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Investigations of Field Performance am Fhysiola,ical Effects of 

Metsulfuron am Metsulfuron Canbina.tions on Field 

Bindweed (Convolvulus <U:VenSis L.) 

by 

Hamid Rahilnian Mashhadi, Doctor of Philosophy 

utah state university, 1987 

Major Professor: Dr. John o. Evans 
Department: Plant Science 

Field b.irdweecl. (Convolvulus arvensis L.) is a ooxioos perennial weed 

of many fallow and cropland fields all aver the world. Present control 

methods are not satisfactory for field bin:iweed. Metsulfuron, 2 [ [ [ [ ( 4-

methoxy-6""1Dethyl-l, 3 ,5-triazine-2-yl) amino] cartxmyl] amino] sulfonyl] 

benzoic acid, is a new herbicide that has been shown to have activity on 

bindweed especially when tank mixed with other herbicides. 'Ihis study 

was oanduct:ed to investigate the field perfo:onance and sane IitYsiological 

effects of metsulfuron an field biniweed. 

Neither metsulfuron alone nor metsulfuron canbinations gave 

persistent control of field bin:iweed. Metsulfuron usually increased the 

activity of other biniweed herbicides. Herbicide awlication to field 

biniweed in the fUll bloom growth stage did not control the wee:i as well 

as the same treatments in prebloan growth stages and treatirq regrowth 

the fall after tillirq bin:iweed in full blossan. AR>lication of 

metsulfuron at tull blOCIII decreased seed weight, seed size, seed 

xv 
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viability ard seedlin;J vigor of field b.in:lweecl rut did not alter seed 

set. 

Metsulfurcn at 23 q/ha ard above caused unaCCEptable injury to 

barley (Hordeum vulgaris L.) ard oats (Avena sativa L.) • Higher rates of 

metsulfurcn resulted in greater ~city. 

Metsulfuran stopped ~is of field bin:lweed within two 

weeks regardless of herbicide dosage used. Field bin:lweed seedlings were 

005erved growing in the field urrler light intensities of 28 to 62 ,1.1110les 

m-2 s-1 wch was belOW' the light CX~~pmsation point obtained for 

greenhaJse gram bindweed plants (abart: 65 }.JJOC)les m-2 s-1) . 

Higher quantities of 14c labelled metsulfura1 per 11q plant dry 

-weight were recovered in the al:ove treated leaf sections than in any 

other parts of bindweed plants. Metsulfuran a~lied as a foliage spray 

two days pri= to administering 14c metsulfuron significantly in:::reased 

absol:ption of the radiolabelled hemicide in field bindweed plants. 

(133 pages) 



Field bimweed (ConvolvulUS ~ L.) is CCI1Sidered one of the 

l!IOrld ' s worst weeds. It is IOOSt t.ro.Jblesane as a weed in~, Western 

Asia, canada ani the united States ani is a special problem in several 

c:rt:.RlinJ systems in the tenpmlte reqioo. Field bi.ndwee:i is native to 

Europe ani its infestation exterx:!s fran 6o0 N to 4s0 s. Forty-f=r 

ccunt:ries have reported i t as a weed in 32 different 1110rld crc.ps (Holm et 

al . 1977). 

Field bimweed is a problem weed in many agri rultural f i elds in 

Utah. Particularly t.ro.Jblesane in fallow l am, field bi.ndwee:i is listed 

amc:n;r the 12 noxious weeds of the state. 

In spite ot be.irq a noxious weed, there has been inadequate research 

cxn:llx:ted in the len; t.eDn cx:ntrol. of field bi.ndwee:i. No metho:i has yet 

been fo.md to a::.ntrol this plant successfUlly in the field . 

A ret~ family of l:lroad spectrum, broadleaf herllicides devel~ by 

OlPatt has ShcMl geed activity against field bi.ndwee:i. Amon;J these 

herllicides, metsulfurl::l'l has qiven the best results. As a ret~ herllicide 

there exists lilnited intODDaticn a1xut metsultural alooe or in 

CXI!Ibinatia'l with other herbicides to a::.ntrol field bi.ndwee:i. Research is 

also needed regardin;J metsulfural in the area of soil residue as it 

relates to f!11<XPE(li~ crop safety ard also =rework is needed ccncernirq 

its plant lilY'siological relatiooshipe. 'nle objectives of this st:lXiy were 

to: 

1. ~the effectiveness of metsulfural alooe ani in 

combinations with picloram (4-amino-3,5,6-trichloro-2-

pyric:linecarboxylic acid), dicamba (3, 6-dichloro-2-methoxybenzoic 



acid) , 2, 4-D ( (2, 4-dic:hl~) acetic acid) , ql}'l:ilcsate (N

(~1) glycine) an:i !CPA ( ( 4-dll.aro-2-methylphercxy) 

acetic acid) in cx:ntrollin:J tield bin:lweed with a;plicatia'lS at 

preeuezgeu::e, preblCXID, blCXID an:i blc:x:m-di.sked tall treatment. 

2 . Stlxly the ettec::ts ot metsulf\lral ~ied at tull blCXJD a1 seed 

size, seed set, seed viability an:i seedlin; vig= ot tield 

bin:lweed. 

3. Evaluate the safety ot metsulfuron awlied durin; a tallow year 

to sprin:J an:i fall planted small gnrlns. 

4. Determine the etfect ot metsulf\lral, piclaram, dicamba, 2,4-D, 

ql}'Pla;ate an:i M:PA a1 photosynthetic rates ot tield birrlweed. 

s. Investiqate the absoiptioo an:i transl.ocatioo of metsulfural in 

tield bin:lweed. 



Field bimwee::l is a 1~, deep rooted perennial wee::l witll 

prostrate vigo:roJS stems or climbing at upright plants or other cbjects. 

'1lley even twine upon themselves. '1he leaves are relatively small and 

smooth, SCIIII!What arrow shaped, bit not so narrow near the point as in 

sane related species. 'Ihe leaves oo different plants, and to scme extent 

at the same plant, vary in shape and size. 'Ihe plants have a lorq 

central taproot capable of reaching depths of 20 feet or mre. N'U!Derrus 

lateral roots develop alorq the taproots, mostly in the top 2 feet of the 

soil. 9.lds fomed aloog lateral roots or thizc:mes are capable of 

developing into shoots, wch upc:n readlirx] the surface, becane new 

plants (Call and Getty 1923; swan 1980; st21hllmm, 1984). 

'1he plant spreads harizCI'ltally by means of a series of pennanent 

lateral roots. '1he primary permanent lateral root.<J arise fran the main 

vertical root. Srrr'AE!Clln:J orders of permanent lateral roots arise at a 

ben:l where a permanent lateral root of the prooeedi1xJ order turns down to 

becaDe a vertical root. At the ern of ooe growing sea.soo (7 Dalths), 

bimwee::l plants not subjected to CXI!p!titial had a vertical penetratioo 

of 4 feet and a radial spread of 10.5 feet. After 30 =nths of growth, 

many of the vertical roots had reached a depth of 14 to 16 feet. One was 

tracEd to a depth of 23 feet. 'lhe root system attained a radial spread 

of 17 feet in 19 lllalths (Frazier, 1943a). Best (1962) reporte1 as many 

as 25 sh=ts arose fran a vegetatively propagated bimwee::l plant four 

m:mths after transplanting it to a field. 'Ihe nearest shoot was 18 

ioches fran the transplant, arrl the farthest had emerged at 52 inches. 

'Ihe foll<:Ming year, after 14 ronths the lateral spread of tllis transplant 
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had reached 72 i.nc::hes in one direction. Fifteen IIICrlths after plantirq, a 

shoot was observed at a distance ot 114 i.nc::hes frau the parent plant. 

'Ills form of clevelc.pnent taken by the root system is frequently 

related to the soil type ani water table. It has been obse!:ved that in 

localities with a high water table, the tap root may braoch at a depth of 

2 feet or less, lolhile in others, it may penetrate to a depth of 10 feet 

or =re before branc:hin:] profusely (Kennedy ani crafts, 1931). 

Bin:iweed stems are p.Wesoent, heavily art:inized ani difficult to wet. 

'Ills leaf epidermis is roogh (like cobble stale) ani has t:hiiMolalled cells 

that are not heavily art:inized. Vines ani leaves often arttain a milky 

juice which exists in the laticifer cells of both stem arrl leaves. 

stanata are present at both the ~ ani 1~ leaf surfaces with =st 

at the dorsal side (Kennedy ani Crafts 1931). 

Field bin:lweed flOii&S are bell-shaped, 3/4 to 1 inch in diameter arrl 

vary fran white to pink. Each flc:Mer produces a nearly round seed pod 

containi.rq up to 4 darlc brown or black 3-sided seeds about 1/8 inch long 

(stahl.man, 1984). tJn::ler I'ICIDllal c:x:n:lltiatS, bindweed flowers open early 

in the day arrl close shortly after rxx:n. If o::n:litions are cloudy, 

bindweed plants may respcni differently (Brown arrl Fttter 1942, Hal'lsal et 

al. 1943). FlOii&S open ooce, arrl it they are not pollinated durirq the 

period '<~hen they are open, fail to set seed. seed prcxiuctian is variable 

ani difficult to predict, altl"lcugh it has been shown that disturbed 

plants procluc:e less seed than un:li.st:urt>ed plants. Seed yield is favored 

by dry sunny weather arrl high t.enq:Jeratures (Brown ani t:l:)rter 1942) • 

Higgens ani Seely (1961) estimated that in a p..tre stand of bin:lweed, 22 

million seeds per acre can be produced annually. Wiese ani Rea (1959) 

estimated a density of 226 to 258 bin:lweed seeds per square meter of 
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bin::weed infestation. 'The mature seed is hard, brown and black in col or, 

has a ro4l papilose surface, and the basal errl shows various markin:;s . 

'Ihe integument is 1.5-20 cells thick. All walls of these cells becane 

thickened and micrcchemical tests in:licate that they are lightly 

iqlregnated with lignin and contain cutin or suberin. 'Ihis is 

undcubtedly the layer that is responsible for the iJipu:viousness of the 

seedcoat to water. 'lbe seedcoat is fully matured in 30 days rut is 

germinable in l Q-15 days after pollination (Sriplerg and Smith 1960) . 

Brown and Porter (1942) in an extensive study oo viability and 

germination of f i eld birdl;eed reported that the percentage of germinable 

and illpermeable seeds was s i gnificantly different with the year and place 

of procluctia:t. A test of fifty plunp seeds OOtained fran a 5Q-year-old 

hel:barilllll speciJDen showed that a percent -were geminable, 54 percent -were 

ivpmreable and 38 percent -were dead. 'lW of the hard seeds -were treated 

with acid, and they germinated readily. 'Ihis in:licated a possible total 

62 percent live seed in the so-year-old seeds. Brown and Porter (1942) 

also tested the relatioo of moisture content and age of seeds to the 

clevelcpnent of geminability and brpermeability of birdl;eed seeds . 'lbeir 

results showed that ge.rminability be:Jan 10 to 15 days after the flower 

cpmed when the DDisture cxrJtent was reduced to 81 percent. 

I)Jp>nMabUity be:Jan 23 to 25 days atter flowers opened when the moisture 

cxrrt:.ent was reduced to 13 percent. l<lhen seeds of field birdl;eed -were 

I::A.Iried in soils to c1eterm.ine the effect of overwintering an germinatioo, 

they fa.n-d an average of 31. a percent germinated which is an increase of 

17 . a percent over the laboratory test of 14 percent. 

Field birdl;eed seeds genninate in both fall and spring . 'lbe c¢i.num 

germination t.el!'perature is 30° c with a range fran 0.5 to 40° c. Both 
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sea:Uin; and DBtura b~ are quite treat tolerant tut -a to -100 c 

will kill the vegetative grc:Nth. 'lbere!ore, fall germinated seedlings 

~«r~'t overwinter in cold climates if roots are insufficiently established 

(SWan 1980). Dexter (1937) fam::l ooe-third of the test roots of field 

biirlweed survived -fP c. 'Rcots an:i Ihizaoes in:::rease in hardiness during 

the fall an:i display true trost hardiness chlri.ng the winter. It the 

gramd is frozen, however, bi.n::ll.iee::l roots in the ~ soil profile (the 

portioo that is frozen) are severely injured or killed. Biniw'eed 

regrowth begins in the sprln:J when daytime teqleratures near 14° c an:i 

lows at night are not bela.~" 2° c. 

Clooes of field bi.n::ll.iee::l have been shewn to have different grcMt:h an:i 

n!pi'Cduc:t!ve dlaracteristics. Degennaro an:i Weller (1984) identified 

five biotype& a110g clooes collected in a field pcpll.atioo near 

~yette, m. Cmsist.ent variatialS in leaf morpbology, floral 

dlaracteristics an:i i!ICCUIII.Ilatioo of shoot an:i root biaoass were fc::und 

between biotype& when grown in a cx:ntrolled ernri.rtrJment. 'lhe biotypes 

also differed in flaileri.ng capacity. 'lhe earliest flowering biotype 

fctmed flQIII!I'S 23 days before the late flowering' biotype an:i produced 19 

times more flQIII!I'S per plant. Vegetative ~ potential of the 

biotypes varied trcm 1.8 to 74.5 percent in the rmi:ler of root tu:ls that 

developed into shoots. ~tesides (1978) fc::und that three ecotypes of 

field bi.n::ll.iee::l trcm differing clilllatic reqialS wre morpbologically 

different when grown u00er the same ernri.rtrJmenta cx:niitiCXlS. 

Differences occurred in maximJm vine len:]th, lliJII1ber of vines per plant; 

an:i l1l.llllber of leaves, fl~ blds, flowers, seed pods an:i seed yield. 

Uptake an:i translocation of l4c-glYiiJOSate did not differ in the three 

bi.zmoee:i ecotypes. Rashed (1981) reported different responses of ~ 



field biroweed acotypes to gl.}'t:tloeate treatment. 'llle DDSt prevalent 

Nebraska e::otypes ot tield bin:M!ecl were mre tolerant to glytilosate 

treatments . 

Different clooes of field bin:iwee:i have been ci:l6erved to vary in 

their degree of !IUSOE!pt.i.bility to llerllici.des. llbitworth ani ~ik (1967) 

examined 12 clc:n!S of field bin:M!ecl to deteimine a mechanism for tile 

selective actioo of 2,4-D. 'llle experiment showed no correlation between 

clegree of p.l]:lescence, I'Ullllber of stanata, absorptioo of tile chemical into 

ani its translocation within the plant with the degree of tile 

susceptibility to foliage awlicatiCI'lS of 2,4-0. 'Ihe DDSt ~ 

physi ological differences bet1oeen resistant ani susceptible clooes of 

bin:iwee:i ocxmred at tile cellular level. When inc::ubated in rutrient agar 

~ 2,4-D, !IUSOE!pt.i.ble clali!S prc:dllced twice as lllrll callus as 

resistant clali!S m ooth volume ani dry weight basis. 

llbitworth (1964) studied the reactim ot many strains of field 

bin:iwee:i to 2,4-D ani noticed marked differences am::n; them. 'Ihere 

appeared a ca'lt.inuc:us range in reaction of the 51 strains of field 

bindweed collected fran 20 states of the u.s. and me proviroe of canada, 

fran an 87 percent decrease to an 83 percent in::rease in weight cna month 

after treaCDent. Many ot the resistant strains stn.1ect inxuplete top 

kill followed by respt'CAlti.rx] fran roots within me IIDlth after 2, 4-D 

treatlllent. Plants that were classified as bein; mre susceptible showed 

canpl.ete top kill, near death of all root tissue, ani there was no 

resprruti.ng. 

Field bindweed has been shewn to greatly reduce the yield of many 

ctqlS. Experiments in Kansas showed that bindwee:l reduced the yield of 
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barley, oat, wheat, =rn, so~ ani milo by 32, 26, 42, 67, 66 and 69 

percent respectively (Ihlllips ani Tilmons 1954). 

Field b:iniwee:l tissue has been shown to have inhibitoty effects on 

genninaticn and vigor of sane <::r'ql seeds. Helgeson and Richards (1950) 

reported that a 1:20 aquiCAJS extract of dried field bincl:weed tops 

inhibited radicle len;Jth of flax and wheat 24 and 42 percent 

respectively. Increasi.nj concentration of the extract resulted in a 

pro:p:essive decrease in germination and growth of roots and shoots. 

Bindweed is disseminated by both roots and seed. '!he seed is spread 

through .iJlpire crop seed, manure, tllreshin:J outfits, runn:ing water, 

agricultural machinery and the feet of animals. '!he use of weed-free 

seed and clean fann machinery are not to be rivaled (Zahnley and Pickett, 

1934). 

Field b:iniwee:l seedli.njs can be controlled easily in early stages of 

growth, therefore, recognition is very inq;lortant. Bindweed seedli.njs can 

be recognized by their notdled =tyledons. UMer favorable =nclitions, 

6-week-<:lld seedli.njs are capable of re-establishment after top growth 

removal. K:nthly tillage or many postemergenc:e broadleaf herbicides can 

control }'OOlX1 seedli.njs (swan, 1980; stahlman, 1984). 

N'Umeroos experiments and 00servaticns have shown that when bincl:weed

infested land is cultivated repeatedly at frequent intervals, the plants 

are eventually killed. 'lhey are probably not all killed at once because 

of reserves stored in their roots. 'lhey finally die only when this 

supply has been eJdlausted. Tilmnons (1941) dem:mstrated a gradual decline 

of both bindweed roots and their readily available carbohydrates with 

repeated cultivation. 
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Tillm:lns ( 1941) used several diUerent experiments to ~ the 

effectiveness of o.lltivatirg bi.rdweed at different intervals after 

emergence. 'lhese incl\D!d o.lltivatirq immediately after the b~ 

~ (atnlt 9 days after first tillage) and then tillirg at 4, 8, 12, 

16, 20 or 28 day intervals after emergence. 'Ibe results of the st1Xiy 

showed that bimweed was eradicated 1otlen o.lltivated 12 days after each 

emergence or o.lltivatirq about every 3 'Neeks. ~tely sixteen 

o.lltivations were required to kill bindweed by this method. When this 

metllcrl was used, the field was free of birdwee::i by the end of the seocn::l 

season. 'Ibe tilE 1ot1en o.ll ti vations were starte:!. did oot affect the 

number of o.lltivations necessary to eradicate bi.ndloleed. No advantage was 

found in o.lltivatirq bimweed deeper tllan necessary (about 4 i.rr.hes) to 

rut off all plants well below the surface at each cpmtt.im. Sher..'ood. 

am FUelleman (1948) investigated the relatiansh.ip between depth am 

frequency of o.lltivatinq bindweed by c:utting the shoats at different 

depths, incl\Xlin;J sc:rapirg just below the soil surface, 3, 6, 9, 12, 18, 

24-30 am 36 inches i:mmediately after each reemergerx:e. All operations 

eradicated bindweed in two years or less with 40, 19, 17, 13, 9, a, 8, 5 

am 4 o.lltivatioos, respectively, for the different depths. 'lhe average 

intervals between o.lltivatioos varied fran 6 to 49 days. It was 

cxn:::l.ID!d that 3 indles was the mst eccn::mical depth of o.lltivation. 

Tilmx:rls and Bruns (1951) reported that cultivation 12 days after each 

emergence of bindweed or every 18 to 20 clays, required with about twice 

as many cpmttions as did o.lltivations immediately after each emergence. 

I..ortjer intervals between o.lltivations required lO!l:Jer tilEs for 

eradication and ten:!ed to require m:>re cultivation. Frazier (1943b) 

found that o.lltivation every 14 clays destroyed a fifth mre of the 
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readily available cartx:tiydrates ani IliOn! than cblbled the lOI!IS of protein 

nitrogen in the roots ani shoots as CXIIp!red with t1oo10 Oll.tivations at 

intervals of 7 days in a given unit of time. Barr (1940) in a similar 

stmy reported that Oll.tivatioo at 2-week int:eival.s ra:D::e::i the readily 

available carlx::ttydrates to 2. 30 percent OCIIp!r'ed to 16 percent in 

urxtisturbed plants. S\dl Oll.tivatia'l also prevented acy """m'J atiCI'l of 

nitrogen in the bindweed roots. 

In a stmy to detennine the effect of reduced light intensity on the 

aerial ani subterranean parts of bindweed, Bakke ani Gaessler (1940) 

p.lblished eviden::e ~ that a reduct.ia'l in light intensity fran 2 , 000 

to 120 umo1es m-2 s-1 reduced the !IIID.IITt of aerial ani subterranean 

g:rcwth of bindweed ani exhausted the available c:arlx:hydrates to the point 

that there was not sufficient root reserves far plant regeneratioo. 

Recb:::in:] the light to alx:1ut 120 umoles m-2 s-1 far three years shculd 

brin; alx:1ut eradicatioo of bindweed ani shculd be as effective as three 

years of intensive Oll.tivation. 

Early work by Rlillips ani Tilzm:rls (1954) with use of soil sterilants 

inlicated that sodium dllorate at 3 to 4 pamds per square rod followd 

by retreatment in subsequent years satisfactorily cxntrolled field 

bindweed. Bimweed stan:ls were greatly reduced with 2,4-D treatment l::Ait 

even repeated awllcations did not, in most cases, OCIIpletely eradicate 

establ.isbed stands. 

Schweizer ani SWink (1971) reported at least 90 percent CXI'Itrol of 

field bindweed with 4. 5 and 6. 7 JaVha of dicamba awlied the year before. 

Dicamba at 2.2 Jayha, a mixture with 2,4-D ani 2,4-D ala'\8 were less 

effective. High rates of dicamba, hololever, caused ~city to 

~ a.n:i field beans. 
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In a lcn;-texm field birrlweed =trol experiment ccn:lucted 'ay swan 

(1982), three herlJi.cides (2,4-D amine salt, gliPJosate ard dicamba.) were 

tested. Field birrlweed CC11trol with 2, 4-D at 1.1 l<g/ha averaged 25 

percent 1o.hen l~Rll.ied in JW.y, 35 percent when awliect in .lllJgust an:1 4o 

percent 1o.hen aw1ied in JW.y ard .lllJgust of the SliiiiDer fallOio' years. 

cmtro1 using 3.4 l<g,lha 2,4-D 5VerCiged so percent 1o.hen awlied in JW.y 

arxi 1s percent when awlied in .lllJgust arxi 40 percent when awlied in JW.y 

arxi Al¥]ust of the SUIIIIII!r fallO!o' years. Field bindweed CXIltrol averaged 

17 percent higher when 2,4-D was awlled in AU:3tJst than in JW.y. '1lle 3.4 

l<g,lha rate gave 45 percent better field bi.ndweecl. control than the 1.1 

l<g/ha rate. '1he best CC11trol was cbtained in the SUIIIIII!r fallO!o' years 

when fields were alltivated until JW.y 1 ard then treated in AuJUst with 

2,4-D at 3.4 l<g,lha. Field bindweed OCI"'trol with 2,4-D treatJDents 

averaged 62 percent, 73 percent with q1}!1ilcsate, 90 percent with dicamba 

arxi 67 percent with 2,4-D plus dicama. Dicamba at 6. 7 l<g/ha awlied in 

the SUIIIIII!r fallOio' years reduced winter 111heat yield significantly. 

:!kJwever, when this rate of dicani:la was AJ;plied to post-harvest stubble 

arxi follOWied 'ay a fallOio' year (14 liiCI'Iths before the next crop was 

seeded), there was no yield reductioo. swan (1982) cx:n:l.ID!d that these 

systems of bindweed ocntrol wcul.d prcilably never em:licate field 

bimweed. 

Bank et al. (1979) reported 80 to 100 percent c:x:nt:rol of field 

bimweed, rated 310 days after awlication of 4.5 arxi 5.6 kq/ha 

gl}'Ii!osate ard 3.4, 5.6 ard 6. 7 l<g,lha of dicamba. Gl}'Ii!osate controlled 

field bindweed more effectively when awlied at the bloan rather than at 

prebloan stage of growth. Glyphosate at 4.5 lo:],lha provided 80 percent 

control awlied at bloan cx:mpared to 60 percent when awlied prebloan. 



12 

Dicamba a3'1trolled field bindweed b.lt severely damaged the loh!at. Evan 

tlD.Jgh the herbicides were awlied prior to plantirq, diomi:la at rates 

above 3.4 kg,lha caused up to 90 perc:ent visible injm:y, ~ was also 

irdicated by significantly lowered wheat yields. Gl~te awlied 26 

days prior to harvest at rates of 3. 4 kg,lha or higher, cx:ntrolled field 

bi.ndweed plants in stan:iirq wheat an:i also reduced harvestirq 

difficulties. Treat:Jnent with 2,4-D amine was not as Sllali!SSful since 

a'lly 60 to 70 percent of the field bindweed plants were controlled. 

Several dinitroanal.ine herbicides awlied as subsurface layer (SSL) 

treat:Jnents a3'1trolled field bindweed for more than a IID1ths after 

treat:Jnent. :fklwever, these treat:Jnents caused visible injm:y an:i affected 

the yield of the first c:rt:p of wheat b.lt had little effect m the seocn:1 

crcp. Dicallila awlied SSL at lower rates resulted in excellent field 

bi.ndweed control. 

AgbakOOa an:i Goodin (1970) reported that bindweed seedlirqs absorbed 

less 2,4-D than mature plants. However, translocatia'l of 2,4-D was 

greater in seedlirqs. Mara 2,4-D readled the roots of seedlirq plants 

than mature plants. 

Wiese an:i Rea ( 1961) cbtained maxiliiJIII field bin:t.oMed cx:ntrol. with 0. 9 

l!q,lba of 2, 4-D ..men vigorous graith had been prcxluced an:i ..men bin:t.oMed 

runners were b:all 6 to 10 inches len;] an:l. ~ the soil profile had 1. s 

indX!s of IMI..il.al:lle soil IIK)isture in the surface 3 feet. un::ler these 

o::n:l.itia'!S, the total available carl:ldlydrate level was high in the leaves 

an:l. low in the roots, an:i was followed by cx:n::litions that indicated rapid 

carlxlhytlrate IDCIIel1lellt to roots. 'Iheir investigations sha.ted that soil 

IIK)i.sture an:i percentage total carl:ldlydrates in bindweed tqls an:i roots 
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were responsible for 78 percent of the variability in bi.n:iweed catt.rol 

fran applications of 2, 4-0. 

I.c:>oldiq at phenoxy he.rl:licides as possible soil sterilants, Wiese am 

Rea (1958) reporte1 an average of 66 percent birrlweed control one year 

after soil ~licaticrt of 2,4-D at 71.3 Jo:yha. 'Ille hertlicicle residue 

fran the ~icaticrt persisted in the soil for aboot three IIIJrlth.s. 

Schweizer et al. (1978) atteqlted to control field birrlweed in 

irrigated corn. After four years, field birrlweed covered 9 percent of 

the soil surface in plots that receive:! both fall am sprin:J ~lication 

of 2. 2 kg!ha dicamba am 3. 4 kg!ha of 2, 4-0. Field birdweed covered n 

percent of the surface in plots that receive:! only fall ~lied 

hel:bicides canpared with 80 percent in untreated plots. 

Russ am Andersal (1960), in a 3~ experiment to investigate the 

best oanbinaticrt of aq:ping, Oll.tivaticrt ani 2,4-0 cq:pllcatioos for 

field birrlweed control, ccn::l.uded that a 3~ system of intensive 

Oll.tivation in oanbinaticrt with an anrrua1 ~lication of 2,4-D resulted 

in the most effective birdweed cantrol. '!bey concluded that under their 

existin;;' c::cn:litioos, c:aiplete birdweed eradication on a field scale may 

not be realized or it may be i.Dpractical rran an ecxn:mic st:an::lpoint. 

Derscheid et al. (1970) reported that over 90 percent of the field 

birdweed can be eliminated in 3 years if every lanlcwner will use the 

apprcpriate control methods. Using 2,4-0 alone or in CCI!ilinaticrt with 

Oll.tivaticrt reduced the stand of field birrlweed by 90 percent or ucre in 

3 years in varicus crcp rotatioos tested. A • 75 lb/A dosage of 2,4-0 to 

small grains ~lied in J\me prevented seed production, killed 

susceptible plants and weakened the remainirg plants, however, a followup 

treatment with 2,4-0, postharvest Oll.tivation or postharvest treabrent 



14 

with herbicides such as 2,3,6~ (tric::hlord:lenzoic acid) , dicamba or 

picloram was necessary to kill them. 

When perennial grasses were used as CC1!prt:itive crq:s, no reductioo 

in stan:!. of field b.indweed was observed. When a sin;le ~licatioo of 

2,4-D was ~ to the grass rotatioo, birrl'wee:i starrls -were reduced by 90 

percent (llersdleid and stritzke 1968). 

Rashed (1981) testa:i several growth regulators in canbination with 

gl~te to control field b.indweed. A sirgle application of gl~te 

after J\lly discin; was fcuni to be mre effective durin; rapid vegetative 

phase than durin; fruitirg. Growth regulators , such as dicamba, 2 , 4-D, 

c::hlorflurenol (methyl 2-dll.oro-9 hydraxyfluorene-9-carl:loxylate) or 

etheii= ((2-dll.oroethyl) ~c acid) in CXI!i:linatioo with 0.8 l<q/ha 

glypbosate did not perfacn better than glyphosate ala'le. I.a;erinq the 

rate of glyphosate to 0.6 l<q/ha and CXIIi:li.nfno with grcM:h regulators 

in=reased field b.indweed cx:ntrol fran 25 percent with 0.6 l<q/ha 

glypbosate ala'le, up to 98 percent in canbinations of gl~te and 

growth regulator. 'nle best results -were obtained 1olben 2, 4- D or dicamba 

-were canbined with glyphosate. 

MetsulfUral (methyl 2- [ [ [ [ ( 4"'1Dirt:hoxy-6"1Dethyl-l, 3' 5-triazin-2-

yl)~]carl:x:nyl]~]-sulfatyl]benzoate) is a newly registered 

hel:bicide for selective broadleaf weed cx:ntrol in wneat an:!. barley. It 

possesses both foliar and soil activity as well as pre an:!. pcstemerqenoe 

activity. It also has residual broad spectrum activity in reduced 

tillage falle7N prcceedin:] wheat. 

Metsul.furon belorqs to the sulfatylurea family of herbicides. Its 

characteristics are very similar to c::hlorsulfuron (2-dlloro-N-[ ( ( 4-

methoxy-6 rethyl-1,3,5-triazin-2yl) ~] cart>onyl] benzenesulfonamide) 
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whicl'l. has been extensively researc:hsi durin:; the past few years. uptake 

of c:hlorsulfurcrl and metsulfl= is via the roots and foliage of plants, 

and ax:e absortled they are readily translocated (Ray, 1982, SWeetser et 

al. 1982). Death of treated plants is generally slow-. Plant injury 

syuptaos follCIWin; c:hlorsulfl= or metsulfl.=l awlicatim <XlllSist of 

chlorosis, necrosis, terminal l:u::l death, vein disooloratim and c::anplete 

inhibition of plant growth (Ray 1982). Ra:luction of the l"ILIIIi:ler of cell 

divisions is foord to be mainly responsible for plant growth inhibition. 

Ray (1982) stlCM3d 87 percent reductioo of mitotic i.rx:lex of Vida faba 

roots in ooe >PJI c:hlorsulfl.=l. Oll.orsulfl.=l was also famd to have no 

diJ:ect effect oo plant ~is and respiration. Ray (1982) showed 

high levels of c:hlorsulfurc:n (100 >PJ~) caused no inhibition of 

ferricyanide-catalyzed photosynthetic <>.1 evolutim in isolated pea 

c:hlarnplasts. l:tlotosynthetic 14~ fixatioo in isolated sp.inadl leaf 

cells was also unaffected by c:hlorsulfl.=l. Like ~is, plant 

respiration was also initially unaffected by c:hlorsulfUrcn. Rates of <>.1 

uptake by pea roots treated with 10 >PJ1 c:hlorsulfUrcn for 48 hr did not 

differ fran the cx:ntrols. SWeetser et al. (1982) showed that metabolism 

of c:hlorsultura'l. by tolerant plants was the basis for its selectivity. 

'lblerant plants such as lodleat, oats and barley J:l!PidlY metabolized 

c:hlarsulfUral to a polar inactive prcxluct. 'Ibis metabolite has been 

c:haracte:rized as the <>-glycoside of c:hlorsulfl.=l in "Whidl the ~1 

~ has un::lergone hydroxylation follc::M!d by oonju:Jatia'l. with a 

cartx:X1ydrate miety. sensitive broadleaf plants showed little or no 

metabolism of c:hlorsulfl.=l. Hutchison et al. (1984), in a similar 

stu:iy, reported that tolerant broadleaf plants like flax and 

blacknightshade, as well as tolerant grasses, metabolize c:hlorsul t'uron. 
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Metsulfuron can be applied any time a f ter the 2 to 3-leaf stage of 

CI"ql ~ all the way to bootirq (Anonyrrous n.d. ) . Metsulfuron is 

used at the ultra low rate of 4.2 gjha. 'Ihis rate had been shown to be 

very safe a1 cereal crops (Warner et al. 1986). Barley, oat, and ~eat 

have marginal tolerance to postemergence applications of metsulfuron. 

Behrens et al. (1983) reported that metsulfuron C~RJlied at 22 gjha to 

oats and lootleat in the 2 to 3 leaf stage caused 42 and 22 percent injury 

respectively. Metsulfuron applied at 22 gjha to oats or hard red sprirq 

wheat in the 4 to 5-leaf stage caused 28 percent injury in both species. 

Nalewaja am Miller (1982a) reported that metsulfurcn applied at 9, 12, 

and 18 g/ha to red hard sprirq ~t in the 3 to 5 leaf stage cause:i 11 

to 35 percent injury. Evans and Gunnell (1985) reported no sprirq ~eat 

injury fran postemergence application of 4 and 9 g/ha of metsulfuron. 

Hexbici.de dissipation fran soil is a llllltifactor pr=ess that 

involves microbial and chemical degradation, leac::hin;, volatilization, 

photodec:atplsition, and metabolism of the herllicide by plants (Miller et 

al. 1978). Nonlood (1982) reported that chlorsulfurcn C~RJlied at 52 gjha 

to a soil with a Iii of 7. 75 reduced grain sorghum yield one year after 

C~RJlication; however, chlorsulfuron awlied at 110 gjha to a soil with a 

Iii of 6. 75 did not reduce grain sorghum yield one season after 

awlication. Olemical hydrolysis is believed to be the mechanism of 

degradation of sulfooylurea herllicides in acidic soil. A study by Flan 

et al. (1986) tested the degradation rates of six autoclaved soil with pH 

of 4.0, 5.1, 6.0, 6.8, 8.0, and 9.0. Degradation rates increased as soil 

pH decreased. After 6 weeks, approximately 90 percent of the 14c

chlorsulfurcn applied to the pH 4 soil samples were converted to primary 

metabolites 'Whereas in the pH 9 soil samples aver 90 percent remained as 
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parent chlorsul.f't= rol ecules. Joshi et al. ( 1984) reported that 

hydrolysis is the main factor involved in chlorsulfuron degradation in 

acid soils, while chlorsulfuron degradation in alkaline soils is rore 

dependent on micttiJial activity. 

'lhe half-life of metsulfuron in keyport silt loam has been detennined 

to be 2-3 weeks un::ler laboratory corili.tions. A lc::n:;er half-life is 

expected in cool alkaline soils. Metsulfuron is not awreciably adsorbed 

to soil particles (Anon)!lOClllS 1983). Nalewaja ani Miller (1982b) reported 

that hard red ~ wheat injury exceeded 30 percent folla.~irq a 

preemergenc:e incorporated awlication of metsulfuron at 18 qlha, ani 

metsulfuron awlied preemergence at 9, 18, ani 27 g/ha caused from 5 to 

25 percent injury to hard red sprirq wheat. stahl:man (1983) evaluated 

the effect of metsul.furon on six winter wheat cultivars in a crete silty 

loam soil with l. 6 percent organic matter ani a pH of 6. 6. Metsulfuron 

awlied preemergenc:e at 18 q/ha caused grain yield reduction of 33 to 42 

percent CXll!pared to the appropriate controls (Stahlman, 1986). 

Ulrich (1984) reported 6 percent or less injury to wheat folla./irq 1.5 

to 5 q/ha chlorsulfuron. Metsulfuron at 9 to 70 g/ha injured the wheat 

21 percent or less. He also reported higher rotational crop injury with 

metsulfuron when CXll!pared to chlorsulfuron. 
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MATERIALS AND ME'nfOCS 

Field Elg:eriJnents 

'Ihree field experiments were established on fallow fields heavily 

infested with field bin:lweed arrl studied for t'«l years in one location 

arrl three years in the other t'«l. Experimental plots at Sher.olocd Hills 

arrl Smithfield were established in the summer of 1984 arrl evaluated for 

three years. '!be plots at Hyrum were established in the summer of 1985 

arrl evaluated for t'«l years. Sherwood Hill's soil was silty loam, pH 7. 4 

arrl 3.07% organic IMtter; Smithfield had silty clay loam soil, pH 8.0 arrl 

2.76% organic IMtter; arrl Hyrum soil was silty loam, pH 8.2 arrl 1.32% 

organic IMtter. 

Sirgle hemicide treatments were IMde to field bimweed at ane of 

foor growth stages: preemergence, prebloom, bloom, arrl fall treatment of 

bimweed regr'O';lth after plants were rototilled at full bloan. Fran here 

after this stage is referred to as fall. Plots were sprayed with a 2. 4 m 

boan type bani held sprayer pressurized by ~ air to 200 kilo 

pascals. '!be plots were 2.4 x 6.1 m size arrl were sprayed with a voluzre 

of 75 Iy'ha. All treatments were replicated foor times in a split plot 

design. Fall treatments at Sher.olocd Hills arrl preemergence treatment at 

Hyrum were not established. 

Treatments included three rates of metsulfuron (23, 4 7, 70 g/ha) 

alone and in tank mixes with picloram (140 g/ha), dicamba (560 g/ha), 

2,4-D (l,UO g/ha), glyphosate (840 g/ha) arrl M:PA (l,UO g;'ha). For 

CXI!pU'ison purposes, each of the above five hemicides was also applied 

without metsulfuron. All herbicide treatments included .25 percent v;v 

WK surfactant. 



19 

The plots were evaluated visually for percent biomass reduction 

(c:cntrol plots = 0 percent control and bin::lweed free plots = 100 pe=ent 

control) , 30 and 45 days after ~lication in tile first year and durirq 

early Sllllll!ler of tile subsequent years. Bloom and fall treated plots were 

evaluated durirq late season once or net at all respectively because of 

interference of early fall frost in cache Valley. To eliminate 

c:x:mp!tition by amual weeds with field bin::lweed, all eJ!l)erimental plots 

were sprayed with paraquat (1,1 1-dimetllyl-4,4'-bipyridinium ion) at one 

I/ha. Paraquat killed all tile existirq vegetation, but bi.rrlweed quickly 

recovered. 

Seed Viability 

SUlfcrlYl urea herbicides have been shown to inhibit viable seed 

fotmatiCBl in dyer's ~d (Isatis tin:::toria L.), (Evans and Gunnell, 

1984). To detemine tile effect of metsulfuron on seed size, viability 

and seedlirq vigor of field birrlweed, so seed capsules were ran::l.omly 

sampled fran plots treated with metsulfuron durin:J full bloan in~ 

Hills and Hyrum. capsules were weighed, opened and tile number of seeds 

per capsule counted. Seeds were weighed and evaluated with regard to 

shrunken seed. 'Ihe seeds were then soaked in concentrated sulfuric acid 

for C8le hcA.!r and rinsed with water for 15 minutes. Scarified seeds were 

germinated in petri dishes at 20° c in 100 ppm ceresan in water. After 5 

days, tile number of seeds that germinated were counted and seedlin:J 

radicle l~ were measured. 

Soil Bioassay 

Soil bioassay was corrlucted to detennine crop safety followin:J 

metsulfuron applications at different times durin:J tile fallow year to 
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fall planted small grains. Approximately 8-10 kg soil ~les from the 

tql 30 to 50 em of the middle of each metsulfuron treated plot were 

collected on September 25, oorresporxl..inq to the date when small grain is 

usually plante:l. in cache Valley. Each soil sample was =tJletely mixed 

ard was potted in 1/ 2 liter plastic pots . 'Ihree pots were prepared from 

each soil ~le taken fran SherNood Hills. Four lentils (Lens culinaris 

Medic) ard 4 barley (Hordeum vulgaris L. var. Steptoe) seeds were planted 

in each pot ard thinned out to 2 each after emergence. Hyrum soil 

~les were potted using six pots per plot; 3 of the pots were planted 

to lentils ard the other 3 to barley, 4 lentil ard 4 barley seeds were 

planted an:i later thinned to 1 each. '!he latter method of planting 

lentils an:i barley in different pots decreased cx:anpetition between these 

t.¥10 species that might otherwise occur if they were planted in the same 

pot. 

Lentils are ancng crops susceptible to metsulfuron an:i were chosen to 

detect the existence of metsulfuron in the soil Barley (var. steptoe) is 

one of the sensitive small grain varieties sensitive to sulfonylurea 

herbicides an:i is recamnexrled for bioassay experiments using these 

herbicides. 

'!he bioassay experiment was conducted in a greenhouse with a 16-hr 

~iod using a canbination of natural an:i artificial (high pressure 

sodium) lights. '!he greenhoose was kept at 25/18° c (t4° C) day/night 

teuplrature. '!he plants were watered with 100 ppn Peters 20, 20, 20 

fertilizer as needed. '!he pots were irrigated carefully to reduce 

drainage ard possible washoot of the herl:licide from the soil. Forty-five 

days after planting, the plants were cut at the soil level an:i their 

height an:i fresh weight measured. Lentil plants were also visually 
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evaluated for vigor re::!uction canpared to =ttrol plants. 'Ihe plants 

were given an i..roex of 0 to 10; 0 for no injury (=trol) an:i 10 for 

CX~Jillete kill . 

'Ihe soil bioassay in Smithfield was corducted in the field. All 

plots were planted to spring oats (Avena sativa L.) the year after 

treatJDent. Plots 1<1ere visually evaluated in bloan stage for percent crop 

injury based on plant vigor an:i height canpared to =trol plants. 

In a separate greenhoose study, the effect of soil applied 

l!l!!t.sulf'ln:al to field bindweed seedlings was determined by planting 10 

scarified bindweed seeds in l/2 liter plastic pots. IDunediately after 

planting the pots were sprayed with B.B, 17.5, 35.0 an:i 70.0 gjha 

l!l!!t.sulf'ln:al with a laboratory precision sprayer. 'Ihe pots ~¥ere irrigated 

with 50 ml water after spraying an:i as needed later. After gennination 

the seedlings were evaluated on percent germination an:i vigor reduction 

10 an:i 21 days after planting. 

H1otosynthesis an:i Transpiration Measureirent 

Althcu;;h the JOOde of action of many herbicides is known, few studies 

on the short an:i lan:r tenn effects of herbicides m FiJotosynthesis, 

respiration, arxi transpiration have been corducted. 'Ihese measurements 

are necessary to detennine stanatal apertures, translocation, an:i rapid 

~iological c::harqes. To determine the effect of metsulfuron, an:i other 

herllicides used in c:anbination with it, an ~is arxi 

transpiration of field bindweed, a gas exchange system with the following 

descriptim was b.J.ilt. 

Gas excharx!e system. An open gas exchange system was designed an:i b.Jilt 

to continuously measure photosynthesis, transpiration an:i dark 

respiration of whole plants. 'Ihe plants were enclosed in six, 35-liter, 
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pl exiglass cylin:lers, which 1Nere placed insi de a growth chantler. Air was 

collected six meters above the l:::uildirq and passed thra.Jgh three, 155-

liter tanks to buffer and stabilize the carbon dioxide (CD.!) 

concentration. Flew rate into the chambers was n-ea.sured with rotaneters 

that lNere calibrated volumetrically. A small fan was placed inside each 

chamber to insure COiplete mixiixJ of the internal air. 'Ihe cylin:lers 

were operated at a positive pressure of 25 em water column, which 

corresporrls to the pressure at which the rotorneters 1Nere calibrated. 

'Ibis positive pressure insures that oo external gas can leak into the 

system and because this was an open system, gas leaks fran the cylinders 

to the external envirorlnent had no effect an system a=acy. 

'Ihe mole fraction of water vapor was determined with a dew point 

hygraoeter. !i>le fractioo of CD.! was determined with an infrared gas 

analyzer (IIG!.), which was used in the differential IOOde. 'Ihe IR:;A. was 

operated in the differential IOOde because it gives rore precise 

measure!OOilt of CD.! con=entratian and adjusts for gradual charges in the 

i.ncani.n:J CD.! con=entratian. Six, normally closed, solenoid valves were 

cycled so that measurements co.lld be made in each chamber for seven 

minutes every hour. 'Ihe remainirq 18 minutes of each hoor were used to 

calibrate the IR:;A. and to determine the dew point of incanin;r air. 

Te!rperature and humidity control. A therm:x:ouple was placed inside each 

plexiglass cyl.in:ler to monitor air ~ture. Desire:i air ~ture 

inside the cylirxl.er was ootained by charging the tenperature setting of 

the grc:Mth chamber. Because of greenhouse effects, cylirxl.er air 

temperatures were always 5-7° c wanner than chamber air ~tures 

during the light pericxi. Desire:i relative humidity was ootained by 

adjustirq the air flew rates through cylirxl.ers. 
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Const:!:uction materials. Materials that did nat absorb or transmit co2 

ard water vapor 1Nere used throughout the system. '1\Jbi.n; in the system 

was made of high density polypropylene (Sev-A-Line). Solenoids ard 

manifolds 1Nere made fran either stainless steel or nickel-plated 

aluminum. 'Ihese precautions greatly enhanced system response ti.rre ard 

ao::uracy. Prior to plant measurements, the system was tested without 

plants to :insure that no changes in <Xl:2 concentration or dew point 

temperatures occurred in the chambers. 'lhls test helped to establish 

that all changes in <Xl:2 ard water vapor in subsequent plant studies were 

only fran IiJotosynthesis an:i transpiration. 

Plant culture. Bin:iwee::l seeds 1Nere scarified for one hour in 16 ll'Dlar 

sulfuric acid, rinsed with tap water for 15 minutes an:i planted in 

venn.iculite. One-ll'Dnth-old plants 1Nere then transferred to half

strength, m::xtified Hoaglan:i nutrient solution an:i gro;m in a greenh~ 

urxler 16-hour J:hotoperiod at 250c ( ! 40c) ~ture. Eighty-&y-old 

plants 'ioo'E!re transferred to the plexiglass analysis cylinders in a growth 

chamber ard gro;m urrler a 16-hour photoperiod with a J;ilotosynthetic 

];iloton flux (PPF) of 430 AA roles m-2 s-1 an:i 24/210c day/night 

temperature. A closed-cell foam plug separated the root an:i shoot 

environments. '!his plug prevented root-zone gas transfer into the shoot 

environment. 

Herbicide aPPlication. After detenninin:J the pretreatlnent J;ilotosynthesis 

ard transpiration rates of each plant for six days, they 'ioo'E!re reroved 

fran the cylin:iers an:i sprayed to drip with five metsulfuron 

concentrations, 0. 05, .21, .84, 3.36, 13.44 IIU'OCll/1 (20, 80, 320, 1280, 

5120 ppn). In other trials, picloram, dicarnba, 2,4-D, gl~te ard 

MCPA at rates of 140, 560, 1,120, 840, 1,120 gjha respectively were 
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sprayed an field bin:lweed with a precision laboratory sprayer. 'The 

control plant was sprayerl with tap water . All treatJnents =tained . 25% 

VfV WK surfactant. Plants were then placed back into the analysis 

cylirrlers, and their ).ilotosynthesis and transpiration rates were 

manitore::l until IiJotosYnthesis in treated plants had st.qlped. 

System evaluation. unstable ambient ~ concentrations made it difficult 

to d:ltain a steady measurement of IiJotosYnthesis. To minimize this 

problem same nxxlifications were made to the system. 'lbe air intake was 

raiserl six meters above the single-level b.lildirg to minimize exhaust air 

into the system. 'lhree, 155-liter tanks were connected in series after 

the blawer to b.lffer and stabilize the ~ concentration. Buffering 

capacity of these tanks was deperxient on the flow rates throogh the 

cylirrlers. An ad:l.itional 4-liter b.lffering chalnber was also added to the 

pre-analysis line before it went to the IRGA. 'Ibis made pre- and post

chamber b.lffering capacities =re identical. Air ci=llation inside the 

cylimer was foorrl to be .i.nportant in stabilizing ~ concentrations when 

input flow rates were low. 'I\.io miniature fans with capacities of 1,000 

and 500 l,lmin were tested. 'll1e larger fan caused excessive shak:ing of 

leaves, while the latter resulted in gentle leaf flutter and =re 

desirable air ci=ll.ation. 

Absorption and Translocation 

Field bin:iwee::l seeds were collected at North Logan in 1985. 'll1e seeds 

were scarified in concentrated sulfuric acid for l hcur and water rinsed 

for 15 minutes. 'Ihe seeds were planted in vermiculite urx:l.er greenhouse 

=ilitions with 25/18° c (! 4) dayjnight terrpll"ature and 16 h l,ilotoperiod 

receiverl fran natural and artificial (high pressure sodium) lights. 

Seedlings were irrigated with 1/2 strength m::xiifierl Hoagland solution. 
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~-<:lld seedli.n; bi.rdweed were transplanted to one liter nutrient 

solution battles contai.nin; 1/ 2 strerqth II'Cldified Hoagland solution. MES 

l:uffer (2 (N-M:>rpholino) ethanesulfonic acid) pH 5. 7, to final 

coocentration of 1 1m10lar was added to the rurt:rient solutions to 

stabilize the pH (&lgbee and 5alisl:m:y, 1985) • Metsulfuran labelled 

uniformly with 14c in the IiJer!¥1 rirq (specific activity 8.6.u cij nq) was 

used for this study. 'Ihe labelled metsulfl= was dissolved in a 1:3 

acetone:water solution ccnt:aining 25% v;v WI< surfactant to OOtain desired 

activity. 

'Ihe plants were treated with 14c labelled metsulfuran at 5 weeks 

age. 'Ihe treablent was made with a microsyrirqe with ten )ll of the 

radiolabelled metsulfuron awlied in small drcplets uniformly to the 

abaxial side of the third oldest and fully developed leaf on the lcrqest 

runner. Treated plants were harvested at 6, 12, 24, 48, 96 and 192 h 

after treabrent. 'Ihe harvested plants were sectioned into 4 parts: 

treated leaf, foliage above treated leaf, foliage below treated leaf and 

roots. Treated leaves were soaked in 10 ml acetone for 30 secorxls, then 

rinsed with an additional 4-5 ml acetone to remove all unabsorbed 

herbicide. Plant materials were then oven dried at 70° c f= 48 halrs 

and drY weights measured. 'Ihe sa!q)les were oxidized in a Packard m:del 

306 auto oxidizer set to deliver 5 ml cartlosorb and 10 ml Permafluor. 

Acetone in treated leaf wash was evaporated under the hood, and the same 

prt:pertion of carbosorb to Permafluor was added to each vial ccntainirq 

leaf wash. '!he activity of each oxidized sanple was measured by a 

8eclanan Medel 8000 Scintillation Cb.mter. 

A similar study was corrlucted to determine if herbicides used in 

cx:mbination with metsulfuron would increase its absorption-translocation 
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1,, field b.i.rxlweed. In this experiment bindweed plants ~Here sprayed with 

IIIE!tsulfuron (4 g/ha), picloram (140 g/ha), dicamba (500 gjha) , 2, 4-D 

(1,120 g/ha), glypmsate (840 q/ha) ard MCPA (1,120 g/ha) and then a 

sirqle leaf treatlllent was performed immediately after sprayin:; with 

:tadioactive metsulfuron as des=ibed previaJSly. Metsulfuron (4 q/ha) 

loBS also sprayed a1 field bin:lweed 1, 2, 4, 6 days before a single leaf 

treatlllent of 14c metsulfuron was applied. COntrol plants where only the 

sirqle leaf 14c metsulfuron treatment was corrlucted were also 

established. Treated plants were harvested 8 days after 14c metsulfuron 

treatlllent ani similarly sectioned, dried, oxidized and their 

radioactivity detennined by the scintillation comter. 'lbe experimental 

design was a cx:mplete randc:mized block design with three replications. 

One plant fran each treatment of the latter experiment was IOOUl'lted, 

pressed ard E!l<pOSed to Kodak 35 by 43 em XAR-5 film for 4 weeks for 

autoradiograii'Js. 'lbe audioradiogra};hs were develq;>ed in a=rdance with 

film instructions. 
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RESUU"S AND DISalSSICII 

Field Experiment 

'Ihree st::uiy sites were used in the field st::uiy. smithfield, Hyrum 

an:l. Shenicod Hills , all in cache a:mtty, ~ representative of the 

great diversity of field bindweed infestations in northern utah. 'nle 

Smithfield experiment will be d i s01ssed first since all treatment levels 

an:l. bindweed growth stages were included in this st::uiy. 'l1le results fran 

the other two locations will be disaJSSed in depth when the results 

deviate ootioeably fran those reoorda:!. at smithfield. 

Smithfield. PreeiDer'gen;:e treatments in Smithfield a,wlie:l. the first 

year, did oot control field bindweed durin] the first ard the third year 

of evaluatiat follcwin:] herllicide treabllent. fblever1 in the sea::n:l 

year 1 metsulfuron treated plots shaoed saDe effects an field bindweed 

(Fig. 1) . Injuty was expressed by leaf chlorosis ard saneti.mes necrosis 

or death. 'l1le injuty was generally greater as metsulf\lrc:n rates 

inc:reased (Table 1) • Q1e Dplanatioo for field bindweed injuty in the 

secarxi ard oot the first ard third years may be due to a failure to 1!DIIe 

sufficient quantities of the cx::mp::qxi durin] the winter of the first year 

to the field bindweed root zate. It was taken into the soil eventually 

an:l. picked up by plants in the sea::n:l year. In the third year 1 b::Mever1 

no such injuty occurred, probably because of the hertlicide breal<!:lown in 

the soil. 

Sprayin] field bindweed in the preblocm stage damaged the weed to a 

greater extent than treat.in;J the weed before it emerged (Table 2). A 

tren:i was . observe:l. for increase of the activity of all herbicide tank 

mixes when canbined with metsulfuron especially in the secorxl ard third 

year of evaluation. Picloram alone did oot seem to be very active 
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Table I. Percent field bindweed control by visual evaluation 
following preemergence herbicide treatment and 
evaluated annually for three years; Smithfield. 

a e 
Tr .. t.,.nt g/h• lstyur 2nd y .. r 3rd y .. r 

Plcloram 140 7.5 

Piclorat1 + 140 11.2 
11etsul furon 23 

Picloram + 140 28.1 
11etsulfuron 47 

Plclor .. + 140 26 . 2 
IM!tsul furon 70 

Oic...t>a 560 0 

Oicamba + 560 13.7 
•tsul furon 23 

Oicamba + 560 0 26.2 
11etsul furon 47 

Dlcallba + 560 22 . 5 
Mtsulfuron 70 

2,4-0 ester 1,120 0 0 

2,4-0 ester + 1,120 0 5. 0 
... tsulfuron 23 

2,4 -0 ester + 1.120 0 21.2 
metsulfuron 47 

2,4-0 ester + 1,120 27.5 .0 
•tsulfuron 70 

Glyphosate 840 0 0 0 
Glyphosate + 840 0 3 . 7 0 

IM!tsul furon 23 

Glyphosate + 840 20 . 0 
11etsulfuron 47 

Glyphosate + 840 36 . 2 0 
11etsulfuron 70 

IICPA 1,120 0 

IICPA + 1,120 7.5 
11etsul furon 23 

IICPA + 1,120 27.5 
11etsul furon 47 

HCPA + I, 120 28.7 
11etsul furon 70 

Ketsul furon 2l 0 17 . 5 

Metsulfuron 47 0 23 . 7 0 

Ketsulfuron 70 0 36.2 0 

Control 0 

LSD ( . 05) 20.0 
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Table 2. Percent field bindweed control based on visual 
evaluation following herbicide treatments to field 
bindweed in prebloom stage, and evaluated annually 
for three years; Smithfield. 

R•te 
Treat..,nt gjh• 1st yur 2nd year 3rd yeor 

Plcloram 140 66 . 7 73.2 15 .0 

Piclora11 + 140 89 . 0 67.5 22 . 5 
.. tsul furon 23 

Plclorill + 140 92 .0 93 . 5 45 .0 
.etsul furon 47 

Plcl or am + 140 93.7 95 . 0 40 . 0 
.. tsul furon 10 

Olcamba 560 90 . 7 82 . 0 40 .0 

01cl1Dba + 560 93.0 92 . 0 32 . 5 
~~etsul furon 23 

Olcillb• + 560 96.2 94.5 41.2 
11etsul furon 47 

Olca!Dba + 560 94 . 7 93 . 5 37 . 5 
.. tsulfuron 70 

2,4-0 ester 1,120 93 . 0 89.0 40.0 

2,4 -0 ester + 1,120 94 . 0 89.5 45 . 0 
.. tsul furon 23 

2, 4-0 ester + 1, 120 95 . 0 90 . 7 40 .0 
.. tsulfuron 47 

2,4-0 ester + 1,120 92 . 0 90.5 47 . 5 
.. tsulfuron 70 

Glyphosate 840 49 . 5 85 . 2 20.0 
Glyphosate + 840 90.0 83 . 2 33 . 7 
.. tsul furon 23 

Glyphosate + 840 95.0 92.5 38 . 7 
.. tsulfuron 47 

Glyphosate + 840 97 . 2 97.7 56 . 2 
•tsul furon 70 

HCPA I, 120 95.0 86.7 33.7 

HCPA + 1,120 93.0 91.0 36.2 
.. tsul furon 23 

HCPA + 1, 120 95 . 5 95 . 5 50 . 0 
.. tsulfuron 47 .. 

HCPA + 1,120 97.5 96 . 2 55 . 0 
noetsul furon 70 

lletsul furon 23 89 . 0 80 . 5 31.2 

Hetsul furon 47 91.2 89 . 5 36 . 2 

Hetsul furon 70 95 .0 90 . 2 35.0 

Contro 1 

LSD ( . 05) 7 . 5 20 .0 15 . 5 
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against field birdwee::l, but like others, when CXIIIbined with metsulfuroo, 

i t gave a gocxl. field bindweed OJI'ltrol clurirq tile first an::l. secxrd 

evaluatioo. Glyt:i'losate alone did not result in a high level of control 

in the first evaluation. Glyphcsate activity was slow to appear an::l. 

prd.:lably wasn't ~ by tile first year evaluation date but became 

evident by the secord year. Visual evaluations three years after 

herbicide treatments revealed that percent field birdwee::l control dropped 

by 50 percent or mre as ~ to those taken the seconi year. 

Metsul.fura\ tank mixirq increased the effects of picloram, glyphosate an::l. 

!CPA against field bindweed. Tank mix:in;J metsulfurcn with other 

hertlicides generally resulted in a better field bindweed OJI'ltrol than 

metsulfura\ treatments alone. None of the he:I:Dicicle tank mixes appeared 

superior to the others in prebloan stage. 

<>Yerall, the bloan stage treatments (Table 3) provided llllCh less 

field bi.n::h.ieed control than prebloan an::l. fall treatment (Fig. 1, 2). 

Met.<rulfural increased the effects of other herbicides in tank mixes 

exx:ept 2,4-D. Picloram at tile rate used in this experiment, resulted in 

poor bi.n::h.ieed OCI'ltrol when awlied at bloan stage as was also recorded in 

prebloan awlication. Likewise, glyphcsate did not OCI'ltrol field 

bi.n::h.ieed clurirq tile first year, but the seccn::l year it resulted in 

satisfact:ary OCI'ltrol, partiollarly when tank mixed with metsulfuron. As 

described earlier, poor bindweed control in glyphcsate treated plots may 

have been clue to slow action of glyphcsate an::l. too early an evaluation. 

2, 4-D an:l. M::PA gave good control in the first year. In tile secan:j year, 

!CPA, tank mixed with metsulfuron, gave significantly higher control than 

2,4-D. Metsulfuron alone did not adequately control field bin:lweed when 

awlied in the bloan stage. In tile secan:j year, tile level of bin:lweed 



Table 3. Percent bindweed control based on visual evaluation 
following herbicide treatments to field bindweed in 
bloom stage and evaluated annually for three 
years; Smithfield. 

Trullltnt 

Pic lor .. 

Plclori• + 
.etsul furon 

Ptclor .. + 
•tsul furon 

Ptclor .. + 
•tsulfuron 

Otcuob• 
Oicuob• + 

•tsul furon 

Otcuob• + 
•tsulfuron 

Otcuob• + 
•tsulfuron 

2,4 -0 ester 

2,4-0 estor + 
110tsul furon 

2, 4· 0 ester + 
~tetsul furon 

2, 4·0 ester + 
Mtsul furon 

Glyphoute 

Glyphoute + 
•tsulfuron 

Glyphoute + 
110tsul furon 

Glyphoute + 
•tsulfuron 

IICPA 

IICPA + 
•tsulfuron 

IICPA + 
•tsulfuron 

MCPA + 
•etsul furon 

Hetsul furon 

Hetsul furon 

Metsul furon 

Control 

LSD ( . 05) 

140 

140 
23 

140 
47 

140 
10 

560 

560 
23 

560 
47 

560 
10 

1,120 

1,120 
23 

1, 120 
47 

1,120 
70 

840 

840 
23 

840 
47 

840 
10 

1,120 

1,120 
23 

1,120 
47 

1,120 
10 
23 

47 

70 

lstyur 

30. 0 

36 . 2 

46.0 

51.2 

67 . 5 

75 .0 

78.7 

81.2 

80 . 0 

82.5 

83 . 7 

86.2 

25 . 0 

43.7 

61.2 

67 . 5 

72 . 5 

82 . 5 

86 . 2 

87 . 5 

45 . 0 

48 . 7 

50 .0 

0 

7. 5 

2nd yur 

13 . 5 

13. 7 

28.7 

36 . 7 

6. 2 

41.7 

40 .0 

40 . 0 

59 . 2 

58.0 

55.0 

61.2 

51.5 

91.0 

91.7 

94 . 7 

49 . 2 

93.2 

88 .0 

92 . 7 

21.2 

25 . 0 

38 .0 

20 .0 

3rd yur 

2. 5 

3 . 7 

2. 5 

7.5 

7. 5 

5 . 0 

2.5 

7.5 

7. 5 

15 . 0 

16 . 2 

30.0 

0 

10 .0 

33 . 7 

0 

2. 5 

25.0 

15 . 5 

3 1 
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Figure 1. Percent field bindweed control based on visual evaluation 
as influenced by stage of treatment and evaluation year 
when combined over all herbicide treatments; Smithfield. 
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Figure 2. Percent field bindweed control as influenced by herbicide 
tank mixes and stage of treatment when combined over met
sulfuron rate and evaluation year; Smithfield. (1 = 
picloram, 2 dicamba, 3 = 2,4-D ester, 4 = glyphosate, 
5 = MCPA, 6 = metsulfuron alone, no tank mixes). 

32 



33 

=trol dropped for picloram, dicamba, 2,4-D ard metsulfuron treatments . 

Bindweed =trol was much better in the seccn:i year us:i.n;r !o!:PA or 

glj1i1osate treatments c:anbined with metsulfUrc:n. 'Ihe level of bindweed 

cxrrt:rol in the third year was uniformly poor for all herbicide treatments 

~ in bloan stage. 

'Ihe results of bin:l.weed cxntro1 ~ hertlicide treatlllents were 

awlied in the fall is summarized in Table 4. An early frost followirg 

fall treatments prevented evaluat:i.n;r them the first year. CUr:i.n;r spr:i.n;r 

of the sea:ni year, field bindweed control was generally satisfactory. 

Like in other treat:Jrent stages, metsulfuron increased the activity of 

other hert>icides when used in tank mixes. 'Ihis was especially 

signi£icant in the third year evaluatioo. 'Ihe level of field bindweed 

c:cntrol was significantly increased ~ the metsulfuron rate was 

inc:rea.sed. Metsulfuron at 70 glha resulted in 94.5 percent field 

bindweed control in the second year. Metsulfuron at 70 glha when tank 

mixed with other herbicides resulted in excellent (94-99 percent) field 

bin:lweed oantrol. Evaluations the spr:i.n;r of the third year sha¥eci a drop 

in cx:rrt:rol fran the second year in all treatments. Field bindweed 

c:cntrol in the third year followin;J fall treatments, hcMever, was 

signi£icantly better than field bindweed oart:rol in the third year 

folla.rirq bloan treatments. Glypbcsate, tank mixed with metsulfuron at 

70 q/ba, gave better oantrol (78. 7 percent) than other treatments. 

illen field bin:l.weed control levels were OCI!Ibined aver all treatments 

arrl giWth stages, no significant difference existed between the first 

arrl SEnli'X! year. 'Ihe level of bindweed control was significantly lower 

the thiitl year (Fig. 3). 'Ihe yearjstage interaction shown in Figure 1 

shows that when c:anbined over treatments, prebloan treatments in the 



Table 4. Percent field bindweed control based on visual 
evaluations following herbicide treatments in the 
fall and evaluated annually for three years; 
Smithfield. 

Trelt..,nt 

Plclor .. 

Ptclora• + 
~~etsul furon 

Ptcloram .. 
~~etsul furon 

Ptclora• t 
•tsul furon 

Oic>mb• 

Olclllb• • 
~~etsulfuron 

OlcU!b• • 
•tsulfuron 

Otclllb• t 

•tsul furon 

2, 4-0 ester 

2,4·0 ester t 

•tsulfuron 
2,4-0 ester t 

•tsulfuron 

2,4-0 ester -+ 
•tsulfuron 

Glyphos•te 

Glyphoute • 
~~etsul furon 

Glyphoute • 
~~etsul furon 

Glyphouta • 
•tsul furon 

HCPA 

HCPA t 

•tsul furon 
HCPA t 

•tsul furon 

HCPA t 
•tsul furon 

Hetsu Huron 

Hetsul furon 

Hetsul furon 
Control 

LSD (.OS) 

•t• 
9/ h• 

140 

140 
23 

140 
47 

140 
70 

560 

560 
23 

560 
47 

560 
70 

1,120 

1, 120 
23 

1, 120 
47 

1.120 
70 

840 

840 
23 

840 
47 

840 
70 

1, 120 

1,120 
23 

1,120 
47 

1,120 
70 

23 

47 

70 

1st y .. r 2nd y .. r 

52 . 5 

64 .2 

93.0 

94 .0 

86 . 2 

97.0 

98 . 5 

95 . 2 

91.7 

95.2 

96 . 0 

97 . 5 

94 . 2 

96 . 2 

97.0 

99 . 2 

77 . 7 

89 . 7 

93.7 

95.5 

55 . 0 

84 . 5 
94 . 5 

20 .0 

3rd y .. r 

21.2 

32.5 

45 . 0 

40 .0 

40 .0 

73.7 

61.0 

27 . 5 

40 . 0 

57 . 7 

63 . 7 

52 . 5 
46 . 2 

67 . 5 

78.7 

17 . 5 

27.5 

51.2 

53 . 7 

2. 5 

21.2 
40 .0 

15 . 5 

3 4 
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secorxi year produced the same level of c=rt:rol as the first year, Wt: 

blcxm treatJDents resulted in 1~ levels of field bi.rrlwee:l control 

caJplred to the same stage fran treatJDents the first year. 'Ille level of 

bin:iweed c=rt:rol dropped significantly the third year fran treat:Jnents in 

all stages, rut the decrease was greater at the blcxm stage awlicatioos. 

Treatments at blOCIII stage in all three years resulted in lower control 

than preblcxm ani fall treatJDents. Preemergenoe treatJnents did not 

amt:rol field birrlweed durin;J the first ani third years, Wt: the weed was 

slightly injured the seoon::l year (<20 percent). No significant 

differeroe between prebloan ani fall awlied treatJnents ~ when 

field birrlweed control results were canbined over all treatJnents. 

cmtro1 levels averaged f= all herl:licide tank mixes ani treatment 

stages (Fig. 4) revealed no differences between metsulfurcn rates the 

first . year, bit i=reasin;J dcsages of metsulfurcn increased bin::lweed 

amt:rol the seccrd ani third years. It was also evident that the level 

of birx'!weed control in each dosage dropped with time (years) • In all 

three years, tank mixin:] metsulfurcn increased the level of activity of 

other herl:licides Wen c:atpmld to eadl. heJ:bicide alc:Dl. 

When results were oanbined f= all metsulfllral rates and treatment 

stages (Fig 5) a decline of the level of bin::lweed oc:nt:rol oc::o.u-red with 

time (years) in all heJ:bicides. GlJIP1osate tended to ~ mre lasting 

control than other heJ:bicides. Other heJ:bicides, when tank mbcec1. with 

metsulfUron, gave better bin::lweed control than metsulfurcn alone. 

When results were canbined for all metsulfurcn rates ani years of 

evaluation, (Table 5) all herbicides when awlied at bloan stage gave 

much less bin::lweed control than when awlied in prebloan or fall. 
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Figure 3. Percent bindweed control evaluated annually for three 
years following herbicide treatments. Results are 
average of all treatments and grwoth stages; Smithfield. 
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Figure 4. Percent field bindweed control using combined data for 
all treatments with metsulfuron; Smithfield . 
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Figure 5. Percent field bindweed control as influenced by herbicide 
tank mixes evaluated annually for three years. Results 
are averaged for all metsulfuron rates and treatment 
stages. (1 picloram, 2 = dicamba, 3 = 2,4-D, 4 = 
glyphosate, 5 = MCPA, 6 = metsulfuron alone); Smithfield. 
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Table 5. Percent field birxlweed cxrrt:rol, average of three years, as affected by stage 
of treabDents an:l hert>icide tank milces: smithfield. 

Hel:bicide Metsult'Uron 
tank milces Picloram DiC!IIIi:la 2,4-0 Glyphosate M:PA alone 

~ 

Preelnergerx:e 6.1 5.2 4.5 5.0 5.3 6.5 

Preblcx:m 66.1 73.1 75.5 70.2 76.9 55.0 

Bloem 21.9 37.7 48.2 49.6 55.5 19.4 

Fall 50.0 74.0 71.2 79.0 63.5 37.2 

LSD (.05) • 10.4 
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loihen results were cnnbined for all stages of treat:Jnents an:i years of 

eval.uatia1 (Tahle 6) metsulf'Uran increased the activity of all otller 

herl:Jicides. Increasing the rate of :aetsultura'l, lolhen tank mixed with 

other herl:Jicides, generally increased the level of bi.rrll.oeed control. 

Metsulfura'l increased the activity of glyphcsate more than any otller 

herl:Jicide. 

When results were canbined for all herbicide tank mixes an:i years of 

eval.uatia1 (Table 7) i t was shown that each metsulfl=l rate in:::rease 

resulted in an irx::rease in the level of bi.rrll.oeed control in all treablent 

stages. It was also evident fran Table 7 that treatin;J plants in bloc:m 

gives less cx:ntrol. than treatin;J them in prebloc:m or in the fall at all 

rates. 'lbe rea.sa1 for this may be explained bY the fact that at bloc:m 

stage, blOSSCIII and clevelqJing seeds act mere as metabolite sinks, and 

sitx:e bel:bicides mve in IiU.oem with the ~tes, they accunulate 

in the foliage of the bin:lweed plants, an:i tlnls do not cause adequate 

uOOergram:l root and mizane destruc:ticn of field bi.rrll.oeed 'Which is 

necessary far l<n;J la.stin] control. 'lhe prebloc:m and fall treablents 

cause higher amamts of ~tes partitioned in the un::lergro.lrxl 

portion of the plant, a higher amount of the herbicides were translocated 

to the roots and mizcmes arxl resulted in better and l<D]Br last.in; 

cootrol. 

5hen.wd Hills. 'lhe results of field bindweed control eJq:>eri.ments in the 

~ Hills location were very silllilar to these at Smithfield. 

Pree!nergerx:e treatD!nts did not control field bi.rrll.oeed in any year (Fig. 

6). Prebloc:m treatlnents gave better ccntrol than bloan treatments during 

the first and seoc:n:i years, 1:::ut no differen::e was observed bet:l.leen them 

in the third year (Fig. 7). Althoogh field bindweed control at Sher..'OOCI 



Table 6. Percent bin::lweed oont=l, average of three years, as affected by Jretsulfuro n 
rates arxl herbicide tank mixes; smithfield. 

Herbicide Picloram Dicamba 2,4-D Glj'I¥losate M:PA COntrol 
tank mixes 140 <Jiha 560 <Jiha ll20q/ha 840 <Jiha 1120 qjha 

Metsulfuran rate 
qjha 

0 22.9 30.9 40.2 26.8 37.2 0 

23 26.7 39.5 41.8 40.1 41.6 31.6 

47 37.4 42.7 42.9 46.1 50.4 35.2 

70 38.5 41.6 45.8 53.3 54.6 38.5 

ISO (.05) = 5.2 

,. 
0 



Table 7. Percent field b:in::iweed c::orrt:=l, average of 
three years, as affected by stage of treat
ments arxi n-etsulfuron rates; Smithfield. 

n-etsulfuron rate g:lha 
stage 

0 23 47 70 

Preelnergerr::e .4 3.2 8.2 9.8 

Prebloan 53.9 69.7 76.2 78.0 

Bloan 25.8 37.7 42.9 48.3 

Fall 45.0 56.4 72.2 76.6 

ISD (.05) = 10.5 
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Figure 6. Percent field bindweed control as in fluenced by stage of 
treatment when combined for all treatments and evaluation 
years; Sherwood Hills . 
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treatment and evaluation year when combined for al l herbi
cide treatments; Sherwood Hills . 
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:!.ills was as good as at Smi t.'lf ield the f.ir.rt: year , in the second an:! 

third years, less bi.n::lweed control was obseived in ~ Hills . 'Ihls 

may have been because of lower soil ~ in ~ Hills 'Nhich would 

result in a faster hydrolysis of metsulfuron in the soil. 

Field b:irdweed control was better lohen metsulfuron was tank mixed 

with other hert!icides (Fig. 8). Increasing rates of metsulfuron int>roved 

binJI,1eed control in both bloau an:i prebloau treatments (Fig. 9). 'Ihe 

level of field bin:!weed control clrcWE!d significantly with time (Fig. 

10) . similar to Smithfield, field birx!weed control at ~Hills was 

better in all three years lohen metsulfuron was tank mixed with other 

herbi c i des. Increasing the rate of metsulfuron :in:::reased its activity on 

f i eld birx!weed, especi ally in the secarrl an:i third year (Fig. ll.) . 

Field b:irdweed control was int>roved lohen 2, 4-D was used in the bloau 

stage. All other hert!i cides performed better in preblocm than in blocm 

treatments (Fig. 12). 'lhis was especially true for pi cloram an:! 

metsulfuron. 'Ihese blo hert!icides showed less b:irdweed control over the 

three year study (Fig. 13). 'Ihe results inllcated that other hert!icides 

tank mixed with metsulfuron gave better control than metsulfuron alone. 

When results were CCI!Ibined for all metsulfuron rates and treatment 

stages, it is evident that the level of field bi.rrlweed control drc.ps with 

time (year) for every hert!icide. 1\m::lrq the hert!icides used, 2,4-D and 

gly;:tlosate gave better an:i lon:Jer lastlnJ results (Fig. 14) . 

When results were CCI!Ibined for all evaluation years an:i three 

treatment stages, as shOI<n'\ in Table 8, tank mixing metsulfuron increased 

the activity of each herbicide cx::llpCired to its use alone. Increasing the 

rate of metsulfuron generally :in:::reased the activity on field bi.rrlweed 

both when used alone or in a tank mix with other herbicides . 
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treatment and herbi cide tan k mixes when combined for all 
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Table 8. Field bindweed ocntrol, average of three years, as a result of a c:x:aiDination 
of fc:ur rates of metsulfuran with five herbicides; Shenlood Hills. 

Herbicide Picloram Dicamba 2,4-D Glytiloeate M:PA Control 
tank mixes 140 q/ha 560 g/ha 1,120 q/ha 840 q/ha 1,120 q/ha 

Metsulfura'l 
rate g/ha 

0 17.2 24.5 37 . 0 31.4 28.6 0 

23 25.7 33.8 41.1 31.1 34.9 25 . 9 

47 30.1 37.9 43.3 39.3 40.2 30.1 

70 30.4 39.2 43.3 42.2 43.1 31.1 

ISO (.05) = 4.9 
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~- Results of t.'1e field study =rluctsd at Hyrum, an:i evaluatOO only 

for two years, showed that field birdweed control was significantly lower 

in the secord year c:atpared to the year of treatJnent (Fig. 15). Similar 

to the other two locations, bloan ~lications of hertlicides resultOO in 

less field b.irdwee:i control than prebloan or fall treatJnent. 'Ihis was 

true both in the first an:i secord year. Prebloan an:i fall treabnents 

gave close to the same results. (Fig. 16). 

In both the first an:i secorxi year, higher rates of metsulfuron gave 

=re effective birdweed control. Metsulfuron when tank mixed with other 

herbicides, gave better control than when any of the herbicides were used 

alone (Fig. 17). Tank mixirq metsulfuron with other herbicides also gave 

better control than when metsulfuron was used alone (Fig. 18) . Arrclrq 

tank miJces, 2,4-D an:i M:PA gave the best results in the first year, bJt 

the level of control droFPed significantly in the secord year. 

GlYiiJosate when used in CXI!Ibination with metsulfuran, gave the best 

results in the second year. 

When the results were CXI!Ibined f= all treatJnent stages an:i years 

(Table 9), metsult'Uron when tank mixed with the other five herbicides 

i..rx:reased their activity on field b.irdwee:i c:atpared to their use alone. 

Ilx:reasirq the rate of metsult'Uron in all herbicide tank miJces inc:reased 

the level of control. Metsulfuron at 70 g/ha when tank mixe::l with 

glYiiJosate, =re than dooble:l the control of field birxiweed. M:PA an:i 

2,4-D in tank mixes with metsulfuron at 70 g/ha resultOO in satisfactory 

control. 
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Figure 14. Percent field bindweed control as influenced by herbicide 
tank mixes and year of evolution with combined metsulfuron 
rates and treatment stages (1 = piclroam, 2 = dicamba, 
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3 = 2,4-D, 4 = glyphosate, 5 = MCPA, 6 = metsulfuron alone); 
Sherwood Hills. 
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evaluated in the first and second year. 
the average of all treatments and growth 
Sherwood Hills. 
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Table 9. Field bindweed control, average of three stages and two years, as a 
result of four rates of metsulfuron combined with 5 herbicides; 
Hyrum. 

Herbicide Picloram Dicamba 2,4-D Gl yphosa te MCPA Control 
tank mixes 140 g/ ha 560 g/ ha 1120 g/ ha 840 g/ha 1120 g/ ha 

Metsul furon 
rate g/ha 

0 36.2 54.5 69.7 33 . 5 57.7 0 

23 42 .7 66.9 79.4 58.5 69.9 37.3 

47 56.2 67 . 6 76.0 70.1 77.1 41.1 

70 65.1 73.6 85.0 76.0 81.7 55.8 

LSD (. 05) 2 6. 7 

"' 0 
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Figure 16. Percent field bindweed control at different stages of 
treatment in the first and second year. Results are 
average of all herbicide treatments; Hyrum. 
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Figure 17. Percent f i eld bindweed control as influenced by metsulfuron 
rate in the first and second year with combined treatment 
stages and herbi cide mixtures; Hyrum . 
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~ear _.. me.< 

Figure 18. Percent field bindweed control as influenced by herbicide 
tank mixes in the fir st and second year with combined 
metsulfuron rates and treatment stages; Hyrum. 
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Seed Viability 

Seed harvested fran experimental pl ots at Sherwood Hills indicated 

that metsulfUran treatJnents significantly decreased seed ard capsule 

weight of field bindweed (Fig. 19, 20) . No statistical significance was 

d:lserJed between weights based on metsulfurcn dosages. Most seeds fran 

treated plots ~ to contain a seed coat only ard owld easily be 

shattered with slight pressure. No differences were observed between 

treatJnents in the ntm1ber of birrlweed seeds per capsule (Table 10). 

Percentage of shrunken seeds was significatnly higher in treated plots 

than in controls. Germination varied fran 4.5 percent in the highest 

rate to 8. 5 percent in the lowest rate canpared to 70. 5 percent in the 

cart:rol (Fig. 21) . Seeds fran treated plots with the higher pe=entage 

of shrunken seeds gezminated less than the seeds fran control plots. 

HcM!ver, many ~y mrmal loolcirxJ seeds fran treated plots did not 

geminate. Five days after gezmination, seedlir"gs fran seeds recovered 

in treated plots were significantly less vigoraJS than the controls. 

'!his was indicated by average radicle le1"¥]ti! of 8, 4 ard 2. 8 mm in 23, 4 7 

an:l 70 g/ha metsulfUran treatJnents respecitvely, ard 25 mm for the 

control (Fig. 22). 

cap;ule weight was closely oorrelated with seed weight with a 

correlation coefficient of 0.919 (Table 11). '!here was also a close 

negative oorrelation between seed weight ard percent shrunken seed 

indicatir'¥] that reduced seed t,;'eight was a function of shrunken seeds. 

Seed weight was closely ard positively correlated with radicle le1"¥]ti! 

which may mean that it was the lack of seed fcxxi reserves that caused 

less vigoroos seedlings . Radicle le1"¥]ti! was very closely (0.944) 

correlated with germination, i.n:ticatir'¥] that the seeds with higher 
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Figure 20. Effect of metsulfuron applied at full bloom on field 
bindweed seed capsule weight; Sherwood Hills . 
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Table 10. 

14etsul furon rate 
\ttl.! 

23.0 

47.0 

70.0 

LSO 

Effect of bloom application of metsulfuron on seed set, seed size, 
seed viability and seedling vigor of field bindweed; Sherwood hills. 

Wt . of upsule 
"'' th seed ~ 

41.10 

26.40 

20.42 

23.20 

9 . 60 

Wt./ seed 

119 

7. 55 

3 .47 

2.90 

3. 30 

l.9G 

AYe, I of 
seed/capsule 

3.17 

2.97 

2.90 

3.27 

Shrunken seed 
~ of Total 

7.60 

28.28 

40. 47 

31. 8J 

R~1 cl e len<Jtll 

"' 
2.52 

. 82 

. 40 

.27 

.02 

70. 50 

7.00 

5.00 

4 . 50 

8. 01 

~!riDinl ti on 
S of control 

100. 00 

11.50 

1. 50 

6 . 25 

11.91 

"' "' 
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Figure 21. Effect of metsulfuron applied at full bloom on germination 
of field bindweed seed; Sherwood Hills. 
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Figure 22. Effect of metsulfuron applied at full bloom on radicle 
length of field bindweed seedlings, five days after 
germination; Sherwood Hills. 



Table ll. Correlation coefficients table among different parameters measured in bindweed seed viab11 ity 
study; Sherwood H 111 s. 

Wt/ seed capsule 

Wt/ seed o. 919 

tlumber of seed/ 
capsule 0.184 

Percent shrunken -0. 778 

Radicle lerg th 0. !Kl2 

Germination percent 
of control o. 825 

Wt/ seed 

o. 149 

-0. 713 

o. 782 

o. 862 

Number of 
seed/capsule 

o. 369 

o. 015 

o. 071 

Percent shrunken Radicle length 

-0. 532 

-0.608 o. 944 

--------- -------------------------

'" ... 
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geminaticn were also able to ~ vigorcusly an:i develop greater radicle 

l engths. 

Because of a severe dr'cu:Jht during the summer of 1985 'When Hyrum 

field plots were established, few bi.n:iweed palnts blossaned an:i their 

blCXID period was very short. Herbici.cles C~Wlied dur~ the bloan stage 

were actually awlied at late blCXID or early seed stage. Results fran 

Hyrum seed sallilles in.:ticated that both germinaticn an:i radicle length 

decreased significantly with metsulfuron treatments vs . control rut there 

were no significant differeoc:es aJIXJI'¥] metsufluron rates (Fig. 23, 24). 

While a greater J'llliDber of shrunken seeds was ol:6erved in metsulfuron 

treated plots than in the control (Table 12), it was net statistically 

significant. '11le J'llliDber of shrunken seeds in the CXI'Itrol plots were a 

lot higher than the cxn:respond~ treatment in Shezwcod Hills. 

Differerx::es mey be due to the dr'cu:Jht stressed plants in Hyrum (Table 

12). No significant differeoc:es were ol:6erved in J'llliDber of seed per 

capsule aJIXJI'¥] treatments. Field bi.n:iweed seed an:i capsule weights were 

higher in the CXI'Itrols tl1an in metsulfuron treated plots rut, lml.ike 

Shenlood Hills, this difference was net significant. 

Because of <irc:uJbt interferen::e, the c:xm:el.atic:n CXlefficients do net 

all agree with the cxn:respc:nting coefficients in the Shezwcod Hills 

study. Bin:lweed seedl~'s radicle length showed a close positive 

con:elation with germination (Table 13). Also, percent shrunken seeds 

was negatively correlated with seed weight in.:tica~ the higher the 

shrunken seed count, the lower the seed weight. Weight of bindweed seeds 

were also positively correlated (0 . 74) with weight of seed capsule. 

'1hese results are similar to those OOtained in the Shezwcod Hills study. 
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Figure 24. Effect of metsulfuron applied at full bloom on germination 
of field bindweed seed; Hyrum. 



Table 12. 

t"'e tsul fu ron rate 
o/h• 

23.0 

47.0 

70.0 

LSO 

Effect of bloom application of metsulfuron on seed set, seed size, 
seed viability, and seedling vigor of field bindweed; Hyrum. 

Wt. of capsule 
... t th seed lll9 

37. 17 

33.37 

24. 50 

30. 50 

Wt./ seed 
"'l 

9. 97 

7. 52 

4. ss 

4. 62 

Ave. I of 
seed/capsule 

3.17 

3.15 

3. 25 

3.17 

Shrunken seed 
' of tot41 

21.00 

JO. 25 

45 .so 

35.50 

R4d1cle length 
C1l 

2. 72 

. 90 

.52 

. 47 

1.09 

Percent 
gerrtt nation 

41.00 

14 . 50 

3 . 50 

9. 00 

11 . 78 

Cerlll1nat1on 
l of control 

100. 00 

35.00 

8. 70 

21. 75 

28. 14 

"' 0 



Table 13. Correlaticn coefficients table anag different parameters measured in bindweed seed 
viability study; Hyrum. 

wtjseed capsule wtjseed t of seed/capsule % shrunken Radicle length 

wt/seed 0.74 

* of Seed,/ 
capsule 0.016 -o.l44 

% shrunken -0.859 -o. 754 -o.l85 

Radicle len:fth 0.449 0.586 -o.l03 -o.413 

Genninaticn 
% of control 0.489 0.514 -o.uo -o.465 0.936 
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Although detailed anatanical studies were not ccnducted, i t is 

speculated that reduced seed size, weight and germination COUld be 

attri.J::m:ed to lack of mitotic activity of both embz:yo and en:lcspenn. 

Since bindwee:! is an irdeterminate flowering plant, the fertilized ~ 

and emosperms that had already urxlergale sufficient cell division before 

metsulfurc:n treabDents, were able to germinate IOhile seeds with 

urx:levelcped embryos and eOOcspem.s failed. Existence of shrunken 'Need 

without oormal embz:yos as well as non-shrunken (oormal-appearin;) seed 

wi thout oormal embryos in metsulfuron treated plots may be attributed to 

the ovular develc:pnental stage at treatment. Plants with well develcped 

ovules b.lt rudi:mentary embz:yos and en::losperms ~ oormal, b.lt they 

did not develop oormal embz:yos and viable seeds. S!naller food reserves 

in the erx:lospenn of germinated seeds fran emtsulfurcn treated plots may 

have cx:ntri.b.rt:ed to less vigoroos seedlings. 
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So il Bioassay 

Results of soil bioassays oorducted in the field at smithfield and in 

the greenhalse fran the soil sar!illes brooght in fran Hyrum and SherNocd 

Hills i.n:l..icated that dosages of metsulfUron used in this study caUSEd 

unacx::eptable injury to fall planted small grains regardless of ~ it 

was ~ied durin; the fal.l01o1 year. 

Field bioassay results showed a linear in::rease in J:hytotoxicity to 

sprirq planted oats in response to in:::reasin; metsulfuron rates fran all 

stages of aJ.:I)lication (Fig. 25). Significant differerx:es existed amorq 

metsulfurm rates 'lolhen canbined for all treabnent stages (Fig. 26). '!he 

closer metsulfUron was aJ.:I)lied to plantirq t.il!le for oats, the higher the 

~city. An except.ioo was shewn fran the blCXJD stage applicatioo 

(Fig. 27). 'lhis is probably due to degradation of metsulfuron in the 

soil by microbial breakJ::lown of the herbicide and by chemical hydrolysis. 

'Ihe degree of phytotoxicity in smithfield was generally higher than that 

recorded at Hyrum and Sher.ioc:d Hills. Higher susceptibility of oat at 

smithfield ~ to barley at the other two locatioos may aoccunt for 

sane of the differerx:es noted and also field bioassays are often 

different fran tlx6e CXIlducted in greenhalses. Iarger volumes of soil 

available to plant roots grtJo'in] in field bioassays as ocmpared. to that 

available to the roots of plants in small pots in the greenhcuse nay 

explain the higher toxicity at smithfield. Field bioassays nay be 100re 

deperxlable for practical p.uposes. None of the five herbicides USEd in 

the tank mixes showed significant soil residual activity at the rates 

used and consequently, no Iilytotoxicity was attrib.Ited to them. No 

interactions were OOseived between tank mixes and dosages and tank mixes 

and treatment stages. 
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Figure 25 . Percent phytotoxicity as influenced by different rates of 
metsulfuron applied at four growth stages of field bind
weed; Smithfield. 
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Figure 26. Percent phytoxicity as influenced by different rates of 
metsu lfuron . Resu l ts are average of all growth stages 
and herb icide tank mixes ; Smithfield. 
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'The soil bioassay frail Sher..l:xx::l Hills involved crll.y ~licatians made 

at prebloan ard bloan stages . Lentils were ~ly injured IILic:h ncre 

than barley. Both lentil height ard weight clecrease1 significantly with 

Jretsulfu= treatments. Lentil height ard weight~ to .be affected 

more by higher met.sulfu= dosages rut not proven significantly (Fig. 28, 

29). Lentil injury was greater fran blocm stage treatments than fran the 

prebloan treatments (Fig. 30). Lentil vigor was also significantly 

decreased with metsulfu= treatJnent . '!his was especially pro!'ICAll'lCed in 

the highest met.sulfura'l rate (Fig. 31). Barley weight decrease:i with 

in::reasinq metsulfuron rates, rut it also was not significant (Fig. 32) . 

Barley weight was generally lower follawing bloan stage treatJnents than 

in prebloan (Fig. 33). Barley height, however, decreased significantly 

with metsulfura'l treatJnent (Fig. 34). Correlatioo coefficients .between 

the above measurements show a fair correlatim (. 587) between lentil 

weight ard lentil height rut the correlation bet1Neen barley height ard 

barley weight was poor (Table 14). 'Ihis may mean that scmethin] other 

than barley height, like DDre tillerinq = higher leaf area ratio, was 

responsible f= the greater weight of barley. 'Ihe poor oorrelatim 

.between barley weight an:i height and .between lentil weight and height at 

Hyrum may .be due to the fact that two barley and two lentils were plante:l 

in the same pot ard the cx:arpatitian .between crcp1 resulted in meanin3'less 

correlations. 

In Hyrum, soil scmq:>les were taken fran all three treatJnent stages 

(prebloan, bloan an:i fall) and only one plant (lentil or barley) was 

grown in each pot oantainin:] soil fran a treated plot in the field. 

Metsulfuron treatments cause a decrease in lentil weight ard height aver 

non-treated controls. Increasing rates of metsulfu= caused further 
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Figure 27. Percent phytotoxicity as influenced by stages of treatment 
usi ng combined metsulfuron rates and herbicide combinat i ons: 
Smithfield . 
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Figure 28 . Lent il fresh weight in grams as influenced by different 
rates of metsulfuron when results were averaged over 
treatment stages; Sherwood Hills. 
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Figure 29 . Lentil height in em as influenced by different rates of 
metsulfuron at prebloom and bloom stage; Sherwood Hills. 
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metsulfuron. Results were averaged over all treatment 
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Figure 31. Effect of metsulfuron soil carry over on lentil vigor; 
Sherwood Hills. 
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Fi gure 33. Fresh barley weight in grams as influenced by different 
rates of metsulfuron applied at prebloom and bloom stage ; 
Sherwood Hi 11 s. 
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Fig . 34. Barley and lentil fresh weight in grams as affected 
by metsulfuron treatments in prebloom and bloom 
stages; Sherwood Hills. 



Table 14. Correlatim coefficients l!lllr:ln1 parameters measured in soil 
bioassay; Shenlood Hills. 

Barley wt. I.sntil. wt. Barley ht. Lentil ht. 

Lentil wt. . 230 

Barley ht. .199 .093 

I.entil ht. . 092 .587 .082 

I.entil vigor .363 .529 .006 .399 
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decreases in lentil ~..eight and height, b.1t they were not statistically 

different (Figs. J5, J6). Barley height and lo'Bight decreased 

significantly fran metsult'Uron treatment, b.1t significant differences did 

not exist aDX:rg metsulfUrcn dosage levels (Fig. J7, J8). Slight injuzy 

to both barley and lentil were ob6erved by short:enin:} the time interval 

bet.1o1een treatments and plantin;J b.1t the in::reased injuzy was not 

measurable. Elilll.inat.irg o::~rpetition between c::rcps in the pot all~ 

mre meanirqful correlations a:ox:n;r all frur parameters measured at Hyrum 

(Table 15). correlaticn coefficients were greater than • 70 indicat.irg a 

goc:d correlation between measured parameters. correlation coefficients 

bet.1o1een barley lo'Bight and height and between lentil lo'Bight ard height 

were .82 and .85 respectively, indicat.irg that an increase in weight of 

both species was a turx:ticn of their height. Factors sudl. liS more 

tillerirg and lea! area ratio did not play an illp:lrtant role in bioassays 

of soil taken fran Hyrum. 1his is in contrast to the results OOtained 

fran soil taken fran 5her.;ocxi Hills. 

'nle results of the separate experiment to study the effects of soil 

awlied metsulfUrcn en gemination and seedlirg vigor of field bin:lweed 

indicate that metsulfUrcn did not affect the geminaticn of field 

birxlweed seeds, b.1t the seedlings became dll.orotic ard died socn after 

emergence. 1his was evident by the number of live seedlings 10 ard 21 

clays after plantin;J (Fig. 39). 'lhe ranaini.rq live seedlings in each 

metsulfllron treated pots were greatly injured (Fig. 40). 'lhere were no 

significant differences am::rq 17. 5, 35, 70 g/ha treatments in seedlirg 

vigor recluct.ion or the number of live seedlings per pot, b.1t 8.8 g/ha 

treatment caused less injuzy to birxlweed seedlings than higher rates. 

Fran the results of this study, one can speculate that soil awlied 



7 2 

1!)1) 

0 .01) 

Figure 35. Lentil fresh weight in gas influenced by different rates 
of metsulfuron . Results were averaged over all treatment 
stages; Hyrum . 
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Figure 36. Lentil height in em as influenced by different rates of 
metsulfuron results were averaged over all treatment 
stages; Hyrum. 
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Figure 38 . Barley height in em as influenced by different rates of 
metsulfuron . Results were averaged over all treatment 
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Table 15. Con'alatioo coefficients !IIDCI'l1 parameters lll8IISI.lred in Hyrum 
soil bioassay; Hyrum. 

Barley~ 

Lentil ~ o. 742 

Barley height 

I..entile height 

0.821 

0.746 

Lentil weight Barley height 

0.696 

0.850 0.773 
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metsultura'l is tala!n up by birdweed plants thralgh roots. 'This is why 

emergin; bimweed seedli.n:js in treated soil looked healthy at first rut 

after su!ficient root ~. which .in::l.OOe:i hertlicide uptake and 

translccaticn, the seedli.n:js last their vigor and died. 
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?.'.otosynthesis an:l Transpiration Mea..s\lr'enent 

Rlotosynthesis an:l transpiration rates of field b.in:!wee:i showed a 

dii.ID'lal fluctuation (Fig. 41) • They were highest duri.n:; the first haJrs 

of the light period ard lo.leSt duri.n:; the final hrurs of the light period 

in the awazatus use:1 in this study (Fig. 42). 

Rlotosynthesis of field b.in:!wee:i ~ a linear response to 

~c active radiation (PAR). They reached light ~tion 

at about 65 ~les m-2 s-1 PAR (Fig. 43). Transpiration also decreased 

prqxxrtionally with photosynthesis to decreasi.n:; radiation. Small 

annmts of transpiration c::o:urred even when the plants were in the dark. 

'lhi.s was probably due to cuticular transpiraticn. 

Field bimweed plants g:rt:Min] naturally ard CXIIqJeting with dense 1/2 

to 1 meter juniper pl~ were observed to grow with light intensities 

between 28 ard 62 )J1l1 mz s-1 at the point lolbere the stem an:i soil join. 

'Ihese intensities were recorded at noon oo a sunny day ard the range was 

attril:utable to variations in juniper density. IDwer leaves cn the 

bi.mweed stem bel~ the junipers were 11C6tl.y abscisEd or chlorotic. 

Bin:iweed stems near the soil surface ard fUrther fran sunlight had lorger 

interrxxles. 'Ihe am::A.IrTt of light deep under the juniper caropy was bel~ 

that fa.ni to be the light c:xJqlei1Satioo point far bin::lwee::l plants grt:MI 

in the ~. Bin::lwee::l awarentJ,y can not deperxi on such dim light 

to suwort growth ard clevelcpnent, ard probably drcJWed their lower 

unproductive leaves orce the leaves reached full sunlight above the 

junipers. 'lW possible explanations exist why bin::lwee::l is able to grow 

urrler such 1~ light intensities. Plants may have adapted to l~ light 

envi.rcrtments an:i thus able to use the 1~ light for growth. 'lhe other 

possibility is that bin::lwee::l can use food reserves in the roots to 
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support initial growth until plants qro.~ tall enc:ugh to capture 

sufficient light to becane self-sustainirq. Ad:litiaral experiments COJJ.d 

detemine which of the bolo mechanisms are involved = it other 

explanatiCI'IS exist. 

Field bin:lwee:l plants spraye:i with metsul.furon shoi.Jed a SI.Xlden 

decline in photosynthesis ani transpiraticn tut the rates gradually 

i..ocreased duri.IJ3' the follcM.rq three days. Rates gradually declined f= 

abart: bolo weeks beyon:i the three day increase until they died (Fig. 44). 

1.1neJq:lectedly all different metsulf\Iroo o:ru:nt:Lations reduced 

{ilotosynthesis ani transpiraticn at al:laJt the same degree (Fig. 44, 45). 

Higher clo6ages of metsulfuron were more effective in oc:ntrollin;J field 

bimweed prOOably due to higher allsotpticn ani translocation within 

plants. lklwever, higher rates did !XII: kill plants faster. since 

metsulf\Ira1 does oot inhibit photosynthesis directly (Ray, 1982), an:i its 

effect on susceptible plants is tl1rough inhibition of leJCi.ne ani 

isoleucine, it is speculated that regardless of the aJIICQlt of 

metsulfuron, the synthesis of these two amino acids in inhibited. 

Without these bolo amino acids chlorqhyll ani enzymes synthesis wo::W.d oot 

take place a1011 existin;J levels were broken down resultin; in inhibiticn 

of~is. 

Field bindweed photosynthesis was measured in response to the 

hemicide treatments. Except f= picloram, the other fan: hel:bicides 

inhibited the photosynthesis of field bimweed 110re rapidly than 

metsulfuron. A shal:p decline in J.ilotosynthesis was absel:ved followirq 

each of the hemicide treabnents ani the control treated just with water 

plus surfactant. 'Ihis decline was very rapid in glyphosate treated 

plants ard minilnal in control. 'Ihe decline in J.ilotosynthesis was 
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followed by a partial rect:Ne:ry in treated plants. The reason why such a 

stD:\en c:irql in photosynthesis of field bindweed happens following 

treatments with hertlicicles that do not have a direct effect on 

~is is not clear ard needs fUrther study. 

Treatll&lts with picloram, dicama, 2,4-D ard M:PA, all hol.'llone-type 

hertlicides, resulted in a slow decline in ~is until the 

~is of treated plants was o:mpletely halted 18, 12, 14 ard 9 

days respectively after herbicide treatment (Fig. 4fi, 47, 48, 50). 

Treatment with gl~te shewed a ~ ~ follc:M!d by a small 

rea:Nery the next day ard then a sharp ~ until oo ~is were 

recarded 5 days after treatment (Fig. 49). At this point gl~te 

treated plants looked green like the CXIltrol plants ard 00 apparent 

injucy syDpt:ans were ooticeable. 'Ihe CXIltrol plant "Wh.idl. was sprayed 

with water ard surfactant also showed a SIIBll. decline followirq spraying, 

l::ut it reccvered the next day. 'Ihe );ilotosynthesis of the ocntrol plant 

increase:l duriix] the study period. 'lhis was because of plant growth 

duriix] the study period (Fig. 51) • 'Ihe );ilotosynthesis rate of the 

CXIltrol plant a1 day 22 was 30 percent higher than the initial rate. 

Because of the very extensive root system of the field bin:iwee:l 

plant in the field, a hel:bicide that is not a direct photosynthetic 

inhibitor can successfully CXIltrol it by foliage treatment if it can be 

readily aMomed ard translocated to the root system of the plant. 

Al:lsatptioo ard translocatic:n of a herbicide is a function of its 

chemistry (e.g., its JIK)lecular size ard water solubility), ard because 

herbicides are ~transported in the puoem alcrg with ~tes, 

the plant's ~tic ability l!llSt not be adversely affected by the 

herbicide treatment so that JIK)re of the absorl::>ed herbicide can be 
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Figure 51. Photosynthesis rate of field bindweed control plant . 
The plant was sprayed with water and WK surfactant . 
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t..-anslcx:ated in the plant. 'l11e trllnslcx:atiat patterns is also lllt:ortant 

in adlievinq proper ocrrtrol. Plants should be treated at a {:ttysiological 

stage lh!n there is a basipetal translocatiat of {ilotosynthesates in the 

pl ant. 

In all the hertlicides tested in this sttJ:ly, except for gl~te 

lohlch halted the ~is of field bindweed in 5 days, all other 

herbic.ides allowed adequate t.Ue for the hertliclcle to be trllnslocated in 

the plant. studies with 14c labelle:i hel:bicides are needed to c:btain 

more infamatiat a1::o.1t other barriers to trllnslocatiat. 
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Absorption arx:l Translocation 

As the i.nteJ:val. bebleen l4c metsulfuron treatment arx:1 plant hal:vest 

i.nc:reased, greater quantities (Disintegration Per Minute, DR-!) of 

labelled metsulfura'l were translocated fran the treated leaf to different 

segments of field birdweed. Residual 14c in the treated leaves decrease1 

with lc:n;er i.nteJ:val.s fran treatment to hal:vest. ~tly m::111ement of 

metsulfuron fran point of treatment to other plant parts is highly 

correlated with time (Table 16). For exa!l'ple, the highest quantity of 

metsulfurcn exported from treated leaves ocx:urred in 192 ha.lrs. 

Field bin::iweed treatments with airf of six systemic herbicides 

illmediately before applyirq labelled metsulfuron to a fully expanled leaf 

appeared to irx::rease absotption slightly in most :instarx:es (Fig. 52). 

Dicamba beirq one exception arx:l metsulfuran another exception especially 

when they were aJ::P]..ied =re than boo days ahead of applyirq the labelled 

hel:bicide. Metsulfuron applied as a foliage spray boo days prior to 

admini.sterirq the labelled herbicide significantly increased 14c 

absmptian into the plant (Fig. 53) • 

Averaged over all treatments, higher quantities of labelled 

metsulfuran were translocated aCI:qletally fran the treated leaf. 'Ihis 

was true wtlether the results were expressed an the basis of total 

labelled metsulfural translocated to a se;ment (Fig. 54) or labelled 

metsulfuron per unit dry weight of a se;ment (Fig. 55). 'Ihe quantity of 

labelled metsulfuron translocated below the treated leaf segment, 

hOI>'eVer, was higher than the rest of the shoot or root segments when 

expressed in total DR-I per segments. I.Dwer dry weights of below treated 

segments were responsible for this difference. When results were 

expressed based on percent distribution of absorl:led labelled metsulfuron 
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Table 16. Ettect ot ditterent treabDI!nt to harvest intervals 
in abe0Iptia1 am trans1ocatia1 ot 14c JEtsu.ltura'l 
in tield bindweed. 

DRVI'lant Segment 

Treatluent to Treated Above TL Below TL Root 
hal:vest intervals leat (TL) 

(hrs) 

6 2454 74 45 55 

12 1662 99 57 58 

24 1561 96 57 53 

48 1376 123 67 73 

96 1047 220 54 70 

192 1044 235 123 88 
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Figure 54 . Total 14c recovered in each segment of f ield bindweeds 
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in eadl segment or tield bindweed, they indicated that atx:ut 75 percent 

ot total quantity ot labelled met.sulfl=l was rec:ove.red in the treated 

!eat and the rest translocated em ot the treated leat (Fig. 56). Higher 

prt:pJrt.iCI'lS ot labelled met.sult:urm were translocated abc:Ne the treated 

leat portion and roots or field bin:lweed. 

Plants pretreated with cli.caD:ba and gl~te had higber pert:etTtage 

ot labelled metsult:ural in their roots than did the oart:rols, based on 

total labelled metsulturcn al::lsomed (Table 17, 18). 'When the results 

were expressed in 14c activity per unit dry weight (mvug) , these 

treatments did oot result in highest activity per :ag or dried root 

segments (Table 19) . 

Percent reaNerf ot the 14c labelled metsul.fUron !!(:plied to the 

sin;Jle leat or field bin:lweed range::l trcm 81 to 97 percent. n:an the 

total 14c metsul.fUron reccverad 80 to 90 peroent W!IS in the leat wash and 

the rest W!IS al::lsomed into the plant (Tabla 20) • No statistical 

sic;niticance was dJseJ:ved amc:rq treatments in peroent 14c recovery and 

percent absorption or total 14c reccverad. 

No qualitative ditterences were d:JsEnved amc:rq trea1::ments in 

aut:.orcldi~. 'lbe terxler¥::y ot ~translocation, haolever, o:W.d 

easily be reco;nized (Fig. 57, 58). Hatsult:ural W!IB also shown to be 

acc.DIIll.ated in the stXJOt meri.stEms. 
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Table 17. llistriblti121 ot 14c llllltsulturat :t'IICXIIIer'l! in -=:h aa;paent as a 
percentage ot total 14c llllltsultural al:eortled. 

Plant SegDant 

Rata Treated AbcYe Balow llllst ot 
'treabnents g/ha leat (TL) TL TL the m::.ot aoat 

' ' ' ' ' 
cmtrol 

(no pretreatment) 65.45 11.64 4.05 8.02 10.84 

Metsul.turm 4 
6 days before 85.12 5.64 4.41 1.98 2.46 

Matsulturm 4 
4 days before 85.42 5.52 2.20 3.44 3.39 

Matsulturm 4 
2 days before 76.28 8.57 4.17 6.02 5.01 

Matsulturm 4 
1 day before 79.54 9.66 2.70 3.39 4.67 

Metsul.turm 4 
o day before 75.79 6.53 2.99 5.05 9.72 

Piclarm!l 140 
o day before 67 . 25 10.93 4.14 8.64 9.01 

Dil::mila 560 
o day before 60.63 13.29 3.22 8.65 14.19 

2,4-D 1,120 
o day before 82.72 6.46 1.45 2.80 3.00 

Glytb:sata 840 
o day before 65.76 7.03 3.10 8.63 15.43 

lt::Pt. 1,120 
0 day betara 85.65 4.07 1.23 5.02 3.98 



95 

Tabla 18. Total 14c D&tsul~ (OEM) in plant segments in each treabnent. 

I:RVPJ,ant Segment 

Rata Treated AtxMI Bela.~ Rest ot 
Traablents Wha 1eat TL TL TL the shoot ltlot 

cartrol. 
(no pretreatJDent 23611 4308 1428 3306 3837 

Metsulturon 4 
6 days batora 35539 2399 1608 736 875 

Metsulturon 4 
4 days batora 34605 2217 891 1412 1346 

Metsulturon 4 
2 days batora 46136 5935 2625 3962 3144 

Metsulturon 4 
1 day betora 39855 4882 1366 1510 2511 

Metsulturon 4 
o day betare 24290 2014 948 1626 3039 

Picl.aram 140 
o day betora 31404 4374 1759 3411 3477 

ll1c:allila 560 
o day betora 17521 4015 937 2532 4151 

2,4-D 1,120 
o day !:latera 37787 4591 790 1265 1358 

GlYiiJosata 840 
0 day !:letona 30105 3483 1447 4662 7110 

K:PA 1,120 
o day betora 4ll.58 1767 543 2158 1736 
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Table 19. 14c IEt.sul.!Ural (DR1/lzg) rec::cvered in plant segments in each 
treatment. 

Plant Segment 

Rata 'l'l:'Mt.:! ~ Balow ~ot 
'l'l:'Mtl8!ts q.lha 1eat (TL) TL TL the shoot Root 

o::.nt:rol 
(nc~tmmtt) 1627 12.94 6.64 2.73 5.89 

Metsultllrttl 4 
6 days betare 765 13.88 10.00 1.94 3.71 

Metsul.tw:a1 4 
4 days betare 927 24.17 13.69 3.81 10.62 

Metsultllrttl 4 
2 days betare 725 17.56 11.70 2.96 9.41 

Metsultllrttl 4 
1 day betara 1272 24.80 7.50 1.93 3.53 

Metsultllrttl 4 
o day betara 1109 32.40 17.95 5.07 10.31 

Pi.cloaml 140 
o day be.tare 527 7.91 5.20 2.64 4.59 

Oic::aDt>a 560 
o day betore 1234 25.20 15.47 4.30 6.75 

2,4-o 1,120 
0 day betare 756 32.07 8.10 2.41 2.22 

Gl}'Iiloaata 840 
0 day be.tare 657 11.48 7.27 1.99 5.70 

II:PA 1,120 
0 day l:letare 492 24.29 11.87 2.81 6.90 



97 

Table 20. Percent 14c ~ am percent 14c metsulturc.n 
absarl:led o! total 1 c rec:x:wered in 8!ldl traatJDent. 

Treatments RAte 
' RleooVery 

% absarl:led o! 
total rec:x:wered 

O::ntrol 
(no pretreatJDent) 91.65 14.45 

MetsulfUral 4 
6 clays be!are 91.01 16.15 

Metsulturc.n 4 
4 days be!are 96.48 16.62 

Metsulturc.n 4 
2 clays be!are 96.56 21.66 

Metsulturc.n 4 
1 day be!ore 92.80 20.56 

MetsulfUral 4 
o clay be!are 91.86 11.95 

Picloram. 140 
o clay before 83.32 18.56 

DiC811ila 560 
o day be!ore 94.68 10.60 

2,4-D 1,120 
o day before 86.36 18.62 

Gl~te 840 
o day before 93.48 18.99 

!CPA 1,120 
o day before 81.45 19.99 
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Fi gur e 57 . Field bindweed plant mounted and press ed fo r autor adi o
graphy. 
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Fi gure 58. Autoradiograph of the plant shown in Figure 57 after 14c 
metsulfuron treatment. (TL = treated leaf, AT = above TL, 
BT = below TL, RS = rest of the shoot, RT = root) 
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The foll~ing Sl..llm'aiY of the field performance ard ~ysiological 

effects of metsulf\= ard metsulfuron cambinatians on field bin:lweed 

appear awropriate: 

Metsulfurtrt has no preemergence activity on field bin:lweed. 

Irx::reasing the dosage of metsulfuron in postenel:gen::: awlications 

inc:rease:1 field bindweed =ntrol. 'Ihis was true both when metsulfuron 

was used alone or in cambinations with other herbicides. Metsulfuron 

generally in:::rease::l the activity of other herbicides when tank mixed with 

them. 'Ihis was more evident in evaluations recorcle:i the secorrl ard third 

year after treatment. Herbicide treatments at bloan stage resulted in 

less bindweed a::ntrol than the same treatments made in prebloan ard fall. 

Amorx] the herbicide treatments used in the field experiment, 

glyphcsate, 2,4-D ard n::PA resulted in the highest field birxiweed =ntrol 

when tank mixed with metsulfuron. However, a single awlication of 

metsulfuron or metsulfuron in any cx:mbination did not result in longterm 

field birxiweed a::ntrol. 

Metsulfuron awlie:i to field birxiweed at full bloan decreased seed 

size, see:i weight, see:i viability ard seedling vigor of field bin:lweed 

but did not alter see:i set. 

Metsulfuron at 23 q/ha ard above awlie:i during the fallc:M seascn 

caused an unaca!ptable injury to barley arxi oats. Higher rates of 

metsulfuron resulted in greater injury. In general the closer 

metsulfuron was awlie:i to planting small grains, the higher the 

phytotoxicity to the grain. 

~thetic rate of field bin::iweed sh~ a large daytime 

fluctuation . Field bin::iweed seedlings were observe:i growing in the field 



1 01 

'..:.-.:ier light i.ntensicies of 28 to 62 )JI!Ol es m-2 s-1 which was bel01o1 light 

ccmrpensation point ootained for greenhouse grown bi.rdweed plants ( aro.tt 

65 ).II!Oles, m- 2 s-1) . 'Ihe exact mechanism for this filrlirq is not clear 

ard needs f'urtiler study. 

Metsulfuran stoppe:i ~is of field bin:iweed within ~ 

weeks. 'Ihis effect appeared to ocx::ur regardless of herl:licide dosage 

used. Picloram, dicamba, 2,4-D ard MCPA stopped ~is of field 

b i.ndweed plants in 18 , 12 , 14 ard 9 days after treatment respectively 

while glYP'Josate treated plants had no photosynthesis after five days. 

Higher quantities of labelled metsulfuron per nq plant dry weight 

were recovered in the above treated leaf sections than in any other parts 

of the plants. 'Ihis was evident fran both the scintillation camt:in:Js 

ard autaradiografhy. Metsulfuran applied as a foliage spray ~ days 

prior to administerirq labelled metsulfuron significantly in::reased the 

ahsorption of metsulfuran into the bi.rdweed plants. 
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APPENDICE:S 



Appendix A: Common Name , 
Chemical Name and Molecular Weight 
of Herbicides Used in this Study 

109 



Table 21. Col!lllon name, trade name, chemical name and mo l ecu lar weig ht of 
herbicides used in this experiment . 

t·1olecular 
Col!lllon name Trade name Chemical name weight 

Metsulfuron Ally 2-[[[[(4-methoxy-6-methyl-1,3,5- 38 1 
triazin-2-yl)amino]carbonyl]amino] 
sulfonyl]benzoic acid 

Pi cl or am Tordon 4-amino-3,5,6-trichloro-2-Pyridine- 24 1 
carboxylic acid 

Oicamba Ban vel 3,6-dichloro-2-methoxybenzoic acid 22 1 

2,4-0 ester 2,4-0 (2,4-dichlorophenoxy) acetic acid 22 1 

Gl yphosa te Roundup N-(Phosphonomethyl) glycine 169 

MCPA Chiptox 4-(4-Chloro-2-methylphenoxy)butanoic 20 1 
acid 

Paraquat Gramoxone 1,1'-dimethyl-4,4'bipyridinium ion 186 

0 
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Appendix B: Modified Hoagland Solution 



Table 22 . Modified Hoag land Solution 

PP~1 of ml Nutr . ml Nurt. ml Hurt. 
Stock Mol. Nutr. in G L -1 L-1 D.H20 L-l U.tt2o 
So ln. Cone. Wt. Final Sol n. Stock Full Strength l/2 Strength 

Major Nutrients : 

KH2 P04 l M 136.04 p 31 136.04 0.5 

K2 S04 M 174.30 K 234 174 . 30 5 2. 5 

ca co3 M 100 .09 Ca 200 100. 04 5 2. 5 

MG S04, 7H20 M 246.48 Mg 48 246.48 2 1.0 
s 64 

f1icro Nutrients: 

H3B03 500 ppm 61.83 B 0.5 2.860 1.0 0.5 

f1nCL2, 4H20 500 169.01 f1 n 0.5 1.810 1.0 0.5 

Zn so4 • 7H20 500 287.56 Zn 0.5 2. 20 1.0 0 . 5 

Cu so4. H20 20 249.64 Cu 0.02 .078 1.0 0.5 

Na Mo 04, 2H20 10 241 .95 f1o 0.01 .025 1.0 0 . 5 

Fe Chela te 4 g L-1 932.00 Fe 2. 4 4.000 10.0 5.0 

KOH 4 g L -1 50.20 

The pH of the final solution was adjusted with KOH to 6.2 . 
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Appendix C: ANOVA Tables 



11 4 

Table 23. Al¥:NA for field birrlweed control treabnerrt:s; 
smithfield. 

SaJrce DF ss MS F 

REPS 3 201.96 67.32 

STAGE 2 591017.02 295508.51 3402.549** 

ERROR A 6 521.09 86.84 

RATE 3 43802.93 14600.97 121.042** 

MIX 5 37922.62 7584.52 62.875** 

RxM 15 16574.83 1104.98 9 . 160** 

SxR 6 6175.02 1029.17 8 .532** 

5}(11 10 32688.27 3268.82 27.098** 

5}(R)(M 30 14785.63 492.85 4.086** 

ERROR B 207 24969.93 120.62 

YFAR 2 243607.88 121803.94 450.304** 

ERROR C 6 1622.95 270.49 

SxY 4 93057.64 23264.41 206.392** 

RxY 6 6442.60 1073.76 9.526** 

MxY 10 16631.16 1663.11 14.754** 

RxMxY 30 7598.96 253.29 2.247** 

SxRxY 12 7085.73 590.47 5.238** 

S>a-IXY 20 27227.02 1361.35 12.077** 

SxRl<MxY 60 7598.15 126.63 1.123 

ERI<OR D 426 48018.54 112.71 

TOl'AL 863 1227550.00 1422.42 

** Significant at p < 0.01. 
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Table 24. ANJVA for field bindweed control treatlnents; 
Shen.ucrl Hills. 

Source OF ss MS F 

REPS 3 960.52 320.17 

ST1\GE 2 480278.97 240139.49 481. 651** 

ERI<OR A 6 2991.40 498.56 

RATE 3 30163.94 10054.64 91.535** 

MIX 5 40217.00 8043.40 73.225** 

RxM 15 9679.46 645.29 5.875** 

SxR 6 22811.72 3801.95 34.612** 

Sl<M 10 38953.62 3895.36 35.462** 

SxRl<M 30 8764.34 292.14 2.660** 

ERI<OR B 207 22737.99 109.84 

YEAR 2 270129.18 13506.459 211.064** 

ERHOR C 6 3839.53 639.92 

SXY 4 140589.16 35147.29 332.069** 

RxY 6 4518.88 753.14 7.116** 

MXY 10 16264.78 1626.47 15.367** 

Rl<MlCY 30 8968.31 298.94 2.824** 

SxRxY 12 3941.49 328.45 3 .103** 

Sl<MXY 20 17585. 15 879.25 8.307** 

SxRxMxY 60 7693.52 128.22 1.211** 

ERHOR D 426 45089.30 105.84 

'IUI'AL 863 1176178.30 1362.89 

* Significant at P < 0.05 
** Significant at P < 0.01 
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Table 25 . AN:NA for f i eld bi.n:iweed control treatments; 
Hyrum. 

Source DF ss MS F 

REPS 3 924.93 308.31 

STAGE 2 9228.3 4614.17 12 .198** 

EROOR A 6 2269.68 378.28 

RATE 3 74058.13 24686.04 120.687** 

MIX 5 122162.24 24432.44 119.447** 

RlcM 15 19780.38 1318.69 6.447** 

SXR 6 2475.90 412.65 2.017 

SXM 10 16415.74 1641.57 8.025** 

SxRl<M 30 5445.48 181.51 <1 

mooR B 207 42341.00 204.54 

YEAR 1 18168.79 18168.79 19.983* 

mooR c 3 2727.60 909.20 

SX'i 2 45450.00 22725.00 128. 721** 

RxY 3 4269.29 1423.09 8.061** 

MxY 5 52748.07 10549.61 59.756** 

Rl<MXY 15 11429.04 761.93 4.316** 

SxRxY 6 704.76 117.46 <1 

SJcMxY 118 130546.91 1106.32 6.267** 

SxRxMxY 30 6081.30 202.71 1.148 

mooR D 213 37604.02 176.54 

'lUll.L 575 480587.37 835.80 

* Significant at p < 0.05. 
** Significant at p < 0.01. 
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Table 26 . ~for the field soil bioassay; 
smithfield. 

Salrce DF ss MS F 

Reps 3 4286.71 1428.90 

Stage 3 25887.76 8029.25 48.343** 

Error A 9 1606.51 178.50 

Rate 3 68146.61 22715.53 276.50** 

Mix 5 253.04 50.72 <1 

RJ<M 15 1365.10 91.00 1.107 

SxR 9 8944.53 993.83 12.087** 

S:xM 15 864.58 57.63 <1 

SxMxR 45 2818.75 62.63 <1 

Error B 276 22694.27 82.22 

Total 383 136868.49 357.36 

** Significant at p < 0.01 
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Table 27. />NJVA for Sherwood Hill's soil bioassay; 
barley weight. 

soorce OF 55 MS F 

Blcx:k 3 5.73 1.91 

Stage 1 6.01 6.01 7.307 

Error A 3 2.47 .82 

Treatment 3 8.82 2.94 4.188* 

Error B 18 12.64 .70 

Sa!riJli.rg 96 33.54 34.94 

Total 127 77.76 .61 

* Significant at p < 0.05. 

Table 28. J>NJVA for Sherwood Hill's soil bioassay; 
lentil weight. 

soorce OF 55 MS F 

Blcx:k 3 0.23 0.076 

stage 1 0.94 0.94 10.200* 

Error A 3 0.27 0.092 

Treatment 3 5.92 1.97 8.176** 

SXT 3 0.23 0.075 <1 

Error B 18 4.34 0.241 

Sa!riJli.rg 96 2.15 0.022 

Total 127 14.09 0.110 

* Significant at p < 0.05 
** Significant at p < 0.01 
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Table 29. l>NJJA for Sheniocxi Hills soil bioassay; 
barley lerqth. 

Soorce DF ss MS F 

Block 3 99.00 33.00 

Stage l 0.78 0.78 <l 

Error A 3 95.85 31.94 

Treatment 3 80.43 20.81 2.425 

SxT 3 35.03 11.67 1.056 

Error B 18 186.40 10.35 

Sanpli.n; 96 " 572.50 5.96 

Total 127 1070.00 8.42 

Table 30. PNJJA for Shlmoiood Hills soil bioassay; 
lentil height. 

Soorce DF ss MS F 

Block 3 1.00 .33 

Stage 1 2.97 2 . 97 1.084 

Error A 3 8.22 2.74 

Treatment 3 285.41 95.13 16.778** 

SxT 3 76.21 25.43 4.486* 

Error B 18 102.06 5.67 

Sanpli.n; 96 190.43 1.98 

Total 127 666.43 5.25 

* Significant at p < 0.05 
** Significant at p < 0. 01 
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Table 31. ~ for SheniOOd Hills soil bioassay; 
lentil vigor. 

SC\lrCe DF ss MS F 

Bloclc 3 14.31 4.77 

Stage l 87.78 87.78 55.078** 

Error A 3 4.78 1.59 

Treabnent 3 237.31 79.10 18.454** 

sxr 3 63.52 21.17 4.940* 

Error B 18 77.15 4.29 

5aJ!tll~ 96 105.00 1.09 

Total 127 

• Significant at p < 0.05 
** Significant at p < 0.01 

Table 32. ~for Hyrum soil bioassay; barley loleight. 

SC\lrCe DF ss MS F 

Bloclcs 3 11.65 3.88 

stage 2 4.62 2.30 <l 

Error A 6 22.24 3.70 

Treabnents 3 136.17 45.39 105.483** 

sxr 6 19.10 3.18 7.401** 

Error B 27 11.61 0.430 

5aJ!tll~ 96 42.94 0.447 

Total 143 248.36 l. 73 

** Significant at p < 0.01. 
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Table 33. MUlA for Hyrum soil bioassay; barley height. 

Soorce OF ss ~ F 

Blocks 3 674.72 224.90 

stage 2 1184.00 592.00 3.628 

Error A 6 978.94 163.15 

TreaOnents 3 8649.50 2883.16 51. 725** 

sxr 6 671.16 111.86 2.007 

Error B 27 1505.00 55.74 

Sa.nq::>lin:] 96 1010.66 10.52 

Total 143 14674.00 102.61 

** Significant at p < 0.01. 

Table 34. MUlA for Hyrum soil bioassay; lentil weight. 

Soorce OF ss ~ F 

Blocks 3 0.679 0.226 

stage 2 0.189 0.094 1.691 

Error A 6 0.335 0.056 

Treatments 3 12.73 4.24 39.455** 

sxr 6 0.42 0.070 <l 

Error B 27 2.9 0.107 

Sa.nq::>lin:] 96 4.39 0.045 

Total 143 21.65 0.151 

** Significant at p < 0 . 01 



Table 35. NKNA for Hyrum soil bioassay; lentil height. 

Source OF ss MS F 

Blocks 3 144.57 48.19 

Stage 2 94.01 47.00 1.891 

Error A 6 149.15 24.85 

Treat:Inents 3 2278.07 759.35 64.134** 

sxr 6 139 . 48 23.24 1.963 

Error B 27 319.68 11.84 

Sal!pl~ 96 416.66 4.34 

Total 143 3541.65 24.76 

** Significant at p < 0.01. 

Table 36. NJ:NA for bindweed seed capsule weight; 
Shenlood Hills. 

Source OF ss MS F 

Rep; 3 47.61 15 .87 

Treatments 3 1017.59 339.19 9.418** 

Error 9 324.15 36.01 

Total 11 1389.36 92.62 

** Significant at p < 0.01 

1 2 2 



Table 37 . MKNA f or bindweed seed 'Weight; ~ Hills. 

Source OF ss MS F 

Reps 3 3.90 1.30 

Treatnvmts 3 56.81 18.93 12 . 573** 

Error 9 13.55 1.50 

Total 11 74.26 4.95 

** Significant at p < 0.01. 

Table 38. MYJVA for number of binc:ll.iee::l seed per capsule; 
~Hills. 

source OF ss MS F 

Reps 3 0.646 0.215 

Treatnvmts 3 0.361 0.121 <1 

Error 9 1.45 0.161 

Total 11 2 . 46 0.164 

** Significant at p < 0.01. 

1 23 



Table 39. NUllA for shrunken bi.ndweed seed {percent of 
total); Sherw:xx:l Hills. 

soorce OF ss MS MS F 

Reps 340.86 113.62 

Treatments 3 2330.38 776.79 3.360 

Error 9 2080.84 231.20 

Total ll 4752.09 316.80 

** Significant at P < 0.01 

Table 40. NUllA for bi.ndweed seecllin;; radicle lergth; 
Sherw:xx:l Hills. 

soorce OF ss MS F 

Reps 3 1.23 0 . 410 

Treatments 3 12.96 4.32 28.802** 

Error 9 1.35 0.150 

Total ll 15.54 1.03 

** Significant at p < 0.01. 

1 2 4 



Table 41. MKNA for germination of bin:lweed see:l (percent 
of control); ~ Hills. 

Source DF ss MS F 

~ J 390 . 18 130.06 

Treabnents 3 25222.08 8407.56 151.166** 

Error 9 500 . 56 55.61 

Total 11 26113.43 1740.89 

** Significant at p < 0.01. 

Table 42. MKNA for bin:lweed see:l capsule ~<~eight; Hyrum. 

Soorce DF ss MS F 

Bloc::ks 3 308.81 102.93 

Treatments 3 342.68 114.22 1.467 

Error 9 700.62 77.85 

Total 15 1352.11 90.14 

1 2 5 
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Table 43. ANOVA for bindweed seed weight; Hyrum. 

Source DF ss MS F 

Blocks 3 41.03 13.67 

Treatments 3 81.32 27 . 10 1.557 

Error 9 156.72 17.41 

Total 15 279.07 18.60 

Table 44 . ANOVA for number of bindweed seed per capsule; 
Hyrum. 

soorce DF ss MS F 

Blocks 3 .122 .041 

Treatments 3 .022 .0075 <1 

Error 9 .912 .101 

Total 15 1.05 .070 



Table 45. PNJVA for % shnmken bindwee:l seed (percent of 
total) ; Hyrum. 

soorce DF ss MS F 

Blocks 3 2338.68 779.56 

Treatment 3 1256.18 418.73 1.416 

Error 9 2662.06 295.78 

Total 15 6256.93 417.13 

Table 46 . »KNA for bin::lweed seedlirq radicle len;th; 
Hyrum. 

soorce DF ss MS F 

Blocks 3 . 376 .125 

Treatments 3 13.56 4 . 52 41.264** 

Error 9 .98 .109 

Total 15 14.91 .995 

** Significant at P < 0.01. 
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Table 4 7. ANOVA for germination of bi..nd:loleed seed (percent 
of control); Hyrum. 

Scurce DF ss MS F 

Bl=ks 3 680.01 226.72 

Treatments 3 1959.11 6530.40 21.096** 

Error 9 2786 309.56 

Total 15 13057.44 1507.16 

** significant at p < 0.01. 

Table 48. AOOVA for rrumber of bi..nd:loleed seed germinated 
followirq soil awlication of metsulfuron. 

Scurce DF ss MS F 

Reps 4 11.32 2.83 

Rate 4 74.12 18.53 3.452* 

Error A 16 85.85 5.37 

Time 1 31.25 312.50 376.647** 

Error B 4 3.40 0.85 

RXI' 4 94.20 23.55 7.331** 

Error c 16 51.40 3.21 

Total 49 632.82 12.91 

• Significant at p < 0.05 • 
** Significant at p < 0.01. 
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Table 49. l>NJVA for bin:l.\.ieed seedlirg vigor fo11owirg soil 
application of metsulfuron. 

Source DF ss MS F 

Reps 4 10.07 2.51 

Rate 4 370.20 92.54 56.125** 

Error A 16 26.38 1.65 

Time 1 118.58 118.58 395.927** 

Error B 4 1.20 0.30 

RxT 4 25.48 6.37 9.112** 

Error c 16 11.18 0.70 

Total 49 563.10 11.49 

** Significant at P < 0.01 
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Table 50. MKNA for absorption ard transl=ation of 14c 
metsulfuron with different treabnent to harvest 
i.ntel:vals • 

Sa.lrOe DF ss MS F 

Time 5 2912311100 582462220 2.159 

Error A 18 4856180800 269787820 

Segment 4 197184030000 49296007000 182.87 ** 

'n<S 20 11287997000 564399860 2.09 * 

Error B 72 19408744000 269565890 

Total 119 235649260000 1980245900 

*Significant at p < 0.05 
**Significant at p < 0.01 

Table 51. MKNA for total 14c metsulfuron (DFM) in plant 
segments in each treabnent. 

Sa.lrOe DF ss MS F 

Rep; 2 877 438 

Treatments 10 1276246 127625 3.79** 

Error A 20 673622 33681 

Se:Jment 4 21165730 5291432 102.10** 

'n<S 40 3680559 92014 1. 77** 

Error B 88 4560855 51828 

Total 164 31357891 191206 

••significant at p < 0.01 
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Table 52. l>NNA for 14c metsulfl= (DFM/ng) recovered in 
plant segments in each treatment. 

Source DF ss MS F 

Reps 2 101135870 50567937 

Treatments 10 487412360 48741236 3.22** 

Error A 20 302874280 15143714 

Segment 4 24390592000 6097647900 292.98** 

TxS 40 1931907200 47847679 2.30** 

Error B 88 1831479700 20812270 

Total 104 29027401000 176996350 

**Significant at p < 0.01 

Table 53. l>NJVA for distr:ib.Ition of 14c metsulfuron 
recovered in each segment as a percentage of 
total 14c metsulfUral absorbed. 

Salrce DF ss MS F 

Reps 2 2.58 1.29 

Treatment 10 9.32 0.93 1.15 

Er=rA 20 16.17 0.81 

Segment 4 127406 31851 776.11** 

TxS 40 3672 91.80 2.23** 

Error B 88 3612 41.05 

Total 164 134718 821.45 

••significant at P < 0.01 
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Table 54. M1:NA for percent recx:Nery of 14c metsulfUron 
in field bi.rrlweed. 

So.lrce DF ss MS F 

Reps 2 16.88 8.341 

Treatment 10 770.33 77.03 1.34 

Error 20 1142.71 57.13 

Total 32 1929.73 60.30 

Table 55. MlOVA for percent 14c metsulfUron absorbed in 
field bin:iweed of total 14c recx:Nered. 

So.lrce DF ss MS F 

Reps 2 101.55 50.77 

Treatment 10 377.95 37.79 2.08 

Error 20 362.02 18.10 

Total 32 841.53 26.29 
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