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Control of
FIELD
BINDWEED s,

Cultural and Chemical Methods'

By WiLrttam M. Purnpies, Research Agronontist,
Crops Research Division,
Agricultural Research Service*

Field bindweed (Cenvolvulus arvensis 1.) is an aggressive deep-
rooted pervennial plant that has long been recognized as the most
serious weed pest in many areas in the contral and Far western United
States, It also ranks high nmong weed problems in the Corn Belt, in
some Northeastern States, and in many parts of the South and
South yest,

Bindweed, a native of Kurope and western Asin, according to
Kiesselbach and coworkers (9),F first appeared in ihis couniry along
theeastern seaboard. Tt was reported in Virginia in 1733, and was fivsi
reporfed in Kausas at Topeka in 1877, Frazier (4) thonght it was
probably brought to Kansas in seed wheat from the Ulerainian region
of Russin between 1870 and 1875.

The first experiments on the conirol of bindweed in Wansas were
conducted in 1907 and 1908 on a farm near Victoria, Fllis County,
under the dircetion of A. M. Ten Eyck of the Kunsas Agricultural
Experiment Station,  Experiments involving the use of salt, cultiva-
tion, and smother ¢crops were begun at the Fort Iavs Branch Station
e N5 by R, B Getiy of the U8, Department of Agrienlture. The
resitlts of these experiments conducted over a period of years were
reported by Calland Getty {J4) in 1923,

carly veports Trom other States on hindweed control inclide {hose
of Bioletti {2) and Gray (3} of Californin in 1911 and 1917, and
Stewart and Pittman {24) of Utal in 1920 Latshaw and Zahmley
(10, 17} reported in 1927 and 1428 the resuits of experiments with
sodium chlorate on bindweed control in Kansas. From 1920 1o 1994
many investigaiors, including Schafer and coworkers (27}, Kennedy

YCaoperative investigations of the Agrienitaral Besenreh Serviee, U8, Dopurt-
et of Aericwlture, and the Konses Apvieniors) Experiment Station,  These
ivestimitions woere conductsd af (e Forl Hays Dranch Siation, Hays, Ko,
durime the perimd 135 55,

* Ackuowledgment is due I L, Tinsaons, researeh ageommnist, Arricnliorn)
Resenreh Borviee, who wis in charge of the wark feom 105 o PRS,

*leadie nuubers in prentheses rofor Lo “Litort are Ciled™ po24,
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and Crafts (8), Willard (37}, Hulbert and others (7). Tingey (:29),
and Kiesselbnch and others (), veported resulls with cultivation,
chlorates, and other methods of confrolling field bindweed.  In vecent
vears many investigafors have published results ot the control of bind-
weed with selective anl soilsterilizing chemicals. Most of these data
liave been published in abstract form in reports from the several re-
wiomal weed contrel conferences in Unifed States and Canada.

The investigations reported in this bulletin were hegun July 1, 1035,
The experimental plots were loeated on a 130-ucre tract of bindweed-
infested land ndjacent to the Tort TTays Thranch Experiment Station.
They were part of a coordinnted Federal-Stafe regional vesearch pro-
giwm in which projects were also established in 1935 and 136 at
Geneseo, Idaho, York, Nebr, Lamberton, Ainn, and Tawarden,
Towa.  Preliminary reports of the investigationg at Ilavs, Kans., were
published in 1930 Fand 1941 (27). and ecertain completed phases were
published o 1950 (27}, 1931 (28}, amd 1954 (20, Briet roports of

results with several soil-stevilizing chemieals (720 130 14 15, 1) and
more detailed reports on the use of certain chlorinated benzoic acids
(17018, 1) were published by Phillips.

Published reporrs o the conrdinated program in ofher States have
Deen wade by Seely (223 and eownrliers { 27}, Baklie and others (/).
ITanson and coworkers (). and Wilson and coworkers £37). No
attenipt hias beon made 1o review all the Hierature. but the references
Tisted on pages 25 to 30 velate divectly to field bindweed control.

This bulletin summarizes the more important resulis of 24 veurs
of bindweed control investigations at the Fort Hays Branch Experi-
ment Rtation. The conditions under which the experimems were
conducred are deseribed, so readers may judge the applieation of the
vesilis to their toealinies and situntions,

EXPERIMENTAL CONDITIONS
Climatic Conditions

Precipiration probably is the most tmportant of the =everal climatie
fictors that may influence resibts of bindweed control experiments,
Table 1 simmarizes the precipitation received at Thays, Wans., for 24
venrs, The vearty precipitation as well as the amount of rainfali re-
ceived during the growing season vnwd congidlerabdy,  The vearly
PRV WiR il{;m 421 inches in 9356 10 4354 inches in 1931, The NeuiN
of 1056, 1937, 14934, ]'H a0z, and 18 .h were extremely dry. Rnin-
fall distetbution i 1053, 195 and 135 was =och that drought condi-
tions provinled during muech of the growing season,  Lavk of moisture
reduced vields of most crops i the year of low rainfall and also
the Following yeur. ow g to hack of subsurface mokdure,  Moisture,
in genernd, was Tavorahle in the vears 1940 thronel 1931 and in 1897
Mi(l 1955, Considerably more than average vainfall was received dor
ine several of those vears.  However, (he annual and seasonnl aver-

UPrwwioxs, 1 L Mvass LS. Seaneer oML amd Seeny, 0 1L presress pe.
PORP T CODPEEVTIVE WEED INVESTIGATIONS, P8 Dwept. Agr, B, Pland Tacdise,
Mipea. Rpr. B0 ] Processed. ]
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nges for 1035 to 1938 were conparatively little ilferent tfrom the
OL-vear average, 1868-1958.

In general, the yeurs of Tow rainfall had refatively high tempera-
tures. The combined effect of delicient moisture and wnusnally high
temperatures resulted in conditions extremely wnfavorable for crops
and tor weed control experiments,

Tants L—recipitution recorded ot Hoays, Kans,, 19.35-58 1

Seusonal Seasonul -
Year © Apr 1- Totat Yoear Apr. i-= . Total
© Bept. 30 i Seqt, 30

fnehies tuches 4 o Faehes Fnches
1935, __. 18,00 | 9087 N adT.. . 7,52 2265
193G.. ... 12,30 5000 1848 L. . 1. 54 26, 1h
E30 Y . 13.03 T 86 3 (Y. L 17037 RN
8. . . .. 1920 2200 G WaEh. . Lol L 21. 57 25, 54
{23531 N 12, 35 i3 83 L 19 . . . 37457 4339
P40 L Ll 16, 99 P AR I £ 75 S 0. 416 1439
BHEC oo o0 2nee o2 iaess. o] w2107
42 _ . . 24,42 A I 1T IR £ % t5. 63 . 13 548
ER1E T S 32 82 H. I‘Ji, 18955 . ... ... 14). 42 21 Hi
4. oL 21, 2) 2970 4 1956 0 L.l 7. 460 HAES
a0 L 17, 46 R{VERE SR 11 23. 48 28 143
oo -0 . _.. 17. 38 26448 © 1938 . 24 82 3121

. . !

U Aversue stasonnl, 1935-38, 1806 lnches; 1868-1058, 1T.64 inches. Averaue
total, 1U35-58, 22,07 inches: 1868 - 1038, 2291 inches.

Soil Type

The experimental area at Thays consists mostly of level 1o slightly
rolling uplnd.  The soil, & Crete silty clay loam, lus somewhat
liner texture than many of rhe upland soils 1n west-centra) Kansas.
The surfuce 12 inches is a medium heavy, dark silty elayv toan. The
anbsoil is heavier. wore compact, wund lighter eoloved,  The soil has
a Ingh moisturve-holding capacity and s capable of producing
high vields of crops under favorable moisture and other ¢limatic
conditions.  Its heavy character makes somie farming operations
rather diflicelr unless moisture conditions are idea).

Bindweed Growth

When the experimental work on bindweed af TTuys was undertaken
m 19335, the infestation was coniplete and remarkably aniforu on abont
two-thirds of the area. The remaining one-third contained numerpus
bindweed sputs.

Bindweed growing on the experimental nrea was, in goneral, velu-
tively shallow vooted (fg. 1), Mare than 70 percent of the total
weight of vaats tn the top 6 feef of <oil was in the surface 2 foet.

The growing season for hindweed at Hays averages shout T months,
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Fruoaene Lo-Fiold bindweod gees il (rpdead of Che oXperiniental area,

Spring emergence usually begins eardy e Aprit and growth continnes
wintil November or unt! mininian temperatuees of 200 Fooor lower,
vevur, Temperatures from 20°% to 587 retard Bindweed grawtl but
danon kill the vines.

Normally, heaviest bindweed bloowm in the Flays vicinitny = from
May 15 1o June 10, and seed matority begins from June 15 to July 1
Bindweed seed usually matnres before prain harvest o infested
fields.  When =ufficient meistuve iz availuble, the bindweed continues
to bloom i produce seed during Augnst and September. o seasons
of Jow sunmner rainfull, the hiudweed often beeomes dorinant in
July and then =turts new growth in laie Mugust or early September
(Hee 23, dey condintons continue through the fall, e regrowth
i nsede by the hrter part of the growing season.

EXPERIMENTAL PLAN

The experiments undertaken ar the beginning of the projeet were
to wive wforuation on many phases of bladweed contral. Uhey
coversd root-reserve stmbios: fregueney, time of hoginninge, aad depth-
of-cultivaiion studies: use of competitive crops=: ail comparizans of
different dates, rates, and wethods of applying ~odinm ebhloide and
ather chemieal trentmems. o 1846 and niers the prograom mehuded
vestiontions with ehemieal control by 2001 and combinations of
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Frots 0 iebd bivalw ood <l < (rob i <Hinel soetion of o lteen] pent,

20w comperitive erops wnd with idensive euliivation.  Sinee
93 many =oil serilizdne-ivpe chonnieals have heen ested.

Folectivenes al the variois tresimeni = was determined by maldng
numerons eotits of sevivinge plines aonghonr the cotme of 1l
expertments. When the <ind of bindweed wirs ~o dense ns o prrolibi
connting 1 plan- an o siven plist, o metersquare gquacdre was
e The winber of sanples per plor vaned with the plor =ize.
b ad fest fomr T-neter =qaave quadeai~ were t-cd on ail plen=. Fhe
resubtine comin- were converis] ooz plant= persquare-rod  Dasis,
Mrer s treniment had cinesed some ~tand sedwetion, Hie o iee ol
served s the snpde. Ammin these count= were converted 1o a SULEERT
rond bt

Mosi data hereivare veporced s inmnber of syrvis e plagi-. Bind.
weerh evoswth varies consideradils thronehom the vrowine sensof: o,
Plant eonnts iade ot eiven area ot dierent (e way vary greatly,
Shwee experiments were sgrted at vireions hnes duoring the vear,
plant et~ waede wr the heginnine of the experbiment woulid nol
necessarilhy relleet the e fevel of o ion.

Many Fietors alleel the mnnber of planis that iy e orowing
eiven e, Fop exainple, calitvinion ar 5 (0 Goweels inferviis ITHRY
sire than donble the vmndber of onered phtnls. a~ compared 1o
i<t rhend nees-,

Beanns=e ol thee variablo, al) experiment= were ~tavted on
heavily Diefestedd with bindweed, il then (e effectvenom of the
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various treatments was compared by checking the nmmber of surviv-
ing weed plants.  In order to nu ake the daia from u given type of
experiment as comparable as possible, plant counts made in tile sume
geason of the year were used In preparing the tables,

Tt should also be pointed ont that surviving plants do not necessarily
reflect the trie degree of bindweed control.  For example, two chemi-
eal treatiments might allow the sarvival of 50 planrs per squure rod.
In one case ull plants wight be norimal and vigorous: in the other
freatment they might be swal and weak and erhibit abnormal growth
lLibits.

Crop vields were recorded 1o experiments that involved crop compe-
tition. Al treatnenfs were veplicated two or more times in each
experiment.  Most tyvpes of experiments were vepeated on new plots
avery yvear over periods of 3 to 1 vears.  1u many experiments treat-
ments were continued antil the bindweed was completely eradieated
by the most effective methods. This was done (o determine, as well
a5 possible, the offect of seazonal variation upon result=. The experi-
mental plats ranged from one-hadf scpere vod for some of the sereen-
ingriests of new chemicals Fo one-twentieth uere ar more for eultivation
and competitive eropping experiments.

EXPERIMENTAL RESULTS
Effect of Bindweed on Crop Yield

-\ series of experiments were started in 1936 and eontmnued each
vear through 14T, testing the elfect of bindweed o the yiell of ecight
different crops L2409, This period coversd a wide range of growing
conditions,  In some vears vields were oxtremely low for nearly all
crops,  In other vears the vields were quite high, and the I12-vear
avernge indieates that over the period nearly average vields were
obtained on land not infested witl ll)ind\\‘et'tl.

The methods of planting and cullural practices followed were com-
parable (o avernge farm practices. Only about half of the arvea used
for these experiments was infested with bindweed.  Yields were deter-
mined separately on infested wnd noninfested wreas for each crop.

Grain yields of six diffevent crops were veduced by hindweed m-
festations from & minimum of 20 percent for rye to a maximmu of 7
percent for wilo (20). Forage vields were roclneed from 57 l!(l((‘l!!
i drifled sorgo te 31 pereent inoanlo (2. The small-oratn erops,
competing with hindweed, produced relatively greater average yiekls
than did kalir or mtlo,  The apparent reavon for this difference seemed
o he that wheat and other grain crops actively competed with the
bindweed ouly from abont May | to harvest, about Jaly {0 Wheveas
the sorghwm crops, normally p]mlmi about Jwne 1L competed with
bindweed thronghout their growing season. until (ctober 1 or later,
The bindweed ususily veduced vields of crops considerably in both
wet and dry vears. but the percentage reduction was grenter in dry
VEeRrs,

Throngh the 12 vears wheal sveraged 5.2 bushelz harley 1007 bushels,
and outs 135 bushels more on noninfested land than on b infested
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with bindweed.  Close-tritled sorgo and sudangrass competed more
effectively with bindweed than did row-planted kafir and milo, so
that the forage yields were not reduced so much as were vields of
row-planted erops,  Results of these experiments indicated that it is
impractical to raise milo or kafir on laud heavily infested with
bindweed.

Controlling Bindweed by Cultivation?

Ninuerous experiments were conducted on time of the year to begin
caltivation, frequency of caltivation, depth of eunltivation, time to
stop caltivation. and Dest tvpe of implement fo nse to control bindweed
for the HIG—IT period (20},

Resilts of the study showed culiivation operations mast be per-
formed with an implement that will cut completely all bindweed
shoots and. thus, prevent additiona! Food stornge in the root system.
Cultivation operations performed 12 dayvs after each bindweed emer-
genee resulled m hindweed eradieation with an average of 16.2 enlti-
vations. This compared with an avernge of wore thaw 32 cultivations
when the operation was performed each time the bindwoeed emerzed.
No advantage was found for cultivaring bindweed deeper than neces-
sary Lo cat off all plants well below the surlace (fig. 3). The optimum
depthoin the medinm heavy soil at Tlavs was + inches.

Frovne -0 dnrege sweep-tepe implenment well saited for cullivalion of eoxivisive
fefe=iiions of Held higdwewm),

For practieal use. it appears that cultivation sperations could be
¥

every 2 weeks during the Hirat 2 or 3 manihis of the trealment or unfil
the bindweed has been weakened and enerres wmore slowly (g ).

e termy tewibivation™ s applicd b bindwosd thronghont this patdietion
refers tron e operabion in which odf tho =il surfieee was wnderent winl il
phnt weowtly, dncloding bindweed, wos ent off,  Phis ix spuile different from
the nusning of enltivalion as applied o corn, sorghum, aml otier fow Crops,

ETED B EI 1] A
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Trer e - Fiebd hingbwerd plang- 16 day~ s trer crpersiee T o of the Tneers e
ol el e ox prerenetig -,

The tnrerval then may be <afely Tensthened 1o 3 weeks, The enlriva
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Tanew 3—Summary of results from date of beginning cultivation
experiments, 1936-39"

Averaue totnl cultiviations
Appm\lmatn date cultivation was begun regitired for eradicntion
the first year of experiment in 4 experiments started
6-34

Nunber

First emergence in spring . o Lo ___________ 18t
B S P 17, 4
June Lo e 15 4
Judy 1 (after smallgrain harvest) oo oo L. __ 17, 6
A d o e e e 1. 3
T 1 A U 36t

P Adapled from Phifiips and Thnmons (20).

Tawvew d—SNwmmury of resulls from experiments on ureroge time of
stopping enliivation of bindiweed in the full. 134.3~50"

Yours of vni-

Cultivations | livallion

Tine of st enliivation in the fall ® reruired Lo itreatment re-
vradicate quired Lo
Bindwoeed eratdicate

bindweed 3

Spring -.vrn-\ —gultivation began in spring: Number Neapelher
Sepl. 1 e e 2300 B
Bt 1B e 21, 26
(et l ______________________________________ 241 A4
L0 S 20, 2 21

Bummer serics—eullivation Degan after small-zrain
harvest of Brst year:

b T S R .3 24
bt O ¥ S 3 2
L0 T I 2N O, B 21
O T R 254 20

U Adaptied feom Phillips and Timmons {204,

2 Al plots were seeded to winler wheat minediately alier the st enltivalion
vach fudl, The crop was destroved nnd endtivation reswmed the following sprit £
#a Boon as bindweed began growi b

3 Fxpresaed wa Lhe nnmber of yoars in which o geaio erop could not have been
grown due o the cultivation trealment,

Controlling Bindweed With Competitive Crops and
Intensive Cualtivation

Results from experiments Tor 1933 to 1952 showed that good erops
can be grown on nndweed-in Fested fand and the bindweed (t’)ni’u)”l'{i
at the swne time (7). One year of jutensive fallow miud three crops
of whent sceded carly 1 October afrer intensive cultivation bet ween
harvest mud seeding oach venr eradieated bindweed in 3 1o 4 years
and proved to be o practical plan for the Hays, Kans., region {liz, 5).
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aressive wheat farmers, other than finiely and thorough cultivation
at 2- to G-week intervals when the Iand is not in crop.

lose-drilled sorgo or sudangrass seeded about July 1 after a period
of intensive cultivution proved to be effective competitors with Reld
bindweed. The success of all competitive crops depends upon infen-
sive cultivation during the bindweed-growing season when the land
18 not in crop, and upon obtaining a good stand ot the crop.

Controlling Bindweed With Soil-Sterilizing Chemicals®

The soil-stervilization experiments were conducted on square-rod
plots, with each treatment duplicated ov triplicated. Tn most in-
stunces, the experiments were started in » number of succeeding yvears
in an effort to measure the etfect of various c¢limatic conditions on the
results obtained.

Prior to 1950 sodimm chlorate was sibjected to many comprehen-
sive experiments (20). Deeause of the thorough testing und its wide-
sprend nse. sodium ¢hlorate is used as « standard of comparison for
H]m following soil-sierilizing chemicals that were evaluated in numer-
ous experiments: Sodium chlorate, several borates, borate-sodium
chlorate mixtures, monuron, fenvron, monuron-horate and nionuron-
borate-sadium ehlorate mixtures. chlorinated benzoice acids, and higl
rates of 2u4-D 240-F, andd silvex. In addition, several other chem-
icals, including erbon, amitvole, and simazine, were nsed in o Tew
cxpernients,

Sodiuwm Chlorate

Ixperiments were conducied during 1936—45 ro determine the most
swifable time of the year 1o apply sodium chiorate, the most sutis-
factory method of applying, wnd the most efleciive rate of applica-
fion (2,

Little difference was noted in results of sprav or dey applications of
sodinm chlorate.  Resulls with mate and date of applieation of sodinm
chlorate were somewhat varinble from year 1o vear, bul il ap-
peared that September and October were the most Favorable months
To apply this chemical. It is not generally practical to apply enough
chillorate af one application to completely kitl all bindweed. An orip-
il application of 3 to « pounds per square rad, followed by -
trealments in subsequent vears, generally has heen the most econoical
method al Tlays.  Less chemiceal was needed for eradieation when re-
Frestments were delayed imtil October of the vear following the
inital application or until May or September of the second year
than when refrestment was started early in the fivst year after the
original application,

WARNING—When clothing, dry vegetation of any
kind, unpainted boards, and similar lammahle maferials
are welted with sodium chlorate solution and allowed to

TThe ferms Csterilising chewieals” anl Ssleriliond” vefer o elenieals that
make the soll mapalile ol supporiing plauat srowith, A st of The eheienis s
o e S
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dry, they may be ignited easily by friction, sparks, or the
heat of the sun, and will burn violently with intense heat.
Instances have heen reported in which operators were
severely or even dangerously burned in this way.

Dry applications are not entirely free of fire hazards,
particularly when vegetation is wet with dew or rain.
Care should be taken so there is no opportunity for the
chemical to collect on vegetation or in clothing such as in
trouser cuffs or pockets, nor to be spilled in or around
buildings where there is lammable litter. Gloves shounld
not be worn while handling chlorate. Sodium chlorate
is poisonous to animals when consumed in considerable
quantity; therefore, livestock should not be allowed to
range over areas that have been treated recently.

Chloro-Substituted Benzoic Acids

Most experimental work from 1945 through 1858 was done with
three chlovo-substituted benzoie acids. The compound designated as
23,6-TBA consisted of approximately 60 percent 2,3,6-tvichloroben-
zoic acid and smaller percentages of wvarious isomers. The poly-
chlorobenzoic acid (PBA)Y consisted primavily of several isomers of
dichloro- trichloro- and tetrachlovebenzoic neid. The third componnd,
designated as TBA, wuas made up of approximately 50 percent 2,3,5-
trichlorobenzoic acid, 20 percent 236-trichlorobenzoic acid, and
smaller percentages of other isomers. The TBA used was formulated
as an emulsifiable oil.  Several formulations of the other two com-
pounds were tested.

Comparatively few applications were made n 1935 and 1954,
Results obfzined from these exploratory treatments served as a busis
for the wider range of rates and formulations used in 1957 and 1958,

Table 5 compares 16 and 32 pounds per acre 2,3,6-TBA, and 16,
32, and 48 pounds per acre TBA and PBA with 360 pounds per acre
sodium chlorate. According to duta collected in the fall of the first
year after treatment, 23,6-TBA at 16 and 32 pounds per acre was
consistently more effective than sodium chlorate. The greater stand
reductions were particularly evident in the experiments started in
the dry veurs 0% 1955 and 1956. The action of sodium chlorate
may be delayed during dry weuther: therefore, the number of bind-
weed plants that remained 1 year after trentment with sodium chlo-
rate in 1955 and 1956 may be abnormally high. Likewise, excessive
precipitation may leach sodium chiorate rapidly, thus permitting
hindweed regrowth,  Vuriation in precipitation appenred to have
less effect on the netion of 23,6 TBA than on sodinm chlomte.

When plant connts taken in the fall of the second yenr ufter treat-
mant are considered, it 15 evident that the differences in control be-
tween sodium chlorate and 2,3,6-TBA were considerably reduced.
In most cases comparatively smail changes were recorded during the
second year on plots treated with either i6 or 32 pounds per acre
23.6-TBA, bhut m all cases the effectiveness of sodium chiorate -
creased {fig. 6}.
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Fuivpg 6.—Pliz 2 voars after fregimed swith 560 ponads per acee ol =othini
elhdorase defid and with T potieds pee acere of 20006-T A (righi s,

[oxeept on plots trented 1o Novemsber 19536, applicabion of 16 pounds
per aere 2.3.6-THBA resnlied tn satistfactory bindweed control. The
apparent ineffectiveness of this trentment, expeciatly 1 year after ap-
pheation, cannot be explained. Plant counts on plots treated with
92 pounds per acre were consiztently Jow. s indieated in table 5,
dilferences Hetween 1 amnd 32 pounds wese generally not Targe, i i
is doubrfol from a practical standpoint that wse of the higher rae
would be justified.

Many of the TR wnd PBA apphications did not eontrol hindweed
ttable 53, The necessity of n=ing higher ries way nor recognined
natil 1957 therefore, comparatively fow elata nre available from trear-
wents b elfective rates. Towever it s appavent tha 2506 TBA was
suporior to TBAL and althoagle sone diserepaneies existed, T was
more effective than PR when applied o the suome rate.

Fhroughout the experimental period, differences in resulis following
apphications on the variows dades were evident. Suflicient data have
not been collerted 1o aesigh any elimaiie factor or plant condition as
the enuse of these differences,

=ix formulations of 23.6-THA at 16 pownds per aere were comparsd
in 1957, Table 6 gives the treabnents and the number of planis orow -
g on the plotan the fadl of 1955 and 19300 The sodinu =il emplsi-
fiable 0il, and potas=ium =l fornndations mve ~imikr averee resudis
one vear afier treatment, but in the second vear conzideralie regrowtls
oreturred on ploes freated i WJTie 1937 with potassiinn sali. On the
basis of these testz, the oil-=oluble, lithinm suit. and poiassiun ol
formulations were somewhat less effeciive than the sodiun salt andd
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emulsifiable oil. A mixed metal salt of 23,6-TBA used on only one
date was fhe least effective of the formmlations tested at that time,
Additional evidence is needed before conclusions can be drawn,

A comparatively small number of comparisons were made to deter-
mine the relative effectiveness of PR applied as a spray and in dry,
eranular form (table 7). Under conditions of these tests, Iittle dif-

Tasre S—Areruge numbor of hindweed plants per square rod in lhe
first and second yeur wftor {reoiment with 16 pounds per acre of
several formulations of 23.6-T 8 at Huys, Rans. 1957 1 plunt
eounts were made tn the fall

2,3,40-TBA Tine afler
formulatinn ; trentinent June
]

Snrvivine plants ofier trestment fn —

1957

1557

July - Oclo- une and June. Juiy,
bee  July 7 and Octo-
1457 averaze heraverage

. <t e, L.
Sodimm salt. {! yem

2} venr
Fanulsifiable oi) {5 Je
[i=t year.
{20 vear
Fiar vinr
12 yonr
fi=t year
T2 vear
15 vear

Qil spluble
Lithium salt.
Polassium szt

Mived metnl soli ..

i

2eb et .

{2 venr.

fres

o =

L=

[ R P

e

wLR

SN Nawe |

bee : Namber o Number
2 i8. 0 P2,
2,5 I3, *

Panve To—Lecruge wimber of hindwecd plants per square rod in the
IsE and 2d yewae after brealment aeith PR applicd wx o spray v
in the granwlor foray wf Tlays, Kans O 10550 T pland cannts were

mrele En the full ’

Method of application Hite

{5 por
ftere
58]
Sprmy

l a2
113}
Cirnnulir 4o

PR RPN F

e aller
ISR T

et yvear
tied yveur.
Fi-t sear
12 veur
J1aL vear
12 senr
[h=t yenr
12l venr

Buryiving plants alter
froulent in

July Oetober Avernese
1457 JU5T

Nwmher  Nyomher  Numther
IS i1 3.4

i ) ML 5

27 W] 2A4)

KIH ] .

Sh RS J4h.
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ference in bindweed control by the two materials was noticed.  Obser-
vations indicate that speay applications of PBA during periods of
warm weather nsually result in bindweed topkill within 1 week. The
granular product had little immediate effect, buf topkill was nearly
complete in nbout 30 days.

Early in the experimental program it appeaved that the chlorinated
benzoic acids might prevent crop production on treated soil for only
a relatively short time. Continued experimentation indicated. how-
ever, that benzoic acid residues were toxic to many plants and were
rather persistent. Phillips (18) deseribed distribution of the (oxic
residue on plots previously treated with 2,3,6-TRA and PBA at
"arious rates.

When litrle etfective rainfall was received. the treated plots remained
nearly free of ali vegetarion. During periods of higher precipitation,
weedy grasses such as tumblegrass (Nehedonnardus pardewlntus) and
crabgrass (Digitaria spp.) and other shallow-rooted plants began
growing on the plots u few months after treatment.

Annual weeds, such a fiveweed (Aorhic scopuria}, exhibited svinp-
foms similar to those caused by growth-regulators for as long us 3
years after treatment.  \Also, hindweed plants present in the fall of
1958 on plots treated with 16 pounds per acre of the sodium salt of
2,3,6-TBA in May 1955 showed extreme effect of growth-regulutor type
(fir. 7). These observations provide conclusive evidence that the
chemical or phytotoxic products ot its breakdown remain in the soil
for extended periods.

Research is continuing fo determine more fully the effect of phyto-

toxic residues on crop yields,  Iowever, results to date {1959} indicale

Frovie T—Appeacance in November 1955 of bindwoesd plannt= fromw o piol freated

May 1055 wirh 16 pounds Der aere of 2.
novinad plant from o recentiy eultivaied ar

G-EBA (left) as compmeed with a
itright).
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that production of winfer wheat and sorghum will be reduced for at
teast 2 years following treatment with ehlorinated benzoic acids when
these herbicides are applied at rates necessary for bindweed control.
Soil type and amount and distribution of precipitation undoubtedly
influence the rate of disappenrance of the residues.

Other Soil Sterilants

In addition to sodium chlorate and the benzoic acid compounds,
nunterous chemicils were tested to determine their effect on hindweed.
Table § compares several of these chemicals, as well as 236-TBA,
with sodium chlorate. These data show thut, while some of rhe com-
pounds were quite effective, many of them were not satistactory, Al-
though only one rate of ench chemiceal is listed in the table, each mu-
teriat wus tested at two or more rates. When preparing the table
either the lowest effective rate or the highest rate that was applied
repeated]y was included.

Sodinm chlorate results varied considerably, The relative ineftec-
tiveness of the chemical during periods of dronght was responsible
for the herge number of surviving plants listed for some of the com-
parisons.  Because of the variation it was necessary to compare cach
of the chemicals with sodium chlorate applied on the same dates.

Many compounds tested wore mixtures of two or more herbicides:
therefore, the classification given in table 8 is somewhat avbitrary.

Boron Compounds

Applications of anhydrons borax and sodium chilorate were made
in the spring, midsummer, and fall {table ). Bindweed conirol
rungred from excellent to poor, but resnlis did not appear to be cor-
related with season of upplication. The baron compound is considered
to be somewhat more persistant in the soil than is sodium chlorale,
but it would he adapted for use in areas where long sterility is nof w
probiem and where sodium chlorate might canse a fire hazard ({fig. 8).

On the basis of the average of eight fests, CBM at 1,608 pounds per
acre was somewhat inferior to sodium chlorate.  Athough it did vou-
ststently cuuse some stand reduction, even this comparatively high
rate was not appreciably superior to sodium chlorate in any of the
eioht tosts,

At the rafes used, BDM was ineflective in all experiments.  Tn muny
cases results during the firsf year after application were favorablo,
but regrowth during the second vear ufter treatment indicated that
bindweed roots had not heen kitted deeply enough o prevent FOCOVOTY,
nor was the chemieal persistant enough to kill the emerging plunis.

Urea Herbicides

Monuron and fenuren at 60 powuds per acre or more were consist -
ently good hindweed control chemicals {table 8). No importan
differences in control with the fwo materials were noted (fige. 9).
IHowever, fenuron was less persistent in the soil. Monuron wonld
therefore be preferred for use on areas where virtually complete soil
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Tavre 8—Summary of dirvect comparisons of bindweed control with
sodium chlovate and several other chemicals at Heays, Kans.,

1952-58

LCompound comparizons

2,3,6-TBA:

Sodium chlorate_____. ..

2.3,6-TRA

Sedium chlorate..___. ..
236 TBA ... ... ..

Boron compounds;

Sodium chlomte____.__.

Anhydrous borax. .

Sodium chilorate_ ..

Sodivm chlernfe ...
BN

Tren herbivides:

Hodinm chiomte .. ... .

Monuron. ... ... __...

HSodium ehlorate____
Fenuron. oo .. ... ..

Sodium chlorate ...
CBMM o ..

Sodinm eblormibe. . .

BMM______ ... .

Soadium cidorale____ ..
Monuron-T('A . .. .

Phenoxy compounds:

Hodium eblorbe ... _

24-13 amine sall | _
Sodium chiorate__,
2.:0,5-T estero . ..,
Sadium chiorate_ . _.
Silvex exter_. ...

Miscoliancous componnds:
Sodium cldorule_. ..
Eebon____.__ .. .

Sodiwin chlorale . .
Amitrole L. _. ..

Sodium chlorate . .
Simazine_____ -

Rate

L. per
Hera

960
16

G0
32

064}
2, B}

TGN

i, 600

thil}
G060

il
50

i}
)
O6H

1, 280
)
2R

B
64

60
Gl

365G
Hl

B}
ot}

B0
164

i
iz

30
20

Compatr-
isons

Nuwnber

18

-

[

Yeurs
fested

52-57

o4 -57

Bindweed plants
per squre rogd

ist vear | 2d year

after after
trentment jtreatment
Number | Number
{ i3 o2
a2 20
{ 33 22
8 12
{ a2 58
{5 53
{ {41 63
12 | 95
{ i H3
13, 172
{ 18 (i
67 29
{ 108 5
L 7
{ | I A0
162} 133
{ 03 ar
ol 24)
{ 2 10
b 1)

g

{ 11 55
210 2H)2
o 18
118 231
] A0
P47 I7e
{ £ 37
1i8 2y
{ 140 7
._ 2432 324
' { I 7
138 17

10y 5 comparizons are ineluded in the resudls foe the 2d vear alter froatmen,
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Frorur S—Appearance of an daren two growing soasons alfler breatmwont with
25060 powls per aere of onhiydeons bora.

Fracur O Plais 3 wears after dvestimenn wills SO penuls per acre of feniion
Plefc Foregromsd ) and wiith SO poosds of thohuren feizgdl foreoemmed 3,
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sterility for long periods is desirable.  Both chemicals were move per-
sigtent than sodium chlorate.

At 1,280 pounds per acre, BMM was essentinlly equal to monuron in
all respects.  CBMM treatments seldom rvesulted in satisfactory bind-
weed control.  The Iack of effectiveness of CHMM as compared to
BMM appeared to be the result of the lower percentage of monuron
contained in the CBMDM product (1 versus+ percent).

Data from only two cexperinients involving monuron-TCA are
available, but these results indicated that the chemical was unsutisfac-
tory for bindweed control at the rafes tested.

Phenoxy Herbicides

As indieated by the mmuber of surviving planis (table 8), none
of the phenoxy compounds, as used. were effective herbicides for hind-
weed control. When applied at high rates these growth-regnlating
chemicals caused 1rupid foilage burn: therefore. it is doubtful
that. appreciable translocation oceurred.  The treatinents often
suppressed bindweed groswth for 6 or more wonths, but there ap-
peared to be too little residual aetion to maintain control. It was
theorized that fall applications wounld resnlt in slower breakdown of
chemicals sueh as 24-D, and thus retain sufficient vesidne to aceom-
plish control. Towever. freatments applied in the fail of 1955 and (936
resulted in no befter control than when applications were made in
the spring or summer,

Of the three chemieals tested, silvex suppressed hindweed crowth
for rhe longest period : n o few instanees for as long as 1 vear (fig. 10).
2oh5-T wag moere persistent (han 2,0-13, hut these differences were not
uportant as none of the treatments resulted in satisfactory conirol,
Ohservations of the action of 24-13 and 2.45-T wnide formulations
mdlicated that these maicrinls were no more effective than esters or
antine salts,

Miscellaneous Compounds

Erbon was tested in 1953, 1956, and 1957, The chemical mave
excellent stippression of bindweed for approximately 10 months, hut
was nob effective in preventing vigoronus regrowth,

Amitrole was entively incffective as a hindweed contral herbicide,

Simazine was somewhat variable in s effect, but in moest cnges
treatment with 1 or 20 pounds per aere cansed enly slight stand re-
ductions.  Vigor of the surviving plants was often increased, due to
elimination of virtually all other vegetation by the chemieal.

Controlling Bindweed With 2,4-D

Experiments with 2,4-D were begun tn T3, and new experiments
were started each year wntil 1950, Three general formmlations of
20D were testod. These neluded ester. amine salt, and sodinm
salt formulations,  Bindweed stands may be greatly reduced with
2:4-10; but even repeated applications will not, in most cases, com-
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Frevie 10—Dlots trented wilh #ilvex as eonrresiel with ofher (rentmenis: o,
2 vears after applications of G pounds per acee of silvex (left) aml D60
potuds of CBMM crizhiy; £01 yine alier applivations of 232 pouwds per aere
o RA ey amd 6 pounds of silvex (right), Silvex prevented zrass
growih hut bindweed reinfestol e jlote,
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TasLe 0.—C om parison of severad formulations of 2410 and 24.5-T for
Feld bindieed control af Tlays. Kans. O riginal treatment was
applied June 14, 1950

Plants per squuare rod

Chemieal Formulation Rate | Priorio| tyear | 1 yvoar

Lreat- alter after
tenl treat- | re-treat-

ment ment !

Liv per

tere Niember | Nunder { Number
24-1 .. Iriclanod amine sadl _ g 315 132 78
i 20 a7 18
2 a2 105 01
30 | Propylene  giveol buiyl % i {th 186 115
cther ester, ! 52 S 23
2 i 10 15
24-13 0 ... | DButoxy ethanol esler.. . W 3y 146G 62
i 30T 1G4 a3
2 0548 iy 35
o4 L. Fanulzifiahle aeid. .- 4 41 205 8t
| 223 82 314
2 RIS 114 23
24,51 ¢ Builoxy ethanol estoro . g 332 T 41
: 2 41 23
! 2 2y 52 52
a-1do ... Tristhancl amine  sall g 3546 153 20
1 405 pereent wetting H 514 11 En
agent, 2 {32 94 i

U He-trentments were applicd at the some rates approsimately 1 year after
originnd treafinent,

Controlling Bindweed With 2,4-D, Combined With
Competitive Crops and Intensive Cuitivation

Shortly after beginning experiments with 2.1 on bindweed, it
Became apparent that the chemical in atself would only control the
weed. seldom cradicale an established stand. A series of expert-
ments was conducted from 147 to 1949 to use the best kuowledge
accumulnted concerning intensive cultivation and COmPpetitnve erops
with the betfer thnes and rafes of appiyving 24-13 ro bindweed.

The two most eflective methads reduced hindweed stand to ap-
proxinutely 1 plani per square rod in 3 vears with an average of
(1.3 to 157 culfivations and 2.7 pounds of 241 an acre {207},

These methods appenved sligitle more elfective than spraying wilh
34D withont intensive culiivation. which required 4.0 potnds of
Tob<T) an nere and 6.7 enltivations in 3 years, or intensive cultivations
without 2-0-D. which requived 180 eultivations 3 yoaus o reduer
hindweed stand to 10 plants to the square rod.

Numerons otlier experinients were earried ont from 016 throel

1951 with crops competing with bindweed and with periods of -
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tensive cultivation. Results showed that 2,41 conld bhe used to sub-
stitute for some of the intensive cultivation and to reduce the bindweed
stand early In the treatinent period. Iowever, it is doubtful that
the time necessary for eradication was reduced signficantly over
zood competitive crop and intensive cultivaiion methods. Tall-
planted wheat, spring-planted oats or barley, and early-summet-
planted close-drilled sorghum all proved effective in helping 24-D
rednce the stand of bindweed. Sorghum pianted in 40-inch rows
was not effeetive ns a competitor and resulted in reductions of stand
similar to those when 2.4-1) was used alone.

Controlling Bindweed Seedlings

Continued emergence of bindweed seedlings many vears affer the
original stand has been eliminated complicates bindweed control.
Results of experiments and observations veported by Timmons (26)
indicated that completely ridding infested fields of bindweed may
require 30 years or more of persistent atéention {o a special program
of farm management until ull the seeds have germinated and been
destroyed.

Experiments were started in 1938 to compare the effectiveness of
several different erop rofations and eropping methods in confrolling
bindweed seedlings. It was shown that several commonly grown
crops and certain cropping systems would satisfactorily’ prevent
reinfestation of farmland from which the ariginal stand of bind-
weed hiad been eradiented.  The choice of erops appeared to e limited
to vigorously growing, close-drilled annual crops.  Row crops, such as
arain sorghimn, grown in consecutive years, did not prevent reinfesta-
tion,  Perenninl grasses developed competition teo slowly and sliips
in thin stands provided continuons opportunities for hindweed secd-
lings fo become established.

Periods of intensive enltivation and eceasional seasons of summer
fallow befween annual crops seemed to he highly important in bind-
weed seedling control.  Cultivation during sueh perinds should he
repeated once a month during the growing season. The common
practice of lenving small-grain stubhle land idle and menltivaiod
wntil spring almost always permitted bindweed seedlings to becomne
established, A uniformly good stand of a elose-drilled crop was essen-
tial to control ihe seedlings.

Crops_and_cropping systems that proved quite sutisfuctory for
bindweed-seedling control included winter whent and close-drilled
sorghum grown every year or it rotation of wheat, row sorghum, and
summer fallow supplemented with monthly cultivaiion when the land
waznot in erop.

It is possible to use 2,4-D to considernble advantuge in a bindweed-
seedling control program, as the scedlings nre quite susceptible ta
2.4-D.  This chemieal may he sulstituted for some of the enltivation
operafions in the scedling-control prageam and may, in some instances,
be nsed to control the seedlings that emerge i a (hin stand of a com-
petitive crop.  Also, 24-1 may be uxed to advantage in controtling
bindweed seedlings in perennial grasses,
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SUMMARY

Results from experiments on controlling field bindweed (Convoleu-
lus arvensis L) at the Fort Hays Branch Station of the Kansas Agri-
cultural Experiment Station, 1935-58, are presented. This period
has incinded both extremely wet and extremely dry seasons. The
average yearly precipitution for the period differs little from the
91-yexr avernge, 1868-19i8.

Grain and forage yields of nine different crops grown with methods
compurable to average farm practices were reduced from 20 percent
to nearly 80 percent by bindweed. Wheat and other small grains
produced more nearly normal yields on infested land than did sor-
rhums and other sammer-growing ¢rops,

Intensive fallow usually eliminated the bindweed in two seasons or
less, provided cultivations were at the proper time and with proper
implements. Cultivation operations performed 12 days after each
bindweed emergence resulted in bindweed eradication with an average
of 16.2 cultivations. This compared with an average of more than
32 cultivations when the operation was performed each time the bind-
weed emerged. No advantage was found for cultivating bindweed
deeper than necessary to cut off all plants well below the surface.
The optimum depth in the medium heavy soil at Hays, Kans., was
4 to 6 inches,

The cultivation could be started either in the spring of the year
soon after bindweed growth starts or after smali-grain harvest, pro-
vided there is sufficient moisture to promote bindweed growth and
vermit thorough tillage. No advantage was found for cultivating

indweed when there was not sufficient moisture to promote its
growth. The cultivation operations had to be continued until Sep-
tember 15 or October 1 to prevent partial recovery of the bindweed.

One yeur of intensive fallow and three crops of wheat seeded early
in October after intensive cultivation between harvest and seeding
ench yemr eradicated bindweed in 3 to 4 years and proved to he a
practical plan for the Iays area. Alternate fallow and wheat and a
yotation of 1 year of fallow and 2 years of whent also appearved to
be good methods.

Tither close-drilled sorgo or sudangrass seeded about July 1, after a
period of intensive cultivation, proved to be an effective competitor
with field bindweed. The success of all competitive erops depended
upon intensive cultivation during the bindweed growing seazon when
the Jand was not in crop and upon obtaining a good stand of the crop.

Sodium. chlorate was tested extensively throughout the experi-
mental peviod. Little difference was noted in results of spray or dry
applications of sodium chlorate. Results with rate and date of apph-
cation were somewhat variable from year to year, but it appeared that
September and Qctober were the most favovrable months for appli-
cation. An original application of 3 to 4 pounds per square rod,
followed by re-trentments in subsequent years, genernily was the most
economienl method nt Huys,

Three chlore-substituted benzoic acid compounds were applied at
several rates on several dates from 1955 to 1958, All materials con-
tained mixtures of variously substituted acids and isomers, but they
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were designated as 2,3,6-trichlorebenzoic ucid {2,3,6-TBAY, trichlo-
robenzoie neid (TBA), or polychlorobenzoic ncid {I’BA)Y. At 16
or more pounds per acre, 23,6 TBA was equal or superior to 960
potnds per acre of sodium chlorate for controlling field bindweed
and 23,6-TBA was less dependent on rainfall. At a given rate of
2pphication, 23,6 TRA was most effective, TBA next, and PRA least
effective of the benzoic acids. It appeared that PRA should be ap-
plied at abowt twice the rate of 23.6-TBA.  Some shallow-rooted
vegefation grew on treated areas u few months nfter applying these
chemieals, but residues sufficient to reduce wheat and sm'gﬁmm growth
persisted for 2 or more yeurs.

Of the severa] other sofl-sterilizing chemicals fested, only anhy-
drous borax, monuron, fenuron, and BMM were consistently effective
In reducing stands of bindweed. These four chemiculs were equal
er superior to =odium chiorate, but cansed the soil to remain unpro-
ductive for a longer time than did sodiam chlorate.

Bindweed stands were greatly veduced with 24-T3, but even re-
peated applications did not, in most cases, completely eradicate estab-
tished stunds, Applications of 24-D were most etfective when the
weed was well emerged nnd growing vigorously, at the bud stage if
possible.  One pound of 24D acid equivalent per acre, applied in
any formulation, was ns etfective us higher rates. Lighter rates guve
zomewhat evratic resuits. Best results with 2.4-1) were from applving
the chemical following a short period of intensive cultivation.

Bindweed treatment with 241 was combined with some of the
better methods of intensive cultivation and competitive crops.  Using
the chemiil in these systems added considernble convenience to Hio
methods. but use of 2.4-1 probably did not greatly hasten eradication
of the weed. Tsing 24-D had the advantage of giving greater re-
ductions early in the eradication program tHian intensive eultivation
and competitive crop methods.

Bindweed seedlings continue to emerge in large numbers for many
years after the original stand has been eradicuted.  Persistent atten.
tion to a special program of farm management is necessury to pre-
vent these seedlings from becoming established as perennial plants.
Proper use of 2.4-D may aid considernbly in preventing this reinfes-
tation. Periods of intensive cultivation and an occasionnd season of
summer fatlow between erops along with the nse of close-drilled ereps
nre important in bindweed-seedling control.
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The followig is a Tist of chemicals discussed in this bulletin,

fogrether with accepted common

unes are used throwghout the toxt,

Chemical Nimoe:
Sodinm chioride
Rewlivm

(010 pereent Both equiviy_ L
25 pereent sodium chiorre=TT porcent horbe mixinre
0.0 prercent Burgle=1.5 [ereont 241 mixtiee
40 percent sl chlorte=sT pereeny barate-1 pereenr

monnren mixivre.

fH pereent borade—§ pereeny monnron mixinee.
S-fp-cldoropbeny -1 T-dihmeihy luren
Setphenyl -1 0-dimerhyinren . e
A-Cp-chlovophenyh) L -dimet hylaren teivchloroncetse
Ze-dichlorophenoxy aceotic netdo_ L _______
Zeltrichlorophenoxy soctic neid
22 Stricldoroplienox s Heopionic aeid. _____________ ———
2P 24 S=trichlorophenoxy pod v l-2,24 iehlorapropionaro. .
A-rinino-1.2 d-briuzale e — e
Z-ehioro- fG-hizferhynming y-n-bringing
dadi-trichlorobsusole neid___. . ___
irichtorobenzoie
alvetiorobonzoic

et L ... .

i,

names or abbrevindions,

Cloutninn

Common Xume
sl

—— seeliooy chlorate

anhydrons horax
LR ENN |

BINI

[SEERTRYS

1IMAT
IDGRLITH
Tennrog
ianrro =T N
24-1

2 1LAT
sHvex
erban
it rale
HTHRPAHT
IRESTRA
THA
[LIERY
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