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Dow,NrBROME 
zn 

ALF.A.LFA 

and related studies 

'. 
By V. F. BRUNS, agronomist, Crops Research Division, AgriculturalRe~w.rch 

Service, W. W. HEINEMANN, associate animal scientist, Washington AgrictilturaL 
Experiment Stations, and D. L. OLDEMEYER, formerly assistant agronomist, 
Irrigation Experiment Station, Prosser, Wash.' 

Altalfa is a major CI'OP in the irrigated areas of central and eastern 
Washington. According to 1955 crop records, 95,493 acres of alfalfa 
produced 284,388 tons of alfalfa hay and seed with a value of $8,906,­
192. Weeds are a serious problem on much of the land producing 
alfalfa in theRe areas. They may cause yearly losses of $50 or more 
per acre by reducing the quality and quantity of alfalfa, by damaging 
alfalfa stands, and by increasing operation costs. 

In an effort to develop control measures for downy brome (Bromus 
teciorum L.),2 a particularly troublesome pest in alfalfa, 18 e:q>eriments 
were conducted at the Irrigation Experiment Station, Prosser, W.ash., 

"from 1948 to 1957. 	 The purpose of this publication is to summarize 
the inIormation accumulated during this lO-year period. 

'C. O. Stanberry, formerly associate agronomist, Washington Agricultural 
Experiment Stations, cooperated in the phosphorus studies. W. E. Ham, 
associate professor, Department of Animal Science, and D. M. Fluharty, clinical 
pathologist, Department of Veterinary ~redicille, St,ate College of Washington, 
assisted by conducting certain hematological studies on sheep. 

2 rhe Committee on Terminology for the Weer! Society of America has sug­
gested downy brome as the standard common name for Brom1t<~ teelorum L. 
Cheat, cheatgrass, and downy chess have been common names for this species in 
some regions. 
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CONTROL'OF DOWNYBROMKIN ALFALFA AND RELATED STUDIES 

'SOME FACTORS RELATING TO THE ,PROBLEM 
'.. OF DOWNY BROME IN ALFALI'A 

Characteristics of Growth 
Downy brome is an annual or winter annual that was introduced 

into the United. States from Eurasia. It occurs abundantly in the 
Pacific Northwe",t. The stems, often in large tufts, may grow from 
6 to 30 inches hi;:;il from a fibrous root system (fig. 1). :Manyof the 
seeds germinate in the fall and early winter after the last cutting 
of alfalfa has been harvested. As alfalfa enters dormancy, the 
downy brome seedlings have less competition. They tend to become 
well established and to tiller dming late fall and early wint,er. Gener­
ally the established plants make limited top growth during the coldest 
winter months but resume vigorous growth early in the spring before 
the alfalfa shoots emerge. New seedlings also may develop early in 
the spring. Because of these factors downy brome often competes 
vigorously with alfalfa. 

• 
Downy brome seeds usually are produced in abundance, often 

becoming viable before the .first cutting of alfalfa is barvested (fig. 2). 
Stevens (8)3 found in ~orth Dakota that a single downy brome plant 
of aye rage size and growing where competition was low produced 700 
seeds. During the first putting or alfalfn. man.\- of the downy bromo. 

• FiGURE 2.-IJcfl, uncontrolled dowlly brome in alfulfa; right, plot" u~('rl to study 
herbicidc control methods. 


3 Itulic llumbers in parenthe.-;es refer to Literature Cited. p. 20. 




" 

-·il 'TEOHNIOAL :BULLETIN.lt97, U. ~·S. DEPT. OF AGRICULTURE 

,seeds,fall to ·the ground and tend to remain dormant in the soil until 

f,hefdllowing fall and spring. Steinbauer and Grigsby (7) reported 

from Michigan that downy brome seeds exhibited 'primary dormancy 

for '4 or 5 weeks after maturity. During this period low constant 

~temperatures, such as 15° 0., or prechilling to 5° for 5-7 days prior 
to higher temperatures were required for germination. After the 

.period of primary dormancy, germination occurred readily at 20°-25°. 

According to Ohepil's studies (2) in Saskatchewan, Oanada,a high 

percentage of downy brome seeds germinate in the faUand early 

spring, particularly during the first and possibly the second seasons 

after formation. Ohepil found that the seeds had a variable period 

of dormancy. However, none lived at shanow depths of :3 inches 

or less in cultivated soil beyond 3 years. 

Palatability and Nutritive Value 

Matured downy brome is less palatable than alfalfa and possesses 

awns that may be injurious to livestock when fed as dry roughage. 

Platt and Jackman (6) noted in Oregon that the foliage of young 

plants was rather attractive to livestock. However, they found that 

when cattle or sheep were forced to eat downy brome with ripe, 

sharp-pointed seeds and rough beards, many of them suffered from 

sore mouths or sustained eye injuries, which caused serious 105s of 

flesh and occasionally death. 


According to Morrison (4), downy brome hay contains much smaller' 

percentages of calcium, nitrogen) and potassium than good alfalfa 

hay. The latter contains nearly three times as much digestible 

protein and has a nutritive ratio (ratio of digestible protein to digestible 

nonnitrogenous nutrients, including fat, multiplied by 2.25) of 1 :3.9 

as compared with 1 :12.6 for downy brome hay. Mature native 

western hay contains 22 therms of net energy per hundred pounds, 

whereas good alfalfa hay contains 40.1. Although no comparative 

values f.l.re available, it is likely that downy brome hay contains less 

net energy than native western hay. Thus, the physical state, the 

digestible protein, and the net energy content are probably the 

most important items contributing to the lower feed value of downy 

brome. 

Response to Fertilizers and Cultivation 


Generally grasses respond to nitrogen fertilizers, particularly ill 

the irrigated areas of the Pacific Northwest. ,Moreover, in studying 

the effects of various fertilizers on alfalfa in Washington, StanberrT 

and Hausenbuiller 4 observed that downy brom6 tended to grmv more 


~ STANBERRY, C. 0., and HAIJSENBGlLLlm, R. L. RJo;CORD OF }JXPt;RIMENTAT; •
WORK IN SOILS. Wash. Irrig, Expt. Sta. Ann. Rpt. (Soils), l28 pp. 19.')0. 
[Unpublished. Copy on file at the Irrigation Experiment Station, Prosser, 
Wash.] 
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vigorously when phosphorus wasinclui:le(l. iri :the plot·. treatments. 
~. 'J'h~general practice of Cllltivating II.lfalfafieli:lewith either a diSk 

or spring-tDDth harrow to control downy brome trequentlyhas been 
only partially effective. Injury to alfalfa. crowns and the spread of 
certain alfalfa diseases hav.e resulted. Singleton and NelsonStested 
various cultivation methods in irI:igated areas of central Washington, 
including spring-tooth harrowing, disking, and renovating \vitha 
machine having spiked teeth on a revolving shaft, both early and late 
in the spring to cDntrol downybrome in alfalfa. The results were 
erratic and ullsatisfactDry. 

Use of Herhicides 

Because weed killet's are essentially plant killers, the use of herbi­


cides to cDntrol weeds selectively in crDps usually entails certain 

risks. The use Df herbicides to. cDntrDI dDwny brDme in alfalfa, which 

is grown alDne or in cDmbination with grasses and other legumes, is 

no. exceptiDn. The dDsage range within which the herbicide maybe 

applied without injury to the crop is very important, 


Sheep and othel' livestDck frequently graze Dn the fall growth of 

alfalfa and mi..~ed fDrages. Alfalfa hay is used primaI:ily as a feed 

fDl' farm animals, Thus, the pDssible tDxicity of herhicidos to live­

stDck, particularly when such cDmpounds are used to. cO~ltrDI downy
• I 

j 

hl'Ome in alfalfa, is of prime CDnCeL'll. 
" 

!
MATERIALS AND lVIETHODS I 

Phosphorus Studies ! 
In May 1950 hay samples were collected fl'Om 81 plDtS in 3' e~-peri­ l 

ments cDnductedprimarily to. test the effect of phDsphDrus, potassium, 
calcium, sulfur, nitrogen, and barnyard manme, alDne Dr in cDmbina­ Itions, Dn alfalfa. The alfalfa stands muged from 3 to 7 years old. -;l

IAt sampling time 11 relatively high ratio of downy brDme seed to. 1 
1,vegetative part.'" existed. The alfalfa and dDwny bromc in the sam­

ples were hand separated, weighed, and analyzed for phDsphDrus IDnly. 
In OctDber 1950 downy brDme was sr.eded uniformly in an alfalfa 1 

1 

field with a knDwn phDSphDl'US deficiency. Treble superphDsphate I
(P20o basis) was brDadcast at mndDIll on 10- by 10-fDOt plots within 
6 blDcks at 0, 20, 40, 80, 160, and 320 pounds per acre. Hay samples 
were taken in ~Jay 1951. Downy brDme and nlfn.lftl. werehtl.nd sep­ 1 
tl.rn.ted and Dven dried fDr yield eDmputntiDTlS,• 

j 

5 S!NGLl'JTON,H, p" und .NELSON, C. E. ALFALFA cur,TIVATION EXPERunlNT. 

Wash. Irrig. Expt. Stu. Ann. Rpt. (Agron,), 294 pp. 1940. [Unpublished. 
Copy on file at the Irrigation Experimellt Ht:ltion, Prosser, "·:Hlh.] 
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{Cultivation TreatDl.en.ts 
:Bothljghtandhe~vy .stands of downy brome inalftl,lfa wereob­

·tainedin October 1950 for this study by utilizing an ,e).-perimental 
.area in which various fertilizers had been tested previously. 'Three 
treatments on plots n by 24°feet were randomized within :3 subblocks 
.antl repeated on 5 main blocks with different stand densities. 'l'he 
;tl'e~tment.s included (1) cultivation with a spring-toot~l harrow in \ 

the fall after the last cutting of alfalfa. ha.d heen harvested and afte!" 
downy brome had emerge(l, (2) cultivation with III spring-tooth 
harrow in the spring before alfalfa broke dormancy, and (3) the check. 
Herbicides 

Kin@, Rates, and Dates oj Herbicide Tl'ealments.-Each yeat' from 
1949 to 1957, inclusive, various herbicides were tested in one or more 
e..xperiments for downy brome contl'Ol in established alfalfa at Prosser. 
The .herbicides varied from year to year as new compounds were 
adtledand less promising formulations were excluded. 'rhe generally 
.accepted common names and definitions of these herbicides are as 
Iollows: 

Common name of herbicide Definil"ion 

DieseloiL________________________ Diesel motor fuel 

Commercial weedkiller No. L _______ Special weed-killing petroleum oil 

Commercial weedkiller No. 2 ________ Weedkiller No.1 containing 15 percent of 


pentachlorophenol 

Commercial weedkiller No. 3" __-- ___ Special weed-killing petroleum oil 

DNBP• __________________________ 4,6-Dinitro 0 secondary butylphenol 

Alkallolamine salt of DNBP_ . ______ Alkanolamine salt of 4,6-dinitro 0 sec­

ondary butylphenol

IPC_____________________________ Tsopropyl N-phenylcnrbamate 

CIPC____________________________ Isopropyl N-(3-chlorophcnyl) carbamnte 

Ammonium salt of TCA____________ Ammonium trichloroacetate 

Sodium salt of TCA. ______________ Sodium trichloroacctnte 

Disodium salt of endothaL _________ Disodium snit of 3,6-endoxohexnhydro­

phthalic acid 
Sodium salt of dttlapoIl _____________ f::'odium 2,Z-dichloroprOI)iollate 

Sodium salt of 2,2,:3-'1'PA __________ Sodiu1l12,2,3-trichloropropiOllate 

Monuron_________________________ 8-(p-Chlorophenyl)-l,l·-dimethylurea 

Dimon_________________________ ., :{-(:3,4-Dichlo~'ophellyl)-l, I-dimcthyhlrea 
DCU. __ • ___________ •________ .. __Dichloral urea 
MH. ________________ . __ . ____ .. __ :;rnleic hydrazide 
KOCN_____________ ._ .. _•.. _ ...... Potassium (lytlll!lte 

Each herbicide was tested at from 1 to 5 rates. The rules of 
application freq lieU tly varied from season to season as suggested by 
preceding 'result" or information gained from other sources. 1\11 ....•'.. 
references to r~ltes of application are bused on the active ingredient 
of the herbicide. 

The dates of application ranged from September to April. Scveml 

compounds were tested in both the fall and the spring. No full 
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treatment was made bef01:o tho last cutting ofllay had been harvested 
for that year. Exccpt i11>;1948, no &pring treatments were made 
aftcr new alfalfa shoots, other than overwintering shoots, had emerged. 

Erncrgenc~ of downy brome seedlings in the fall was dependent 
largely on temperature and soil-moisture conditio liS. The first 
emergencc occurred as cady as mid-August in one year' and as late 
as the first week in .Tulllult')' in another. IIowevCl', seedlings gene}~ally 
weTe 1 to 3 inches tall by late November. Irall seedlings usually.were 
tillered nnd well established by late winter and enrly spring. 

A£elhods oj Applying FIerbicides.-All herbicides were applied in 
sprnys. 'Yben watet· WlIS used as the sole diluent, sp.t·aJ' vollUlles 
ranged from 80 to 180 gallons per acre. Bmall knapsack sprayers 
with single nozzles were used rnainl.y. Herbicide mixtures that 
required agitation wen' applied with a small power sprayer equipped 
with n. two-nozzle boom. ~Pt"n.y pressllres did not exceed 30 p. s. i . 

• 

.tlljaffa Stands, Soil Types, and Irri(flll'ion.-Down.r brome-contlOl 
experiments from 1948 to 195~1 were condllc:ted in 7- to 10-year-old 
nonuniform stands of nlfnlfa herwil.v infested with this weedy grass. 
Good, uniform, 3- to 6-yenr-old alfalfa stands with moderate to heavy 
infestations of downy brome were used 1"01' similar experiments from 
1954 to 1957 . 

'Phese experiments were eonducled on either Sngcmoor or Ritzville 
fint' snnd.r lon1l1 nnd in fields that We1"e irrigated by fllrL'o\\r- or rill-type 
irrigation. The ;H-year avemge annllnl preci[)itation for this area 
is 7.5:3 inches. Most of it tends to OCCUI' during the fall nnd winter 
mon ths. 

Plot Size, Desi{/n of E;,:p(,l'iments, nncZ Determination oj Re.sulis.­
The plot size vn.riec! from yell!" to yenl'. I:1ow(\v~r, plots either {} by 10 
Ol." 10 by to feel were llsed most frequentl.v. Others were 8X by 16H, 
9 by 15, 10 br 12, and 10 b.\' 20 feet. A randomized block design was 
used in all experiments except one. A split-plot armngement was 
used in 1951. Plot treatments were replicnted from 3 to 6 times in 
each experilllen t. 

fn old, nOI1L!niforrn stnnds of nlfil1ffl" the percentage control of 
downy bromc cfl'eelcd b.\' dirr('rent trentmellts wns estimatC'd visually 
by three tmined observers. fn good, uniform stands of nlfalfn, bay ,I 

~ 

samples were eut alld tll(' downy bmrne nnd alfnlfa separated by hnnd. I 

Percentngc composition was deLermined on [t dl"y-weight basis. I 
Tolerance of Alfalfa, Other Legumes, and J>erennial Grasses to J

• Disodiulll Salt of Endothal 

Disodium snIt of endothnl wns applied on 
2, 4, 8, l6, 32, 64, flr,d 128 pOllnds pel" neL'e in 
stand of vigoL"OUS Hnd nearly weed-free alfnlfa. 

480180°-50"-.2 

1 

October 29, 1953) at I 
\ 

a unifonl1 3-ye!tL"~old 
All trentments were J 

j 
i 

'j 
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'randomized within 4 blocks on plotI' 6by 10 feet. Samples of first­ " 
cutting alfalfa hay were tal;:en on June 10, 1954, and yields computed l.~ 
ona dry-weight basis. 

As an exploratory test, a I-acre field containing aftermath growth 
of different species of legumes and gmsses was treated with disodiurn 
salt of endothal at 8 pounds per acre inOctobet' 1953. One-meter 

rquadrat.s were Ilocated throughout the area for making general ob­ f 
;1,' aervfttions during 1954. 

Toxicity of Disodium Salt of Endothal to Sheep 

Three experiments were conducted to study the possible toxicity 
of disodium salt of endothal to sheep. 

GI:azing Expeliment.-Approximately 1 acre of a fall legume-grass 
aftermath was di,rided into 7 lots of equal size. Six lots were sprayed 
with 8 pounds of disodium salt of endothal per acre on October 23, 
1953. The seventh lot was a check. Three spring ewe lambs were 
turned into each lot at the following intervals after treatment: 

'Lot Interval after treatment Lot Interval after treatment 
5 ________ 8 weeks L _______ Immediutely 

6 ________ 16 weeks
2 ________ 1 week 

3 ________ .2 weeks 7 ____ ---- Same duy as lot 1, cheek 
4, ________ 4 weeks 

The grazing schedules for lots 4, 5, and 6 were abandoned, because 
after 4 weeks nead}T all top growth of the forage had been killed by 
the treatments. The sheep were kept in the experimental lots until 
practically all available forage had been consumed. A total of 1.79 
inches of intermittent, light rain. fell during the experimcnt from 
October 23 to December 11. 

Weight, condition, and certain hema.tological studies of samples 
taken at weekly intervals were utilized in evaluating the effects of tbe 
treatments on the animals. 

Feeding Experiment I.-On January 4, 1954, 18 ewe lambs (3 pOl' 

treatment) werc placed in indi'"icluo.l pens and fed a (lilily ration of % 
pound of chopped alfalfa hay. Corn silage, salt, and water werc avail­
able to tlte nnimals. On .Jnnuary 13, six treatmen ts \\'ere madc byadd­
ing disodium salt of endothaI in a wntel' solution to the %-pound hay 
ration at rates of 0, 0.5, 1, 5, 10, and 20 grnms. Wh~n the animals 
were reluctant to eat the treated hay on tho first do..)', ensilnge was 
withheld during the remainder of the experiment to force consumption 
of the nlfalfa. 

I
Feteldin[Jl.Ej;11~erimenltt2'f--InlltgI541 a ~tlll«(I}t: ':'Illts ('Iomhllctled to (1Icte,:mi'llC.:

lW le leI' (lSO( ,"m sa . o. en( 0 In mIg 1, III 0 wen\: (own c lernlca y< 

or produccphysiologienl e1w,nges in nlfnjfn, plnnts I1nd CHuse the hUt.)' 
to be delelerious to sheep. Six owe lambs were plnecd in Utlot I1nd 

1 
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• 
fed first-cutting alfalfa Illty from an area treated with disodium selt 
·of endothal the .previous .fall at the rate o.f 8 pounds per acre. Six 
lambs comprising a check were fed alfalfa hay from a nontreated area. 
After these animals wer:efed and observed .fOt· 6 weeks, their final 
weight{;l wm·p. taken and the exper:iment was concluded. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Response of Downy Brome to Phosphorus 

The results of the explor:atory work in 1950 are summar:izedin 
table 1. They support earlier obsm·vatiolls that the percentage of 
d0wny bromo tended to be higher on plots tmated with phosphorus. 
A decided trend toward higher pCl·centages of phosphorus in plant 
tissue on a dry-weight basis from plots treated with this fertilizer was 
apparent. With nitrogen supplied by the alfalfa, these studies would 
indicate that downy brome can effectively compete for and utilize 
phosphorus. 

TAllLE l.-Oomposition oj first-cutting hay Jrom plots used to test the 
effect oj various fertilizers 1 on alfalfa, 1950 

Amount of phos-
Average Age of Amount phorllS found in,--

Experiment and treatment number alfalfa of 
of plots stand downy 

brome Downy Alfalfa 
brome 

Experimcnt 1: Number Years Percent Percent Percelli 
Fertilized (P20s included) ____ ao +L o. 19 0.21Check _____________________ } a {6 ao · Hi • 19 

Experiment 2: 
Fertilized (P20.linclllried) ____ 20 65 · .24 Chcck _____________________ · 1864 } { 50 · 11 .20 

Expcriment 3: 
Fertilized (P20s incllldedL ___ 8 (iO · 19 · 18 
Fcrtilized (no P 20.1 inclu(iecl) __ I) 7 14 .LlCheck _____________________ · 12 

"
} { 7 · 11 .10 

I Included phosphorus (P2()~1, potassium, calcium, sulfur, nitrogen, anti barn­
yard manure, alOll(! or in combinations. 

• 
Yield data for evaluating the response of alfalfa and downy brome 

to differcntrates of phosphorus are presented in table 2. The deep­
rooted alfalfa showed no apparent response to the phosphorus from 
October to May, and alfalfa ~rields werl:) reduced, probabl:v because oC 
downy brome competition. TIl(' total yield and pcrcentage of downy 
bromo werc significnntly higher on trellied than on untreated plots. 
Appm:ently the rather shallow-rooted downybromc plalltsresponded 
rendily to the phosphorus, even at, the 10wesL rates. 



Am~mnt of phosphorus (pounds per acre) 

,~o_________________________________ -___ _ 
40.-___________________________________ _ ao____________-- _______________________ _ 
160_'-_______ __________________________ _~ 

320 ___________________ • ________________ _ 
Check_________________________________ _ 

Least significant difference at­

, Yields I in May 1951of~ 

Alfalfa Downy brome 2 

Grams Grams Percent. 
,92 143 61** 
96 138 59** 

1.39 200 59** 
82 256 76** 
71 157 "69** 

181 52 22 

5-percent leveL __________________ ,_______ ___ ___ ____________ 14 
l~percent leveL____ _ _ __ _ _ _ __________ ______________________ 20 

-Coefficient of variation (percent)________________________________ 17 

lOven-dried material from }~oo :lGre. 
2 Asterisks indicate that difference from the check exceeds the I-percent level of 

probability. 

Downy Brome Control hyCultivation 

Soil conditions were relntivel:r moist-an estimated 75 p(lrcent of 
field capacity-in both the fall of 1950 and the spring of 1951. Severe 
cultivation with a spring-tooth harrow ...vas necessary to dislodge 

, down~'ir brome, especially on plots with dense stands. Cross-tillage" 
with a spike-tootl1 harrow was necessary inbotl1 the fall and the spring 
,to breakup the sod clumps remaining after the initial spring-tooth 
harrowing. 

Do,\,my brome was controlled appreciably for fl, short period after 
the tillage operations. However, as the Season advanced, new and 
surviving plants began to develop rapidly. As a result, marked 
,differences in downy brome composition between treatments were no 
longer apparent at the first cutting of alfalfa on May 23, 195:1. 
FlU'thermore, the tillage operations caused considerable damage to 
the alfalfa crowns. 

The :results from this experiment indicated that spring-tooth 
harrowing to control downy brome in alfalfa was not effective or 
practical in either the fall or the spring under the moderately moist 
climatic and soil conditions that prevailed. 

Downy Brmne Control ,nth Herhicides ' \ 
," .Oils and DNBP-Oit jv!i;du1·e8.~Diesel oil itt 160 gallons per.. aero, e, i 

diesel oil-water.· emulsions in ratios of 60 :100, 90 :70, itnd 120 :40, and 



'CON.T,ROLOF'!)OW~TY "B.ROME IN~DFALFAAND.;RErjATED-S'l'UDIES 11 

DNBP-diesel oil-watQremulsions in -ratios of -1/4 :15:100,6 1/4 :30:100, 
:1./4:45:100, and 1/4:60:100 gallons 'per (t(lre wore t'ftthor ineffective in 
controllingdownyhuome< 'Phis was true when the oil sprays w;\1i~1' 
applied either on March 26, 1948, just befol:e alt'nlfa shoots emerged 
and downy brome was in a latent stllgc.of growth, Ol' on Apr'il 7, aftor 
alfalfa and downy hrome had started spl'ing gL'Owth. At the samo: 
timccommel'cial wecdkiHcl's Nos. land 3 wCI'e not efl'ective i~t rates 
lower than 90 gallons pel' acre; These special weed-killing oils at-gO 
and 120 gallons pel' acre effectively eliminated downy brome without 
sCl'ionsly inhlring the alfalfa, but these treatments worc considered 
too e~-pensive. 

Diesel oil and conunercial weedkillcl's Nos. 1. ancl2, each at 20 and 
40 gn.llons per act'e, and a DNBP-diesel oil-water' emulsion in the ratio 
of l/4:5 :35 gn.llons per acre temporal'ily contr:oUed down)' brolllc 
seedlings when applied on November 7, 1.9;;0. However', none of 
these treat01nents proved satisfactory. 

'PhI.' nlknl1olmnin(' snIt of' DKBP, applied n.L 3, 6, ttnd 9 pounds plus 
10 gallons of diesel oil pel' ncre on November 18, 1952, and at 6 pounds 

. ~!plus 10 gallons of diesel oiL per acre on In.nultl'y 13, 1 953, wo.~ not ., 

crrective in controlling downy broIllc. .,i 
Well-established downy hrome appeal'ed exceptionally difficult to 

eontwl early in chI.' spring. :MoreoveJ', eoo], moist won,the!' conditions 
in late fall and early spring tellded to redllc~ thephyLotoxicity oUbese 
mnliel'ials. 

fPO 'and OfPO.-'J'he results frolll three experiments w'ith these 
herbicides are given in table 3. IPO and OfPO, especially at 6 o.nd 8 
pounds per acre, inhibited the elllergence a~lcl developmcnt of downy 
bt'ollle fOl'several weeks \\'hen applied on 8epLembel' 28, 1950, imme­
d6ately after the last cutting of alfnlfn. hnd been hn.r.'veslied. Howcver, 
the efIccLivellcss of these treatmen ts was of I'nt\1ul' short duration. 
vVhen npplied in late Oetober aftor mitny ([0\\'1l.\' broIlle seedlings hnd 
emerged, these materials at 4 alleL 8 pounds per acre gavl1 ll11wkod 
control until FebrUitl',Y 01' :March, after wllieh lIew seedlings alld 
sUl'vlving plants devcloPNl mpidly. J.\ppjicatiolls in Cl1.I'l.\T J'vfal'ch at 
the same rates wel,'e unslttisfac;tory. _ 'Phe effeeL of the 12-pound 
ttpplicttLions on dowuy bromo "rif,S 10ngo I.' lastillg but not completely 
adcqun.te. .1 

In tJleseexpOI'irnents IPO consistently nppottrcd somewhat more I 

crfective than OfPO. However, the I'esidllttl crfcets of both lUi.torials 
ttppn.rQ[~tl.r were of insuHicient d\ll'ttLioll to give the desil:ed COli tr:ol 
of downy bromo ill ostl1blished l1!fiilfi\..• 

J 

a The D1\'B1' formulation contained 5 pounds of ONE!' ppr gallon, 

http:adcqun.te
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TABLE3.-Cont'rol ojdoW'n.Y bromein'establishe.d JiljaJ,fawith .lPG.and '. 
,:'" 'OIPG,1950-53 . 

"' 
Average. downy .brollle control 

(estimated) 
ExperiJ,ient .and 

herbicide 
Date of appli­

cation 
Rate 
per 

acre I Oct. Nov. Mar. M:lY. 
16, .21, 27, 23, 

1950 1950 1951 1951 

·'1950 experiment: Pounds Percent Percent Percent Percent 
4 .77 52 .22 0 

IPC_____ - - - -. __ - -- Sept.28,1950 6 91 67 43 8{ 8 91 47 43 5 
4 72 .35 27 2

CJPC ____________ _____do_______ { 6 80 48 22 8 
8 82 42 20 0 

Nov. .Feb. Mar. May
:n, 16, 27, 23, 

1950 1951 1951 1951 
-

JPC__________- ___ 4- 13 97 91 33
Oct. 2:3,1950 { 8 6 99 94- 88 

CIPC_________ • __ _____ do_____ -_ { 4 17 82 48 5 
8 27 93 77 8

• 
.Mar. MayAW'27, 2 , 28, 
1951 1951 1951 

4 9 2 0JPC____ - _- ___ - ___ -------Mar. 1, 1951 ;{ 8 15 17 10--:-----
CJPC __ - _________ _____do ------ if1 4- ... ------ 6 0' 0 

8 10 1 0 

Apr. J.une 
8, 4, 

1952 19522 
1951 experiment:

IPC ___ •______ ---- Oct. 22, 1951 8 79 2:3- .. _---- -- ... ----CTPC ____________ _____ do_______ 8 ------- -----,-,- 7:3 15 
IPC___ .-_ - - - - - ___ Mar. 5, 1952 8 20 12------- ----_ ... -OJPC____________ _____ do_______ 8 0 :31 

Feb. Mar. Apr. 
2, 5, 6, 

1953 H)T 195:3 
1952 experiment:IPC____ -. - _______ Oct. 22. \952 12 ------- 85 ],," 88 _____do_______CTPC ______ - __ • __ 12 ----,...,-- 70 78 70 

I Water at 180 gallons per acre was used as the diluent. 
2 Downy brome was hand separated from the .first-cutting hay samples, and the 

control was computed on .a dry-weight basis. 

Ammonium and Sodium Salts oj TOA.-Dne or the other of these 
trichloroacetates was included in four experiments, and the results are 
summarized in table 4. 
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TxBLE4....--+0ont1'01 of aQwnY'bromein estalilishedalfalf([·withammonium. 
a'Tui.. sodium salts of TOA, 1948 and i1950...c53 

• 


.,
I Average downy bromecontrol 

Rate (estim:d;ed)
Experiment and Date of per

herbicide application acre 1 

June.-2, 
1948.2 

1948 experiment: Pounds Percent Pe'rcenl Percent Perce.nt 
------- ------- -- ... --,..,- 63 

Ammonium. salt of 109.0 9.5{"U
TCA ___________ i\far..24, 1948 -~------ -... ----- ----- .... ­
16:3.5 89 

r' 
----- .... - ------- ------­

218.0 ---- .. _.... ------- ------- 95 
------- ------- ------.- ..56

Do_____________ 
Apr. 7, 1948 109. 0 ...------ ..,------ .... -... ---- 69 

163.5 '76------- ------- ----,--­
:n8.0 85 

Oct. Nov. Mar. May 
16, 21, 27, .23, 

1950 1950 1951 1951 

191)0 experiment: 4 12 1 1 0 
Sodillmsalt of Sept. 28, 1950 6 15 1 3 0TCA___________ { 8 23 .28 7 0 

Nov. Feb. Mar. May 
21, 16, 27, 23, 

1950 1951 1951 1:,9.51 

Do_____________ 4 2 95 68 32Oct. 23, 19.50 { 8 5 97 90 13 

Mar. Apr. May 
27, 27, 23, 

1951 1951 1,951 

Do_____________ 4 17 3 0Mar. I, 1951 ... --- .... -­{ 8 ---- ... -- 30 20 3 

Apr. .Tune 
8, 4, 

1952 1952 2 

1951 experiment: 
Sodium salt of {oct. 22, 19.51 8 --........ -...- .. ~ .. -.. --- 78 56TCA_. __________ ?­,\far. 5, L952 .. ---- -;) 37~-8 -------

Feb. 2, Mur. 5, Apt. 6, 
195:3 1953 1953 

1952 experiment: 
SodiulIl salt ofTCA___________ Oct. 22, t95.2 12 .. _----- 8.'i 95 83 

1 See footnote I, tllbl.c a. 

2 See footnote 2, table :3. 
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The ammonium salt of TCA, although slow acting under typical 
, f Ispring-weather conditions or south-centra1Vashington, W8.S rather 

? 
,(.O,!"., 

effective in controlling downy hrome at 109 pounds or more per acre 
when applied Oil ~fal'ch 24, 1948. Howe.ver, at these rates the mat.:rial ) 
caused excessive injm,r to the alfalfa. Similar treatYlel1ts on April 7 
also damaged the alfalfa and were less efrective in controlling dOlvuy 
brome. 

September and ~1arch applications of sodium salt of TCA at 4, 6, or 
8 pounds per acre gave ullsatisfi1ctol'Y results. October tl'eatments, 
especially ,at 8 and 12 pounds, generally gave good control of downy 
brome until enrly spring. nHer which the residual action declined and 
growth,qf downy brome developed. The effectivcness of sodium salt 
ofTCA was comparable to that of orpa. 

Disodium Salt oj Endothal mul Ammoniwn Sulfate.-Ol1 the basis 
of performance and la.titude in l'a.tes that l1li1Y he appliecl sa.fel.\', 
disodium salt of endotlH11 showed tbe most pl'Omise of fLU the herhi­
cides tested, Da.tn. on the cOlltrol of downy beome in experiments from 
1950 to 1954 ar(' given in table 5. 

Best results were obtained when applications were made in lute fall 
or early winter after many downy bl'Ome seedlings had emerg~(L In 
one. experiment applications as late as ,Januflr.\- 1:~ gavel OO-percent ". 
control of downy brOllle fot' tliat season. Early-fall and enrly-spring 
treatments were cOlJsiderably less efrective. However, the :-:leptembcr 
applications inhibited emergence and de\Telopmcnt of downy broIlle 
for a much longer period than applications of fPC and the ammonium 
and sodium salts of TCA. The residual action of disodium salt of 
endothul appeared to be ne:lr optimum between 1:1t(' fall aniJ til(' lime 
of the first cutting of alfalfa in the spring or early summer. ~r!Jen 
disodium salt of endothal was applied at the optimum nUe in tntt' fall 
or early winter and failed to give at least 85- or 90-perecnt control of 
dopny brome, the renson could be tmeed to on(' of three causes. 'l'he.\­
were (1) a breakdown in a ('ommercinl powdel'ed formlilitLion resulting 
from difficulties ill the drying process. (2) prolonged periods (2 months) 
of.exceptionnll,r dry \\,('ittlH'1.' nrter lreatnwnt, 01.' (;n exC'('ssive pl'e­
cipitntion for 2 or :3 months after applicfttion. Gndcl' the last two 
conditions a more rapid bl'('akdown or dissipfltion of the hcrbicide on 
or in the soil npptu'enlly occllrred. 

A large block of alfalfa plots in the field was sprft~-ed with disodium 
salt of endothftl al 8 pounds pCI' ftC'I'(' laic in XoV('mber 1053, The 
results WC1'C eXeel)tionaJ~y good and indicated fmthcr thllt laic'-fnll 
or eady-winter applicatiol1~' of disodium snIt of cndothnl \\'CI'P most. 
effecLive (fig. :3). 
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'l'AB.LE 5.-Control Of.dOW!iY brome i'fI established alfalfa with disodium 
salt ofendothalan(tmnmoni'wm sulfate ((NH4)2S04), alone 07' in co'f"!,­
binations, 1D50~54 

A vemge downy brollle 
control (estimated) _ 

Date of Rate 
Experiment and herbicide application per No\,. Mar. Mayacre 1 21, 27, 23, 

[950 195L 1951 

1\)50 experiment: Pounds Percent Percent Percent 
4 83 60 8 

Disodium salt of elldothaL_ Sept. 28, 1950 0 78 77 23{ 8 85 82 40 
Disodillln salt of cndoth!ll 20 91l 99 85Oct. 23,19iiO 

I 
+ (;\H4hS04_____ -------l r~ 20 99 9\J H9 

-I 10 83 17- ...... ----
Do______________________ 8 to ---_ ... -- 92 70l\[ar. 1,1951 -I 20 - ... ----- 80 5 

8 20 ... _----- 9:{ 80 
(X H4hSOI-- ______________ _____do _______ { 10 ... ... _---- Hi 0 

20 - ... _---- 7 0 ____ do________Di~odit1JfJ salt of elJd"thal 3. .. - ... _... -- .. !J2 88" I Apr. June 
8, HJ52 4, 1952 4 

HJ51 experiment: 
.~ I 651 41 

Disodium salt of endothal 3_ Oct· 22, 1951 6• { -- ... ---- 98 I 85 
8 ...... - ... - .... - \J8 -85 
4Do 3____________________ f ------- 521 40ilIar. 5, 1052 6 --_ ...... -- 46 5·t

l 8 ------- ·l8 56 
}'elJ. Mar. I Apr.

2, L953 5, U)53 I 0, 1953 
1\J52 experiment: 

·1 85 80 n 
Disocliulll salt of endothal - Oct. 22,1\J52 I G 8:3 S5 90 

I l S 88 03 95 
Disodium salt of eJJdotlml r ·1 20 f)O DO 85 _____do_______+ (~H4h~O,--------- ___ l 6 .20 00 9a 85 

8 20 08 n8 98 
DisodiullI snIt of endolhnl ,.j 88 S5 S5.+activator______________ I---_-dO_·_---- G \)5 98 oa

l 8 03 !)5 no 
DiBodium salt of endothaL 

+ (XI:L)~SO,_-- ____ • _. __ Xov. 18, 1\J52 6 98 \J8 78 
Dj,;ocliuln salt of <:ndothtl.l _____ c1o _______+arti,,!ttor ________ ._____ () 08 OS 88 
Dil30diul)l salt of cnr/othal 

+ (XH4hS04+ aclivator __ :Ian. la, 1053 (j 0:1 100 100 
D('('. I Apr. .June 

r5, 1\li5:~t 6, 1\)5·1. 8, l!)5A 

105:5 expc\'iment: I 
60 I 55 :~O 

Disoriiulll l'nlt of endoUH1L. Oct. 29, 1053 i 
r ,.j 

(j , 88 1 75 60 
______________________~_________.__~__~._S-~~S~!__~S~8____~7~8 

1 flee footnote I, table :3. 

2 Signifies ratio of disodium salt of endothlll to (XIJ')2S0, ill pounds per acre. 

3 Comnwrdal powder formulation. 

4 See footnote .2, table 3. 
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•
];t',nu, ;;, H;,,:,', ":f:tlf,, 1'1,,'- -pra,I"d \\i", di·.·di ill! -a]~ ,of ,':,d"'!,al al !-. 

It. ' i':11 ... r" !" °t,'r' i:. "\d\I,!!dli'I' 1'J.j:~ to l'Hutrol clo\\lI: hrI)IIIP: I,.ft fHrf':.!rollJl.d 
aLd !I;JI'h.:..!.rq.1 r!, ,:"!,,>,t',,d 

.\ppli"ul illll' Ill' Ii aud , .... PllIlllti..; PI'!' tll'!'1 11P[>I'11I'I,<I opl illllllll, IUld ,] 

POlllld, \\ 1I~ -didd hi.,,, 1'1i'",'! II I' Ilwll I; IHlIIIld., '1'1 If' Iflll\ luh'UIIIU:!I' 

II. H(lpl,\ill~" (l\ ..r'; !)I)lllId, nPPHl'I'lllh \\;1" III ill";III'(' ,·olltl'lll. 
TIll' Hilt/illtlll o! III Ill' :!II pOlll.d" Id' II III III 1111 ill 1lI 'illfatl' ,'\II,>(),' 

nl' :t "lllllllll'lTinl «(I'li\':IIII]' appal'l,"!I\ I'nll'I,d IIIl II/lld.;. .. " illl'/'I'lI-I' III 

IllI' ,,11'''''li\I'III'''''; Ilf tli-llIllIllll ,all of '·llIlolllal. '·-llI·l-i,dl.'" III Ii :IlId " 
pOlllltl- IlI'l' ;[('!'!', Tlji'! ,\ I I, >() a I JlIlli' :!ll I" It! I,d- P"!' II 1'1'1' 11101'" 11:1" 

llwlrl"'II\ I' It! "IJI!Il'Idli!l:l; tlllll 1,\ [,1'111111' 

TIll' l'IIllljlf'lllj"" ,,!I'I'I"- Ill' dll\I:;.'- l'l'llltl'· Ill. nlf:dfn \11'1f' illtI,ll'Hl ..d 
f!'pc Il II'll I h It! tlll'-" p\I"'llllt"lh YI"ld, Ill' :dfllitn rl·,t1\tlll:..!: fl'llill IIII' 

"Olll!'lIltlJ' dll\\ 11\ ill'tllll" \\ II i: cI,-tll/1I1111 -nil or "l,ri,,1 IInl \\t'l" 1llI'l'l'a-I,d 

fl'tllIl 1I1'IJI'Il'!lIIHI,·h (),-, tIl:! 1111" I"''' 1\' 1"', llr :;'1/1 li!'l'I"'IIl, 11, Ifll' ]\1,-,] 

.. ,[wl'llll'·!!! 1IIl'o\I'I,-\'. Itd- "'.IW!'lllll'lll \\Il" ",.LIII!f'II·,1 (lllll!: !lId, llllil 
,11lW! ,If :drllIJ'Il. Ili,d -111'1, lar;..:" lI"'rl'lI,I" \\IIflld 11111 I", '·\P,·,·I .." 
Illll 1111111:, 

III 1~.illll1 !'\p,'nlw·t" \\:1, "!ltd"I'I"" '0 ./..r'·l'tlIlIlI· Ill" "11',,,'1 Ill' •
di-lldiflill "nl' !II' "I,d,,' i,:t! ul, .\ p·l.!- til' 1IIIIli lilli'll :11,,1 fllfl!'1 h-,\ I'Hr 

HiraiI'll. Ii' \\1·11 :1" ./"\\)',\ lll'tllll" 1)11111 1'1'11111 Itll' "'/,"rtl/IPnl :1/'1' 

,111l\1 It III 'aliI!· Ii. 
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TABLE 6.-Effect ofdis odium salt ofendot hal and sodium salt oj dalapon 
on the botanical composition and yield ojfirst-cutting hay when.applied 
to cont1'ol downy bromein established alfalfa, 1954-55 

Average hay yields per 
Date of appli- Rate acre on June 14, 1955 

Age of alfalfa and herbicide cation per 
acre 1 

Alfalfa 21 Downy brome 

Fourth year: Pounds Tons Tons .Percent· 
6 3. 30** 0.02 0.6Disodiurn salt of endothaL_ Dec. 8,1954 { 8 3. 26** .02 •.18 
5 2. 94** .18 5.18 

10 2.67 .03 1;1~~~~:n:_~~~~~~j_a~~~~~~~===_~~::'__ ~~~~~~_I{ 0 2. 23 1. 94 4fi.5 

JLeast significant difference at­
5-percent lEweL _.______________________________ I 10.49 j------- ---".---­I-percent leveL _______________________________ .65 ------- ------- .~ 

Coefficient'of variation (percent) ____________________ 19 ------- ------- i 

, 
Third year: i 

6 3.36** 0.05 1.5,. Disodium salt of endothaL_ Dec. 8,1:J54\{ 8 3.04 .01 .3 
5 3.31** .04 1.2Sodium salt of dalapon_____ 1\far. 8, 1955 I{ 10 3.23** .01 .3Check___________________ ·1--------------1 0 2.65 1. 08 29.0 1,I 

J 

, ~ 
Least !;lignificant difference at­

5-percent leveL _____________________________ .. _ 0: 40 j 
I-percent leveL _______________________________ .54, 1---- . ~ 

1 ----...,--
Coefficient of variation (percent) ____________________j14 , !------- --.----- 1 

~ 
1 

1 \Vater at 120 gallons per acre was used as the diluent. Ii, 
2 See footnote 2, table 2. I, 
The check in the fourth-year stand yielded 53.5 percent of alfalfa 1 

and 46.5 percent of downy brome, whereas the check in the thinl-year J 
stand yielded 71 percent of alfalfa and 29 percent of downy brome. ,~ 

In this experiment di~odium salt of endothal for the first time 1 
1 

caused a marked delay in the gl"Owth and development of alfalfa in the '., 

1spring. A combination of it very mild winter and a cold spring with. 
low soil temperatures may have been a contributing factor. Marw 
overwintering alfalfa shoots above the soil surface were not killed 
on the check during tbe mild winter, whereas all such shoots were 
killed on plots tL'eated with disodium salt of endothal. Apparently 
the cold, adverse weather conditions in the spring were less favorable 
for the development of new shoots from crown buds in the tr'eated 1 

I 
.,

plots tban for gl"Owth of the overwintering shoot::; in the check. 
Despite this delay in growth the treated plots in the fourtlh.\'ear stand 
pl"Oduc('d appl"Oximatelyl ton-per'-acre more alfnlfn thnn the check. 

·ft 
< 

i 
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III the third-year stand treated plots outyielded the check by nearly 
,0:5 ton ot alfalfa per ac,·e. Composition of the hay 011 treated plots 
avel'nged 99 pcrcent of alfalfa. Applications of 6 and S pound!" ,rf 
disodium salt of endothal per acre appcaredequally effective. 

In 1955 au experiment was conducted to detennine the effect of 
disodimn salt of endothal 011 the control of downy brome and on the 
seasonal yields of fourth-year alfalfa. As determined by actual 
separations and shown in table 7, the ,first-cutting hay from the 
check contained an aycrage yield of 55 percent of downy brome and 
only 1.73 tons of alfalfa per acre. Hand weeding was difficult.. As 
!itresult, ha~- from plots that wcre hand weeded contained 17 percent 
of downy brome, and those that were hand weeded and treated with 
disodium salt of endothal contained 3 percent of downy brome. 
Despite oxceptional~y wet weathl'l' during the winter, the downy 
brome content of hay from plots treated with djsodium salt of endothal 
averaged no highel' than 6 percent, and the first-cutting alfalfa yields 
were increased approximately 100 percent ovel' the yield oi the check. 
The alfalfa showed no symptoms of hor;,;icide injury. 

TABLE 7.-Effect oj clisodiwn salt oj endQthal on th" botan1~cal composition 
and yield oj 8easonal cuttings oj Iwy when appl?:ed on December 12, 
1955, to control dmvny bl'orne in jov,rth-?/Nll' a~falfa 

Avernl!;e hay yields (dry weight) per acre 

Rate Downy brollle i Alfalfa 2 

Treatment per 
acre I I! 

1st I 2d 3d I 
1st cuttinl!; on cutting cutting cutting: 
i\Iay 31, 1056 	 on l\Iay:on .Tuly on Sept.! Total 

31, ]056)16, 1056111,10561 

---------------,----1----'
, ,

'---
Disodillm salt of en-	 'l'ons 'I'(Jn.~ 'l'ol/,.~ TOI/.~ 'l'01l.~

dothaL _________ _ 0.23 3. 57** 3.18 2.01 8.7(i** 
Disodilllll 	salt of en­


dothal + hand

weeding_________ _ .12 3.50**; 	 2. 00 2.01 8.50** 

Hand weeding_____ _ 	 3. ·13 8.63**Check ____________ _ 	 .50 2. 28*'\ 2.22 
2. 15 1. 13 1 3. 20 2. 12 , 7. l-l 

Least significant difference at- -- ­ '---1---1 ~--
5-percen t leveL ___ •_____ • ______ . _, _ _ _ _ _ O. 70 . (3) I (3) I 0.!J7 
] -percell t leveL ___ • _ _ _ -.. ___ _ _ _ _ I. 1 I (3) I (3) I I. 35 

1 'Vater at 107 gallons per acre WtlS used as t.he diluent. 

2 See footnote 2, tal;le 2. 
 •
3 Not significant. 
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• No dowl1ybrome was present in the second and third cuttings and 
no significant differences in alfalfa yields were apparent. The total 
yield of the three cuttings of alfalfa from trcl'.tedplots averaged 
approximately l.5 tons per acre higher than that from the check. 
Thus, the competitive efi'ect.s of downy brome on the first cutting of 
alfalfa were further demonstrated. 

Sodiu'rn, Salt oj Dalapon and Sodill.rn, Salt oj 2,2,3-TPLl.-Sodium 
salt of dalapon showed considerable promise fOl' controlling downy 
hrome in estahlished alfalfa. However, tbe range in rates at which 
this herbicide may be applied effectively and safely appenred narrow. 

A.pplications of sodium snIt of dalapon in the fall wereunsatisfuc­
tory, as indicated in table S. However, the early-spring treatments on 
:March 4 werc efi'ective, especinlly at 5 and 10 pounds pCI' acre, which 
averaged 90- and 9S-percent control of down~i" bromc, respectively, at 
the time of the first cutting of alfalfa on .June 8. Exc,<,pt for stutlting 
of the overwintering shoots and n, slight delay in spring emergence, no 
s~rious injury to tl1C' alfalfr" was observed. 

TABLE S.-.Conirol oj downy brolY/l' in 1'8irlbli,Qhed alja(fa with sodium 
salt oj (/a/apon, 19/53-5J,. 

t 
! Avcrap;r downy brome control! (c'stiIllatr(l) 0)1-

Date of application Rate> per !_______-,-____ 
acre l I 

Dec. 15, Apr. 6, .lllllr 8, 
1053 1!)54 1 1054 

----;----
Po 111l ti8 i 

. 
Percellt . Percent Ii Percenl. 

~. 51' 15 j 4~ ! 
3

Oct. 20, 1053 _____________ ----- { n 4S ! 70 , 5·1 
10 50 l SS i 75 

;\f:tr. '1, 1!)54------------------ { no 
I ~ '1::::::::::(::::::: ::j 50 

os 
1
 

1 See footnote 1, htble 3. 


• 

'rhe effects of sodium $alt of dalnpon on the yields of thircl- and 
fOUl'tb-year ttl fill fa, .as well ns on downy 1)1'0111(', are summnrized in table 
G, page 17. Yields of alfillfa 011 plots tl'catC'd with sodium salL of 
dalnpon at 5 pounds pCI' acre we['e significantly higher (P < 0.01) than 
those from the cheek, .However, this treatment was the lenst efl'eclivc 
in the fourth-ycar stand of alfalfa, with composition of the hay aver­
nging 5,8 perccnt of downy brome, In the snmc stand to pounds was 
effectivc jn controlling downy brome but caused mnrked injuIT to the 
nlf'alfa. An average nlfnlfn yield of 2.G7 tons 1)('1' aCrC' on tll{'SC' plots 
barely missed bcing significantly higher W> 0.05) than thal from the 
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, 
check, but was approximately 0.6 ton per acre lower than that from j
plots treated with disodium salt of endothal at 6 and 8 pounds per 

\<.,. ,6.'acre in the same experiment (see table 6). In the third,year stand 
excellent control of downy brome was obtained, and no significant 
difference in alfalfa yields among the sodium salt of dalapon and 
disodium salt of endotbal l)~eatments r6sulted. Apparently the 10­
pound rate of sodium salt of dalapon caused no damage to alfalfa in 
this stand. 

;@n 'March 22, 1956, treatments WeI:e made to compare the effective­
ness of sodium salt of 2,2,3-TPA in controlling downy brome in estab­
lished alfalfn with that of sodium salt of dalapon. At this time new 
alfalfa shoots were just beginning to emerge and downy brome was 
beginning to resume vigorous growth. 

TABLE 9.-Effect oj sodium salt oj dalapon and sodium salt oj 2,2,3-
TPL1 on the botanical composition and yield oj jirst-cutting hay when 
applied on J.l1:arch 22,1956, to control downy brome injijth-llear alfalfa 

Average hay yields (dry weight) per 
Rate acre on June 1, 1956 

Herbicide per 
acre I 

Dry I Alfalfa 2 Downy brollle 
matter \ 

I 

r POltlld.~ j' Percent Ton.~ 7'on8 Percent 
37 2. 68* O. 72 21

:( 4Sodium s.'llt of dalapon _______: 6 ; 34 3. 12** . 15 5 
. ! 8 l 33 2.98** .08 3 

34 3. 62** .04 1 I, 
38 2.01 1. 76 47i( 1~ I' 37 1. 97 1. 50 ·13Sodium snit of 2,2,3-TPA ____! ,~, 38 2. ~·1 I. 63 40 
36 2. 59* 1. 25 33 _ ' 10 I 

Check __ ---- - -. ----- - ----. -l---- ----I 40 1. 80 I. 88 51 

Least significant difference at­
5-percent leveL _____________ . _______ . O. 76 -.----- -t- ------­I-percent leveL __ ------ ___ • ____ .. ,. ____ _ I. 03 l---·---·i- -- ... -

Coefficient of variation (percent) _' __ . ____ . ___ .: 20 i- -------1--- .---­
j I i 

I \Vater at 160 g!illons per acre was used as the diluent. 
2 One asteris,k indicntes that difference from the check exceeds the 5-pel'cent: 

level of probability, and two asterisks indicate thnt difference. from the check 
exceeds the J-percent level of probability. 

Data on the drect of these two herbicides on the botanical composi­
tion and average yield of first-cutting hay arc presented in table 9. 
A.lthough the nctionof sodium salt of dalapon wns relatively slow, the." 
8- .and lO-pound rntes ultimately gave excellent control of downy 
brome. Hay ft'om these plots contained 3 percent or less of dowllY 
brome. Hay from plots treated with 6 pounds per acre contained 5 
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percent o.f downy bro.me. These yields may be co.mpared with 51 
percent fo.r the check. So.dium salt o.f dalapo.n at 4 po.unds per acre 
failed to. give satisfacto.ry,co.ntro.l. 

So.ditun salt o.f dalupo.n caused no. visible injury to. the alfalfa in 
this experiment. As a result o.f the treatments, :yields o.f alfalfa were 
increased fro.m appro.ximately50 to. as much 11'5 100 percent o.ver the 
yield o.f the check. 

No.ne o.f the treatmellts with so.dium salt o.f 2,2,3-TPA gave satis­
facto.ry co.ntro.l o.f do.wny bro.me. 

Fro.m these exporiments the o.ptimum rate of sodium salt of dalapon 
appeared to. runge between 6 and 8 po.unds per acre. In the field a 
mte higher than 6 o.r 8 po.unds per acre resulting from any miscalcula­
tio.n o.f do.sage, erro.r in calibratio.n of spray equipment, 0.1' o.verlapping 
o.f the spray treatment co.nld pro.ve damaging to. the alfalfa. 

J.Vlon1l1"on and Diu7'on.-Datafro.m experiments with mo.nlll·o.n in 
1951 ancl 1952 arc presented in table 10. 

TABLE 10.-ControL oj downy bl'ome in established alfalfa with mOt/1tron, 
1951-53 

Average downy brome 
Rate control (estimated) 

Experiment and Date of per '1----;--------:---­• treatment application I acre 1 I 'i 
I ' Apr. 8, I June4, 

, j 1052 , 10522 

--------------1---1 , --­

1051 experiment: ! POll:;':!.~·,', Percent' percent!' Percent; Percent 
'{ O. -v ___ - ___: __ .____ 19 i 11 

.50; . ____ .'_______ 8 0 
~lonllron _________ Oct. 22,1051;, ,1 1".-----:-------1 74 ,7!:! _______ ! _______ I 98 , 60 

;.l i-------'.-----j 100, !H 
Do_____________ l\Iar. 5,1052! 2 1------· .. _____I 3 , 44 

l(l52 experiment: IDec. I,D' Feb. 2, ,I Ap,r. 6, .,JU.Ile 18., 
1!).';2 i I (l53 1953 I 1(l53 

........-.-~-.-,......-, • t 


lIonuron ________ _ Oct. 22, 1051 i 2 
Re-trentcd _______ _ Oct. 21, 1052! 2 f} 50: -17 : 63 : 70 
~[onurOIl _______ ." ' Oct. 22, 1051, ,I I} 77 . 83 07 !l7Re-trea ted _______ _ Oct. 21, 1052 ~ .J 

0)7 .Monuron. _____ -_ J X n-? I{ 2 23 ! ,50 60 
- ov. 18, luv~: 4 13 . 40 1 !l5!17 ' 

__~____ ,,~l__~____-----._- -,----------_.... 
I See footnote 1, table 3. 
2 See footnote 2, table 3. 

Tn tbe 1951 experimenL, Octo.ber applicatio.ns of 1ll0.11U1'o.n at 4 
po.unds per acre gave go.o.d co.ntro.l o.f do.wny bro.me witho.ut injury 
to. the alfalfa. The lo.wer rates werel1luch less efl'ective. ~larch 
applications at 2 po.unds were unsatisfaelo./'y. 'Yin tel' and spring 
precipitation was belo.w average fo.r the tlrea. 

http:witho.ut
http:applicatio.ns
http:facto.ry
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lVIonuron applied on November 18, 1952, both as initial treatments ! 
and as re-treatments, gave unsatisfactory control of dO\\nlY brome at (.! 
2 pounds but excellent control at 4 pounds. However, both mtes . l 
caused severe injury to the alfalfa when applied either as initial . 
treatments or as l'e-treutments in this experiment. During the last 
part of November, December, and January the weather was mostly 
cloudy und wet. Precipitution of 3.62 inches for December und 
Januury wus 1.5 inches gl'enter than the 29-year u,vemge. 

lVIol1uron nud diuron treatments wel'e compnred with normal 
'. . spring-tooth hUJ:l'Owing in 1956-5.7, nnd thc rcsults are summat:ized 

in table 11. The November npplications of monuron ut 1.6,2.4, and 
3.2 pounds per U<:J'C Wel'C mthel' effeciivc in controlling the downy 
brome but were injurious to the nlfalfn. In spite of the herbicide 
injul'yto the ulfnll'n. plilIlIs und tbc inferior qunJit.,r of the hn.~·, the 
yields of first-cutting ulfnlf'a from the- trcaled plots wer(> highel' thun 
thc yield fl'Olll the cbeck, which was suppressed mitrkedly by com­
petition from the downy brome. .Monuron at 4 pounds pel' nere 
gtwe excellent control of tbe do\\'ny brome but cnused severe injm,V 
to the ull'n11'u. Further herbicide inj lilT to the ulfnlfa was observed 
prior to the second cutting in July on all plots that had been treated 
with mOl1urOI1. 

The ?-:ovcl11ber applications of diuron at 1.6, 2.4, :3.2, ancl4 pounds 
pel' acre caused no apparcnt injury to thr alfalfn., but nonr of thr I 
treatments gavr satisfnetory control of the downy bl'Omc. .Mor:e 
favorn.blc results from similar treatment.s have been reported from 
Oregon (5). At Pl'Osser thr 4-pound application was more erfeetiv(' 
than the othcl's (table 11). In comparing the 4-pollncL application 
with the check, the ~'ield of down)' bl'ome WitS rcduced 71 percent 
and thr yi('ld of alfalfn, was increased 68 percent. ~[ist.Y, cinlllp 
weather pre\'ailed ciUl'ing Dc('cmber nnd snow fell dur'ing Januar',Y 
and I;'cbnral',\- after the applications. In spite of tll('se moist coneli:.. 
Lions, preeipitation per'haps was insufficient to leach tile diuI'on 
into thc soil hefore ('onsiciel'ahlr photodccomposition o('cUl'red. 

Although normal sprillg-tooth hnr.'l'owing failed to give thc dcsin'd 
down.,- hrome control, the pCI'('clllage l'ccilletion of dowll.'- hrome \\"/1':'; 

sufficient to illGl'cas(> signifienntl.r tIl(' yield of nHnlfa over that of 
the cheek. 

DeC, J.fIJ, and J{O(W.-~-.Applientiom; of DOn at 5 and IOpourlds 
and of ~[H fit 3 and 6 pOllnds pel' 11.('1'(' in the fall of H);')O illhihite-(i 
appreciahly the growth and d('velopmcllt of clown.," hromeill alfalfa 
until Fcbl'llftr.·.v 1051. How('ver, nOllC of thr treatments proved ., 
satisfaelol'.". 1;\.pplieatiolls of KOC'X tLt 20 pounds pel' acre in till' 
same experiment wel'e completciy Inelfectivc. 
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'l'ABL1~ 11.·· E.fT('cloj 'lnOlllll'on and dill/'on on thf bOhmical composition. and ?Iield oj fil'si-c1dtin{J hay when applie(Z to 

con1l'o[ downy b1'()'Jl1e i11 fijth-year a(faUa, 1.96(1-/;7 

A\'el'n~e lin.\' yit'ldil (dry \\"('j~ht) per acre 
Oil i\lny 20,1057 2 

Dn(p of R:lle 
T!'('atment nppliel1Uoll per 

!ll\f't' I Amount 
of drv Alfnlfa Downy bronle 
Illnt1('!' 

Ii POll'lHls Percent Tons Tons Pel'cen~ 
1.(\ 2. 00 It O. III abc $~:312. ,.1 :35 1. 00 :t . 12 :tb 6

"",,,on______ ---- ____________ ---- -_ -------- --- - -I No'- 29, 1O'1i_1( :3.w? 35 1. 73 ltb .08 ab 4. 
4. 0 oS I. 27 l' .04 a 3 
].6 3(i 1. 50 be 1. 75 c M 
2. 4 a·1 1. 71) :tb .78 bed 30

Dhn"n ___ _____________________ - -- ------- --- --- - -1- - --_do___ - - - -)( 1 L 83 all .1)2 cel :33:3.2 :35 
4. 0 34 I 2. 14 n .30 aho 12 

0 3:3 2. on a . (i7 abed :?+ 
:37 1. 31 1. O,~ diJl?(~':,\~:~I_ s~rin~-I()OI_h hn!'!';\\:i~l~= ==:::::::==::::::::==1_ ~~ ~~'--~~: :~:.I 0 i c 44 

I• _._______ ..~~_-... _0~ 

1 ::;t'P foolllOlP 1, l:lhlc n. . ' 
~ A\'('r:\I!:P yiC'ld:; with thl',;:tnw ktt('r;; do not dilTC'r ';ignifi("untly nt, the 5-pcrcent level of prob:1.bility (3) j for example, alfalfa yieldS 

with thl' leltl"!, "h"-I.78, 1.50, 1.70, :lntl J .8:3. 

-
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.Tolerance of Alfalfa,Other LegulDes, and .Perennial {Grasses ,to 
;; :DisodiulD Salt of Endothal ,.l

.,.. "t 

Data on the effect of disodium salt ofendothal on the yield of first­
cutting alfalfa, which was nearly free of weeds, are summarized in 
table 12. Within the range of 0 to 16 pounds per acre the analysis 
of variance indicated a significantly lower yield for the 8-pound 
treatment. However, a regl"ession analysis indicated that this 
varintion was the result of factors other than the effect of disodium 
snIt of endothnl. In the range of 1.6 to 128 pounds per acre the 
regression annlysis showed a consistent decrease in yield with an 
increase in rate. Yield reductions were significant (P < 0.01) at 
64 and 128 pounds of disodium salt of endothal. 

TA.BLE 12.-EiJect of disodi1£'ln salt of endothal on the yield of first­
Gutting alfalfa when aplJlied on Octobe1' 29, 1953 

Yield per acre on 
June 10, 1954 

Rate of application (pounds per acre) 
Dn' matter 
ill inoi:;ture Alfalfa I 

sample 

Percellt Tons2 ____________________________________________ _ 
27.5 2.:3-1 

8__________________ • ________________________ _ 
4____________________________________________ _ 

27.5 2. 45 
16 ___________________________________________ _ 26.0 2.18* 

26. 0 2.42:l2 ___ . _____ . ___ . _ _. ___________________ . _____ _ 27. 0 2. 25
(j-L ____ - ___________________________ - _ - _______ ­ 25.5 L 85** 128 ___________ • _____ . __________ . ______ _ 

24. 0 . !)8** Check____ . __ _ _ _ ___ _ _ ___ . __________ . _________ _ :31.0 2. 74. 

Least significant differclJce at ­
5-percent leveL____________ ____________________________ 0.44 

I-percent leveL. ______________________ .. _________________ .60 


Coefficient of vnrinlion (percent) .. __ -_________________________ 1:3.7 


I See footnote 2, tablp n, 

As a}fnlfa 1>rok£' dormalley in th£' spring, new growth and develop­
ment of alfn1fa on plots treated witli disodium imlt of endotlwJ, 
paltic:ulnrly on those recei\ring 8 or more pounds pCI' nero, WOl:C 
retarded slightly for approximately 1 week. 'Phis wns antieipated 
becnuse fnll aftel'mnth nnd oven\'intel'ing shoots thnL had emel'gcd 
at the time of application were desiccated i;,r disodium snIt of cildotilal 
treatments. Howe-vOl', no netual hel'hieidc injuIT to the new folingc 
was noted. Except on plots tl"eated at the highest rates, \risible dif­
fet'ences in growth and development tended to disappear within 1 to 2 

i.

i 
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weeks. The slightly lowerperceutage oUlry matter in the.hayfrom 
plots treated wit.h 64 and 128 pounds per acre indicated a delay ,in 
maturity. A light infestation ofdownybrome developed on the 
check. It would seem reasonable to assume that failure to separate' 
the downy brome from the alfalfa at the time of harvesting .and 
sampling affected to some degree the percentage of dry matter and 
perhaps the yield on the check. 

On the basis of this experiment disodium salt of enclothal appar­
ently caused no seriousilljury to or ["eduction in yield of alfalfa at 
rates several times higher than the 4,6, and 8 pounds per acre applied 
experimentally for the control of downybrome in alfalfa. 

In exploratory work a fall application of disodium salt of endothal 
at 8 pounds per acre apparently caused no permanent injlU"y to ,7 
varieties of orchard grass, 3 varieties of tall fescue, Kentucky blue­
grass, Tualatin tall oatgrtlss, wlanchar, and Achenback smoothbl'ome­
grass, intermediate wheatgrass,and 6 varieties of alfalfa. 'Vhether or 
not perennial ryegrass, birdsfoot trefoil, perennial vet(;h, and Kenland 
wd clover sustained injury was questionable. In one sample are& 
Ladino clover was nearly eradicated by the treatment. 

TQxicity of Disodiulll Salt of Endothal to Sheep 

Gl'azin{f Experiment.-Sheep disliked the faU legume-grass fl.fter­
math that was treated with disodium salt of endothal at 8 pounds per 
ncre and preferred to grnze close to the fence lines, which had .not 
received full coverage during the initial spray operations. All animals 
lost weight during the grazing experiment, as indicated in table 13. 
Disodium salt of endothal caused anticipated desiccation of the 
aftermath foliage within 7 to 10 days a£tel' treatment, and the animals 
were fOI:ced to graze within the given lots for rather long periods. 
'rhereforc, the ultimate lack of feed on the untreaiedas weHas .the 
treated areas was believed responsible for the losses in weight mtller 
than the direct effect of the disodium salt of endothal. Otherwise, 
the overall condition of the animals when they were removed from the 
lots was good. 

Differential counts Were made of the stained cells in blood samples 
from the test animals. The percentages of neutrophils, lymphocytes, 

1
1l10nocytes, eosinophils, and basophils remained almost entirely within I 
Boddie's "nOI'mal range" for sheep (1). However, three animals had 

1a fairly high neutrophil count, which indicates a reaction LoinfecLion, 

digestive disordcrs, or several other causes. These changes may j 

result from mild as well as severe disorders. vVhether the neutrophil .) 


1 
reaction noted in these three sheep reflected a. serious condition was l• 

1 

doubtful. In All samples the morphology of the red blood cells 
remained normal. 



____________________________ 

'TAJJ,LE'·13.~Hf~ight ,ofsh~ep /bejoreand .,after· gra~ingonlegume-grass 
(aftermath tre.ated with 'disodiumsalt ojendothal at.S pounds per acre 

. . on:October .23,1953 
" 

:Jnterval (weeks) between treat­
mellt ·with disodium salt of 
endothal and start of grazing 

Length of 
grazing 

Average weight of 
sheep on-

Oct. 23, Dec. 11, 
1953 1953 

Weight 
loss 

Weeks Pounds .Pounds Percent.O__ ~____________ . ____________ 
7 101.7 88.5 13 
6 96. 3 18,2l---------------------------­ 78.5'15 100. 5 86.0 14 

~Check________________________ 7 98. 3 92: 2 6 
I 

Oonsumption of the treated forage apparently caused no significant 
'changes in the hemoglobin levels. All rea.dings were near the lower 

, :limits of or below Boddie's "normal range" for sheep. Thus, no 
.. alarming blood changes occurred that would indicate a toxic condition 
'in the animals. 

Feeding Experiment 1.-The quantities cfchopped alfalfa and com­
puted quantities of dis odium salt of endothal consumed by the sheep 
duringa5-day period are given in table 14. Animalsfed 0.5 gram of 
disodium salt of endothal per %pound of alfalfa consumed most of. the 
first'feeding, about two-thirds of the second feeding, and about one­
half of the third feeding, but none of the fourth and fifth feedings. 
'Those fed 1 gram of disodium salt of endothal in the ration consumed 
approximately two-thirds of the .first feeding, but practically none 
. thereafter. About one-third of the first feeding, which contained 5 
grams of disodium salt of endothal, was eaten by the sheep on the 
first day, but none thereafter. Less than one-third of the first feeding 
containing 10 grams of disodium salt of endothal was consumed during 
the 5 days. Sheep on the mtion containing 20 grams consumed even 
less. The average quantity of disodium salt of endothal actually 
eaten during the 5 days ranged from 0.8 to 3.3 grams. 

'When the animals refused to eat the treated hay after 5 days, they 
were fed unkeated alfalfa and ensilage, which they consumed readily. 
'No alarming disorders Were revealed by a check on weights and body 
temperatures and inspection of the. eyes and mouths. Disodium salt 
of endothal is reported to be irritating to the mucous membranes. 
This may be the reason why the sheep refused to eat appreciable 
quantities of the treated hay, even when they were very hungry. 
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TABLE 14.-00nsumption'by indiVidual sheep in conjiner,nentjor5 days 
(Jan. 13-18, 1954) of chopped alfalfa treated withdisodium salt of 
endothal 

Average .amount con­
sumed of­

I)isodium q!llt of endothal (grams)per.0;75 Amount 
pound of .alfalfa of alfalfa 

fed Disodium 
Alfalfa salt of 

endothal 

Pounds POllnd.~ Grams 
0.5 ______________ ----------------------- 2..25 1.81 1.21_________ .____________________________ _ 

.7,''1 .57 .85______________________________________ _ .75 .25 1.7 

.7fj ..2l 2.8
10_____________________________________ _ 
·20______• _________________ • ___________ _ .75 .12 3.3 
Check___---------------_-- ____________ _ 3. 75 3.75 o 

• 

Feeding Experiment 2.-After the sheep in this experiment were fed 
and observed from August 30 to October 11, 1954, their final weights 
were taken and the experiment was concluded. During this period 
no significan t differences were observed in gains between 6 sheep fed 
first-cutting alfalfa hay from an area treated with disodium salt of 
endothal the previous fall at 8 pounds per acre to contl'Ol downy brome 
and 6 sheep fed alfalfa hay from a nontreated area. The average 
gain of the formel: animals was 14.3 pounds and of the lat.ter 13;8 
pounds. All animals remained in good condition, and no visible 
harmful effects were noted. 

These grazing and feeding experiment.s indicate that (1) sheep 
normally would not be pastured on fall aftermath treated with di­
sodium salt of endothal, because such treatments would reduce the 
palatability and rapidly desiccate the existing foliage; (2) sheep are 
unlikely to consume toxic quantities of fall aftermath 0[' hay treated 
with disodium salt of endothal; and (3) first-cutting alfalfa hay from 
fields treated the previous fall with disodium salt of endothul at 8 
pounds per acre to control downy brome would be consumed readily 
by sheep without adverse effects . 

• 
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SUMMARY 

Downy brome \Bromus tectorum L.) in alfalfa presents a seriolls 
problem, becallse it reduces alfalfa yields, renders the hay less palat­
able and Ill:tritious, and possesses awns, which are frequently injurious 
to livestock. 

Downy brome responded markedly to applications of phosphorus 
on alfalfa plots, and the percentage of downy brome in the first-cutting 
hay after the treatments was increased significantly. 

Oontl'Olling downy brome by cultivation without injury to the 
alfalfa has not proved entirely efl'ective or desirable. 

Two out of eighteen herbicides tested gave outstanding contl'Ol of 
downy brome in alfalfa. Disodium salt of elldothal applied at 6 or 
8 pounds per acre in late fall 01' early winter gave effective seasonal 
control of downy bl'Ome and, thereby, increased alfalfa yields. Rates 
as high as 32 pounds per aCl"e were applied without a significant 
decrease in alfalfa yields. Sodium salt of dalapon was most effective 
when applied in early spring, just before the alfaHa shoots began to 
emerge. The mte of 5 pounds per acre generally gave moderate 
downy hrome control, whereas 10 pounds gave good control but 
caused occasional injury to the alfalfa. The optimum rate may be 
between 6 and 8 pounds per acre. 

l\'[onuron gave good control of downy brome, but it damaged the 
alfalfa in 2 of the 3 experiments in which this herbicide was tested. 
Diuroll caused no injury to the alfalfa, but it failed 'to (~ontrol the 
downy brome satisfactorily in the one experiment in which this 
herbicide was included. 

Fall applications of disodium salt of endothal at 8 pounds per acre 
desiccated the legume-grass aftermath, and sheep disliked the treated 
forage. However, forced grazing of the treatedllftermftth cllused no 
toxic symptoms IlS measured by cedain hematologicnl studies nlld 
the overnll condition of the nnimals. Even when very hungry, the 
sheep refused to COllsume nppreciable qunntities of ehopped nlfulfa 
hay trented with disodium snIt of endothnL They consumed rendily 
und witbout udverse efrects the first-cutting nlfalfu hay from nn Ill'ea 
treated the previous fall with disodium salt of endothul at 8 pounds 
per ncre. 

• 
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