first trial heifers were placed on the

pasture immediately after spraying and grazed for 32 days.

During the first two weeks they ingested about 18 mg/kg of

paraquat per day. One animal was slaughtered three days af-

ter the trial ended and its tissues analyzed; paraquat res-

idues were detected only in the kidneys (0.03ppm) and the

stomach (0.05ppm). No paraquat was found in the tissues of

a second animal killed 13 days after the trial (limit of

detection 0.01 ppm). In the second trial similar results

were obtained with heifers placed on the pasture five days

after spraying. Kay and Torell (1970) sacrificed and exam-

ined three lambs which had grazed paraquat-cured pasture

for 77 days and found no obvious abnormalities. Sneva and

Turner (1977) reported that the reproductive performance of

cows was not affected by wintering on paraquat-cured meadow

forage.
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In their third trial, Calderbank et al. (1968) found

0.02 ppm paraquat in the milk of cows grazing one day after

spraying, when the concentration in the forage was 1000 ppm.

Throughout the rest of the 23-day trial no paraquat was

detected in the milk (limit of detection 0.005 ppm). They

estimated that the cows ingested about ten mg/kg of paraquat

daily. In contrast, Stevens and Walley (1966) detected

paraquat in the milk of cows up to seven days after a single

dose of eight mg/kg. Calderbank et al. (1968) concluded

that paraquat absorbed to forage is less available for

absorption in the gut than paraquat administered alone.

Horses placed on the pasture immediately after spray-

ing in the second trial (Calderbank et al., 1968) developed

swollen mucous membranes in the mouth and lesions of the

gums, tongue, and hard palate. They were removed from the

pasture on days five and six. All animals fully recovered

within two weeks. On day 20 they were returned to the

treated pasture and grazed ten days with no ill effects.

Horses in the third trial were less affected even though

the paraquat concentration was much higher (Table II). They

developed some swelling of the mucous membranes by day

four, but recovered by day seven without being removed from

the pasture. The third trial was affected by 1.57 cm of

rain which fell on day two and reduced the paraquat concen-

tration from 1000 to 400 ppm. They suggested that most of

the paraquat remaining on the forage after the rain was
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tightly adsorbed and therefore had less effect on the

horses.

The paraquat concentrations reported by Calderbank et

al. (1968) are much higher than would be incurred when

chemically cured forage is saved for late summer grazing.

Photodecomposition would be expected to lower the paraquat

content of the herbage (Calderbank and Slade, 1976). The

resulting breakdown products do not appear to be harmful.

Methylamine occurs naturally in some plants and is not

thought to be toxic, and the oral L.D. 50 of 4-carboxy-l-

methylpyridinium chloride is greater than 5000 mg/kg in

rats (Calderbank and Slade, 1966). It has also been shown

that forage can be effectively cured with paraquat at rates

much lower than 1.12 kg/ha (Sneva, 1967; Kay, 1970; Arnold

et al., 1970). There is little evidence available from stud-

ies of the metabolism of paraquat-cured forage to suggest

that chemical curing presents a hazard to livestock or man.

Fate in soil

Due to its strong positive charge, large size, and

flat shape the paraquat ion strongly adheres to the clay

minerals in soil, especially montmorillonite and betonite

(Weber et al., 1965: Knight and Tomlinson, 1967). Once it

is bound to these minerals it does not move through the

soil (Helling, 1971). Therefore it has no residual herbici-
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dal activity in most soils (Springett, 1965; Knight and

Tomlinson, 1967). This property is important in most of

its agricultural uses (Springett, 1965; Boon, 1967).

Knight and Tomlinson (1967) measured the capacities of

several soils to deactivate paraquat. They determined, by

calculation, that 6.28 ha-cm (one acre-inch) of loamy sand

(4.2% clay) could deactivate 25.4 kg of paraquat. The ca-

pacity was higher for soils containing more clay. The

highest capacity they found was 1308 kg for clay soil

(41.6% clay).

Strong solutions (one to four molar) of salts can re-

move some paraquat from soil samples (Tomlinson et al.,

196-; Dixon et al., 1970). However, such high concentra-

tions do not normally occur under field conditions, and

would by phytotoxic themselves if they did occur (Calder-

bank and Slade, 1976). Tucker et al. (1969) found that

paraquat could be completely removed from soil samples only

by prolonged boiling with 18 N sulfuric acid.

Because paraquat adheres so tightly to clay minerals,

it undergoes very little degradation in the soil. Hance

(1967) incubated soil samples containing paraquat at high

temperatures, assumed to enhance chemical activity while

inhibiting biological activity, and found no evidence of

chemical degradation. Several workers have isolated soil

microorganisms whcih can metabolize paraquat in a liquid

culture (Baldwin et al., 1966; Funderburk and Bozarth,
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1967; Tu and Bollen, 1968a). However, Weber and Coble

(1968) found thatadding montmorillonite to such cultures

prevented microbial breakdown of diquat. Since paraquat ad-

sorbs more strongly to clay minerals than does diquat (Weed

and Weber, 1968; Weber and Weed, 1968), it is likely that

little or no paraquat would be broken down by microorgan-

isms in the soil (Calderbank and Slade, 1976). Several re-

searchers have studied the effects of paraquat on microbial

populations and processes in soil and have found no detri-

mental effects of diversity, population size, nitrifica-

tion, or respiration (Tu and Bollen, 1968b; Curry, 1970;

Debona and Audus, 1970; Calderbank and Slade, 1976).

Some workers have reported evidence of photodecomposi-

tion of paraquat adsorbed to the soil surface (Funderburk

et al., 1966; Baldwin, 1967). Products of photodecomposi-

tion, occuring both on plants and the soil surface, may be

carried into the soil by leaching (Calderbank and Slade,

1976). Wright and Cain (L969, 1972) found that 4-carboxy-l-

methylpyridinium, the major photodecomposition product of

paraquat, is metabolized by microorganisms in soil.

When chemically curing a meadow pasture very little

paraquat should reach the ground directly, In open range

vegetation a significant portion may reach the soil. In

either situation photodecomposition products would probably

enter the soil. As animals graze the pasture some paraquat

would reach the soil via their feces. All available evi-
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dence indicates that these compounds would have no harmful

effects on the pasture. The paraquat would be deactivated

by adsorption to clay minerals and its breakdown products

would be metabolized by microorganisms.

Fate in aquatic environments

Paraquat and diquat are both widely used for aquatic

weed control (Springett, 1965; Calderbank and Slade, 1976).

Most aquatic plants absorb it from the water very readily,

so concentrations as low as 0.5 ppm may give effective weed

control (Howe and Wright, 1965; Akhavein and Linscott,

1968). There is .a wide margin of safety between the dosages

needed for weed control and the dosages toxic to fish (Howe

and Wright, 1965; Calderbank, 1970). The concentration of

paraquat in water decreases rapidly due to absorption by

plants and adsorption to suspended soil particles, organic

matter,and bottom mud (Frank and Comes, 1966; Yeo, 1967;

Funderburk and Bozarth, 1967). Most of the paraquat eventu-

ally reaches the bottom mud and remains there unchanged and

inactive (Funderburk and Bozarth, 1967; Akhavein and Lin-

scott, 1968; Calderbank and Slade, 1976). Properly con-

ducted application of paraquat on areas near water should

not cause enough contamination to harm aquatic plants or

animals.
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Forage Responses to Chemical Curing

Digestible protein is the nutrient most likely to lim-

it the performance of range livestock (Raleigh, 1970). In-

creasing the protein content of late summer and fall forage

has been the major concern of most chemical curing studies

(Sneva, 1967; Arnold et al., 1970; Freyman, 1970; Kay and

Torell, 1970; Kay, 1970; Arnold and Barrett, 1970). The ef-

fects of paraquat on forage digestibility (Wallace et al.,

1966; Romberg et al., 1969; Pullman and Allden, 1971;

Monson, 1977), mineral content (Sneva, 1967; Barrett et

al., 1973b; Sneva et al., 1973; Arnold and Barrett, 1974),

and herbage yield (Sneva, 1967, 1973; Arnold et al., 1970;

Kay and Torell, 1970; Pullman and Allden, 1971; Rolston

and Chu, 1976) have also been studied.

Protein content

Several workers have found that chemical curing can

increase the crude protein content of perennial grasses,

annual grasses, and legumes. Sneva (1967) found that blue-

bunch wheatgrass (Agropyron spicatum (Pursh) Scrib. and

Smith) treated with 0.94 kg/ha of paraquat on June 22 con-

tained 9.2% crude protein on October 23, while untreated

bluebunch wheatgrass contained only 4.9%. Protein content

was initially 9.3 and 9.4% on the treated and control

areas, respectively. He obtained similar results with
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crested wheatgrass, Idaho fescue (Festuca idahoensis Elmer),

Junegrass (Koeleria cristata (L.) Pers.), and other peren-

nial grasses. Agbakoba and Goodin (1967) found that 0.45

kg/ha of paraquat significantly increased nitrogen reten-

tion by Coastal bermudagrass (Cynodon dactylon (L.) Pers.).

Romberg et al. (1969) reported that the crude protein con-

tent of a chemically cured phalaris (Phalaris tuberosa L.)

pasture did not decrease as rapidly as that of an untreated

pasture.

Freyman (1970), working in the Douglas fir zone of

southern British Columbia, treated pinegrass (Calamagrostis

rubescens Buckl.) with 0.2, 0.4, and 0.8 kg/ha of paraquat

on June 7. He reported that all three rates sigificantly

increased crude protein content on September 1, even though

the only visible phytotoxic symptom was browning of the

leaf tips by the highest rate of paraquat. The study area

was not described, but it was apparently on forested land.

Low light intensity, due to the tree canopy, may have pre-

vented the usual topkill produced by paraquat. The treat-

ment may have slowed the growth of the pinegrass, so that

it matured later, and therefore was higher in crude protein

than control. Kay and Torell (1970) found that 0.07

kg/ha increased protein retention in soft chess (Bromus

mollis L.), even though the plants were only 30% brown

four days after spraying. Kay (1970) obtained similar re-

sults. Thus, it appears that complete topkill is not always
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necessary to improve protein retention.

Kay (1970) reported that 0.28 k/gha of paraquat ap-

plied at early anthesis significantly improved protein re-

tention in both soft chess and Wimmera ryegrass (Lolium

rigidum Gaud.). Arnold and Barrett (1974) also observed

that chemical curing increased the nitrogen concentration

of Wimmera ryegrass. They applied 0.21 kg/ha at head

emergence.

Kay (1970) found that Paraquat significantly increased

the crude protein content of subclover (Trifolium subter-

raneum L.) and rose clover (T. hirtum All.). A rate of 0.28

to 0.56 kg/ha was required. Pullman and Allden (1971)

treated a subclover - annual grass (Hordeum leporinum

Link., Bromus spp., and Avena fatua L.) pasture with 0.56

kg/ha. They reported significant increases in both the con-

tent and digestibility of nitrogen.

Wallace et al. (1966) treated crested wheatgrass with

0.90 kg/ha of paraquat on June 10 and measured nitrogen

digestibility on August 20. That of the treated forage was

significantly higher than the control. Romberg et al.

(1969) observed that 0.67 kg/ha significantly increased the

crude protein digestibility of a phalaris pasture 77 days

after spraying.

Factors influencing protein content

The effectiveness of chemical curing is greatly af-

fected by the phenology, or growth stage, of the pasture at
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the time of treatment. Spraying at earlier stages generally

gives a higher protein forage because the initial protein

concentration is higher. This is illustrated by Sneva's

(1967) data for crested wheatgrass (Table III). For

grasses, spraying between head emergence and early anthesis

appears to give the highest protein retention (Table III).

The effect of phenology is not as pronounced with leg-

umes as with grasses (Table III). This is because legumes

do not go through the morphological changes that grasses

experience as they grow, although both lose nitrogen to

the environment as they approach maturity (Lapins and

Watson, 1970). As grass plants near anthesis, the proportion

of stem to leaf tissue begins to increase. Since leaves are

higher in protein than stems, the protein concentration in

the herbage begins to decline (Stoddart and Smith, 1955).

Arnold and Barrett (1974) found that Wimmera ryegrass

treated with paraquat at head emergence had a significantly

higher proportion of leaf tissue than unsprayed grass or

grass sprayed after anthesis.

The influence of phenology on protein retention sug-

gests that chemical curing works primarily by preventing

the decline in protein concentration that occurs as plants

approach maturity. A few workers have reported that crude

protein (or nitrogen) content declined less rapidly after

maturity in chemically cured forage than in untreated for-

age (Arnold et al., 1970; Kay, 1970; Arnold and Barrett,



TABLE III. EFFECT OF PHENOLOGY AT TIME
OF SPRAYING ON PROTEIN CONTENT OF LATE SUMMER FORAGE.

Species
Spray
Date

Phenology Rate
kg/ha

Initial
% CP

1%CP X days post-trmt- Authors
X Control Treated

crested 6/10
2

(early) 0.90 10.1
2
4

42 5.4 11.4 Sneva, 1967
wheatgrass 7/15 (late) 0.94 (6.5)- 41 5.0 5.4

soft chess 4/24 pre-anthesis 0.28 8.6 147 8.0 11.4 Kay and
5/8

4/24

anthesis

pre-anthesis 0.56

9.5

8.6

133

147

8.3

8.0

10.0

11.4

Torell,
1970

5/8 anthesis 9.5 133 8.3 9.5

5/5 mid-anthesis 0.28 147 2.8 4.4 Kay, 1970
5/18 soft dough 134 2.9 3.3

5/5 mid-anthesis 0.56 147 2.8 5.3
5/18 soft dough 134 2.9 3.6

Wimmera 10/7 head emergence 0.21 162 5.1 9.1 Arnold and
ryegrass 10/14 7 days later 155 7.2 Barrett,

10/21 after anthesis 148 5.3 1974

5/5 pre-anthesis 0.28 147 3.5 5.8 Kay, 1970
5/18 late anthesis 134 4.4 7.2

5/5 pre-anthesis 0.56 147 3.5 6.8
5/18 late anthesis 134 4.4 4.9

5/7 early anthesis 0.28 86 5.8 9.7 Kay, 1970
5/22 dough stage 71 9.5

(Continued on next page)



TABLE III Continued.

Species
Spra

Y
Date

Phenology
Rate
kg/ha

1Initial %CP X days post-trmt-
Authors

% CP X Control Treated

5/7
5/22

early anthesis
dough stage

0.56 86
71

5.8 11.6
8.6

phalaris 11/4 head emergence 0.67 125 2.2 5.6 Romberg et
11/21 mid-anthesis 108 4.3 al., 1969

rose clover 5/5 bud stage 0.28 147 9.8 11.4 Kay, 1970
5/18 early bloom 134 10.2 11.7

5/5 bud stage 0.56 147 9.8 12.6
5/18 early bloom 134 10.2 14.3

subclover 5/5 flowering 0.28 147 12.5 14.6 Kay, 1970
5/18 full bloom 134 12.7 13.7

5/5 flowering 0.56 147 12.5 15.2
5/18 full bloom 134 12.7 13.7

Notes
1. X = number of days after treatment when measurements were made.
2. Data from different years; June spraying in a wet year, July spraying in a dry

year.
3. Average of control and treated plots.
4. Three days after treatment.
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1974). This suggests that chemically cured forage may some-

times be more resistant to protein loss by weathering. In a

very wet summer, Sneva (1967) found that the mean crude

protein content of five introduced grasses declined 34%

between June 17 and August 31, while paraquat treated herb-

age of those five grasses declined only 14%. Kay (1970)

reported that, in one experiment, late summer rainfall

(1.52 cm) may have lowered the protein content of both

treated and untreated forage. However, he reported no such

effect in another experiment in which 2.54 cm of rain fell

between early may and early July. Kay and Torell (1970)

stated that 4.70 cm of early summer rain had no effect on

protein retention in a soft chess pasture.

Barrett et al. (1973b) found in two experiments that

neither sprayed nor unsprayed Wimmera ryegrass declinedin

nitrogen content when leached in the laboratory. In another

experiment they found that leaching greatly reduced the ni-

trogen content of treated forage, while untreated forage

was not affected. However, in this experiment the initial

concentration was much higher in the treated forage, and

after leaching it was still higher in nitrogen than the un-

treated forage. They concluded that the loss of nitrogen

was due to the high initial concentration, rather than some

1. Crested wheatgrass, Siberian wheatgrass (Agropyron Si-
biricum (Willd.) Beauv.), Whitmar wheatgrass (A. inerme
(Scribn. and Smith) Rydb.), tall wheatgrass (A. elongatum
(Host) Beauv.), and Sherman bluegrass (Poa ampla Merr.).
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effect of the paraquat; and noted that Guilbert et al.

(1931) found that losses of crude protein through leaching

varied with herbage quality and species.

Kay and Torell (1970) found that a chemically cured

subclover - annual grass pasture was attacked by a fungus

(Alternaria spp.) after 2.16 cm of early summer rain, but

mentioned no effect on protein content. Kay (1970) observed

similar results with rose clover and subclover and sug-

gested that the primary effect of the mold was to reduce the

carbohydrate content of the forage. He also reported

that the degree of moldiness was increased by spraying

earlier and by increasing the application rate.

The rate of paraquat needed for effective curing var-

ies with species and with phenology. Kay (1970) observed

that more paraquat was needed to increase protein retention

in clovers than in grasses, and that more was required to

cure Wimmera ryegrass than soft chess. Sneva (1967) found

in one experiment that crested wheatgrass sprayed with 0.67

kg/ha was significantly higher in protein than the same

grass treated with 0.22, 0145, or 0.90 kg/ha. In another

experiment he found that 0.22 and 0.34 kg/ha were more ef-

fective than 0.11 kg/ha (Table IV). He concluded that 0.22

kg/ha produced an acceptable level of curing in crested

wheatgrass. Arnold et al. (1970) reported that 0.11, 0.22

and 0.45 kg/ha of paraquat were all equally effective at

increasing the nitrogen content of Wimmera ryegrass.



TABLE IV. EFFECT OF PARAQUAT APPLICATION
RATE ON PROTEIN CONTENT OF LATE SUMMER FORAGE.

Spra
Species Phenology

Date
y

crested 6/22
wheatgrass

soft chess

6/19

4/24 pre-anthesis

5/8 anthesis

5/5 mid-anthesis

pinegrass 6/7

Rate Ial
kg/ha % CP

%CP X days p ost-trmt*
AuthorsX Control Treated

0.22 9.4 34 6.0 8.8 Sneva, 1967
0.45 9.2 9.4
0.67 10.1 9.8
0.90 9.2 9.7

0.11 8.1 96 3.7 5.6
0.22 8.0 6.3
0.34 8.2 7.1

0.07 8.6 147 8.0 10.8 Kay and
0.28 11.4 Torell,
0.56 11.4 1970
1.12 12.2

0.07 9.5 133 8.3 8.7
0.28 10.0
0.56 9.5
1.12 10.8

0.14 147 2.8 4.4 Kay, 1970
0.28 5.3
0.56 7.2
1.12 8.1

0.2 110 5.1 6.5 Freyman,
0.4 8.0 1970
0.8 9.0

(Continued on next page)



TABLE IV Continued.

Species
Spray
Date Phenology

Rate.
g/ha

Initial
% CP

%CP X days post-trmt* Authors
X Control Treated

Wimmera
ryegrass

5/5 pre-anthesis 0.14
0.28

147 3.5 4.1
5.8

Kay, 1970

0.56 6.8
1.12 7.8

4/29 dough stage 0.14 8.5 156 5.1 4.3
0.28 5.7
0.56 6.6
1.12 6.4

rose clover 4/29 early bloom 0.14 134 10.2 10.8 Kay, 1970
0.28 11.7
0.56 14.3
1.12 15.2

4/29 full bloom 0.14 14.8 156 10.0 11.0
0.28 11.6
0.56 12.7
1.12 14.2

subclover 5/5 flowering 0.14 147 12.5 13.9 Kay, 1970

0.28 14.6
0.56 15.2
1.12 16.0

4/29 full bloom 0.14 13.4 156 10.2 9.2

0.28 10.2
0.56 12.4
1.12 13.8

* X = number of days after treatment when measurements were made.
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Freyman (1970) observed that 0.8 kg/ha of paraquat, applied

to pinegrass on June 7, resulted in a significantly higher

protein content on September 1 than 0.2 or 0.4 kg/ha (Table

IV). Kay (1970) found that as both legumes and grasses ap-

proach maturity more paraquat is necessary to increase

their protein content (Table IV). Kay and Torell (1970) re-

ported that as little as 0.07 kg/ha applied at pre-anthesis

significantly increased the protein content of soft chess,

but that even 2.24 kg/ha did not increase protein retention

when applied during anthesis (Table IV).

Digestibility

Evidence regarding the effect of chemical curing on

forage digestibility is limited and inconclusive. Most of

the available information is summarized in Table V.

Wallace et al. (1966) found in one experiment that the

in vivo digestibility of dry matter, cellulose, and gross

energy were all significantly increased by chemically cur-

ing crested wheatgrass. In another experiment they observed

that paraquat treatment increased cellulose digestibility,

but had no effect on dry matter digestibility. They also

reported that chemical curing increased the in vitro di-

gestibility of celluldse in both cheatgrass (Bromus tector-

um L.) and bluebunch wheatgrass (Table V). Romberg et al.

(1960) found that chemically curing a phalaris pasture had



STABLE V. EFFECT OF CHEMICAL CURING ON DIGESTIBILITY OF DRY MATTER AND CELLULOSE.

Forage
Species

Dry Matter

crested
wheatgrass

phalaris

Wimmera
ryegrass

subclover,
annual grasses

Cellulose

crested
wheatgrass

bluebunch
wheatgrass

cheatgrass

subclover,
annual grasses

Rate
kg/ha

Spray
Date

Digestibility (%)*

Method Animal AuthorsPre-
trmt

X days post-trmt
X Control Treated

0.90 6/10 63.5 71 48.5 52.6 In vivo sheep Wallace et
6/30 58.9 51 51.3 al., 1966

0.90 6/2 57.3 29 53.0 52.9

0.67 11/4 77 42.7 40.8 In vivo sheep Romberg et
11/21 60 39.2 al., 1969

0.21 10/7 84 46 66.0 76.0 In vitro not Arnold and
10/15 38 73.0 given Barrett,
10/21 32 66.0 1974

0.56 10/16 75.5 79 53.0 52.4 In vivo steers Pullman &
48.4 46.8 sheep Allden,

1971

0.90 6/10 71.8 71 52.8 64.8 In vivo sheep Wallace et
6/30 64.0 51 66.7 al., 1966

0.90 6/2 65.5 29 59.3 70.4

0.90 6/23 53.1 33 48.3 56.5 In vitro steer
64 52.1 52.3

0.47 5/31 70.4 35 44.5 52.8 In vitro steer

0.56 10/16 85.1 79 72.7 73.3 In vivo steers Pullman &
Ailden,
1971

*X = number of days after treatment when measurements were made.
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no significant effect on the in vivo digestibility of dry

matter or crude fiber. They suggested that regrowth, caused

by unseasonal rainfall, on both the treated and control

plots may have obscured differences due to treatment.

Pullman and Allden (1971) found that chemically curing

a subclover - annual grass pasture decreased the in vivo

digestibility of lignin, but had no significant effect on

the digestibility of dry matter, organic matter, cellulose,

or water soluble carbohydrates. Arnold and Barrett (1974)

reported that spraying Wimmera ryegrass at head emergence

reduced the rate at which in vitro dry matter digestibility

declined, but spraying later had little effect. This sug-

gests that phenology at application time may be important,

but the data of Wallace et al. (1966) and Romberg et al.

(1969) do not show such a strong influence (Table V). How-

ever, different grasses were used in these studies. Barrett

et al. (1973b) found, in a greenhouse experiment, that

spraying Wimmera ryegrass at head emergence did not signif-

icantly affect in vitro dry matter digestibility. However,

in a field experiment they found that chemical curing in-

creased digestibility. They also reported that laboratory

leaching had no effect on the digestibility of either

treated or untreated forage. No information is available on

the influence of paraquat rate of the digestibility of

chemically cured forage because no multiple-rate studies
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have measured digestibility.

Minerals and other nutrients

Investigations of the effect of chemical curing on the

concentration of various nutrients and feed components have

found inconsistent results. These are summarized in Table

VI. No conclusions can be drawn regarding the effect of

paraquat on most nutrients.

It appears that rainfall is the most important factor

influencing the effect of chemical curing on mineral con-

tent. Sneva (1967) found that paraquat treated crested

wheatgrass contained more phosphorus and potassium than un-

treated grass. Fall rains leached more of these nutrients

from the treated herbage, reducing their concentrations to

levels similar to the control. Barrett et al. (1973b) ob-

tained similar results in laboratory leaching experiments

with Wimmera ryegrass. In an experiment subjected to early

summer rainfall Sneva (1967) found lower concentrations of

phosphorus and potassium in treated forage, but regrowth on

the treated areas made up for these losses. Since phospho-

rus and potassium contents were usually similar for treated

and untreated herbage after leaching, Barrett et al. (1973b)

concluded that chemical curing influenced their concentra-

tion, but not their chemical nature within the plant. Sneva

(1967) also reported that more calcium was leached from

sprayed herabage, but Barrett et al. (1973b) found that it
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TABLE VI. EFFECT OF CHEMICAL CURING
ON THE NUTRIENT CONTENT OF FORAGE

Nutrient

Number of
found that

studies
chemical

which
curing

AuthorsIncreased
Content

Had No
Effect

Decreased
Content

Acid Detergent 0 1 0 3

Fiber

Ash 1 2 0 4,6,8

Calcium 1 3 2 1,2,3,4,7,8

Cellulose 0 0 5,8

Crude Fiber 0 2 1 4,6,8

Ether Extract 0 1 2 4,6,8

Lignin 2 1 0 4,5,8

Magnesium 0 3 0 1,2,3

Phosphorus 5 2 1 1,2,3,4,7,8

Potassium 3 4 2 1,2,3,4,7,8

Sulfur 2 1 0 1,3

Water Soluble 1 1 1 3,5
Carbohydrates

Authors
1. Arnold et al., 1970. 5. Pullman & Allden, 1971.
2. Arnold & Barrett, 1974. 6. Rombert et al., 1969.
3. Barrett et al., 1973b. 7. Sneva, 1967:-
4. Kay & Torell, 1970. 8. Sneva et al., 1973.
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was leached equally from both treated and control samples,

as was magnesium.

Barrett et al. (1973b) reported that in one experiment

leaching removed more water soluble carbohydrates from

chemically cured Wimmera ryegrass than the control, but in

another experiment they found the opposite result. In each

experiment more carbohydrates were removed from the forage

which initially contained more. This agrees with the find-

ing of Guilbert et al. (1931) that the amount of nitrogen-

free extract (which is mostly carbohydrates) leached from

soft chess apparently depended on the initial content in

the herbage.

Little information is available regarding the influ-

ence of phenology or paraquat rate on nutrient concentra-

tions. Arnold and Barrett (1974) sprayed Wimmera ryegrass

at head emergence, eight days later, and after anthesis.

They found no effect on the content of phosphorus, potas-

sium, calcium, or magnesium by any of the treatments.

Romberg et al. (1969) reported that spraying a phalaris

pasture at head emergence or mid-anthesis had no effect on

crude fiber, ether extract, or ash content. However, re-

growth may have confounded their results. Kay and Torell

(1970) found that lignin content was increased, crude fiber

decreased, and ash unaffected by spraying a subclover -

annual grass pasture either at full bloom or after flower-

ing. They also observed that rates of 0.56, 1.12 and 2.24
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kg/ha of paraquat all increased the phosphorus content of

soft chess, but did not affect potassium or calcium con-

tent.

Since minerals can easily be supplied to livestock

with a salt supplement (Raleigh, 1970), the effect of

chemical curing on the mineral content of forage is of less

practical importance than its effects of other nutrients.

Herbage yield

Since chemical curing generally requires topkilling

plants before the end of the growing season, it usually in-

volves trading quantity for quality (Arnold et al., 1970;

Sneva et al., 1973; Arnold and Barrett, 1974). The magni-

tude of the yield reduction depends largely upon how early

in the growing season paraquat is applied. Arnold et al.

(1970) found that earlier applications resulted in larger

reductions in yield on a soft chess - subclover pasture.

Spraying just before head emergence (six weeks before the

growing season ended) reduced total yeild by 30%. Other

workers have also observed that earlier applications re-

sulted in lower yields (Kay and Torell, 1970; Arnold and

Barrett, 1974). Kay and Torell (1970) reported that spray-

ing soft chess pastures after the hard dough stage did not

significantly reduce herbage yield, probably because the

paraquat was applied so near the end of the growning season.

The obtained similar results on subclover - annual grass
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pastures sprayed when the clover was in full bloom or

later.

In some experiments weather has influenced the effect

of chemical curing on herbage yield by altering the length

of the growing season. In dry years Sneva (1967) found that

paraquat treatment did not reduce the yield of bluebunch

wheatgrass or crested wheatgrass. In a. wet year he observed

that growth continued on the control plots after applica-

tion, so that their yield was over 560 kg/ha higher than the

sprayed areas. Arnold and Barrett (1974) found that the ef-

fect of treatment date (early vs late) was more pronounced

in a wet spring than in a dry one. Rolston and Chu (1976)

treated perennial ryegrass (Lolium perenne L.) white clo-

ver (Trifolium repens L.) pastures with 0.14 and 0.28 kg/ha

of paraquat in early spring, following sheep grazing The

treatments reduced herbage yield by 26 and 49%, respec-

tively, 67 days after spraying. Their data show that growth

resumed on the treated areas after a two to three week re-

covery period, but was much slower than on the control. On

a soft chess pasture Kay and Torell (1970) found, however,

that the yield reduction caused by chemical curing involved

both prevention of further growth and loss of treated ma-

terial.

Any pasture saved for late season grazing may be sub-

ject to losses of herbage through decomposition and natural

shattering. Evidence suggests that chemically cured forage
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may be more subject to decomposition than untreated forage.

In a wet summer Sneva (1967) found that the yield of a

treated crested wheatgrass pasture declined from 1570 kg/ha

on June 30 to about 900 kg/ha on August 20. Since there was

no visible increase in litter, he concluded that the loss

was due to decomposition. There was no decline in yield on

the control pasture. In an experiment subject to 14.2 cm of

rain after treatment, Pullman and Allden (1971) observed a

53% reduction in herbage on a sprayed subclover - annual

grass pasture, but only a 4% decline on the control. In

addition, rainfall shortly after treatment has resulted in

fungal attack on treated herbage (Kay and Torell, 1970;

Kay, 1970), while dry weather retards biological breakdown

of forage (Sneva and Turner, 1977).

Some workers have found chemically cured herbage to be

more subject to shattering losses, while others have re-

ported no differences between sprayed and unsprayed forage.

Arnold and Barrett (1974) noted that paraquat treated_herb-

age is generally more brittle than untreated, and suggested

that it might therefore shatter more readily., Sneva and

Turner (1977) reported that the yield of chemically cured

meadow vegetation was 10 to 15% lower than untreated, due

in part to shattering of treated herbage and in part to

continued growth on the control. However, Sneva and Gomm

(1979) found that yield declined similariy in sprayed and

unsprayed meadow vegetation, suggesting that chemical cur-
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ing had no effect on susceptibility to shattering. Kay and

Torell (1970) observed no difference in shattering loss be-

tween untreated soft chess and grass sprayed after the hard

dough stage. The yield of both declined 36 % from May 10 to

October 18. Arnold and Barrett (1978) reported that para-

quat-desiccated hay lost more leaves than naturally dried

hay when turned and baled. Since leaf loss during haying is

related to leaves drying faster than stems (Kennedy et al.,

1954; Sheperd, 1959), shattering losses due to chemical

curing may indicate that the leaves received more paraquat

coverage and therefore dried faster.

Chemical curing sometimes increases nutrient retention

enough to increase the yield of some nutrients even when

herbage yield is reduced. Arnold et al. (1970) found in one

experiment that paraquat incerased the yield of nitrogen,

phosphorus, and sulfur on a Wimmera ryegrass pasure, even

though herbage yield was reduced by 30%. Earlier applica-

tions gave higher nutrient yields. Arnold and Barrett

(1974) obtained similar results in two experiments. In an-

other experiment, Arnold et al. (1970) found that chemical

curing increased nitrogen yield by 52% and phosphorus by

53%, while it reduced dry matter yield by 45%. Kay and

Torell (1970) reported that protein yields on treated and

untreated soft chess pastures were similar, even though

herbage yield was 1120 kg/ha higher on the control. They

also found that spraying Lana woolypod vetch (Vicia dasy-
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carpa Ten.) at early bloom reduced the yield of both dry

matter and protein; while spraying at full bloom reduced

herbage yield, but increased protein yield. Sneva (1973)

reported that chemical curing increased the crude protein

yield on a crested wheatgrass pasture, even though it re-

duced hergabe yield.

Becasue chemical curing generally involves sacrificing

yield for quality, some investigators have concluded that

it would be of little value in providing summer maintenance

feed (Arnodl et al., 1970; Pullman and Allden, 1971: Bar-

rett et al., 1973a). However it may be useful when higher

quality pasture is needed for a special purpose, such as

finishing prime lambs or flushing ewes prior to mating

(Arnold et al., 1970; Barrett et al., 1973a; Sneva et al.,

1973). Considering the cost of application, it may be ad-

visable to use it only when a return on the intial cost is

expected (Arnold et al., 1970), and only on high producing

range or pasture (Raleigh et al., 1968). Sneva and Turner

(1977) reported that using paraquat to produce standing

meadow hay for winter grazing was much less expensive than

conventional haying methods.

The effects of chemical curing on yield and quality

depend largely on weather and growing conditions. Close ob-

servation of these conditions during the crop year are

needed to determine the time of spraying that will give the

desired combination of forage quality and quantity (Raleigh
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et al., 1968; Arnold et al., 1970). Delaying treatment un-

til just before the decline in protein content at early

maturity should minimize yield reduction (Kay, 1970). This

would minimize both the amount of the growing season not

utilized and the exposure of treated herbage to rainfall

(Kay, 1970) .

Species composition

Chemical curing may alter the species composition of a

pasture by influencing competition between perennials and

preventing seed production by annuals. Perennial species

often differ in their ability to recover from paraquat

treatment, due primarily to differences in their growth

stage at the time of application (Blood, 1967; Douglas et

al., 1967; Allen, 1965). Several workers have investigated

the use of paraquat to renovate pastures by giving a com-

petitive advantage to the more desirable species (Blood,

1964; Dougals et al., 1967; Williams, 1967; 1968; Kay,

1968; Palmer, 1968). Some workers have also used paraquat

to improve summer feed by applying it in winter or early

spring to induce temporary clover dominance (Palmer, 1967;

Taylor and Arnst, 1968; Williams and Palmer, 1969; Barrett

et al., 1973a).

Sneva (1967) found that chemical curing enhanced re-

growth in perennial grasses when adequate moisture was

available. Regrowth did not occur on control plots because
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the plants were under apical dominance. Paraquat treatment

releases grass plants from apical dominance when the floral

primordia are elevated enough to be reached and killed by

the spray (Sneva, 1970).

Annual grasses generally decrease following chemical

during when paraquat is applied before they set seed

(Arnold et al., 1970; Kay and Torell, 1970; Pullman and

Allden, 1971: Arnold and Barrett, 1974). In annual pastures

where subclover is abundant, it usually increases in the

year following treatment (Kay and Torell, 1970; Pullman and

Allden, 1971). However, Kay and Torell (1970) found that

where subclover was scarce, prevention of grass seed pro-

duction encouraged invasion by weedy species. They suggest-

ed that chemical curing might provide an opportunity for

seeding more desirable species into a pasture.

Livestock Performance on Chemically Cured Forage

Grazing trials on chemically cured pastures have pro-

duced a variety of results. Many factors influence the ef-

fects of chemical curing on pasture quality, yield, and

composition; and thus indirectly affect livestock perfor-

mance. This makes it difficult to compare the results of

trials and draw firm conclusions.
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Weight gains

In trials on crested wheatgrass pastures, yearling

heifers grazing chemically cured forage had a significantly

higher average daily gain than those grazing untreated for-

age (Raleigh et al., 1968; Sneva et al., 1973). Forage in-

take was also higher for animals grazing treated forage.

Light stocking was used in these trials so that the results

would not be affected by feed shortages. Sneva and Turner

(1977) reported that cows wintering on paraquat-cured

standing meadow hay gained 0.17 kg per day, while those

grazing untreated meadow vegetation lost 0.17 kg per day.

Cows eating conventionally baled meadow hay gained 0.21 kg

per day. Pullman and Allden (1971) found no difference in

weight gains between cattle grazing sprayed and unsprayed

subslover - annual grass pastures during the dry season.

However, paraquat treatment reduce d the grass content of

the fall regrowth from 75 to 18% by preventing seed pro-

duction. Since the grass was the only part of the new

growth tall enough to be eaten by cattle, those on the

sprayed areas lost weight, while those on the control plots

made slight gains. Sheep grazing the some plots with the

cattle were not affected by the reduction in grass content.

Kay and Torell (1970) found that lambs grazing treated

and untreated subclover - annual grass pastures maintained

their initial weight over the summer, but made no gains.

Arnold and Barrett (1974) reported that paraquat treatment
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did not affect lamb weights on annual grass - mixed clover

pastures. In a three-month trial on an annual grass - mixed

legume pasture Kay and Torell (1970) found that lambs

gained more on the treated plots than on the control areas.

In another trial they observed that, during the first two

months of grazing, lambs gained twice as much on chemically

cured woolypod vetch as on untreated vetch. However, in the

third month the lambs on the treated plots lost weight due

to a shortage of feed, while those on the control plots

continued to gain. This resulted from both a yield reduc-

tion due to treatment and a higher forage intake by lambs

grazing the treated pasture. Arnold et al. (1970) and

Arnold and Barrett (1974) reported experiments on annual

grass pastures in which lamb growth (or maintenance) was

better on sprayed pasture early in the grazing season, bUt

better on unsprayed pasture later in the season. In each

case there was no difference between treatments over the

season as a whole. In another trial Arnold and Barrett

(1974) found that lambs gained 0.05 kg per day on both

treated and untreated Wimmera ryegrass. The trial lasted

over five months.

In most of the trials discussed above animals grazing

treated forage gained more rapidly than control animals

initially, but not later in the season. This suggests that

chemical curing may be better suited for situations in

which the quality of forage is more important than quantity.
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Wool production

Arnold et al. (1970) reported that wool production

over the summer was 20% higher for lambs grazing a treated

soft chess pasture than for control animals. Arnold and

Barrett (1974) observed similar results in one trial on a

Wimmera ryegrass pasture. In another experiment they found

that lambs grazing treated ryegrass produced lass clean

wool, although there was no difference in greasy fleece

weights. Pullman and Allden (1971) observed no difference

in clean wool production between lambs grazing sprayed and

unsprayed subclover - annual grass pastures. Arnold and

Barrett (1974) reported that chemical curing did not affect

the greasy fleece weights of lambs grazing annual grass

mixed clover pastures.
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III. MANUSCRIPT OF RESEARCH ARTICLE

Abstract

A study was conducted during 1975 and 1976 to evaluate

the use of chemically cured pasture as a flushing feed for

ewes in western Oregon. In 1975 (0.56 kg/ha) and 1976

(0.28 kg/ha) paraquat was used to chemically cure hill pas-

ture forage when perennial ryegrass (Lolium perenne L.) and

tall fescue (Festuca arundinacea Schreb.) were in early

anthesis. Crossbred ewes grazed the pastures from 17 days

before through 17 days after the start of mating. In both

years, paraquat treatment significantly increased protein

content, but had little effect on dry matter digestibility.

However, it greatly reduced herbage yield, probably due to

increased shattering and decomposition losses. High summer

rainfall appeared to intensify the latter problem. Using

chemically cured forage as flushing feed did not improve

ewe liveweight gains or lambing performance. Flushing ewes

on chemically cured pasture appears to have little poten-

tial in areas, such as western Oregon, where summer rain-

fall is likely to occur.
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Introduction

The production cycle of must western Oregon sheep

growers requires that ewes be bred at the end of the summer

dry period, when most pastures are lowest in nutritional

value (Hedrick, 1957). Thus, high quality pasture general-

ly is no available for flushing ewes. Drylot breeding or

supplemental feeding are not always good investments for

sheep producers (Scott, 1970; Hohenboken and Taiwo, 1976).

However, chemically curing forage with paraquat has been ob-

served in may studies to improve the nutrient content of

late summer garage in Mediterranena environments (Sneva,

1967; Kay and Torell, 1970: Arnold et al., 1970; Kay, 1970:

Arnold and Barrett, 1974). Chemically cured forage has also

been suggested as a possible flushing feed (Arnold et al.,

1970; Barrett et al., 1973a). The purpose of this study

was to evaluate the use of chemically-cured hill pasture for

flushing ewes in western Oregon.

Study Area and Methods

This investigation was conducted in 1975 and 1976 on

pastures located near Corvallis, Oregon in the foothills of

the Coast Range. The soils were mostly Bashaw (Typic

Pelloxerets) clay and Bashaw silty clay loan (S.C.S., 1975).

Dominant forage species were perennial ryegrass (Lolium

perenne L.), tall fescue (Festuca arundinaria Schreb.), and
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subclover (Trifolium suberraneum L.).

The experimental pasture used in 1975 had rather heter-

ogeneous vegetation, as well as some rough terrain and

trees which limited access by farm equipment. These condi-

tions influenced the design of the experiment. __A1.62 ha

area within the 9.32 ha pasture was treated with 0.56 kg/ha

of paraquat when the ryegrass and fescue were both in early

anthesis (May 29, 1975). Application was made in the after-

noon using a carrier volume of 468 liters/ha of water with

X-77, a surfactant, added at 0.05% by volume. The sprayed

area was then fenced to make a separate pasture. Three sam-

pling areas were designated within the sprayed pasture.

Control plots corresponding to each of the treated areas

were also designated. Two of these were in the unsprayed

pasture and one was an unsprayed area within the treated

pasture. Herbage samples for chemical analysis were col-

lected from each area on May 27, June 8, July 8 and 31, and

September 17, 1975. All samples were oven-dried at 50 C

for 48 hours and weighed. Measuring herbage yield was not

given priority in 1975; however, estimates of herbage yield

were obtained on the second and last dates. The number of

samples represented by each treatment mean on each date both

years, are given in Table VII. All samples were ground to

pass a 40-mesh screen and stored for chemical analysis.

Crude protein content was measured for each date using the

micro-Kjeldahl procedure (A.O.A.C., 1965). Relative dry
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matter digestibility was determined for the first, third,

and last dates using the one-stage in vitro rumen fermenta-

tion procedure of Daugherty (1979). Al forage data was

analyzed using analysis of variance (modified split plot

design) and Tukey's w-procedure (Steel and Torris, 1960).

In a completely randomized design, 66 mature crossbred

ewes were assigned to the 7.70 ha unsprayed pasture or the

1.62 ha sprayed pasture. The same number of animals was

put on each, even though it resulted in unequal stocking

rates. This was considered necessary in order to evaluate

the lambing performance of the ewes on the treated pasture.

Yield measurements made prior to spraying suggested that

performance of the ewes would not be limited by the quan-

tity of forage available. Flushing (grazing) began on

August 4, 1975 and continued for 34 days. Each group had

access to water and trace-mineralized salt, but received no

supplemental feed. Crossbred rams were introduced into

each group halfway through the flushing period. After the

flushing period the groups were pooled on the unsprayed

pasture and the rams were left with the ewes another 17

days. All ewes were weighed before, halfway through, and

after the flushing period. Liveweight change and lambing

performance were analyzed using analysis of variance and

Chi-square contingency tables, respectively (Steel and

Torrie, 1960).

In 1976, the previously treated pasture was enlarged,

and a nearby pasture was cross-fenced to make a second
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treated pasture and a new control pasture. The pasture

grazed by the control group in 1975 was not used. The com-

bined area of the two treated pastures equaled that of the

control (3.04 ha). Paraquat was applied on the morning of

June 3, 1976 at a rate of 0.28 kg/ha. Plant phenology,

carrier volume, and surfactant concentration were the same

as in 1975. All three pastures were sampled on August 25,

September 8, and October 4, 1976 for herbage yield, crude

protein content, and relative dry matter digestibility.

Mature herbage and regrowth were sorted and analyzed sep-

arately. The sprayed pastures were also sampled for crude

protein and digestibility on May 27, and for herbage yield

on June 26. Laboratory and statistical procedures were the

same as those used in 1975.

In a completely randomized design, 37 yearling cross-

bred ewes and 48 ewe lambs were stratified by age and as-

signed to the pastures. Ewes were split between the two

treated pastures so that the stocking rate on each was

equal to that on the control pasture. The 34-day flushing

period began on August 27, 1976 and breeding was conducted

as in 1975, using Suffolk rams. Ewes were weighed at ap-

proximately weekly intervals throughout the flushing period.

Statistical analysis was done as in 1975.

Results and Discussion

In both years, herbage yield was much lower on treated
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pastures than on the controls (Table VIII). Field observa-

tions indicated that paraquat made plants brittle, result-

ing in considerable shattering losses. Arnold and Barrett

(1974, 1978) also noted brittleness in paraquat treated

herbage, but chemical curing does not always increase sus-

ceptibility to shattering(Kay and Torell, 1970; Sneva and

Gomm, 1979). This effect may vary with species, phenology,

and application rate. In this study herbage sprayed with

0.28 kg/ha (1976) did not appear to be as brittle as that

sprayed with 0.56 kg/ha (1975). In both years the treated

herbage was beaten down by wind and rain, and tended to

retain moisture. In 1976, herbage yield declined by 31%

during the two months prior to the grazing period (Table

VIII), when 6.30 cm of rain fell. Since the loss was not

visible as litter, much of the decline was apparently due

to decomposition. Sneva (1967) and Pullman and Allden

(1971) reported similar losses. In 1975, continued growth

on the control pasture after application also contributed

to the large differences in herbage yield (Table VIII). This

probably happened in 1976 also, but was not measured.

The protein content of the chemically cured forage was

significantly higher than the control at the beginning of

the grazing period in both years (Table IX). In 1975, this

difference probably resulted in part from an increase in

the proportion of green to mature herbage due to losses of

dry herbage and to regrowth. In 1976, mature herbage on
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the control pasture was 6.9% clover, while that on the

treated pasture averaged 18.3% clover (based on occular

estimates for mature herbage samples). This probably con-

tributed slightly to the higher protein content of the

chemically cured herbage. In 1976, the protein yeilds (kg

protein/ha) of the treated and control pastures were equal,

even though the herbage yield of the treated pastures was

much lower. Kay and Torell (1970) observed similar results,

although in other studies chemical curing increased protein

yield even though herbage yield was greatly reduced (Arnold

et al., 1970; Sneva, 1973).

- Paraquat treatment had very little effect on digesti-

bility in either year (Table X). This result is consistent

with those of other workers who have also noted little in-

fluence of paraquat treatment on dry matter digestibility

for a variety of pasture types (Wallace et al., 1966; Rom-

berg et al., 1969; Pullman and Ailden, 1971; Arnold and

Barrett, 1974). The relative dry matter digestibility

values presented in Table X appear to be somewhat low.

This is believed to be due to the one-stage digestion pro-

cedure used.

In both years the liveweight gains of ewes on treated

and untreated pasture were generally similar (Figures 4 and

5), even though there was much less feed on offer per head

on the treated pastures. This probably reflects the higher

protein of the paraquat treated forage. An exception to
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this occured in the latter half of the grazing period in

1975. The higher stocking rate on the treated pasture in-

tensified the effect of reduced yield, thus causing a

shortage of feed. As a result, ewes on this pasture lost

weight during this period (Figure 4). There was no signi-

ficant difference in overall lambing performance between

experimental groups in either year (Table X). However, it

appears that significantly more control ewes than treated

ewes settled at first mating in 1975 (Table XI).

Management Implications

Under the summer climatic conditions experienced in

this study, the use of chemically cured pasture as flushing

feed did not improve ewe liveweight gains or lambing per-

formance. The increase in protein content produced by para-

quat treatment appears to have been offset by yield losses,

probably due to shattering and decompostion. Therefore,

chemical curing appears to have little potential in areas

with maritime climates where summer rainfall is likely to

occur, such as western Oregon, western Washington, and

coastal northern California.
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TABLE VII. NUMBER OF SAMPLES REPRENTED BY TREATMENT MEANS.

1975 1976

Date

5/27

Treated Control

12

Date

5/27

Treated

5

Control

6/8 48 12 6/26 20

7/8 12 13 8/25 20 20

7/31 14 13 9/8 20 20

9/17 57 11 10/4 20 20

Each sample was clipped from a 0.09 m2 plot.



oTABLE VIII. EFFECT OF PARAQUAT TREATMENT ON HERBAGE YIELD (KG/HA).

Date

1975 19761,2

Total herbage Total herbage Regrowth

Time 1975 1976 Control Treated Control Treated Control Treated

Pre-treatment 5/27 2676 2676

10 days post-trmt 6/8 3920 2541

23 days post-trmt 6/26 4045

pre-grazing 8/25 4407a 2783b 1125a 425b

mid-grazing 9/8 3542a 1388b 829a 165b

post-grazing 9/17 10/4 2708 11963 2652a 1215b 423a 102b

1. Means in the same row with unlike superscripts differ significantly from each
other at the 0.05 level. Comparisons are not intended between years or between
total herbage and regrowth.

2. Values for 1976 treated herbage are for the treated pasture adjacent to and most
similar to the control pasture.

3. This value includes much material that was beaten down and lying on the ground,
so the amount of herbage actually available to the sheep was probably much lower.



,TABLE IX. EFFECT OF PARAQUAT TREATMENT ON CRUDE PROTEIN CONTENT (%).

Date

1975 19761

Total herbage 2
Mature herbage 2 Regrowth

Time 1975 1976 Control Treated Control Treated Control Treated

Pre-treatment -5/27 5/27 10.2 10.2 9.9

10 days post-trmt 6/8 7.3a
8.7

a

40 days post-trmt 7/8 6.0a 8.5
b

pre-grazing

mid-grazing

7/31 8/25

9/8

5.1a 10.2
b

4.6
a

4.9a

9.2
b

b
7.4

7.4
a

6.3a

10.9a
9.5a

post-grazing 9/17 10/4 60a 8.3
a 3.8a

6.5
b

8.1a 12.3
b

1. Values for 1976 treated herbage are for the treated pasture adjacent to and most
similar to the control pasture.

2. Means in the same row with unlike superscripts differ significantly from each
other at the 0.05 level: Comparisons are not intended between years or between
mature herbage and regrowth.



'TABLE X. EFFECT OF PARAQUAT TREATMENT ON IN VITRO DRY MATTER DISAPPEARANCE (%).

Date

1975 1976
1

Total herbage
2 Mature herbage 2 Regrowth2

Time 1975 1976 Control Treated Control Treated Control Treated

Pre-treatment 5/27 5/27 52 52 50

40 days post-trmt 7/8
35a

37
a

Pre-grazing 8/25 23
a

19
a

44
a

41
a

Mid-grazing 9/8 23
a

16
b

14
a

38
a

Post-grazing 9/17 10/4 24a 19a 20a20 15
a

47a 44
a

1. Values for 1976 treated herbage are for the treated pasture adjacent to and most
similar to the control pasture.

2. Means in the same row withunlike superscripts differ significantly from each
other at the 0.05 level. Comparisons are not intended between years or between
mature herbage and regrowth.



69

64

62

60

58 Begin
Flushing

8/1 8/4

Begin
Breeding

8/22

End
Flushing

9/8

Figure 4. Ewe weights during the flushing period

in 1975. Symbols: control pasture, paraquat

treated pasture.
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Figure 5. Ewe weights during the flushing period in 1976.

Symbols: control pasture, paraquat treated pasture.



TABLE XI. EFFECT OF PARAQUAT TREATMENT ON LAMBING PERFORMANCE.

Item

No. of ewes

No. of dry ewes

No. of single births

No. of multiple births

% ewes bearing during
first 17 days of lambing

Lambs born per ewe
present (%)

Lambs born per ewe
bearing (%)

1975 1976

Mature Ewes Yearlings Ewe Lambs

Control Treated Control Treated Control Treated

33 33 19 18 24 24

5 6 0 0 9 9

15 14 5 10 9 11

13 13 14 8 6 4

52a 17
b

79
a

82
a

39
b

40
b

127
a

124
a

168
a

144a 92
b

79
b

150a150 152
a 168a 144a 147a 136a

Means in the same row for the same year with unlike superscripts differ signifi-
cantly from each other at the 0.05 level. Comparison is not intended between
years.
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APPENDIX A. MAP OF PASTURES IN EXPERIMENT ONE.

Location: Approximately one mile west of Corvallis, Oregon
in the SW 1/4 of the SW 1/4 of Sec. 28 and the NW 1/4 of the
of Sec. 33, T. 11 S., R. 5 E.

Treated
Pasture

Treated sampling areas: Ti, T2, T3.
Control sampling areas: Cl, C2, C3.

Cl
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APPENDIX B. MAP OF PASTURES IN EXPERIMENT TWO.

Location: Approximately one mile west of Corvallis, Oregon
in the SW 1/4 of the SWl /4 of Sec. 28 and the NW 1/4 of the
NW 1/4 of Sec. 33, T. 11 S., R. 5 E.

Treated sampling areas; Al, A2, A3.

A2

A3

not used

Treated
Pastures

Al

Control
Pasture
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APPENDIX C. IN VITRO RUMEN FERMENTATION PROCEDURE

Fermentation vessel: A 100 ml berzelius lipless beaker

fitted with a No. 10 one-holed rubber stopper containing a

gas release valve.

Sample size: 0.5 grams of oven-dry forage.

Inoculum: 10 ml per sample of rumen liquor from fistu-

lated sheep maintained on a diet of grass hay ad libitum.

The liquor was filtered twice through four layers of cheese-

cloth.

Nutrient solution: 35 ml per sample of McDougall's nu-

trient-buffer solution with urea and glucose added, satu-

rated with CO
2
to lower pH to less than seven Five milli-

liters each of urea (5.50 g/100 ml) and glucose (5.50 g/100

ml) solution were added for every 300 ml of McDougall's

solution.

Fermentation conditions: Vessels were flushed with CO
2

and capped with gas release valves, then incubated at 39 C

for 24 hours. The beakers were swirled four or more times

during the flushing period to aid gas release and mix the

fermentation contents.

Dry matter determination: Fermenatation contents were

filtered through 50 ml sintered glass Gooch crucibles and

dried at 70 c for 12 to 18 hours, then cooled in a desicca-

tion chamberand weighed. Dry matter digestion was calcu-

lated using the following equation:



% Digestion = 100 x

87

(g DM before) - (g DM after) - (blank)

(g DM before)

Blank is equal to the dry matter ramaining after incubation

of the rumen liquor and nutrient solution.

COMPOSITION OF McDOUGALL'S SOLUTION

Reagent Grams/Liter

NaHCO
3

9.80

Na
2
HP0

4
.12H

2
0 9.35

KC1 0.58

NaC1 0.48

CaC1
2

0.04

MgSO4.7H 0 0.12
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APPENDIX D. EFFECT OF FLUSHING TREATMENT ON
WEIGHT CHANGES AND LAMBING PERFORMANCE IN YEAR ONE.

Treatment Group
1

Item 1 2 3 4

No. of ewes 33 33 32 33

Mean initial weight (kg) 2 60.1 a 59.3a 63.9a 60.1a

Mean weight change2 +1.63 a +2.30 +3.58+3.58
bc +4.18c

from 8/1 to 8/22 (kg)

Mean weight change2,3 +1.11b -1.27a +2.52c +0.24ab
from 8/22 to 9/8 (kg)

No. of dry ewes 5 6 2 3

No. of single births 15 14 9 19

No. of multiple births 13 13 21 11

Lambs forn per
127a 124a 163a 130aewe present (%)

Lambs born per
173aewe bearing (%) 150a 152a 173 143a

1. Group 1: control pasture, group 2: paraquat treated
pasture, group 3: drylot throughout flushing period,
group 4: drylot until serviced.

2. Means in the same row with unlike superscripts differ
significantly from each other at the 0.05 level.

3. Value for group 4 is based on 32 animals.



APPENDIX E. HERBAGE YIELD (KG/HA) IN YEAR ONE.

Date

Sampling areal'2

T1 T2 T3

6/8 3586 (20) 2521 (20) 1515 (8)

9/17 1520 (19) 1108 (19) 961 (19)

1. All are treated areas.

2. Numbers in parentheses indicate the number of 1 ft
2

plots clipped.
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APPENDIX F. SPECIES COMPOSITION (%)
AT TIME OF SPRAYING IN YEAR ONE.

Scientific name

Area

Common name Ti T2 T3

Agrostis tenuis colonial bentgrass 10 0 0

Dactylis glomerata orchardgrass 0 0 23

Festuca arundinacea tall fescue 11 13 3

Holcus lanatus velvetgrass 6 25 0

Lolium perenne perennial ryegrass 19 3 42

Poa compressa Canada bluegrass 2 2 11

Trifolium subterraneum subclover 16 14 0

annual grasses 19 29 9

forbs 7 12 9

sedges 9 1 3

miscellaneous 1 1 0

Perc9tages are based on dry weights of material from plots
(1 ft ) clipped five days after spraying (June 8, 1975).
Sample sizes were 20, 20, and 8 plots for Ti, T2,
respectively.

and T3
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APPENDIX G. CRUDE PROTEIN YIELD (KG/HA) IN YEAR TWO.

Date Control

Treated Areas

Al A2. A3

Total herbage

8/25 232a 231a 235a235 231a

9/8 183a 105a 151a 182a

10/4 116a 82a82 115a 123
a

Mature herbage

8/25 150a 188a 209a 158a

9/8 132a 89a 114a 136a

10/4 84a 70a 88a 89a

Regrowth

82
b 44

a
26a 73

b
8/25

9/8 51
b 16a 38ab38 46

b

10/4 32a lla 27a 33a

Means in the same row iwth unlike superscripts differ
significantly from each other at the 0.05 level.
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APPENDIX H. RELATIVE YIELD (KG/HA)
OF DIGESTIBLE DRY MATTER IN YEAR TWO.

Date

Treated Areas

Control Al A2 A3

Total herbage

1252b

950c

647b

704b704

587c

398b

474b

357b

174a

610a

256a

215a

479ab

172a

163a

139a

67a
a

646a

506
ab

330
ab

477
ab

305ab

220 ab

116a

192 ab

108a

783a

595b

403 ab

462a

453bc

302
ab

352ab352

172 ab

160a

8/25

9/8

10/4

Mature herbage

8/25

9/8

10/4

Regrowth

8/25

9/8

10/4

Means in the same row with unlike superscripts differ
significantly from each other at the 0.05 level.
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APPENDIX I. ESTIMATED CONTENT (%) OF
CLOVER IN MATURE HERBAGE IN YEAR TWO.

Treated Areas

Date Control Al A2 A3

8/25 7.0 19.9 24.6 15.5

9/8 7.8 14.3 26.0 18.4

10/4 5.9 10.6 30.8 4.9

These values are means of occular estimates of clover con-
tent of 20 samples (clipped from 1 ft2 plots) for each area
on each date.



APPENDIX J. SPECIES COMPOSITION (%) OF REGROWTH IN YEAR TWO.

Scientific name Common name

8/25 9/8 10/4

C Al A2 A3 C Al A2 A3 C Al A2 A3

Agrostis tenuis colonial bentgrass 3 7 15 1 4 13 7 6 8 27 20 11

Alopecurus meadow foxtail 31 7 t 1 14 3 5 9 9 2 t 2
pratensis

Bromus mollis soft chess 2 t t t 1 t t 1 3 0 1 0

Festuca tall fescue 45 35 27 12 61 21 32 6 58 25 14 15
arundinacea

Holcus lanatus velvetgrass t 2 20 1 2 3 17 3 1 4 23 1

Lolium perenne perennial ryegrass 2 7 5 52 1 1 7 49 1 3 2 51

Poa compressa Canada bluegrass 3 12 1 17 4 16 3 13 10 10 9 12

Trifolium subclover 1 1 3

1 12 22

1 1 2 2

6 1 5 18

2 1

2 1

5

8

5

20

1

2

subterraneum
forbs

sedges/rushes 11 16 1 7 10 35 t 8 8 15 t 4

miscellaneous 1 1 6 2 1 1 9 1 t 1 6 1

Percentages are based on dry weights
per area on each sampling date.

of hand-sorted material from 20 plots (1 ft
2

)



APPENDIX K. EWE WEIGHTS IN YEAR TWO (KG).

Date

Yearlings Ewe lambs

Control Paraquat Drylot Control Paraquat Drylot

8/2 42.6 42.3 41.7

8/18 47.0 46.3 46.3

8/24 48.0 48.0 47.6 41.3 40.3 39.8

9/3 50.0 48.1 50.8 41.3 38.4 41.6

9/10 50.6 50.1 51.1 41.2 39.8 41.7

9/17 50.9 50.0 52.6 41.8 39.8 42.9

9/24 51.6 52.6 53.0 41.3 40.7 42.3

9/30 52.4 52.1 53.7 41.3 40.2 42.4
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APPENDIX L. EFFECT OF FLUSHING
TREATMENT OF LAMBING PERFORMANCE IN YEAR TWO.

Item

No. of ewes

No. of dry ewes

No. of single births

No. of multiple births

Lambs born
per ewe present ( %)

Lambs born
per ewe bearing (%) 2

Yearling Groups 1 Ewe Lamb Groups
1

1 2 3 1 2 3

19 18 19 24 24 23

0 0 1 9 9 7

5 10 7 9 11 8

14 8 11 6 4 8

168
a 144a 153

a
92
b

79
b

104
b

168
a

144
a

161
a

147
a

136
a

141
a

1.- Group 1: control pasture, group 2: paraquat treated
pasture, group 3: drylot throughout flushing period.

2. Values in the same row with unlike superscripts differ
significantly from each other at the 0.05 level.
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APPENDIX M. CRUDE PROTEIN CONTENT (%) IN YE4R TWO.

Date

Treated Areas
1

Control Al A2 A.

Mature herbage

5/27 9.9 9.7 9.8

8/25 4.6
a

8.2b 8.2
b

6.5
b

9/8 4.9
a

7.4
b

6.6
b

6.6
b

10/4 3.8
a

6.5
b

6.4
b

6.2
b

Regrowth2

ab 11.ab10.9 98/25 7.4a 11.7b

9/8 6.3
a

9.5
ab

10.1
ab

13.5
b

10/4 8.1a 12.3b 13.5
b 14.3b

1. Areas Al was adjacent to the control area; A2 and A3
were within the treated pasture used in year one.

2. Means in the same row with unlike superscripts differ
significantly from each other at the 0.05 level.
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APPENDIX N. RELATIVE DRY
MATTER DISAPPEARANCE (%) IN YEAR TWO.

Treated Areas
1

Date Control Al A2 A3

Mature herbage

5/27 ...... 50 48 50

8/25 23
a

19
a

21
a

18
a

9/8 23
b

16
a

19
ab

20
ab

10/4 20a 15a15 17a 20
a

Regrowth

8/25 44
ab 41a 45

ab 52
b

9/8 41a 38a 45
ab

50
b

10/4
47ab 44a 46a

b 55
b

1. Area Al was adjacent to the control pasture; A2 and A3
were within the treated pasture used in year one.

2. Means in the same row with unlike superscripts differ
significantly from each other at teh 0.05 level.
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APPENDIX 0. HERBAGE YIELD (KG/HA) IN YEAR TWO.

Treated Areas
1

Date Control Al A2 A3

Total herbage2

4419

3444

3520

2380

3070
a

2435
b

1705
ab

6/26 4045 3674

7/8 2826 2843

7/18 --- 2100 2253

7/28 1736 1997

8/25 4407b 2783
a

2797a

9/8 3542c
a

1388 2123ab2123

10/4 2652
b

1215
a

1572a

Regrowth

8/25 1121
c

425
ab

250a

9/8 829
b

165
a

379
a

10/4 423a 102a 202a

636
b

348
a

250a

1. Area Al was adjacent to the control pasture; A2 and A3
were within the treated pasture used in year one.

2. Means in the same row with unlike superscripts differ
significantly from each other at the 0.05 level.
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APPENDIX P. RAINFALL DURING THE EXPERIMENT

1975 1976

Week Ending Rainfall (cm) Week Ending Rainfall (cm)

5/5 3.12 5/3 0.40

5/12 0.28 5/10 0.15

5/19 trace 5/17 0.20

5/26 0 5/24 0.46

6/2 trace 5/31 1.49

6/9 0 6/7 0.58

6/16 0 6/14 0.39

6/23 0.41 6/21 trace

6/30 0.53 6/28 0

7/7 1.02 7/5 1.01

7/14 0 7/12 0.76

7/21 0 7/19 0

7/28 0 7/26 0

8/4 0 8/2 0

8/11 trace 8/9 0.56

8/18 1.16 8/16 2/18

8/24 0.27 8/23 1.78

9/2 1.14 8/30 0.79

9/8 0 9/6 0.66

9/15 0 9/13 0

9/22 0 9/20 2.01

9/29 0 9/27 0

10/6 1.09 10/4 0.10

10/11 0.35

10/18 0.10

Data from Squirrel Hill Weather Station, located adjacent
to the study area.
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APPENDIX Q. ANALYSIS OF VARIANCE TABLES.

ANOVA: CRUDE PROTEIN, YEAR ONE
(Modified split plot design)

Source df SS MS F

Treatment 1 47.60 47.60 42.12*

Date 3 2.92 .97 1.13

T x D 3 12.19 4.06 8.83*

Reps 2 1.94 .97 2.10

R x T 2 2.26 1.13 2.46

R x D 6 5.14 .86 1.87

RxTxD 6 2.77 .46

Total 23 74.82

Symbols: * calculated F is greater than F.05. ** calculated
F is greater than F.01. Symbols same for all ANOVA tables.

ANOVA: CRUDE PROTEIN, YEAR TWO, DRY HERBAGE
(Modified split plot design)

Source df SS MS F

Area 3 78.35 26.12 63.71**

Date 2 13.57 6.79 7.54*

A x D 6 7.63 1.27 1.72

Reps 4 1.00 .25 .34

R x A 12 4.92 .41 .55

R x D 8 7.21 .90 1.22

RxAxD 24 17.64 .74

Total 59 130.32
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ANOVA: CRUDE PROTEIN, YEAR TWO, REGROWTH
(Modified split plot design)

Source df SS MS F

Area 3 277.71 92.57 30.06**

Date 2 55.24 27.62 7.16*

A x D 6 21.61 3.60 1.09

Reps 4 9.38 2.35 .71

R x A 12 36.93 3.08 .93

R x D 8 30.87 3.86 1.17

RxAxD 24 79.49 3.31

Total 59 511.23

ANOVA: TOTAL HERBAGE YIELD, YEAR ONE
(Modified split plot design)

Source df SS MS F

Reps
1

2 2.07 1.04 .01

Treatment 1 1286.42 1286.42 8.93

R x T 2 287.98 143.99 1.99

Date 3 480.07 160.02 3.98

T x D 3 202.39 67.46 .93

R x D 6 241.04 40.17 .55

R x T x D 6 434.77 72.46

Total 24 2934.74

1. Reps = sampling areas.
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ANOVA: TOTAL HERBAGE YIELD, YEAR TWO
(Modified split plot design)

Source df SS MS F

Area 3 8723.43 2907.81 22.86**

Date 2 7656.88 3828.44 40.72**

A x D 6 468.78 78.13 1.01

Reps 19 2699.79 142.09 1.83*

R x A 57 7250.51 127.20 1.64*

R x D 38 3572.30 94.01 1.21

R x A x D 114 8846.89 77.60

Total 239 39,218.58

ANOVA: MATURE HERBAGE YIELD, YEAR TWO
(Modified split plot design)

Source df SS MS F

Area 3 3858.63 1286.21 13.00**

Date 2 4406.48 2203.24 27.75**

A x D 6 303.22 50.54 .81

Reps 19 1877.14 98.80 1.58

R x A 57 5640.04 98.95 1.59*

R x D 38 3016.82 79.39 1.27

R x A x D 114 7109.11 62.36

Total 239 26,211.44
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ANOVA: REGROWTH HERBAGE YIELD, YEAR TWO
(Modified split plot design)

Source df SS MS F

Area 3 1003.74 334.58 26.45**

Date 2 456.37 228.19 25.44**

A x D 6 237.59 39.60 4.50**

Reps 19 278.07 14.64 1.66

R x A 57 721.00 12.65 1.43

R x D 38 340.71 8.97 1.02

R x A x D 114 1002.63 8.80

Total 239 4040.11

ANOVA: RELATIVE DIGESTIBILITY, YEAR ONE
(Modified split plot design)

Source df SS MS F

Treatment 1 14.69 14.69 0.39

Date 1 1834.69 1834.69 531.79**

T x D 1 110.26 110.26 4.94

Reps 2 80.67 40.34 2.49

R x T 2 76.22 38.11

R x D 2 6.89 3.45

R x T x D 2 44.66 22.33

Blocks 2 244.57 122.34 7.57*

B x T 2 16.89 8.45

B x D 2 37.56 18.78

BxTxD 2 24.66 12.33

B x R 4 63.66 15.66

B x R x T 4 74.45 18.61

B x R x D 4 86.11 21.53

BxRxTxD4 64.67 16.17

Total 35 2780.75
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ANOVA: RELATIVE DIGESTIBILITY, YEAR TWO, MATURE HERBAGE
(Modified split plot design)

Source df SS MS F

Area 3 128.22 42.74 4.02

Date 2 28.67 14.34 2.27

A x D 6 34.44 5.74 1.66

Blocks 2 32.00 16.00 4.62*

B x A 6 63.78 10.63 3.07*

B x D 4 25.33 6.33 1.83

B x A x D 12 41.56 3.46

Total 35 354.00

ANOVA: RELATIVE DIGESTIBILITY, YEAR TWO,
(Modified split plot design)

REGROWTH

Source df SS MS F

Area 3 626.97 208.99 28.20**

Date 2 117.72 58.86 4.00

A x D . 6 18.28 3.05 .39

Blocks 2 622.89 311.45 39.52**

B x A 6 44.45 7.41 .94

B x D 4 58.78 14.70 1.87

B x A x D 12 94.55 7.88

Total 35 1583.64
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ANOVA: PROTEIN YIELD, YEAR TWO, TOTAL HERBAGE
(Modified split plot design)

Source df SS MS F

Area 3 11,816 3,938.67 7.06**

Date 2 123,539 61,769.50 106.68**

A x D 6 8,396 1,399.33 1.25

Reps 4 2,315 703.75 .63

R x A 12 6,691 557.58 .50

R x D 8 4,632 579.00 .52

R x A x D 24 26,768 1,115.33

Total 59 184,657

ANOVA: PROTEIN YIELD, YEAR TWO, MATURE HERBAGE
(Modified split plot design)

Source df SS MS F

Area 3 2,882.93 960.97 2.22

Date 2 70,616.23 35,308.12 129.14**

A x D 6 12,206.57 2,034.43 2.65*

Reps 4 2,181.83 545.46 .71

R x A 12 5,197.64 432.30 .56

R x D 8 2,178.17 273.40 .36

R x A x D 24 18,402.36 766.77

Total 59 113,655.73
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ANOVA: PROTEIN YIELD, YEAR TWO, REGROWTH
(Modified split plot design)

Source df SS MS F

Area 3 8423.65 2807.88 31.48**

Date 2 7393.23 3696.62 54.59**

A x D 6 3604.50 600.75 4.95**

Reps 4 622.23 155.56 1.28

R x A 12 1070.43 89.20 .73

R x D 8 541.77 67.72 .56

R x A x D 24 2915.17 121.47

Total 59 24,570.98

ANOVA: DIGESTIBLE DRY MATTER YIELD, YEAR TWO, TOTAL HERBAGE
(Modified split plot design)

Source df SS MS F

Area 3 2,283,203.53 761,967.84 63.20**

Date 2 1,440.845.03 720,422.52 34.09**

A x D 6 145,994.97 24,332.50 1.81

Reps 4 25,515.23 6,378.81 .47

R x A 12 144,497.30 12,041.44 .89

R x D 8 84,532.97 21,133.24 1.57

R x A x D 24 322,941.70 13,455.90

Total 59 4,447,530.73
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ANOVA: DISGESTIBLE DRY MATTER YIELD, YEAR TWO, DRY HERBAGE
(Modified split plot design)

Source df SS MS F

Area 3 337,790.00 112,596.67 6.69*

Date 2 325,368.17 162,684.09 15.66*

A x D 6 63,947.83 10,657.97 2.58

Reps 2 273.50 136.75 .03

R x A 6 101,055.83 16,842.64 4.07

R x D 4 41,555.83 10,388.96 2.51

RxAxD 12 49,640.84 4,136.74

Total 35 919,632.00

ANOVA: DIGESTIBLE DRY MATTER YEILD, YEAR TWO, REGROWTH
(Modified split plot design)

Source df SS MS F

Area 3 255,286.44 85,095.48 13.69**

Date 2 102,443.55 51,221.78 10.86*

A x D 6 82,408.23 13,734.71 3.27

Reps 2 9,762.05 4,881.03 1.16

R x A 6 37,297.73 6,216,29 1.48

R x D 4 18,865.12 4,716.28 1.12

RxAxD 12 50,393.10 4,199.43

Total 35 556,456.22

ANOVA: INTITIAL WEIGHT OF EWES, YEAR ONE
(Completely randomized design)

Source df SS MS F

Treatment

Error

3

127

2,004.8

35,632.1

668.27

280.56

2.38

Total 130 37,636.9
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ANOVA: EWE WEIGHT CHANGE FROM 8/1 TO 8/22,
(Completely randomized design)

YEAR ONE

Source df SS MS F

Treatment

Error

3

127

652.96

6626.95

217.65

52.18

4.17**

Total 130 7279.91

ANOVA: EWE WEIGHT CHANGE FROM 8/22 TO 9/8,
(Completely randomized design)

YEAR ONE

Source df SS MS F

Treatment

Error

3

126

1194,03

4063.54

398.01

32.25

12.34**

Total 129 5257.57

ANOVA: INITIAL WEIGHT OF YEARLINGS, YEAR TWO
(Completely randomized design)

Source df SS MS F

Treatment

Error

2

53

9.48

5040.08

4.74

95.10

0.05

Total 55 5049.56

ANOVA: INITIAL WEIGHT OF EWE LAMBS, YEAR TWO
(Completely randomized design)

Source df SS MS F

Treatment

Error

2

70

133.72

6692.94

66.86

95.61

0.70

Total 72 6826.66
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ANOVA: YEARLING WEIGHT CHANGE DURING FLUSHING, YEAR TWO
(Completely randomized design)

Source df SS MS F

Treatment 2 208.19 104.10 3.99*

Error 53 1383.79 26.11

Total 55 1591.98

ANOVA: EWE LAMB WEIGHT CHANGE DURING FLUSHING, YEAR TWO
(Completely randomized design)

Source df SS MS F

Treatment 2 536.43 268.22 15.12**

Error 70 1241.46 17.74

Total 72 1777.89



111

APPENDIX R. CHI-SQUARE CONTINGENCY TABLES

EFFECT OF FLUSHING TREATMENT
ON LAMBING PERFORMANCE, YEAR ONE

No. of lambs born

Treatment 0 1 2 or 3 Totals

Controls Observed 5 15 13
Expected 4.03 14.36 14.61 33
Deviation +0.97 +0.64 -1.61 0

Chi-square 0.2335 0.0285 0.1774

Paraquat Observed 6 14 13 33
Expected 4.03 14.36 14.61 33
Deviation +1.97 -0.36 -1.61 0

Chi-square 0.9630 0.0090 0.1774

Drylot Observed 2 9 21 32
34 days Expected 3.91 13.92 14.17 32

Deviation -1.91 -4.92 +6.83 0

Chi-square 0.9330 1.7390 3.2921

Drylot Observed 3 19 11 33
until Expected 4.03 14.36 14.61 33
serviced Deviation -1.03 +4.64 -3.61 0

Chi-square 0.2632 1.4993 0.8920

Totals Observed 16 57 58 131
Expected 16 57 58 131
Deviation 0 0 0 0

X
2 = 10.2074 with 6 df, no significance
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EFFECT OF FLUSHING TREATMENT ON
LAMBING PERFORMANCE OF YEARLINGS, YEAR TWO

No. of lambs born

Treatment 0 1 2 or 3 Totals

Control Observed 0 5 14 19
Expected 0.34 7.46 11.20 19
Deviation -0.34 -2.46 +2.80 0

Chi-square 0.3400 0.8112 0.7000

Paraquat Observed 0 10 8 18
Expected 0.32 7.07 10.61 18
Deviation -0.32 +2.93 -2.61 0

Chi-square 0.3200 1.2143 0.6420

Drylot Observed 1 7 11 19
Expected 0.34 7.46 11.20 19
Deviation +0.66 -0.46 -0.20 0

Chi-square 1.2812 0.0284 0.0036

Totals Observed 1 22 33 56
Expected 1 21.99 33.01 56
Deviation 0 +0.01 -0.01 0

X
2 = 5.3407 with 4 df, no significance
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EFFECT OF FLUSHING TREATMENT ON
LAMBING PERFORMANCE OF EWE LAMBS, YEAR TWO

No. of lambs born

Treatment 0 1 2 or 3 Totals

Control Observed 9 9 6 24
Expected 8.45 9.46 6.09 24
Deviation +0.55 -0.46 -0.09 0

Chi-square 0.0358 0.0224 0.0013

Paraquat Observed 9 11 4 24
Expected 8.45 9.46 6.09 24
Deviation +0.55 +1.54 -2.09 0

Chi-square 0.0358 0.2507 1.0920

Drylot Observed 7 8 8 23
Expected 8.10 9.07 5.83 23
Deviation -1.10 -1.07 +2.17 0

Chi-square 0.1494 0.1262 0.8077

Totals Observed 25 28 18 71
Expected 25 27.99 18.01 71
Deviation 0 +0.01 -0.01 0

X
2
= 2.5213 with 4 df, no significance
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EFFECT OF AGE ON LAMBING PERFORMANCE, YEAR TWO

No. of lambs born

Age 0 1 2 or 3 Totals

Ewe lamb Observed 24 28 18 70
Expected 13.89 27.78 28.33 70
Deviation +10.11 +0.22 -10.33 0

Chi-square 7.3587 0.0017 3.7666

Yearling Observed 1 22 33 56
Expected 11.11 22.22 22.67 56
Deviation 10.11 -0.22 +10.33 0

X
2
= 25.0363 with 2 df, significant at 0.01 level

Partials

Effect of age on number of ewes bearing :

Adjsuted X2 =
( (46) (1) - (24) (55) - 1/2(126))

2
(126)

(101) (25) (70) (56)

= 18.67 with 1 df, significant at 0.01

Effect of age on number of multiple births:

Adjusted X2 = ( (28) (33) - (22) 1/2(101))2(101)

(46) (55) (50) (51)

= 3.57 with 1 df, no significance


