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TBE EFFECTS 0F CÏPC, MONURON AND 2,Lê.-D liERBICIDES 

ON YIiLLD, CRUDE PROTEIN AND NITRATE NITROGEN CONTENT 

OF FOUR FORAGE-CROP SPECIES 

INTRODUCTION 

The use of herbicides on forage-seed crops has 

frequently caused changes incrop growth, aside from the 

benefits of weed control. The effect of CIFC and rnonuron 

on the yield of grass-seed crops was studied by Bayer (Li., 

p. 8-ii) and Goetze (22, p. 16-22). Seed yield was consid- 

erably increased even where weeds were not a factor. 

herbicides have been reported (s), (L2), and (L5) to 

influence the nitrate nitrogen level of forages. Interest 

in the nitro;en content of forages, particularly nitrate 

nitroen has received considerable attention due to its 

influence on livestock production. high concentrations of 

nitrate nitro:en have been shown to be toxic to livestock 

(6, p. lL.-l8). Recent studies (L4, p. 278-279) have linked 

nitrate content of forages to abortion in cattle. 

The foliage of grasses treated with CIPC and monuron 

are initially discolored. This injury is frequently followed 

by abundant foliage growth of a dark green color similar to 

the normal response after heavy nitrogen fertilization. 

Studies by bayer (Lj) and Goetze (22) were limited to 

the influence wnic.n herbicides have on grass-seed yield. 

The influence of hìerbicides on the forage yield, crude 

protein, and nitrate nitrogen content of forae-crop species 
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grown in the Pacific Northwest has not been reported. The 

influence of herbicides on forage quality could be quite 

important Darticularly if nitrato nitrogen content were 

increased. This information 13 needed because recent de- 

clines in the price of forage-crop seed has frequently 

caused fields treated with herbicides to bo cut for forage. 

The use of the same herbicides to remove undesirable weeds 

in hay and erxsila',e crops has increased. 

The three herbicides most frequently used in the 

production of forage grasses and legumes aro 2,L.-D, CIPC, 

and monuron. This study has been undertaken to determine 

the effects which these three ierbicides have on tne f ora 

yield, crude protein and nitrate nitrogen content of four 

common forage species. The species chosen were tall fescue, 

Festuca arundinacea; orchard grass, Dactylis glonerata; 

Ladino clover, Trifolium repens var. Latum; and birdsfoot 

trefoil, Lotus corniculatus. Field trials wore conducted 

on these four species to determine whether the herbicides 

chanced yield or nitrogen content of the forage. Tall 

fescue treated with cIFc and rnonuron was given more detailed 

study under greenhouse conditions. 
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REVIEW OF LITEkATURE 

The toxicity of high nitrate nitrogen levels in forage 

was first demonstrated by Bradley (6, p. 12-16), The possi- 

bility that herbicides might influence the levels of nitrate 

nitrogen in plants Is apparent from work by Stahler and 

Whitehead (L.2, p. 165) In which 2,L-D-sprayed sugar beets 

developed toxic levels of nitratos, 

Any chance in the metabolism of nutrient elements by 

plants treated with herbicides might ir.fluence the quality 

of forages. Increase in the protein content of cereals 

treated with 2,Li.-D has been shown by both Erickson et al. 

(17, p. 659-666) and Aitken et al. (1, p. 317-321). Other 

nutrients may be affected by herbicide treatments. Fang 

and Butts (18, p. 365) arid iebstock et al, (37, p, i9O) 

found 2,L1.-D treatment decreased the phosphorous content of 

bean leaves. 

The only information available on the influence monurori 

has on plant nutrients Is an indication by Renney (38, p. 14) 

that tho nitrogen content of cereals Is increased. Use of 

the newer herbicides CIPC and monuron on forage crops makes 

their influence on nutritive quality and nitrate nitrogen 

important. 



Nitrate Nitrogen 

Bradley (6 p. 12-16) reports extensive studies on the 

effect of potassium nitrate content of plants as it relates 

to livestock poisoning. There have been numerous reports 

on hay poisoning of livestock from various parts of the 

country. This has been predominently reported from oat and 

pigweed, Amaranthus hay. The reason for the poisonous 

properties of sorne hay samples had not previously been 

determined. The poisoning was demonstrated to be the result 

of ì:otassium nitrate concentrations which often reached as 

high as 8 per cent in oats. Studies on nitrate tolerance of 

cattle found 1.5 per cent was about the maximum concentra- 

tion in forage before poisoning resulted. Numerous plants 

were studied. Weeds, particularly various thistles and 

pigweed, often contain toxic concentrations. 

Sund, Wright and Simon (Lj4, p. 287-289) found a link 

between the nitrate nitrogen content of weeds in Wisconsin 

pastures and cattle abortion. Aborted fetuses from animals 

in pastures with high nitrate-content weeds contained the 

same symptoms as those from induced abortion by forced 

feeding of nitrates. 

The effect of 2,Li.-D on the nitrate nitrogen content of' 

plants has been reported by Berg and McElroy (5, p. 35I 

355). Nitrate nitrogen content was not increased in oats, 



mustard, lambsquarter and dandelion after 2,L.-D application, 

but 2,L.-D did cause an increase in nitrate nitrogen content 

of Russian thistle and pigweed. Swanson and Shaw (L5, p. 

149) found Sudan grass treated with 2,L-D increased in 

nitrate nitrogen content within 214. hours, and then rapidly 

dropped back to normal. The content of hydrocyanic acid 

was initially depressed but after four days rose rapidly 

above normal, Stahier .rid Whitohed (142, p. 16S) found 

sugar-beet tops froni plants sprayed with 2,14.D developed 

nitrate ziitroen content levels ranging between 2.8 - 8.77 

per cent. A concentration of l. per cent was considered 

to be toxic to cattle. 

2,L.-D 

The introduction of 2,14-D and other similar organic 

plant-growth regulators initiated intensive research by 

many investigators to determine the usefulness of organic 

compounds for control of weeds and as regulators of plant 

growth. Norman (3e, P. lll-ilL) traces the history of the 

development of 2,L-D and similar growth-regulator type 

compounds. Speculation is made on their possible uses in 

agriculture, The uses su,gested were chemical control of 

weeds selectively in crops and manipulation of the chemical 

composition and growti characteristics of crop plants, 

The present uses of growth-regulating type compounds are 

summarized by liseuh and Low (2S, p. 283). The uses of 2,14-D 



and related compounds include setting of fruit, rooting 

stimulants, maintaining dormancy and for control of weeds. 

Although 2,Lj.-D is normally used as a foliage spray to 

control weeds in cereal, it was suìown to be toxic to germin- 

ating seed. Low concentrations increased the germination 

rate of barley and rice. High concentrations retarded ger- 

mination. This retarding effect was similar to anaerobic 

conditions, Rice normally germinates under anaerobic 

conditions and was found not to be inhibited until high 

concentrations had been reached, The toxicity of 2,L-D 

to seedlings may be due to an inhibiting action on 

respiration. 

The persistence of phytotoxic concentrations of 2,L-D 

in the soi]. was traced by DeRose (11, p. 83-S88). Even 

high rates of 2,L.-D disappeared from the soil within ninety 

days. Neuman (32, p. 220-221) reported 2,L1.-D reduced 

nitrification of soil but evolution of carbon dioxide was 

not affected. In culture media, fungi were killed at rates 

above O0 parts per million. At lower rates certain fungi 

were inhibited. 

Numerous workers have reported tue effect of 2,L-D-type 

compounds on plant metabolism, Rhodes, Templeman and 

Thurston (39, p. 190-19h.) showed MCPA, a 2,1..-D-type compound, 

decreased the otassiurn content of plants and slightly 

reduced the content of phosphorus and nitrogen. Calcium and 
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magnesium levels were not changed. In another study Rhodes 

(L.o, p. lO-l3) siiowed tornato plants treated with i4CPA 

contained less carbohydrates, protein and phosphorus. A 

higher-than-normal percentae of the carbohydrates left 

were u8od in protein synthesis compared to untreated plants. 

Wolf et al. (50, p. 195-196) found soybeans grown under 

hih levels of nitrogen fertility were more easily killed 
than soybeans grown under low lee1s of nitrogen fertility. 

Plants treated with 2,L4-D regardless of the fertility level, 

were higher in potassium and lower in calcium. Treatment 

with 2,L-D was found by Rebstock, hammer and Sell (37, p. 

1490) to decrease the phosphorus content of bean leaves while 

phosphorus content was ¿reatly increased 

in the sterns. Fang and Butts (18, p. 365-366) studied the 

effect of 2,Li.-D on radioactive phosphorus in beans. The 

2,L-D inhibited novement of radioactive phosphorus into the 

leaves of treated bean plants. Lack of phosphorus might 

explain the action of 2,t-D, since phosphorus is an essen- 

tial component used in photosynthesis. 

The effect of 2,L-D on the protein content of cereals 

was studied by Erickson, Seely and Kiages (17, p. 659-666). 

2,L.-D increased the protein content of seven wheat varieties 

regardless of growth stage, growing conditions, effect on 

yield or forriulation. The protein content was increased in 

direct relation to concentration applied. Aitken, 1eridith 

and Olson (1, p. 317-321) found 2,L1.-D used on different 
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varieties of wheat frequently gave increased protein content 

compared to the check. There were no differences in test 

weight per bushel. 

The influence of 2,L.-D on the uptake of mineral nutri- 

ente from the soil was studied by Cooke (10, p. 26). 2,L.-D 

initially increased the uptake of mineral nutrients from 

the soil but the uptake was later depressed. This was 

particularly true of potassium and calcium. This might be 

related to the initial increase and later suppression of 

metabolism normally found in plants treated with 2,L1-D. 

Piper and Freed (36, p. 92) studied the effect of 2,11-D on 

the uptake of nitrate nitrogen from nutrient cultures by 

beans and suiiílowers. The uptake of nitrate nitrogen was 

reduced with either plant following treatment. 

Carbamate Herbicides 

Tne phytotoxic properties of carbamate-type materials 

was first reported by Templeraan and Sexton (11.6, p. 630). 

Tests were made with a large number of compounds which 

affect cell growth. Among them were various phenyl and thio 

carbamates which caused death to cereals at all growth 

stages without injury to mangels, su.;arbeets, flax and rape. 

The history of carbamate-type materials was traced in 

detail by Freed (20, p. 285). Their toxicity to grass had 

been reported as early as 1929. The relationship between 



structure and activity of various carbamate-type materials 

is also discussed. There is a definite relationship 

suggested between chemical structure and activity on plant 

growth. Ennis (13, p. L8S) studied the effect of IPC on 

oats, both sprayed and dipped in a solution containing this 

material. The same material was also applied to the soil. 

This chemical was fou.nd to be non-toxic through the foliage, 

but soil applications caused the oats to die. The saine 

author (1L, p. L73-L.88) studied tue effect of IPC on a large 

variety of plants of both monocot and dicot types. All 

thirteen monocots treated with IPC during germination had 

root and shoot cevelopment inhibited. The roots and shoots 

were swollen and the shoots turned dark green in color. Of 

the tiiirty-nine dicot species treated, only fifteen were 

influenced by the treatment and six of these recovered. Nino 

of the injured dicots had shoot growth permanently irthib- 

ited. The IPC caused many cytological abnormalties. 

Cereals were affected by fo1ia'e applications only when 

meristematic tissue was in close proximity to the area 

treated as in the boot stage. The Dossibility of using ÏPC 

for irth1bitin floral development of pasture species, 

cytological studies of cereals and for inducing polyploidy 

was mentioned. Ennis (ls, p. 15-18) also studied the 

cytological effects of IPC on oats and onions. Details on 

the chromosornal abnormalties induced by this compound were 



reported. These abnormalities Lc1uded anaphase bridges, 

blocked metaphase, nuclear fragments and giant versiculate 

nuclei. Ennls (16, p. 823) also studied the effect of 

other carbamates particidarly CIPC from a cytological 

standpoint and found the same res1ts previously reported 

for IPC. 

Allard et al. (2, p. S8992) showed IPC to be toxic to 

oats, wheat, corn, barley, and rice when applied before 

germination. Application at this time was rore effective 

than on older plants. Beans, sunflowers, radish, turnip and 

sugarbeets were not affected. Phytotoxicity when applied to 

the foliae of these plants could not be detected. Possible 

uses suosted for this iaterìal are selective removal of 

weedy grasses from various crops. 

Differences in the toxicity of IPC to various grasses 

was shown by 4itciie1l and Narth (31, p, l-16). Their 

results indicated quackgrass seedlings were very sensitive 

to IPC but differences were noted in sensitivity between 

bluegrass and crabgrass. Bluegrass was much more sensitive 

than crabgress. Spinach, radish, and sugarbeets were also 

found to be tolerant. 1PC was quickly inactivated by moist 

greenhouse soils. Freed (21, p. Lj8-I1) also showed differ- 

ences between the sensitivity of grass species. Grass 

species of festucoideae were found to be sensitive and those 

of parilcoideae relatively non-sensitive to 1PC. The 
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material was most active when used on young seedlin.s during 

cool weather with adequate moisture. The application should 

be made in oil and followed by cultivation for the control 

of perennial grasses. 

Lackman (28, p. SL4-14.2) reported IPC selective for 

removing ryegrass from spinach, beans, beets, and onions 

as a pre-emergence application. Most dicotlydenous species 

were not controlled at dosages which control grasses. 

Whitman ()4.9, p. L5.6) reported C'PC as a longer resid- 

nal, more herbicidly-active derivative of IPC. Shaw and 

Swanson (14, p. L3-56) report study of a large number of 

carbaates including IPC and CIPC. Many types of carbarnate8 

were found higlily phytotoxic and correlation was made 

between their chemical structure and herbicidal activity. 

Data were furnished to indicate that volatility may be a 

major factor determining whether or not a carbamato shows 

phytotoxicity under field conditions. The mode of action 

for carbamates was suggested to be the result of chromosome 

aberations which affect the genes causing chlorophyll syn 

thesis in plants. 

Newman and DeRigo (3L, p. 169-172) tested IPC and CIPC 

on fall- and spring-sown cereals. Maximum injury was not 

always associated with the youngest plant-growth stages, but 

in many cases appeared to be associated with conditions most 

favorable for the soil retention of these compounds. 
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Pellotted forms performed better than sprayed material which 

Indicated volatility may be a major factor in the loss of 

these materials from the soil. These same authors (33, p. 

3,3-396) found IPC is broken down in soil at about the same 

rate over a wide range of soil temperatures and moisture 

contents due to bacterial action. Only saturated soils 

retarded breakdown. Autoclaved soils held lethal dosages 

during the entire nine weeks of the experiments conducted. 

All rates under various soil temperatures and moisture 

conditions broke down within three weeks when soils were 

not autoclaved. The IPC inhibited nitrification of soils 

treated at ratos above eight milligrams per loo grams of 

soil. At rates above SOO parts per million, fungi were 

killed in culture media, At lower rates certain fungi were 

affected adversely. 

Bayer (Li., p. 23-Li.7) found IPC and C1PC applied in the 

fall on tall fescue killed annual grasses without permanent 

injury to this forage-grass species. Seed yield was 

considerably increased in expriments where IPC and CIPC 

were applied before November. Application during the winter 

and early spring caused complete inhibition of seed-head 

production. Foliage was produced in abundance where seed- 

head primordia was inhibited. 

Goetze (22, p. 19-20) found both IPC and CIPC applied 

during the fall on bentgrass caused a marked increase in 
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seed yield the following suiTnner. Applicationa during the 

late winter and spring caused severe injury to the bentgrass 

and inhibited seed production. increased seed yield did not 

appear to be associated with control of weeds. 

Monuron (CMU) 

The first activity of CNIJ as a herbicide was reported 

in l9l by Bucha and Todd (7, p. L.93-L1914.). Activity in 

greenhouse tests on various annual and perennial grasses and 

tomatoes was reported. The material appeared to be active 

through the soil. A method is given for synthesis and the 

chemical properties of this new compound are described. 

Christoph and Fisk (8, p. l-l1.) found CiiU affected all types 

of both monocot and dicot plants when applied to the foliage, 

80i1, or in water culture. The action of this material 

disrupted meristematic tissue. Sub-lethal doses on barley 

caused dark green color and nduced excessive tillering. 

Loustalot, Musik, and Cruzado (29, p. S2) showed C'1U 

remained toxic in soils for a long period of time at low 

temperatures. Break down of the material was in direct 

relation with temperatures and moisture. The material 

remained active a long time at low moistures, but was broken 

down at low dosages rather rapidly under high temperatures 

and moist 8011 conditions. The residual life of tnis 

material was much longer in low-organic and low clay-content 
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soils. Leaching did not occur below the fIrst Inch of the 

soil surface. Hill et al. (2L., p. 93-103) showed C;JiU at 

two pounds per acre disappeared from soil in three to four 

months and four pounds was lost in twelve to sixteen months 

under humid conditions. The method of loss was shown to be 

primarily due to biological degradation. Other minor 

methods of loss occurred by leaching, volatility, and 

chemical decomposition. 

haun and Peterson (23, p. 177-182) showed radioactive 

ci;U was rapidly taken up from nutrient-culture solutions. 

It was distributed throughout the plant within two hours. 

Work on several plants demonstrated it was taken up b 

foliar applications but was moved upward ad not downward 
from the point of application. Fang and Freed (19, p. 78 

79) found radioactive CMU rapidly absorbed and translocated 

throughout the leaves of bean plants. It was taken up most 

rapidly by older plants. The material was not moved down- 

ward in the stems of bean plants. 

r4inshall (30, p. 29-33) found injury symptoms and death 

of beans treated with CMU was faster and more severe in 

high-light Intensities compared to low-light intensities. 

Wilting occurred rapidly under high-light intensities and 

was associated with xylem plugging. 

Cook (9, p. 397-398) found CMU inhibited photosynthesis 

by inhibiting the light end of the reaction. Janus Green B 
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was not reduced to diethyl safranine which indicates CU 

inhibited the Hill reaction. Thic might be the mode of 

action by which this compound kills plants. Piper and 

Freed (36, p. 92) deonstrated beans and sLmflowers treated 

with CMU had a reduced uptake of nitrate nitrogen from 

nutrient culture. Bayer (!4., p. 35) found CMU applied in the 

fall controlled annual weeds selectively in tall fescue. 

Goetze (22, p. 20-26) selectively removed Velvet grass 

from bentgrass with CMU. Both species are perennial 

crasses. Fall applications increased the seed yield of 

bentgrass, Yield was lowered with lato winter and sprinß 

treatments. 

Renney (38, p. 14) reports an increase in per cent of 

protein of peas, barley, and wheat after treatment with low 

rates of CIT. Renney (38, p. 23-56) also reports on the 

response of peppermint, potatoes, peas, and small grains to 

various concentrations of CTU. A large number of weed 

species were reported more $ensitive than these crops. 
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MATE1UALS AND METHODS 

Establishment and Maintenance 

Both the grass and legume field trials were estab- 

lished on the Farm Crops department east experimental farm 

near Corvallis, The soil type of the area selected was a 

light phase of Chehalis sandy-clay loam. 

Granger variety of birdafoot trefoil, Lotus 

corniculatus, and commercial Ladino clover, Trifolium 

repens var. Latum, were fall seeded during the first week 

of September 192. The area was clipped throughout the 

summer of l93 to control weeds. Hay was harvested twice 

in the summer of l95L.. The area was relatively weed-free 

at this time, except for a moderate stand of common rye- 

grass, Tolium multiflorum, found uniformly throughout both 

legume crops. No fertility practices were used at any time 

on the trial areas. The plots were irrigated after the 

first harvest each year. 

Commercial orchard grass, Dactylis glomerata, and the 

variety Alta tall fescue, Festuca arundinacea, were planted 

with a drill the first week of September, 193. An 

excellent uniform stand was obtained with the help of 

irrigation. Forty pounds of nitrogen in the form of 

ammonium sulphate were applied in Nay 195L. No added fer- 

tility was used throughout the trial after this initial 

application. 
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The treatments in both the rass and legume trials were 

replicated three times. Table i gives the treatments used 

in the field trials. 

TABLE ].. Treatments used on the Grass and 
Legume Species0 

Legume s 

Main Plots 

Pounds 
Chemical Per Acre 

Gra s s es 

in Plots 

Pounds 
Chemical Per Acre 

2,!-.D 1/8 2,L.-D l/L. 

2,1i-D 1/14. 2,!4-D 3/ 
2,L1-D i 2,Lp..D 1- 
CIPC 2 CIPC 2 
CIPC !t. ciPc L. 

CIPC 6 CIPC 6 
i4onuron 1/14. Monuron l/Lj. 

Monuron i Monuron i 
Monuron ¿4. Monuron L. 

Check o Check O 

Sub Plots 

Date of Application 

December 28, i95I. 
March 9, l95 

October 20, 195g 
April 2, 1956 

Sub Plots 

Date of Application 

Spray Applications 

April 26, i951. 
October 33, i95t. 
March 9, 1955 

October 20, 1955 
March 28, 1956 

The cheiaicais were applied with the standard, expon- 

mental-plot sprayer used by the Farm Crops Department at 

Oregon State College (Figure 1). This consists of a 
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Figure 1: Field-plot sprayer used for 
herbicide applications. 
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bicycle-mounted stainless steel spray tank connected to 

ten-gallon, stainless-steel oxygen bottles which act as 

storage tanks for compressed air. A pressure regulator 

maintains a constant pressure in the spray tank. The 

sprayer has a boom with Tee-jet nozzles. Even distribution 

is obtained with a speedometer which makes a constant speed 

possible. 

The chemicals were applied in water at the rate of 

eighty gallons total volume per acre. The plots were 

sprayed with a double coverae to increase accuracy. Forty 

gallons per acre were applied in each of the two trips 

across a plot. The sIze of plots sprayed was six feet by 

Method of Harvest 

Harvest was accomplished with a custom-built field 

chopper with a thirty-inch cutter bar (Figure 2). A reel 

feeds the material which has been cut off about two Inches 

above the ground up a draper and through two rollers into 

a chopper which chops the material into two or three inch 

lengths. The chopped material drops into a pan where it is 

collected. The original plots were trimmed back three feet 

on either end to eliminate border effect. The plot size 

harvested was a strip thirty Inches wide by eleven feet 

long. The green material was weighed in the field immedi- 

ately after harvest to determine green weight. Sub-samples 
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Figure 2: Forage chopper used 
to harveat experimental plots 
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of approximately one pound were dried in a forage drier to 

determine moisture loss. Dry weight was then computed for 

each plot. 

The legume plots were harvested for hay twice each year 

in the summers of l9 and 19S6. The 1956 harvest included 

all plots treated the year before. These were harvested to 

obtain information on the residual effects of the treat-. 

ments. The dates of harvest in 1955 were July 5 and 

September 1. Harvest dates in 1956 were June 12 and 

Auust 2L.. During the summer of l9!5, sub-samples of pure 

legume for chemical analysis were collected next to the 

harvested area, Hand harvesting was done to obtain only 

pure samples of each legume. This was done to determine 

whether the cnern.ical had any effect on the nitrogen content 

of the legumes. This was necessary because ryegrass 

infested the plots. The CIPC and monuron treatments killed 

the ryegrass so samples of the entire harvested forage 

would be different between some treatments and the check. 

The ryegrass was so dense in l96 it was not feasible to 

separate pure legume samples for chemical analysis. 

The ,rasses treated in April were not harvested during 

the summer of l9Si. due to a heavy infestation of dog fennel, 

Anthemus cotula, and vetch, Vicia villosa. The area was 

kept clipped for weed control throughout the sunner. The 

grass plots were hand rogued of all weeds each of the 
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following springs to maintain an absolutely weed-free 

harvest. Sub-samples were taken from the harvested grass 

fora"e for chemical analysis. The dates of harvest were 

Juiie 10, 195S; September 3, l9; and June 12, 1956, 

All plots were harvested each year on the same basis as the 

legumes. A single irrigation immediately after harvest was 

used to obtain the second cutting in 19%. In spite of two 

irrigations after cutting in 1956, there was still not 

enoug1a aftermath to permit a second harvest. 

Chemical Analysis 

Grass and legume sub-samples were dried and ground in 

a Wiley mill for nitrogen determinations. The Kjeìildahl 

method for total nitrogen determinations (3, p. 13) was 

used. This method was modified by following the normal 

digestion with distillation into saturated boric acid as 

described by Triebold (14., p. 157). Grass samples from 

treatments with CIPC, monuron and the untreated check wore 

analyzed for nitrate nitrogen. This analysis was made by 

the method described by Johnson (26, p. 1526-1529), 

Greenhouse Trial 

A greenhouse trial was established during the summer 

and fall of 1956 to determine the influence of the nitrogen 

fertility level on the nitrogen content of grass plants 

treated with CIPC and monuron. Tall fescue was used as a 
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greenhouse test plant. Clonai lines, 217, 227, 228, and 230, 

from the tall fescue forage breeding nursery were startod as 

single stems in plant bands during July 1956. These repre- 

sented types with considerable variation in morphological 

characteristics. Four lines were used to determine if there 
are differences in response between geneotypes. 

These propagules were transplanted from the plant bands 

into six-inch crockery pots the mid1e of August. Three 

propagules were placed in each pot. These were permitted to 

grow under normal watering and without special care until 
October 1, at which time they were all clipped back to 
ground height. 

On October 15, the various t reatments were made with a 

single Tee-jet nozzle, uniform-speed, greenhouse sprayer 
that delivers 180 .:allons of water per acre (Figure 3). 

Each clonai line was divided so that for each chemical 
treatment, half of the plants received sixty pounds of 
actual nitrogen in the form of ammoriurn sulfate and the 
other half received no nitrogen fertility. Ammonium sulfate 
was sprayed through the experimental sprayer. 

Table 2 gives a summary of the treatments and experi- 
mental arrangement used in the 'eenhouse trial. The treat- 
ments were completely randomized 



2h. 

FIgure 3: Greenhouse sprayer uaed to 
apply herbicides and fertilizer. 
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Table 2: Treatments used in the greenhouse trial. 

Herbicide Treatments Number of Treatments 

CIPC 2 pounds per acre 
ciPc n n te 

Monuron i " " 

Monuron L. 
fl tt 

Check O " 11 

S 

Clonai lines per treatment 

Cultures 217, 227, 228 and 230 L. 

Fertility levels 

300 pounds per acre of 
ammonium sulfate 

No added nitrogen 2 

Harvest intervals 

15 days after treatment 
30 n n 

6o n n u 
3 

Replications 3 

Total pots 360 
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The entire foliae portion of the plants were harvested. 

The plants were removed from the soil and washed clean after 

which the foliage parts were separated from the roots with a 

pair of scissors. The harvested material was placed in 

manila envelopes and dried in a forced-air, laboratory oven 

at forty degrees centigrade. The dry-harvested material 

was ground on a small Wiley mill and the nitrogen content 

determined by the modified Kjehldahl method. 

Statistical Proceedure 

The data from the field trials were all analyzed as a 

split-plot design on the basis given by Lnmier (27, p. 39- 

L.0). The two harvests for each year were both included in 

the same analysis. 

Where significant differences were indicated by the 

F values for chemical treatments and seasons of application, 

the multiple range test of Duncan (12, p. l8-Ll) was used 

to separate the differences into groups. Each group 

significantly different from other treatments was given a 

code letter. 

This method ìerm.its the data on yield and protein 

content means to be arranged from highest to lowest, Those 

means significantly higher than others are grouped. This is 

of value where several means are in a group and considerably 

different from other means. This might be illustrated by an 
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example where mean yield of a group of plots designated (A) 

were Lj.50, 142, and 375 grams. These were found to be 

significantly higher than a medium-yield group (B) with 

32S, 3l, and 300. Both of these groups aro significantly 

higher than group (C) with yields of 100, 75, and 50 grams. 

The groups may sometimes overlap. This may be illustrated 

by the 375 gram yield in group (A). This yield might be 

significantly lower than the L25u.gram yield in (A) but 

significantly higher than the 32-gram yield In (B). In 

this case rather than make a new group, this would be 

indicated with the symbol (AB). The group with the highest 

dry-matter yield or protein content has always been 

designated by the letter "Aa. Groups significantly lower 

are given the code letter "B", "C'I, etc. Where a treatment 

is significantly different from part of the treatments in 

each of two groups, but not the others in the groups, it 

will be given the code letters of each group, i.e. "AB". 

The least significant differonce was calculated to 

compare differences in chemical treatments with the chock 

within seasons of treatment where significance was indicated 

by the F value for the interaction between treatment and 

season, These LSD values are given in the appendix tables 

for treatment means at each date of chemical application. 



A standard analysis of variance was used on the green- 
house data. All lower order interactions were broken out 
on the basis of single degrees of freedom. The least sig- 
nificant difference was calculated, 
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EXPERIMENTAL RESULTS 

The data from the various trials in this study are 

presented under the headings: grasses, legumes and green- 

house studies. Summary tables for crude protein per cent 

and dry-matter yield in grams as a result of herbicide 

treatments and seasons of application are given for both the 

grass and legume species. The letters given with the means 

in the summary tables for crude protein and yield are the 

coded results from analysis of the means by Duncan's 

Multiple Range Test. Complete tables of crude protein, dry- 

matter yield and nitrate nitrogen means for herbicide 

at 

Appendix. 

Gras ses 

The mean crude protein per cents for the herbicide 

treatments at each season of aplication are silown in 

Appendix Tables I and II. A summary of the combined means 

for crude protein per cent as a result of herbicide treat- 

ments are presented in Table 3. The combined means for 

season of application are found in Table t1... These data on 

crude protein per cent from the analysis of variance are 

shown in Tables and 6. 



Table 3: Summary of herbicide treatment means in whicii seasons of application are 
combined for dry-matter yield in grams and crude protein per cent of tall 
fescue and orchardgrass in 1955 and 1956 with code lett-'rs for significant 
differences between groups at the five per cent level. 

1955 Harvest 1956 Harvest 
Tall Fescue Orchardgrass Tall Fescue Orchardgrass 

Treatment Dry matter Protein Dry matter Protein Dry matter 1rote5n Dry matter Protein 

2,L-D 4# 3L.7.6 5.2k 2OL.O 6.2L. L91.3 313.7 5.89 
B C A A AB A B 

2,L-D 3/L4 353.3 5.62 191.1 6.38 518.6 1#.55 265.7 5.8]. 
AB BC A B A AB A B 

2,L-D 1# 96.0 5.08 227.2 6.77 L3.66.1 L..61 38L.6 5.67 
AB C A B A AB A B 

CiPC 2# 290.3 5.88 6.26 L4.3.Lj. L..6o 296.9 5.71 
CD BC A B A AB A B 

C'PC 14# 21i8.7 6.30 238.9 7.00 536.7 L.37 316.7 5.69 
D AB A B A B A B 

C.LPC 6# 153.2 6.59 179.2 7.2L. 506.5 35.7 5.83 
D A A B A A A B 

Monuron -# 378.2 5.08 229.6 6.33 600.2 Ì.31 3314..8 5.14.8 

AB C A B A B A B 

Monuron 1 ¿4i.3.6 5.19 2L7.9 6.95 1491.7 14,62 301.1 6,06 
A C A B A AB A B 

Monuron 1411 379.3 6.214. 2lL.2 9.81 L2.5 6.30 290.0 7.69 
AB AB A A A A A A 

Check O# 378.9 5.52 189.0 6.76 571.2 L.L9 3114,3 5,82 
AB C A B A AB A B 



Table L: Summary of season of application means in which herbicide treatuents are 
combined for dry matter yield in grams and crude protein per cent of tall 
foscue and orchardgrass in l95 and 1956 with code letters for significant 
differences between groups at the five per cent level. 

1 9 5 5 Harvest 1 9 5 6 Harvest 

Tall Fescue Orchardgrass Tall Fescue Orchardgrass 
Season Dry Hatter Protein Dry Matter Protein Dry Matter Protein Dry Matter Protein 

Spring 195t. L28.1 L.28 2L.O.8 6.73 525.7 L..5O 328.1 5.63 
A B A B AB AB B B 

Fall 195)4 31)4,5 5.55 216.8 6.87 509.9 )4.)43 316.7 5.88 
B B B B B B B A 

Spring 1955 277.1 6.18 13.1 7.32 565.3 )4..36 3)48.5 5.L1.5 
B A B A A B A A 

Fall 1955 )499.o )4.59 3)42.8 5.86 
B A AB A 

Spring 1956 )425.l 5.73 250.6 7.01 
B A B A 

'Ji 
t-a 



Table : Mean squares for dry matter in grams and crude protein per cent of tall 
fescue and orchardgrass in l9.5. 

l95 Harvest 
Tall Fescue Orchardgrass 

Sources of Variation D.F. Dry matter Protein Dry Matter Protein 

Total 

C t x 

Reps. 

Cuttings x Reps. 

Treatments 

Treatments x Cuttings 

Error (a) 

Season 

Season x Treatment 

Season x Cuttinß 

Season x Treatment x Cuttings 

Error (b) 

* Significant at the 5% level 
** Significant at the l level 

179 -- -- -- -- 
i ll,635,2L3** 73.Ol** L,26t.,569** l58.2L** 

2 1L,O38** l.SIi, L7,6l2* 2.12 

2 58,068 .58 2O,56 2.39 

9 io8,o51** .5.50** 9,286 20.06** 

9 82,].1i5** l.8L. 8,580 1.65 

36 22,921j. 1.09 11,185 2.lL. 

2 371,036.* 12.91** 5O,L7Ok-k 

18 66,986* 2.55** 13,219** 

2 365,501** 9.60* 61,91L** 6.63** 

16 52,305-:i* l.1O** 16,125-.* 2.014.** 

8o L1.,692 .L3 3,256 .53 

r') 



Table 6: Mean squares for dry matter In Fram8 and crude protein per cent of tall 
fescue and orchardgrass in 196. 

i 9 5 6 u r y e et 

Tall Feecue Qrdras 
Sources of Variation D.F. Dry matter Protein Dry matter Protein 

Total lL9 -- -- -- -- 

Reps. 2 I2L,360** .13 l66,931** .10 

Treatments 9 L114.,385 L.87** 17,367 5.89** 

Error (a) 18 3L,730 .23 13,830 .L8 

Season I. 79,296** 9.77** L6,8** 1l.22** 

Season x Treatment 36 31,89L-» L.L.3** lL,252** 5.lo** 

Error (b) 80 9,950 .16 2,73L1. .23 

** Significant at the 1% level 



.1 

The crude protein content of tali fescue and orchard- 

crass was significantly different as a result of herbicide 

treatments arid seasons of herbicide application. 

Applications of monuron and the higher rates of CIPC 

resulted in an increased crude protein content of the two 

grasses both years. The spring treatments applied prior to 

the 195S harvest gave an increase in crudo protein of both 

grasses, In l96 both the fall and spring non-residual 

treatments gave an increase in crude rrotein per cent, 

There was an increase in the crude protein per cent of 

tall fescue in 195S from treatrients with one and four pounds 

of rnonuron an all four rates cf CIPC applied in the spring 

of 15. An increase also occurred where four and six-pound 

rates of CIFC were apnlied in the fall of l9t, 

In l96 the crude protein content of tall fescue was 

higher where one and four pounds of morturon or six pounds of 

CIPC had been applied in the spring of 19S6. 

Orchardgrass had a higher crude protein per cent in 

1955 as a result of treatments with one and four pounds of 

Tnonuron and four or six pounds of CIPC applied in the spring 

of 195S. Treatments with four pounds of monuron applied in 

the fall of l9L. were also higher in protein. 

The crude protein content of orchardgrass in 1956 was 

higher after treatment with four and six pounds of CIPC or 

orie- and four-pound rates of nonuron applied in the spring 



of 1956. There wae also an increaso in protein after treat- 

mont with four pounds of rrionuron in the fall of 1955. 

There were no significant differences in nitrate 

nitrogen content of either tall fescue or orchardgrass as 

e result of herbicide treatments, or season of herbicide 

application. The mean squares for parts per million nitrate 

nitrogen from the analysis of variance are given in Table 7. 

The mean nitrate nitrogen content for the herbicide treat- 

ments at each season of application are presented in 

Appendix Table V. 

The mean dry matter yields for the herbicide treatments 

at each season of application are presented in Appendix 

Tables 111 and 1V, A suirnary of the combined means for dry- 

matter yield as a restlt of herbicide treatments has been 

presented in Table 3. These indicate orcnardgrass yields 

were not changed significantly by the herbicide treatments. 

The yields of tall fescue were significantly different in 

the 1955 harvest, The yield was lower for CIPC treatments 

at all rates. 

The yields of both tall fescue and orchardgrass were 

influenced by the time of application in both years. TIe 

combined means for dry-matter yield at the various seasons 

of application have been shown in Table Li.. Yield was lower 

when herbicides were applied either in the spring or fall 

preceding harvest, Residual treatments applied a year or 

more before harvest were nigher in yield. 



Table 7: Mean squares for nitrate nitrogen content of tall fescue and orchardgrass 
in l95 and l96. 

1955 harvest 196 Harvest 

Sources of Variation D.F. Tall fescue Orcnardgrass D.F. Tall fescue Orchardgrass 

Total 125 - - - - 12Ì - - - - 

Cuttings i 23L,32** Ll2,229-* - - - - - - 

Cuttings x Reps. 2 2,688 19,829** - - - - - - 

Reps. 2 8,572 l3,056* 2 I2 39 

Treatments 6 7,612 2,31L1. 6 899 780 

Tre&tments x cuttins 6 3,258 2,562 - - - - - - 

Error (a) 2L. 5,798 i,8ii 12 607 587 

Season 2 L1.,786 2,908 1 981 807 

Season x Treatments 12 L1.,099 1,931 6 785 675 

Season x Cuttings 2 1,t1.5O 620 - - - - - - 

Season x 'i'reatments x 
Cuttings 12 3,376 1,737 - - - - - - 

Error (b) 56 3,520 1,7311. iIi. 507 

** Significant at 12 level 

a' 
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The mean squares for dry matter yields in oraras from 

the analysis of variance were presented in Table 5. The in- 

teraction between herbicide treatments and seasons of 

application was highly significant. 

The mean dry-matter yields of tail fescue in 1955 were 

reduced by treatments with CIPC at all three rates and the 

four-pound rate of monuron applied in the spring of 1955. 

Yields fron treatments with four and six pounds of CIPC 

aplied in the fall of 195L were also lower. Residual 

treatments of monuron at 14. pounds, all three rates of CIPC, 

and the high rate of 2,14.-D applied a year prior to harvest 

resulted in higher yields. 

In 1956 tall fescue yields were decreased by treat- 

monta with CIPC or four pound8 of Lnonuron applied the same 

spring. There were no significant yield reductions from 

fall applications. The yields from residual treatments were 

again higher. 

Orchardgrasa yields in 1955 were lower for treatments 

with six pounds of GIPC or four pounds of monuron applied in 

the spring of 1955. Fall applications of C1PC and monuron 

resulted in a yield increase, 

The 1956 yields of orchardgrass were significantly 

reduced after treatment with either CIFC or monuron applied 

tne same spring, Fail applications did not reduce yield. 



Residua]. treatnients applied a ye&r prior to harvest were 

higher in yield, 

Legumes 

The mean crude protein contents for herbicide 

treatments at each season of application are found in 

Appendix Tables VIII and IV. The combined means for crude 

protein content as a result of herbicide treatments are 

given in Table 8. Table 9 presents the combined means for 

crude protein per cent at different seasons of hrb1cide 
application. The mean squarcs for crude protein per cent 

from the analysis of variance are given in Tables 10 and 11. 

There were no siriificant differences in the crude protein 

content of Ladino clover in 195. in l96 protein content 

was hiher for treatments with the upper dosage rates of 

cIPc and monuron, 1onuron and CIPC treatments resulted in 

an increased protein content in 1956 from treatments applied 

in the fail of 1955 and the spring of 1956. 

Birdsfoot trefoil had a. higher crude protein content in 

1955 as a resLlt of treatments with C1FC. In 1956 the 

hiher rates of monuron and C1?C resulted in an increase in 

protein content of birdsfoot trefoil. 
There were significant differences in crude protein 

content of the two legumes between seasons of herbicide 

applications in 1956. The protein content of Ladino clover 

was higher after treatments with CÏPC and naonuron applied in 



Table 8: Summary of herbicide treatment means in wnich seasons of aplication are 
combined for dry-matter yield in grams and crude protein per cent of Ladino 
clover and birdsfoot trefoil in 1955 and 1956, with code letters for 
significant differences between groups at the 5 level. 

Treatment 

2,L-D l/8# 

2,L.-D 

2,L-D 1/, 

CIPC 2# 

cIPc L4 

cIPc 6* 

Monuron j 

l95 ffarv e st 

Ladino clover ßirdsfoot trefoil 
Dry matter Protein Dry matter Protein 

883.5 19.97 1395.7 l5.1.6 
A A A B 

667.6 20.99 106.O 15.35 
B A A B 

9)1.6 19.37 l3L4.8 15.75 
A A AB B 

683.8 19.69 11)6.2 16.2L. 
AB A C AB 

531.7 2O.L.0 1160.2 16.21i. 
B A C AB 

i69.8 20.3t 1076.5 17.68 
B A C A 

81.5.6 20.56 lL.12.t. 15.38 
A A A b 

Monuron 1# 8).8,o 23.03 1311.1 15.72 
A A BC B 

¿onuron Lid/ L1.61.2 21.07 102)4.5 15.03 
B A C B 

CrLeck 0// 869.)4 19.6)4 1)416.2 15.70 
A A A B 

1956 Harvest 
Ladino clover Birdsfoot trefoil 

Dry matter Protein Dry matter Protein 

llLa4..1 12.55 171)4.6 9.50 
A C A D 

9)40.6 12.2)4 1579.7 9.51 
A 1) Ab D 

10)48.2 12.Li.3 156)4.6 9.3)4 
A D B D 

599.6 1)4.78 151)4.5 11.39 
B AB C C 

5914.9 16.29 1276.8 12.28 
B A E AB 

)463.8 15.90 129)4.14. 12.53 
B AB DE AB 

991.0 13.)40 1531.0 io.)48 
A CD BC D 

938,7 13.)48 1)407.3 11.57 
A BCD D BC 

957.2 11.83 116)4.1 12.81 
A D A 
967.1 11.81 1619.)4 9.9)4 
A D AB 



Table 9: Summary of season of application means in which herbicide treatments are 
combined for dry-matter yield in grams and crude protein per cent of Ladino 
clover and birdsfoot trefoil in l9 and l96, with code letters for 
significant differences between groups at the 5% level. 

l9 Harvest 
Ladino clover Birdsfoot trefoil 

Treatrient date Dry matter Protein Dry matter Protein 

Fall l951. 727.0 20,27 1260.9 15,66 
A A A A 

Spring 1955 705.0 20.25 1290.0 16.05 
A A A A 

1956 Harvest 
Ladino clover i3irdsfoot trefoil 

Treatment date y matter Protein Dr matter Protein 

Fall 195L. 930.9 13.1L 1581.0 10,25 
A C B B 

Spring 1955 968.5 12.63 1616.8 10.09 
A C A B 

Fall 1955 796.0 1L,L5 1378.7 11,50 
B A B B 

Spring 1956 762,7 13.68 
B B 

1290.1 11.89 
B A 

o 



Table 10: Mean squares for dry-matter yield in grams and crude protein per cent of 
Ladino clover and birdafoot trefoil in 195, 

19 5 H a r ve st 

Ladino clover Birdsfoot trefoil 
Sources of Variation D.F. IDry matter Protein Dry matter Protein 

Total 119 -- -- -- -- 
Cuttings i 9,2!.,2Ii7** 19.3L. 28,86L,7113** t.23.23** 

heps, 2 82L. 7.85 10,311 2.98 

Cuttings x Reps. 2 68,882 12.79 L3,867 1.60 

Treatments 9 377,314.** 3.07 3L2,3L18* 6,67* 

Treatments x Cuttings 9 17,71O 2.78 lL18,673:-* 3.23 

Error (a) 36 714,629 6.146 145,1143 2.68 

Season i 114,062 .01 2,1492 14.72 

Season x Treatment 9 135,716** 2.29 83,392 2.16 

Season x Cutting 1 23,9142 1.76 9,630 l9.26* 
Season x Cutting x Treatment 9 314,0214 3.13 9,709 3.83 

Error (b) 140 18,807 2.142 70,076 2.37 

* Significant st the 5 level 
** Significant at the 1% level 

n-- 
I-J 



Table 11: Mean squares for dry-matter yield in grams and crude protein per cent of 
birdsfoot trefoil and Laáino clover in 19S6. 

1956 lIarve st 
Ladinoelover £3irdsfoot trefoil 

Sources of Variation D.F. Dry Natter Protein Dry iiaLter Protein 

otal 233 - - - - - - - - 

Cuttings i lO,25l,O8O* 6L2.29** ¿9,2,32O** l9.L$ 

Reps. 2 L28,9L.8 l73.38 8L,266-* 10.27 

Cuttings x heps. 2 139,300 17.1S 711,926** 1.66 

Treatments 9 1,231,355** 6.L2*- 731,663** L.3,0** 

Treatments x Cuttings 9 236,297 8.18 381,760** 

)rror (a) 36 156,337 13.L.8 S0,315 3.L0 

Season 3 605,583* 36.20** 1,L90,320* L1.8.5L1.** 

Season x Treatment 26 270,282** 18.38** L142,611** 1l.O** 

Season x Cutting 3 259,162.* 2.9 716,16** 16,65** 

Season x Cutting x Treatment 25 107,931** i..58 121,165* 2.71 

Error (b) 117 36,180 1k19 72,76L. 1.88 

* Significant at the 5 level. 
** Significant at tue 1% level. 
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the fall of 195S. Birdsfoot trefoil was higher in protein 

after the spring l96 treatment8 with CIPC and inonuron, 

Dry-matter yield of both Ladino clover and birdsfoot 

trefoil varied considerably as a rssult of herbicide treat- 

ment, Appendix Tables VI and VII present the means for 

herbicide treatments at each season of application. The 

combined means for dry matter yields in grams as a result 

of herbicide treatments were presented in Table 8. 

A summary of the combined means for dry-matter yield in 

grams as a result of season of herbicide treatment was suown 

in Table 9. The mean squares from tue analysis of variance 

for dry-matter yields in rams were presented in Tables 10 

and 11. 

Treatments with CIPC and monuron in both years were 

lower in yield for Ladino clover and birdsfoot trefoil. 

Season of application roslted in significant differences in 

yield only in 1956. The yields were loíer for treatments 

applied a year or more prior to the 1956 harvest. The 

higher rates of CIPC and monu.ron resulted in a yield reduc- 

tion, The spring treatments in 1956 reduced yield the most. 

Greenhouse Trials 

These data presented in Tables 12 and 13 represent the 

mean crude protein per cents of the three pots used for each 

herbicide treatment, nitrogen level, and harvest interval 

for the four clonai tall fescue lines, 



Table 12: The mean crude protein per cent of clonai lines of tall fescue treated with 
various rates of CIPC and monuron under two levels of nitrogen fertility in 
the greenhouse. 

Clonai 
Liiie 

217 

217 

227 

227 

228 

228 

230 

230 

Nitrogen 

6o# 

6o# 

0# 

6o# 

6o 

Check 

11.6L1. 

7.77 

l0.L9 

6,10 

io.86 

7,)2 

10.87 

6,86 

Hate of CIFC 

1L.l9 12.03 

7.)414. 7.62 

io.88 10.03 

6.81 6.93 

:L.L;1 12,12 

6.71 8,L.]. 

10.23 10.08 

6.7 7.08 

Hate of Moiìuron 
1# 14 

i6.Lo 17.78 

10.12 

12.13 1.20 

9.10 

13.52 

10.21 

i 3 . 

9 68 

L.S.D. (5) 

( i:) 

9.I.1 

17.23 

10.29 

12.76 

10.57 

.14 

.514 
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Table 13: The mean crude protein per cent of different 
harvest intervals of tall fescue, clonai lines 
treated with various rates of CIPC and monuron 
under two levels of nitrogen fertility in the 
greenhouse. 

Nitrogen Harvest Interval after Treatment 
Treatment Level 2 weeks L. weeks 8 weeks 

CIPC 2# 60* 1.25 12.38 10.14 

(..IPC 2# 0* 7.66 6.10 5.99 

CIPC 1jr 60* 13.30 10.66 9.21.i. 

0* 8.52 7.39 6.61 

Monuron 1# 60* l5.81.. 1L,68 11.11 

Monuron 1* 0// 10.51 9.66 9.15 

Monuron L# 6O 16.29 16.67 lL.28 

Monuron LI/ 0* 9.83 10.05 10.69 

Check 60# 12.L5 10.L6 9.98 

Check 0* 7.95 6,86 6.31 

L.3.D. (5) .35 

(1%) .I.7 
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The mean squares for crude protein content from the 

analysis of variance are found in Table lIi.. All lower order 

interactions between herbicide rates, nitrogen, harvest 

intervals, and clonai lines have been calculated. Table 12 

presents the mean crude protein per cents for the various 

clonai lines at the two levels of nitrogen nutrition treated 

with two rates of monuron or CIPC, Clonai lines 217 and 218 

were significantly higher in crude protein content at both 

levels of nitrogen nutrition where no herbicide treatments 

were used, Thase two lines were significantly higher In 

protein content when treated with the high rates of CIPC 

under added nitrogen fertility compared with the other two 

lines. The same thing was true for mouron with the excep- 

tion of line 228 at the one-pound rate of application, 

Without nitrogen fertilizer, the various clonai lines res- 

ponded to about the same extent when treated with either 

CiPC or monuron. 

The differences between herbicide treatments at various 

harvest iterva1s after treatment may be determined by the 

mean crude protein per cents given in Table 13. Without 

herbicide treatment, the crude protein content dropped be- 

tween each harvest interval, This was true whether or not 

nitrogen fertilizer had been used, The same pattern of 

decreased protein content with increased interval after 

harvest occurred with CIPC treatments at both rates. The 
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Table lL: Analysis of Variance on per cent crude protein 
for Greenhouse Trial on Clonai Lines of Tall 
Fescue, 

Source of Variation i),I. Mean Square 

Total 359 

Reps. 2 .75 

Nitrogen i l,894.20** 

Linea 3 80.6L1.** 

Nitrogen x Lines 3 26.57** 

Harvests 2 

CIPC Rate 2 ii,i8** 
Rate x Nitrogen 2 25.95** 
Rate x harvest 4 2.67 
Rate x Lines 6 4.88* 

x Nitrogen x Harvest 4 2.07 
Rate x Nitrogen x Lines 6 9.].3** 
Rate x Harvest x Lines 12 2.69 
Rate x Nitrogen x Harvest x Lines 12 2.53 

Monuron Rate 2 300.04** 
Rate x Nitrogen 2 
Rate x Harvost 4 4.10 
Rate x Lines 6 4,84* 
Rate x Nitrogen x Harvest 4 5.30* 
Rate x Nitrogen x Lines 6 
Rate x Harvest x Linos 12 
Rate x itrogen x harvest x Lines 12 3.33 

Error 238 1.93 

* Significant at the 5% level. 
** Significant at the 1 level. 
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protein content was greatly increased at both the one- and 

four-pound rates of monuron regardless of whether nitrogen 

fertility had been used. At the four-pound rate of monuron 

the crude protein content without nitrogsn fertility contin- 

ued to increase between the two- and eight-week intervals. 

The one-pound rate resulted in a normal decline. The four- 

pound rate of monuron with sixty pounds of nitrogen resulted 

In a significant increase in protein content between the 

two- and four-week intervals and then a drop. The crude 

protein content declined steadily with increased harvest 

interval at the one-pound rate under hin nitrogen fertility. 



DISCUSSION 

Chemical weed control is relatively new. This has 

resulted in the development of many selective chemical weed- 

control practices without adequate information on the 

effects which the chemicals mi.ht have on the quality of the 

treated crops. 

Work reported would indicate some herbicides might 

influence the protein, (1), (17), and (38); phosphorous, 

(15) and (37); and nitrate nitrogen (L.2) content of plants. 

The efficiency of the herbicides for control of weed 

species was not a consideration. it did, however, indirectly 

become a factor by influencing the results of the 8tudy 

particularly with the legume species. Some of the herbi- 

cides caused changes in the species composition of the 

treated legume plots due to the elimination of weeds. This 

emphasizes tue difficulty that might be encountered under 

field conditions in attempts to study only the influence of 

phytotoxic chemicals on economic plants. Controlled lebora- 

tory conditions would be more efficient for certain phases 

of such studies. It is difficult to duplicate under labora- 

tory conditions all of the diverse environmental conditions 

found in the field. Some field studies need to be conducted 

on individual plants, space planted. Cultivation and hand 

weeding CoLld be used to eliminate the confounding factors 

of weed competition. 
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Nitrogen Content 

The 2,L.-D treatments did not cause a change in the 

crude protein content of the four forage species at the time 

of hay harvest. Some work (1), (13), arid (L.2) suggests that 

2,L1-D changes both the crude protein and nitrate nitrogen 

content of certain plant species. Any temporary change 

which might be a factor in grazed forage wo1d not have been 

measured in this study. 

Both CIPC and monuron caused a marked increase in the 

crude protein content of grasses for an extended period 

after application. The greenhouse studies confirmed that 

this increase in crude protein content occurred very rapidly 

after treatment, particularly in the case of monuron. The 

field studios indicated tnie increase in protein content may 

be expected to last for nine months or longer. This response 

is similar to protein increase reported on cereals (38). 

Nitrate nitrogen content was not increased as a result 

of the increase in crude protein content alter treatment 

with these two herbicides. This was measured only at a 

single stage of plant growtn. The importance of nitrato 

nitrogen level in forages wo.ld make it appear highly desir- 

able for additional work to be undertaken. It should be 

determined if the lack of association between increased 

crude protein and increase in nitrate nitrogen content is 

constant from the time of application until the influence of 

of the herbicide i lost. 



51 

The greenhouse studies indicated that regardless of the 

amount of crude protein after application of nitroon ferti- 

lizer alone, the addition of monuron herbicide increased 

further the crude protein content of rassos. The very high 

level of crude protein content obtainod in greenhouse 

studies whore monuron was used at high nitroen fertility 

levels sho:ld be followed up with a measurement of nitrate 

nitrogen content. 

The field trials of CIPC and onuron on the legume 

species indicated these herbicides have very little 

nf1uence on the protein content of these two species. This 

conclusion must be drawn from the 1955 trials in which pure 

samples of legumes wore hand separated at the time of 

harvest, for each of the two cuttins. The crude protein 

content analyses showed very little influence due to the 

treatments. There was a significant increase in protein 

content of birdefoot trefoil due to CIPC treatments. 

The rather wide differences in protein content found in 

the 1956 harvest for both legume species does not 4ve a 

true picture of the influence of the herbicides on the 

legumes themselves. This was due to the heavy infestation of 

common ryegrass throughout the plot area of both of the 

legume species. Both CIPC and monuron were toxic to the 

ryegrass. The changes in protein content were therefore a 

measure of the composition change of the grass-legume 



mixture. The difference between rates was an indication of 

the relativo toxicity to ryegrass at differont dosaes. 

Monu.ron did not have a significait influence on tJio 

crude protein content of tno legumes. This as based on one 

year's data, and should serve only as an indication. There 

shold be further work undertaken on a pure leume 8tand. 

1eeds siould be eliminated as a confounding factor. This 

study did not include the effect of these compounds on 

nitrate nitrogen content. 

Dry-Matter Yield 

Although nutritional quality of the harvested forage is 

of major importance, the influence of these compounds on the 

total dry-matter yield cannot be overlooked. Some infor- 

mation is available (3) and (22) to indicate the relation- 

ship these materials have on the yield of seed frori treated 

forage. 

The results indicated that the dry-matter yield of both 

grass and legume species was not influenced by 2,L-D. There 

was a marked reduction in yield of all species as a result 

of treatment with both CLPC and monuron, The change in 

yield was affected by season of application and by dosage 

levels of both materials. 

The yield of tall fescue and orchardgrass was decreased 

wuth each increase n rate of both CIPC and monuron. The 

decrease in yield was largely after the spring treatments. 
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The variation in yield between dosage rates and times of 

application would indicate the importance of taking these 

two factors into consideration in any future studies on 
forage yield. 

The residual effect of these herbicides on yield 

indicated that yield reduction the same yec.x' of application 
resulted ifl considerable increase in yield at the harvest a 

year later, It would appear that any injury was outgrown 

and had a tendency to cause increased forage production the 
following season. Those saine treatments two years after 

appicatio retrned to normal forae production compared to 
the check. This points out the im:ortance of following 

treated foraes for more than oe season when studying the 

effect the ierbicides might have on fora.;e-crop production. 

The yield reductions caused by CIPC and monuron on 

legumes cannot be validly attributed to the effect of the 

herbicides ori the legumes, The trial did not per:iit an 

accurate assessment of the effect these herbicides have on 

the yield of pure le»umes due to the confounding factor of 

a high wood population, The entire plot area in both 
legumes was heavily inrested with common rye,rass. This 

infestation increased during the trial. The amount of 

ryograse was much iher in the 195(3 harvest compared to 

1955. The CIPC and monuron treatments which reduced yield 

also killed the ryegrass. Planting legumes in cultivated 
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rows could aid in future studies. A weed-free stand is 

needed to assess the influence of phytotoxc materials on 

both the yield and quality of economic plants. 

Because of the weed population, these trials would 

indicate CIPC and inonu.ron were both injurious to the dry- 

matter ylsid of the legumes used. Neither of tne le.ume 

crops showed visible injury from CIFC ïn l95. There was 

a retarded develornent of birdsfoot trefoil at the time of 

the l96 harvest. The c1aane in forae composition would 
have to be considered in the evaluation of the effect CIFC 

had on forage yield of these two 1eurnes. 

Monuron did not show evidence of toxicity to birdsfoot 

trefoil in but it retarded the development in the 

spring applications of l96. This material was found to be 

quite toxic to Ladino clover particularly at the four-pound 

rate. This rete totally killed the clover. 

Since rasses decrease in protein content with advanced 

maturity, differences in protein content due to herbicide 

treatment might be a reflection of retarded-maturity rate. 

This explanation would particularly hold vslid for CIPC. 

This chemical caused a large amount of die-back of the 

original foliae in both fall and sprinG treatments. There 

was only a 8mall amount of necrosis to the leaf-blade tips, 
following monuron treatment. After treatment with both 

materials, the original injury was followed by recovery and 



initiation of new 

the plots to have 

the normal winter 

slow growth in th 

dormancy cycle of 

The validity 

foliage growth. both treatments caused 

a darker green color of foliage throughout 

dormancy period, and during periods of 

3 summer. This mir,ht indicate the normal 

the grass plants had been upset. 

of tnis possible explanation might be 

tested by measuring the rate of growth at frequent intervals 

throughout the year on treated plants compared to untreated. 

A study of the respiration rate of the plants during normal 

dormancy periods could also be used to determine whether 

rate of metabolism had been changed, 

Spring treatments of UIPC and to a lesser extent 

monuron caused a reduction in floral development in the 

grasses. In the case of CIPC, floral production was corn- 

pletely eliminated. This left the grass entirely vegetative 

which would undoubtedly have a decided influence on the 

protein content, 

Another possible explanation would be a reduction in 

StLnd due to the toxicity of CIPC and monuron to the ass 

plants. CIPC caused noticeable stand reduction after 

treatment, particularly in the spring. Those plants which 

recovered appeared to produce considerably more tillers than 

tne non-treated plants, This retarded maturity and could 

have increased the amount of leaf area relative to stems. 

There did not appear to be any stand reduction as a result 

of treatment with monuron, 



The possibility that the reduction in stand might have 

affected tillering and maturity as a means of explaining 

protein chane would also tend to exr.lain the increase in 

yield over the check the year after yield reduction when the 

plots were left for residual study. The possibility of 

chemical pruning or thinning of the plants shoild be 

examined in relationship to sod binding. 

Two weaknesses of this study were that only the foliar 

parts of the plant were studied, and information on changes 

of plant numbers per plot was not obtained, It would be 

necessary to study the effect these materials have on root 

development and differential plant toxicity within a 

species in order to determine possible relationships with 

sod binding. This could best be accomplished on spaced 

plants in the field or under laboratory conditions. 

Plonuron.treated plants of both species turned dark 

green in color about a week after application and remained 

dark green in color compared to other vegetation throughout 

all periods of growth including the wInter. The seed-head 

production of both grasses after fall treatment with this 

material appeared to exceed that of non-treated plots. 

There was every evidence that monuron had a stimulatory 

effect similar to nitrogen fertilization. 

Both of these grasses were grown without the addition 

of nitrogen fertilizer after their initial establishment. 
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This prevented nitrogen from masking any effect the herbi- 
cides might have on the protein content of harvested forage. 
The grasses showed the effect of low-nitrogen fertility by 

producing low yield and a 1iht green color. Since monuron 

gave ari outward appearance similar to that normally observed 
from nitrogen fertilization, the nitrogen content of tnis 
compound is of interest. Since the highest rate used was 

only four pounds per acre, and the compound contains only 
a small per cent of nìtrogen by weight, the amount of 

actual nitrogen applied per acre would be negligible. The 

narked increase in crude protein content in the greenhouse 
studies in which 60 pounds per acre of actual nitrogen was 

applied as aimonium sulphate would further rule out the 
small amount of nitrogen in the chemical molecule as an 
important consideration. 

The eenhouse studies snowed very clearly the normal 
decrease in protein content found in forage as tne age of 
£oliae increases. The normal drop in protein with 
increased age did not occur on forage treated with monuron, 
This would appear to explain the increased protein content 
under field conditions even where there was not an apparent 
change in stage of maturity, amount of vegetative growth, or 
density of stand. The prolonged effect monuron has on the 
protein content of forage might be a reflection of changes 
in the biochemical processes normally associated with plant 
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maturation. Whether or not this might be one reason for the 

long..term increase in crude protein of ßrasses treated with 

monuron might be determined by a study of the lignification 

cycle for monuron-treated forage. The lignification cycle 

and associated indicators of plant maturation could be used 

to determine whether or not monuron disturbed the normal 

maturation cycle. TLAe rapidity with which the increase in 

crude protein content occurred in the reenhouse studies 

would indicate that a disturbed pattern of maturation 18 not 

tne only explanation, it would be necessary to assume that 

other biological processes have been upset by this herbicide. 

Suggestions for Further Study 

This study did not determine what effect monuron might 

have on the biochemical processes in the physiology of 

treated plants. The marked change in nitrogen content would 

suggest the need for a thorough study of the effect this 

material has on all of the biochemical processes of treated 

plants, This would be necessary to explain the reason for 

monurDn's effect on nitrogen metabolism, and to determine 

wflat otner changes in metabolism might flavo occurred, Work 

sLLoLld be done to determine whether changes occur on non- 

nitrogen compounds ich might be Important to the nutri- 

tional value of treated forage, Such studies might act as 

a tool by means of which plant physiological processes might 



be more clearly understood. 

The four Clonai lines of tall fe3cue u8ed in the green- 

house study varied wdely in phenotype. These clonai lines 

responded differently to nitrogen fertilization. All lines 

responded to added nitrogen; however, the magnitude of 

response was significantly different between lines with 

herbicide treatment and without herbicide treatment. Thore 

was also a marked difference in the way the lines responded 

to the herbicides. Thl would indicate the ability of 

certain genotypes to more efficientl,, utilize nitrogen 

fertilization or respond to herbicides. This sìloL'ld be 

invostiated in breeding programs for forage crops as a 

possible means of increasing the productivity and protein 
content of new forage varieties. 

Changes in 'rotein content of cereals as a result of 

treatment with monuron have been reported (38). The 

rapidity with which protein content is increased might be 

utilized to influence the protein content of feed grain such 

as corn, oats, and barley. The applications with ïnonuron 

reported on cereals (38) were pre-emorgence and caused injury 

to the cereals. This type of herbicide should be applied in 

future trials just prior to critical protein development of 

the grain. 



There are a number of related substituted urea herbi- 

cides such as diuron marketed. Diuron is used selectively 

on grass and legume crops because it is less toxic than 

monuron to perennial plants. Various urea derivatives 

should be studied to see if the same influence on protein 

content can be found in compounds with less toxicity to 

common crop species. 

This study did not show evidence that the increase in 

crude protein content of grasses treated with CIPC and 

nionuron was related to nitrate nitrogen content. The effect 

on nitrate nitroen content was measured only at the time 

of normal hay harvest. Future studies should include 

nitrate nitrogen determinations at intervals from treatment 

throur<h to harvest. 

The effect of these herbicides on other plant species 

which normally have a much higher nitrate nitrogen content 

should be studied. Sund (!.3) listed a number of pasture 

weeds which contain high nitrate nitrogen content under 

normal conditions. Those included oats, pigweed, and 

thistle. Future study should determine whether the toxicity 

hazard in these high nitrate nitrogen plants would be 

increased where pastures were treated with urea-type 

herbicides. 
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There would be considerable advantage in limiting 

future studies to one species at a time. The demand on time 

and money in this study of four species prevented detailed 

examination of more than a limited number of factors, Much 

more refined techniques should be explored on a single 

species. The relationship of soil moisture, temperature, 

and other factors which affect plant metabolism need to be 

studied in relation to quality chancs resulting from 

herbicide treatment, 
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SUMMAlY AND C3NCLUSIONS 

This study was established primarily to determine the 

effect common herbicides used in forae-crop production 

have on the protein content, dry-matter yield, and nitrate 

nitrogen content of four forage..crop species. The species 

used in the study were tall fescue, orchardgrass, Ladino 

clover, and birdsfoot trefoil. Another purpose of this work 

was to determine the influence wnich time of application and 

dosage rate had on protein content and dry-matter yield. 

Bayer (Li) and Goetze (22) showed that CIPC and monuron 

increased the seed ield of perennial grass-seed crops. 

Renney (37) demonstrated monuron increased the protein 

content of cereals. Evidence that 2,L-D, CIPC, and monuron 

may influence yield and protein content, coupled with 

recent work reported by Sund (L3) linking high nitrate 

nitro,en of forages to abortion of cattle, made it desir- 

able to study the influence of these herbicides on nitrate 

nitrogen content. 

Spring and fall applications at three rates each for 

2,L-D, CIPC, and monuron were applied to tall fescue, 

orchardgrass, bird8foot trefoil, and Ladino clover. bach 

of these crops were harvested for hay twice each season 

during two seasons. The plots treated the first year were 

harvested the s econd year without re-treatment to determine 

residual effect. Dry-matter yield and crude protein content 
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were determined for the harvests. The grasses treated with 

cIPc and monuron were also analyzed for nitrate nitrogen. 

The influence of nitrogen fertility on clonai linee of 

tall fescue treated with various rates of CIPC and monuron 

were 1etormlned under groenhouse conditions. 

The conclusions of this study are summarized below: 

1. 2,L-D did not appear to influence the yield or 

crude protein content of either the grass or le)urne species. 

2. C1PC, at the rates of two, four, and six pounds, 

and monuron at the rate of four pounds per acre, decreased 

the yield of both grasses snd legumes in spring treatments, 

and the yield of tall fescue and legumes in fall treatments. 

3. Both CIPC and monuron caused an increase in the 

crude protein content of the grasses and .gumes. The 

greatest increase in crude protein content was from spring 

treatment on the grasses. 

L. CIPC and monuron did not influence the crude 

protein content of legumes where hand samples of puro 

legumes were taken in l95. The increase in crude protein 

content in the 1956 harvest was due to a heavy ryegrass 

infestation which prevented collection of pure samples of 

legume for protein analysis. C1FC and monuron killed the 

ryegrass which increased the legume content of the samples, 

and thus increased protein content. 
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;. The two crasses were band-roued of weeds so the 

crude protein content Increase was due to the influence of 

the chemicals. The cause of the increase from C1PC appeared 

to be due to toxicity for grasses which thinned the stand, 

delayed matuz1ty, and elinilnatod seed-head production. 

OflUTOfl caused a marked increase in the protein content of 

both t&11 fescue and orchardgrass under field conditions 
where stand thinning, delayed maturity, and reduction in 
seed-head formation were not factors. 

6. Greenhouse treatments with monux'on on clonai lines 
of tall fescue grown at low and high levels of nitroen 
nutrition resulted in an increase in crude protein content 
of a substantial amount at both levels of nitrogen fertility. 

7, The increase in crude protein content after 
treatment with monuron in the groerthouse trials appeared 

within two weeks after application and was maintained 

throughout the eight weeks in which samples were harvested. 
8. Clonai lines of tall fescue in the greenhouse all 

responded to nitrogen fertilization, but there was a differ- 
ence between lines In the response to herbicides at high 
levels of fertility, These differences should be studied 
further in breeding programs on grass species. 

9. Chemical analysis on the harvested forage of 
monuron- and C1PC-treated grasses did not show any chan:,e in 
the nitrate nitrogen content. Since nitrate nitrogen was 
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determined only at the time of the harvests, future study 
should deternine tite influence at periods from treatment 
throLi1 to harvst. 

10. Future studies should exploro the possibilities 

of economic uses for the phenomena of increased protein 

content following rnonuron treatment. 

11. Additional work is sugested to determine the 

influence monuron has on other nutrients in forage and on 

the îhyaiology of grasses in an effort to explain the reason 
for the change in nitrogen metabolism, 
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Table I: Mean crude protein per cent by soason of treatment 
for tall fescue harvests in 1955 and 1956. 

1 9 5 5 II a rves t s 

Season of Treatment 
Treatment Spring l95L. Fall l95L. Spring 1951i. 

2,L.-D 1/L.# L..99 5.29 
2,L..-D 3/L1/ 5.L.9 5.2L. 6.12 
2,Lj.-D i # ¿4.97 S.]4 
CIPC 2 5.78 5.06 6.79 
C'PC L # 5.33 6.51 7.05 
CIPC 6 5.33 6.99 7.145 
Monuron i,'L# 5.314. 14.87 5.02 
Monuron 1 L.97 14..99 5.62 
Nonuron I. L.97 5.67 8.07 
Check O;, ).62 5.77 5.16 

1956 Harvests 

Season of Treatment 
Spring Fall Spring Fall Spring 

Treatment 19514. 195k 1955 1955 1956 

2,1j-D 1/14. ¿.71 Lj..71 14..65 14..59 2,t-D 3/lt# )4.73 L.76 14.32 14.38 L1.514. 
2,14.-D ] # 14..3;3 5.07 14..25 14..75 C'PC 2# 14.38 24.35 Lk5Ii Lk79 cIPC )4# 14.26 3.99 L.o5 14.60 L.914. 
C'PC 6# Li.36 3.89 3.83 14.88 6.75 
Monuron # L.214. 14.21 14..38 14.37 L..33 
Nonuron 1# 14..20 L4.53 L.58 14.)4-2 5.37 Manaron L4# 14..55 Li.L6 L.28 14.13 13.07 
Check O# 14..66 14.314. Lj..85 14.23 

L.S.D. 1955 (5%) .214. 
L.S.D. 1955 (1%) .31 
L.S.D. 1956 (5) .21 
L.S.D. 1956 (1%) .28 
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Table II: Mean crude protein per cent by season of treat- 
ment for orchardgrass harvests in l95 and 196. 

l95 Harvests 

Season of Tieatraent 
Treatment Spri 195J Fall l95 Spring 1955 

2,L.-D l/Li.# 6.22 6.31 6.20 
2,L-D 3tIi# 6.63 6.5L. .97 
2,Lj.-D l W 6.60 7.l 6.19 
C'PC 2W 6.51.. 6.oLj. 6.19 
C'PC 6.9 6.71 7,33 
C'PC 6# 6.63 6.33 8.7 
Monuron 6.23 6,27 6,L.8 
Monuron l# 6.83 6.77 7,2S 
Nonuron L.# 7.59 9.70 12.16 
Check Q 7.08 6,50 6.69 

1956 harvests 

Season of Treatment 
Spring Fall Spring Fall Spring 

Treatment 195L. 195i 1955 195 1956 

2,L.-D 1/14fr 5.79 6.17 5.77 6.02 5.69 
2,L1-D 3/)4d/ 5,86 5.83 5.67 5.62 6.o8 
2,L-D l W 5,36 5.72 5.78 5,80 5.66 
CÏPC 2# 5.70 6.11 5.07 5.8L. 5.83 
C'PC 1# 5.71 5.87 5.32 5.18 6,35 
CjPC 6W 5.65 5.67 L.8o 5.36 7,67 
Monuron # 5.)4.9 5.L.2 5,L8 5,31i. 5.66 
Moziuron l 5,88 6.09 6.03 5,89 6,Li.1 
Monuron I4 5.13 .76 L.8L 7.9L. i14..80 
Check O 5.71 6,11 5.70 5.65 5.9L. 

L.S.D. 1955 (5%) .26 
L.S.D. 1955 
L.S.D. 1956 

(1%) 
(5%) 

.35 

.25 
L.S.D. 1956 (1%) .33 
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Table III: Mean total dry-matter yields in grams by season 
of treatment for tall fescue harvests in 1955 
and 1956. 

1955 Har ests 

Season of Treatment 
Treatment Spri 19514 Fall 19514 Sprir 1955 

2,14-D i/14# 375.0 301.7 366.0 
2,14-D 3/14# 3142.8 332.0 385.2 
2,14-D l # LjJi.2.O 3148.8 397.2 
CiPC 2# 1406.8 352.7 111.3 
CIPC 14/f 14714.7 176.5 95.0 
ciPc 6# 14140.8 87.3 21,3 
Monuron # 385,7 382.7 366.3 
Monuron 1/f 1495.3 1420.7 14114.6 
ì4onuron 14# 573.7 380.3 183.8 
Check 0/f 31414,3 362.2 1430.3 

1956 har ests 

Season of Treatment 
Spring Fall Spring Fall Spring 

Treatment 19514 195k 1955 1955 1956 

2,14-D 1/14/,! 1455.0 14214.0 526,3 5147.3 503,7 
2,14-D 3/14/f 1421.7 508.7 523.7 533.3 605.7 
2,14-D 1.# 558.3 356.7 550.3 3514.0 
C'PC 2# 502,3 14714.3 1477.7 1471,0 291.7 
CIPC )4 629.0 517.7 66.7 527.7 3,2.7 
CIPC 6# 579.0 657.0 6114.0 1483.3 199.0 
Monuron # 5147.3 596.3 599.0 613.3 6145,0 
Monuron 1# 1437.7 1488,3 5214.3 553.0 1455,0 
Monuron 14# 1480.7 530.7 611.3 1420.7 814.3 
Check 0/f 616,0 5145.3 575.0 1486,7 633,0 

L.S.D. 1955 (5%) 214.89 
L.S.D. 1955 (1) 33.03 
L.S.D. 1956 (5) 51.27 
L.S.D. 1956 (l) 68.02 
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Table IV: Mean total dry-matter yields in rams by season 
of treatment for orchardgrass harvests in 195S 
and 196. 

Treatment 

195g Harvests 

Season of Treatment 
Fall 1Q5LL 

2,L-D i/Lj.# 213.3 20L1.O l9I.7 
2,L1-D 3/ii.# 20.O 182.S 185.8 
2,L4.-D ] # 211.7 2L1.2.O 228.0 
CIPC 2# 206.7 230.3 206.0 
CIPC )?/ 267.2 259.3 190.2 
CIPC 6i 235.0 226.2 76.5 
Monuron l/L# 252,7 221.3 21L..8 
Monuron 1# 267,5 232.7 2L3,5 
Monuron L# 35.7 183.8 98.0 
Check 01/ li3.3 i80.8 192.8 

1956 ilarvests 

Season of Treatment 
Spring Fall prin Fall Spring 

Treatment 195L, 195L4. 1955 1955 1956 

2,L1-D 1/14.1/ 310.7 323.7 306.0 280,3 339.7 
2,L-D 3/LW# 2(1.7 2L8.0 250.7 289.3 269.0 
2,L...D 1# 376.0 399.0 357.3 LjJ.7.0 373.7 
CIPO 2# 258.0 283.0 319.0 350.7 265.7 
C'PC )4# 336,7 3Lj.8.7 338.3 390.3 169.3 
C'PC 6# 367.7 368.0 L.73.0 L.30.3 139,7 
Monuron # 327.7 339.0 319.0 338,0 350.3 
Monuron 1# 2.0 307.3 328,7 312,0 258,3 
Monuron Ll4 L.u1.3 268.3 LJ31.7 275,3 ¿3,3 
Check 01/ 332.7 282,3 311,0 329.0 316,7 

L.S.D. 1955 (5) 20,75 
L.S.D. 1955 (1>.) 27.52 
L.S.D. 1956 (5;)) 26,87 
L.S.D. 19,6 (3j) 35,65 
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Table V: Mean parts per million nitrate nitroon by season 
of treatment for tall fescue and orchardgrass 
harvests in l9 and 1956. 

1955 Harvests 

TaliFescue Orchardgrass 
Season of treatment Season of treatment 
Spring Fall Spring 3pring Fall Spring 

Treatment 195L. 195Li. 1955 195L. 195L. 1955 

CI?C 2# 183.0 130.8 139.0 i38. 139.3 1Li3.7 
IPC 1 125.5 1L2.8 213.8 140.0 140.8 13.3 

CIPC 6# 136.5 115.8 129.7 1L4.3.5 135.3 156.5 
Monuron 172.7 1!9.3 1 .8 hiD,8 lL5,o 189,5 
Moriuron ]. 116,0 123.2 11 .5 212.0 1L4.2 156,8 
Ìlonuron 1.# 119.8 110.0 1L0.8 1L7.7 153.5 155.3 
Check 209.2 1L2.0 1L3.1 177.2 i6,o 165.5 

1956 Harvests 

Tall Fescue Orchardgrass 
Season of Treatment Season of Treatment 

Fall Spring Fall Spring 
Treatment 1955 1956 1955 1956 

CIPC 2# !48.3 t.7.7 61.o 71.7 
CIPC )4# 61.7 6L.3 72,3 62.3 
CIPC 6# 61,0 68.7 7L.,7 73,7 
Monuron -# 51.7 53.0 70.7 71.3 
Monuron 1# 76,3 61.7 65.3 71.7 
Monuron 14.# 55.3 113.0 85.7 71.7 
Check L.7.3 61.0 98,3 65,0 
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Table VI: ¡lean total dry-matter yields in grains by season 
of treatment for Ladino clover and birdsfoot 
trefoil harvests in 1955. 

1955 Harvests 
Ladino Clover Bircisfoot Trefoil 

Season of Treatment Season of Treatment 
Fall Spring Fall Spring 

Treatment l95L 1955 1951i. 1955 

2,L-D l/8 87L..8 892.2 11i.8O.8 1310.5 

2,Lj.-D 1/2j 6i17.3 637.8 iL28.o 1581j..o 

2,L.-D ].# 778.3 1O2i.8 1276.5 1L.13.2 

CIPC 2# 739.5 628.0 1111.5 1101.0 

CIPC L.# 579.0 1150.0 1170.5 

CIPC 6# Loo.5 539.2 1122.3 1030.7 

Nonuron -# 856.7 8314.5 1320.5 150L..3 

Monuron 1# 81i5.2 850.8 1L41.2 1182.5 

Monuron L 736.0 186.3 997.6 1051,2 

Check 0/i 907.7 831.2 1280.0 152.3 

L.S.i). for 1955 irdsfoot refoi1 
(5%) 176.03 

t..S.. for 1955 Birdsfoot Trefoil 
(1%) 235.lLi. 
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Table Vil: rlean total dry-rtatter yields in LrarIs by season 
of troatment for Ladino clover and birdsfcot trefoil harvests in 1956. 

196 Harvests 
Ladino clover 

Season of Treatment 
Fall Spring Fall Spriní r2reatflleflt 19Lj 1955 l9 1956 

2,L.-D i/8# lL78.7 1200.2 lOL2.O 1189.0 
¿,L.-D 1/2# 680.0 8)4.7 1122.0 1115.7 
2,I.-D 1# 980.0 918.5 1251.8 10L.2.7 
CIPC 2# 8oL.3 710.7 309.8 73.5 C'PC L.# 873.7 619.7 i4.8.8 )37.5 
c,pC 6# 686.5 667.7 314.2,2 159.0 
Monuron # ioL.8,8 9614.,7 978.0 972.3 
Monuron 1# 1132.8 11814.,3 887.0 550.3 
?4onuron 14 10144.7 i5oL.,8 6914.0 585,3 
Check Oi 913.0 106,7 8814,5 1001.3 

L.S.D. for 1956 Ladino clover (5) 68,76 
L.S.D. for 1956 Ladino clover (1o) 91.10 

birdsfoot trefoil 
Season of Treatment Fall Spring 1a11 Spring Treatment 1914. 1955 1955 1956 

2,14.-D 1/8# 1560.5 15L3.5 1614.1.2 2113,2 
2,L-D 1/2ft 1603.5 1665.8 11483.o 1566,3 
2,14.-D 1 1706.7 1528.2 1386,8 1636.8 
cIPC 2# 1397.5 1895.3 114.23.8 1314,2 
CIPC 14# 1514.2.0 i1480.5 l07L.5 1010.3 
CIPC 6# 114.914.7 1727.7 1127.5 827,7 
Monuron # 1731.3 1581.3 1290.0 1521,5 
Monurori 1# 1606.0 1596.2 1226.0 1201.2 
Monuron 14.# 114.65.8 1639.5 1321.0 230.0 Check O# 1702.0 1509,7 1812.8 1t53.0 

L.S.D. for 1956 ßirdsfoot trefoil (5o) 97.51 L.S.D. for 1956 irdsfoot trefoil (1) 129.20 



Table VIII: i'oan crude protein per cent by seasons of 
treatment for Ladino clover and birdsfoot 
trefoil harvests in l95. 

Treatment 

2,Li-D i/8# 

2,L-D l/2# 

2,L.-D 1# 

CIPC 2# 

CIpC L1 

CIPC bi'! 

Ì4onuron j1/ 

Monuron lj/ 

Monuron 

l9 harvests 

Ladino Clover 

Season of Treatment 
Fall Spring 
19L 1955 

19.9! 19.99 

21.!4. 20.55 

20.30 l9.L.3 

19.77 19.62 

20.86 

19.35 

20.38 

20.03 

20.82 

Check O# 19.7L. 

19.92 

21.31i. 

20. 7)4. 

20.02 

21.31 

19.5)4. 
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}irdsfoot Trefoil 

Season of Treatment 
Fall Spring 
195)4. 1955 

15.83 15.09 

15.92 1L.78 

15.78 15.72 

15.69 16.79 

15.66 16.81 

16.9)4. 18.)4.2 

15.02 

15.30 16.13 

1L.76 15.29 

15.6)4. 15.75 



Table IX: Mean crude protein per cent by seasons of 
treatment for Ladino clover and birdsfoot 
trefoil harvests in 1956. 

1956 Harvests 
Ladino clover 

Season of Treatment 
Fall Spring Fall Spring 

Treatment 195L. 19>5 1955 1956 

2,L.-D l/8# 11.78 11.63 13.L44 l3.0L. 
2,L-D l/2# lL.26 12.98 11.09 io.6L. 
2,1i-D l# 13.32 13.81 11.88 10.73 
CIPC 2# 13.22 lL..79 15.69 15.k3 
CIPC L# 13.56 1L1..53 18.58 18.50 
CIPC 6# 13.19 18.70 18.70 18.12 
Monuron -# l2.7L. 13.75 l)4..82 12.31 
Monurori i 12,53 12.7L 1I.5Lj. 1L1.13 
Monuron L1# 12,99 8,35 13.58 12.Li.2 

Check 0# 13.81 10.11 11.86 

L.S.D. for 1956 Ladino clover (5%) .7 
L.S.D. for 1956 Ladino clover (ls) .9 

Birdsfoot trefoil 
Season of Treatment - 

Fall Spring Fall Spring 
Treatment 1951j. 1955 1955 1956 

2,L-D l/8# 9.76 9.91 9.00 9.314. 

2,L-D 1/2# 9.57 9.08 9.76 9.62 
2,L-D 1# 9,87 9.L.1 9.Li]. 8.66 
C1PC 2# 11.09 10.17 12.01 12.28 
CIPC 14 10.89 10.03 13.90 
CIPC 6# io.68 10.61 lL.87 13.95 
Monuron - 9.62 10.50 11.L.9 10.29 
Monuron 1j 10.39 10.51 12.81 12.59 
Monuron 14.11 11.13 9.81 12.70 17.60 
Check 01/ 9,52 10,85 9.09 10.29 

L.S.D. for Birdsfoot trefoil (5%) .50 
L.S.D. for ßirdsfoot treloil (1%) .65 


