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S ABSTRACT “9
' fl Greenhouse and field experiments were concerned w1th4?ffects of}
thﬁ new herb1c1de g1yphosate (N (phosphonomethyl)glyc1nef on quack grass
(Agropyron repens (L.) Beauv ), and certain annual crops, together Nlth
-crop product1v1ty and competwtxon w1th quack grass after cu1t1vat1on
or spray1ng and cu1t1vat1on ' '7F*a.‘ o ‘é
Greenhouse expéhlments w1th shoot- bear1ng quack grass rhizomes '
h ind1cated that rh1zomes hav1ng several shoots.compared w1th rh1zomes
severed between the shoots were approximately equally suscept1ble to bﬁ
inuury from gl hosate €211age -spray. Act1v1ty of glyphosate on L
unsprayed shog%§ along an 1ntact rh1zome after sprays app]Ied to an.
1501ated .shoot at another poswt1on on the same rhizome, 1nd1cated
movement of the tox1c chemica] in both d1nect1ons a]ong the rh1zome
In some cases an unsprayed shoot a]ong thlS rhizome uas by- passed

' 1eav1ng it on]y,part1a]1y affected while k1111ng one farther away from

" the, sprayed shoot ,;S1m11ar1y, apparently hea]thy segments remained | iﬂ

;'between dead port1ons 1n some of the excavated rh1zomes of quack grass
' sprayed in the f1e1d | - '
Bar]ey,rye and oats sown Jnto flats of s011 sprayed w1th 2. 24 4. 48
6.72 and 8.96 kg/ha a.e. g]yphosate were not affected by the herb1c1de
- but rapeseed in the seed11ng stage and aga1n at flower1ng time was
1nJured to some extent by the three h1gher dosages and buckwheat was
~affected by. the h1ghest rate ~In the fle]d there was no evident injury
,~to these crops seeded after spraying quack grass w1th an adequate o
dosage of 2. 80 kg/ha g]yphosate

Quack grass sprayed at the heading stage, in the field, and not ‘

K1
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cu]t1vated afterwardséwas veny suscept1b]e to'the herb1c1de. Periodic
" removal of -top growth 1nd1cated that maximum. T1m1tat10n of new shoots .

from rh1zomes occurred w1th1n two days after spray1ng 1.68 kg/ha or

2.80 kg/ha glyphosate. , ) \ ; ,
‘. ; ‘ | / CultiVation before and sixteen days afte spraying'glyphosate';
o at the 3- 4 leaf stage was as effect1ve as’ the treatment at heading !
‘stage that had no cu]t1vat1on afterwards
Seeded quack grass dur1ng 1ts seed11ng year, competed v1gorously

with oats buckwheat spr1ng sown winter rye and rapeseed arranged

T

in order of their decreas1ng effect on the quack: grass.

~ Plots w1th dense]y ‘established older quack grass rece1v1ng fo]1age

3
3

~ sprays of 2.80 kg/ha glyphosate in the ear]y spring, then cult1vated
- and seeded,’ ten.days Tlater, after grass top growth had d1ed had, at
harvest t1me, reduct1ons ur to 98% quack grass and lncreases rang1ng

~-from 30 to 400% . 1n\crop yields compared w1th controls that were only

cult1vated once or twice r1or to seed1ng. Crops arranged 1.
- of their decreas1ng éyfects or quack grass were oats buckwheat, A

rapeseed and: winter rye. Crops in order of decreas1ng effects of

;quack grass on crop y1e1d were oats, rapeseed buckwheat and rye.

7 Fal seeded rye and spring seeded oats were equal]y product1ve SRR
and about equally effective in contro]11ng growth of quack grass.
Super1or crop y1e1ds came -from g]yphosate sprayed plots. Seed1ng

' w1nter ‘rye in the fall shortly after harvest1ng oats from quack grass
| plots sprayed in the spr1ng ‘of the same year great]y reduced mult1p 1ca-f

tion of surv1v1ng 'grass dur1ng the fo]]ow1ng year. Cu]tlvatlon tw1ce :

~in the fall was Tess effect1ve for quack grass control ‘than a s1ng]e
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cultivation in the fal] followed R{ a second cuTtivation in the next

spr1ng Fall or spring spﬁ?y treatments with glyphosate before sPrIng

cu]t1vat1qn and seeding, ‘wére about equa]]y effect1ve, and superior

‘to cultivation only, for quack grass contro] and .increased crop.

P
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T””.,Of crops seeded ln 501 sprayed w1th th]S compound

INTRODUCTION

, Although quack Erass.( p%;on repens (L.) Beauv ) is a hardy
perenniai grass, which has sﬂ va]ue for forage production and for
‘soil conservatlon, ltS presence as a weed in agr1cu1tura] land causes*ﬂ(

serious losses in crop productwon (Harvey 1973) Since existing

methods for contfol of quack grass have lmportant l1m1tat1on§yq§o

’uhlch later reference is made, there has been a cont1nu1ng need for

‘ further re]evant research The present 1nvest1gat10n was therefore

undertaken to study competition between var10us annual crops and

’\quack grass in relation to yle]ds of both the weed and the crops

There was concurrent emphas1s on evaluat1on of various dosages of a

new experlmental translocated herb1c1de, glyphosate\YN (phosphono-
methyl)gﬂycwne) for control of ‘quack grass alone’%nd in assoc1at1on

w1th the product1on of crops under f1eld cond1t1ons (/Qdd1t1ona1
B -

'greenhouse and growth chamber -experiments ‘were a]so included to .

R PR S

stﬁdy evidence of movement of glyphosate in quack grass rhizomes
' S

| and'potential-residu*’ effec f the herbicide on ear]y deve]opment



LITERATURE REVIEW

'*lGeneral characteristics of Aaropuron répens(L.). Beauv.
Agropyron rerens(L ) Beauv., commonly#knowm as quack grass,
-couch grass, or twitch grass, has been descr1bed by Palmer and Sagar
(1963) as be1ng a h1ghly var1able, rhizome produc1ng, perennlal grass
~ species. The plant bluish to yellow1sh green in color, mg&.have a
E \ rrostrate or erect growth habit (Palmer and Sagar 1963) and develop
't a height of 30.5-122 cm (1- 4‘feet)'(Frankton 1955). The Teaf
blades vary1ng from 0.63-1. 26 cm (P-% 1nch) in w1dth (Holmgren and
: Anderson 1971), can range from glabrous to densely ha1ry and the.
1nflorescence a spike, may vary from loose to compact (Palmer and

Sagar 1963). Spikelets, bout. 1. 26 cm (L 1nch) long, are sess1le and

- occur alternately with the broad side aga1nst the stem (Frankton 1955) :
He descr1bes the rh1zomes as ‘_1te or yellow1sh in color with a ;
dlametér of 3 2 nn1(1/8 inch) and hav1ng pointed t1ps ’Accord1ng
- to Palmer and Sagar (1963) 1 to 4 pr1mary rh1zomes ‘may develop Wlth
: as many ‘as 150 secondary rhizomes. - Nodes, covered w1th scale leaves,‘
jif are positloned along the rhizomes and may develop 1nto buds or new.
n branches. | ’ ' | ‘
| Quack grass ‘a nat1ve of Europe and present in agr1cultural areas
across Canada (Frankton 1955) does not grow well in ac1d soils a
(Palmer and Sagar 1963) but is. salt tolerant (Holmgren and Anderson
1971) and- prefers arable land in the temperate reg1ons of the world

"(Palmer and Sagar 1963) The plant is self-ster1le (Palmer 1958) and,

‘raccordlng to Palmer and Sagar (1963), reproduces mainly vegetatively, j o

by rh1zomes~'form1ng genet1cally pure stands. Palmer (1958) and . *i

: §§\\\» o B
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Sagar (1960) tested sp1kes from severa] quack grass stands and found

that nearly-60% of the f]orets produced v1ab]e seed and H1]11ams

and Attwood (1971) maintain ‘that viable seed is produced in most cases.

Pa]mer (1958) reasons that in an area where one clone ex1s s, seed

productxon may be low, and where several: c]ones exist, seed roduction

, may be high. N1111ams (1971a) found that quack grass seed co\]ected

in England germ1nated w1th1n about thirty days of sowing whereas e

\

20% of samples from Canada remained dormant . for up to three years. N

Important factors 1n quack grass VvS. crop compet1t1on

-2

Shoot Compet1t1on

Thurston and Yilliams (1068) state that competltlon occurs fbr
11ght nutrients and water in a weed- -crop s1tuat10n Cussans (1968)
states that the most successful crop is the one that prov1des the

greatest compet1t1on for 11ght

Palmer (1958) found that by reduc1ng llght intensity, on. quack

'grass, to 8% of the noon day va]ue only a few sma]l rhIZomes deve]oped

«(1970a) shaded quack grass with a 11ght f11ter allowing 46% of the

day light 1ntens1ty to pass through and found that shoot rhizome and

- s1mu1ated shading effects of a. crop by p]ac1ng shades over quack grass
,for the first ha]f of the grow1ng season and . remov1ng them for the
_remain1ng half season. ‘Compared to the control for the fmrst ha]f

' 1‘season the shaded plants had fewer shoots and spwkes and rh1zome “g
i production was reduced by ha]f With the shades removed the quac

grass recovered qu1ck]y and by the end of the grow1ng season there ‘was

. and at 3% of the noon day va]ue, no rhIZomes were produced H1]11ams v

‘J“tota] dry weight decreased by 11, 51 and 36% respect1ve1y He a]so ‘v'

r
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no significant d1fference between treated and control plots, indicating
the speed at which quack grass can recover during crop r1pen1ng when:
crop shad1ng is decreased (Williams 1970a). »

Root Compet1t1on

Accord1ng to welbank (1961a) major factors in root compet1t1on ’
are compet{/;on for water and nutr1ents and the product1on of
phvtotoxins. | *

>

Us1ng a test p]ant Impatiens parvszora D. C. in competition w1th
. quack" grLss, Né]bank (1961a) found ‘that compet1t1on for water was
slightly more 1mportant ‘than compet1t1on for nitrogen. Further -
'exper1ments on compet1t1on between quack grass and st@gar beets for
n1trogen and potass1um (Ne]bank 1959a) and quack grass and radish .
for n1trogen and phosphorus (Ne1bank 1960) could a]] be exp]aaned by
effects due pr1mar11y to n1trogen supply.v
_ Phytotox1c mater1als have been extracted from quack grass hy ~
‘Kommedah] et al. (1959), Pa1m1ter (1959) and Ohman and 'Kommedah (1960)
‘but accord1ng to Ohman and Kommedahl (1964) no one has 1so]ated a
‘-compound wh1ch cou]d reproduce the effects of the extracts
Leachates from 11ye rhizomes have been tested and proven to have no -
- phytotoxic act1V1ty (Ne]bank 1958) but - rh120mes decay ing under
anaerob1c (waterlogged) cond1t1ons produced a phytotoxin (He]bank 195§h
1960_ 1961b) which, accord1ng.to Welbank (1960), cou]d reduce rapeseed
~ radicle extension by 55% compared to a- 5 10” decrease caused b
: extracts after aerobic decompos1tlon L1nscott and Harvey (1971) : \1_}
| have found, in preliminary exper1ments; that evo]ut1on of ethy]ene

from quack'grass, especial]y the shoots,.may‘be'sufficient,to cause
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~ phytotoxic reactions in plants growing nearhy.

' Factors favoring crop competition with quack grass
Cultivation | N |
’ Accord1ng to Hakansson (1971),a comb1nat1on of the effects of
: rh1zome fragmentat1on rh1zome burial and crop competltlon should be
. used to br1ng about good cu]tura] control of quack grass.

Vengris (1962) Turner (1968), and Hakansson (1971) reported that
when cu1t1vat1ng ‘quack grass, a comb1nat1on of reduct1on of segment
length and deep bur1a] gave the greatest reduct1on in quack grass -
regrowth Shoots regrow1ng from short (2.5- -5 cm (1 2 inch)) segments
buried 10-15 cm (4-6 1nches) usua]]y had 1nsuff1c1ent food reserves to
>Each the surface (Vengr1s 1962 _and Turner 1968). Shoots from short
: segments that did emerge, however, were much weaker than shoots '
develop1ng from long segments (Vengris 1962) hence able to provxde very
little compet1t1on wlth a hea]thy crop
Seeding Late and rate |

Go e] (1935) ma1nta1ns that a crop should be seeded ear]y, sha]]ow o

and at increased rates comb1ned w1th fert111zat1on in order to smother

- _weeds y produc1ng a dense growth of crop roots and also abundant top

,growt to shade between the rows.' Thurston and H1]11ams (1968) state

'A that crops sown at opt1mum depth may requ1re two or three weeks to
-ge nate and emerge. A paper by Cussans rev1ewed by Thurston and ",

Hil iams (1968) revea]ed that spr1ng sown bar]ey con51stent1y emerged

: be ore quack grass N1th1n two to three weeks of seedlng, 80 90 —

the barley had emerged with only 10 40 of the quack grass appear1ng

,at th1s t1me.v,The slowzdeve]opment of_quack_g ss after a pre—seed1ng
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cu]twvat10n may have been caused by deep bur1a] of rh1zomes and the

time necessary to redevelop ap1ca1 dom1nance (Chance]lor in Thurston .

and H1111ams 1968). Williams (1969) found that early, medIum and late :

‘ seed1ng of spring wheat into a quack grass 1nfestat1on reduced average
total we1ghts of quack grass by ;Ekaverage of 87, 64 and 26% respect1ve y.
‘ The results of that exper1ment 1nd1cated that the we1ght of wheat was
affected less by compet1t1on than was the we1ght of quack grass.

Mann and Barnes (1947 1949) grew barley 1n’compet1t10n WIth two
:perenn1al rh1zome produc1ng grasses Hchus mollis (L. ) and_Agnastzs
gzgantea (Roth ). They found that barTey Sown thinly into an estab11shed

%and of Holcus was totally e11m1nated whereas barley sown heav11y into
'.estabIIShed stands of Fchus or Agroséts was only reduced by - SO% and
- 25% respect1ve1y According to Mann and Barnes (1247, 1949) the

effects of bar]ey on Holcus or Agrostzs were greater than were the

W

'effects of the weeds on the crop

' Compet1t1on with- quack grass by var1ous crops

Accord1ng to Pavlychenko and Harr1ngton (1934) common annual
,crops can be arranged in descend1ng order of competitive ab1]1*y w1th
EEEEEI.WEEdS as fol]ows bar]ev, rye, wheat oats and f]ax

~ Williams (1968a 1970b) measured ‘the growth<of_guack_grass
seedllngs and spring wheat seed11ngs grown separately and found that
~1n the flrst several weeks of growth, spring wheat, because of a larger
seed produced more top growth than quack grass e.g. quack grass 6. 6 mg
and wheat 70 mg At the end df the growth perxod (5-6 months) the
quack grass, once estab]1shed had dry welghts comparable wlth those

of wheat. Ouack grass has a faster growth rate than wheat due to a



y " 7
relatively larger leaf surface area SO accord1ng to Williams (1970b)
would have the ¢ mpet1t1ve advantage if it germ1nated before a crop
Williams (1931b) found that when quack grass seeds were so\ inter

wheat, sprlng wheat, or spring'bar]ey,~the resu]ting guack grass wag
' equally suppresSe ‘by-each crop.  However, in p]ots fertilized w1th n1trogen,
bar]ey deve]oped a larger leaf surface area and competed more successfu]]y '
aga1nst the quack rass than did the other crops.  He also tested the
1effects of bar]ey or field beans with or without undersown ryegrass or -
‘_c]over on quack grass 1nterseeded in the crops. four days after crop :
:seed1ng._ The undersown crops 1ncreased the extent of quack grass :
suppress1on 1n both bar]ey and beans but bar]ey undersown with clover

_'was the most effect1ye. Bar]ey.a]qne3 was also more effective in
B suppresSing-quack grass”thaanield.beans alone (Withams 1971b).
| Cussans (1968 1970) Barnard and Dyke: (1970) and Dyke and Barnard
(1971) found in field exper1ments 1nc1ud1ng bar]ey and field beans, N
‘that bar]ey was also cons1derab1y more effect1ve in compet1ng w1th

o]der well established quack g;§:: than were f1e1d beans Cussans
-_(1970) p]anted wheat bar]ey and field beans 1nto two d1fferent

dens1t1es of quack grass e.g. low dens1ty (85 -shoots per 0.83 sq m)
v(45 per yd )) and high dens1ty(185 shoots per 0. 83 sqm (185 per ydz))

Beans saffered 1osses of 43 in the Tow dens1ty 1nfestat1on and 79
- the hlgh den51ty 1nfestat10n The cerea]s on the other hand were

unaffected by the Tow dens1ty populatlon and suffered a 20%° 1oss 1n'

the h]gh density guack grass He suggested that the crop least affected

by quack grass was most effect1ve in decreas1ng the weed's deve]opment

o]

'}Accord1ng to Cussans (1968), we1ghts of quack grass in bean plots were R

n
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twice as high as quack grass in barley plots because of new rhiiome-‘

bgrowth induced by greater light penetration. through bean foliage. There

was a]moat no new quack grass rh1zome growth in bar]ey Wheat, at anthesis,

-a]]owed only 10% of the v1stb1e Tight to reach the earth's surfaceC)

s

" (Thorre in Thurston and Williams 1968)'and such Tow light’intensity, v

accord1ng to Pa]mer (1958), is hard]y suff1c1ent for . rh1zome develop-
ment. Barnard and Dyke (1970) us1ng‘bar1ey, and Dyke and Barnard (1971)

using barley and.beans undersown to\ryegrass or c]over found that

- undersown cr0ps'were very efficient in reducing quack grass deyelopmentt
‘Cussans (1972), in a two year attempt to reduce quack gra;%%growth ‘
. dur1ng the crop r1pen1ng stage and post harvest planted bafley under-

. sown to Ita]1an-ryegrass or red clover. He a]so used white mustard

and rapeseed (Erassica carzpestm,s L. and Brasozca napus L.) as over- |
sown crops. He found that bar]ey oversown to ryegrass caused the

greatest reduction infquack grass,-but did allow some increases in-

, rhizome,deve]opment near the end of the experiment. A substantial

" loss in barley yie]d'was_also.recorded. ‘The oversown crops had

cdnsiderable'effect'ontquack grass growth with érassicd napus L.
causing 30-40% reduction over the controls. Cussans (1972) suggests
that because of poss1b1e crop y1eld loss. the benef1t of underseeded

crops in quest1onab1e -Lowe and Buchho]tz (1952) were successful-1n

- using heavy seed1ngs of oats or sunf]owers to reduce quack grass 1nfesta-

,t1ons by 60%. Corns and Gupta (1971) found that w1nter rye in compet1-'

t1on with quack grass reduced the quack grass forage weight by 92% of

)

control and rh1zome dry we1ght by 80% of control : __' : ;@;jj

The foregoxng se]eet1ons from 11terature concern1ng quack grass
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illustrate its strong ab1l1ty to surv1ve because of both seed product1on
and VIgorous vegetative propagation from rhlzomes. Regrowth from
rhizomes presents the ma1n agronom1c prob]em with regard to established -
- Astands. Results of t1llage and cropp1ng pract1ces have shown cons1derab1e
| dlfferences associated wlth varlab]e env1ronmenta] factors. Of these,
shading by competwng crops \s obv1ously of major importance 1n weaken1ng
quack grass. In the work c1ted above, grasses (cerea]s) were more
effect1ve competitors than such broad leaved annuag s as beans. This and
»‘other aspects of crop compet1t1on however, seem to requwre further
attention especially under var1ous ]ocal cond1tions of soil, c11mate
and farm practxce. With th]S v1ew the present 1nvestlgat1on 1nc1uded
,{certa1n annual cereal crops as we]] as broad leaved spec1es, rapeseed
and buckwheat. S “‘f- L r

Phy510]ogy of dcrosuron repems L. in re]at1on to herb1cvda1 contro]

three years. The' o]der rh1zomes generally become

and the buds become dormant which leads to pog{_n"hf

the breaking up of rhizomes by cultivation;pﬁﬁar:to spray1ng st1mu1ates

metabollc act1v1ty. bud and shoot development and fac111tates herb1c1de )
‘translocation: because of shorter rhlzomes. He reasons. that\the best .
time to spray quack grass with herb1c1des 15 when use of metabo]1t€§
below ground is hlghest. This time fo]]ows sprqng quack grass deve]op- . *,.
ment from stored rhazome ‘reserves, whlch leads to downward trans]ocat1on
| _of photosynthate that supports cell d1v1s1bn and further rh1zome

production._ o o '
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Genera]creconnendations for control of guack grass

The importance‘of quack grdss as a weed problem in A]berta and
recommended control practices involving cultivation; cropping and
herbicides arevoutlined in a bul]ettn pub]ished by the A]berta
Department of Agriculture (Carder 1969). The Research Appraisal
Report of the Canada Need Committee (Canada Weed Committee 1971 1972) ‘.
‘also summarizes current control measures cons1dered to be most effect1ve'
: Currently reconmended herb1c1des have maJor ]1m1tat1ons for agronomic
use; TCA (tr1ch10roacet1c ac1d) da]apon and amino triazole may have

re§1dua] phytotox1c effects in the soil for at least severa] months

" while sod1um ch]orate, monuron atraz1ne and bromac11 for examp1e,
may have residual effects 1ast1ng a year or-more. They are therefore
unsuitable for use 1n.crop production except in special cases invo]vjng~‘t
sma]] patches of the weed Another herbictde; paraquat, %s'effecttve
'for rap1d top- k1111ng of quack grass and is 1nnmd1ate1y 1nact1vated by
_the so1]‘but since th1s chem1ca1 is not translocated apprec1ab1y to
;root systems, quack grass regrowth 1s not prevented

Since all the control measures -used for quack grass contro] in
”crop product1on are less cons1stent1y effect1ve and more'costly than ,t
is des1rab1e, there is c]ear]y a need for better methods to solve th1s
problem. The new exper1menta] herb1c1de g]yphosate may prov1de a very
1mportant part of the solution with regard to contro] of quack grass
and cgﬁtaln other troublesome weeds on crop land

‘The properties and mode of act1on of g]yphosate

‘ G]yphosate, (N-(phosphonomethyl)qucine) recentiy made avaf1ab1e

for exper1mental purposes, is a post emergent follar applled herb1c1de

"\../}



which, unlxke paraquat, is acglvely translocated from shoots to under;, }] |
ground rh1zomes (Monsanto 1973) The herbicide is formulated as an |
1sopropy1am1ne salt (Monsanto 1973), monosod1um salt or as the mono-,
-(d1methy]am1ne) salt (Ba1rd and Begman 1972) and is effectlve for use
on many annual, b1enn1a1 and perenn1a1 broadleafed and grassy weeds
(listed in Monsanto 1973). The treatment rates from -5 to 4.2 kg/ha
a.e. (.45 to 3.75- ?bs/A) are used with the lower rates for contro] of |
annua]s and the h1gher rates for perennials (Monsanto 1973) Stug)és///(// .
on trans]ocatlon of g]yphosate in Canada th1st1e (Cirsium arvense (L ) ‘
Scop. ) (Gotf?ﬁi 1974) show that this herbicide trans]ocates from
'fol1age treated p]ants to connected untreated p]ants along the roots.
In" some cases, however, some of the shoots a]ong the ‘same root were
apparently by passed by the g]yphosate -

Jaworski (1972) suggests that glyphosate "1nterferes with the
b1osynthes1s of phenylalanwne and, more spec1f1ca11y, with the’ metab—
- 0115m of chor1sm1c ac1d in the- aromat:c amino acid b1osynthet1c -
pathway." | |

Evidence from the manufacturer indfcates;that g]yphosate is
rapid]y'inactivatedbin the soil undér.ffe]d cdnditions.. Therefore
the promising herb1c1da1 eff1c1ency of g]yphosate and 1ts lack of

tox1c residues 1nd1cate potent1a] exce]lent concurrent quack grass

,'control and. crop ‘production.

'Quackgrass contro] usxﬁg’glyphosate

Since glyphosate is non- se]ectxve 1ts use in agronom1c cropplng
systems 1nvb1ves spray1ng the weed before seedlng or emergence of

E _the crop. »The present authorusaresearch‘commencednin‘1972 and.
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' weeks, 1ess quack grass regrowth occurs Th1s may conce1vab1y be due

represents origina] work in thts regard Meanwh1]e there have been
widespread add1tlona1 1nvest1gat1ons 1nc1ud1ng those referred to|here
~ Phatak (1972b, 1973a) sprayed quack grass at the 5- 6 leaf stage

\ ]

with, 0.56 (0. 5) 1.12 (1), 1.68 (1.5), ‘and 2.24 (2) kg/ha (1b/A)

g]yphosate and then mowed,the'pTots to 6.35 cm (2.5 inches) height 6n

‘various selected dates afte[‘spraying.' The control of quack grass

‘ three days. Broun et'ai (1973) after us;ing the above rates of : /

9

‘mowed“three days after spraying'was comparable to the control of

quack grass on plots mowed after longer spray-mow.intervals (Phatak
1973a). He vindiCated.that 0. 56 kg/ha (0.5 1b/A) was insufficient to

prov1de acceptab]e contro] " The p]ots that were ﬁﬁt mowed after

| spray1ng had the best grass contro]

Bandeen (1973a) found that the amount of contro] of quack grass
by 1.12 (1), 1.68 (1.5), and 2.24 (2) kg/ha (1bs/A) g]yphosate was
nearly equal for each rate'and that there wasf]itt]evdifference in
g : : : - :
extent of control by 1eaving the spray—ti11age interval longer than
&
g]yphosate recorded 1ncreas1ng/1;¥els(£: contro] of 86 95% and 98%

from.the tHree dosages *H1s resu]ts 1nd1cate better quack grass

N contro] was rea11zed if the spray- t111 interva] was greater than |
seven days and that rotot1111ng was better than p]ow1ng Friesen o

(1972) ma1nta1ns ‘that as the spray- t111age 1nterva1 1ncreases to four

to greater comb1ned effect of herb1c1de and subsequent t111age after
some regrowth has commenced dur1ng'such a pro]onged per1od Phatak
(1973b) sprayed glyphosate (5-6 leaf stage) at 0 56 (0.5), 1. 12 (1).
1 68 (1 5) and 2.24 (2) kg/ha (1bs/A) on two s1tes hav1ng rh1zome -

A
S C : : x

12



_with the exception that 0.5 1b/A was not very effective at the 1-2

y.SplIt app11cat1ong in fal]*ﬁhd spring appeared no better than a

: : 'm” ' 13
) . ) (\ a 8 A . f
- ‘ ! ) \ _»‘ '- s " 4
densities ‘of 186 per 0.09 sg%m (186 per sq ft) 237 per 0.09'sqm -
(237 per sq ft) AN ijthe rates controlled the quack grass in the

Tow dens1ty sites but only the higher rates prov1ded sat1sfactory

“control for the high'density sites. . (/:;ii/ . C
Phatak (1972a) sprayed quack grass with 0\§ 0~2), 1.12 (1 0),

1.68 (1. 5), and 2.24 (2 0) kg/ha (1bs/A) g]yphq;ate on quack grass in

-3
. the 1-2,.2-3, and 5-6 leaf stage, f]ower1ng,and seed1ng stages,

~ . - . :
Glyphosate controlled the quack grass at the varipus growth stages
_ ae jaeh It »

and 2-3 leaf stages. Darwent (1973) supports these /data to the .

extent that spring sprays of 2. 24 kg/ha (2 1bs/A)" oF 3.36 kg/ha

(3 1bs/A) g]yphosate on quack grass in ear]y shot b ade’, 1ate shot

~ blade and head1ng and f]ower1ng an resu1ted in the same amount of

control. For fall app11cat1ons of g1yphosate, the best date,

£

' accord1ng to. Bandeen and Rwoux (1973c) was a mid- September treatment

N

wh1ch proved better than e1ther mid- October or m1d November treatments >

'Bandeen and Rioux (1973a b) us1ng rates of glyphosate. from 0.85 kg/ha

(0 75 lbs/A) to 3. 36 kg/ha (3 1bs/A) for~ spr1ng ‘or fa]] app]wcat1ons .

found that spring app11cat1ons were super1or to fall app]1qat1ons

| s1ngle fall app11cat1on - ‘o f» ' -

G]yphosate and cropp1ng

Fr1esen (1972, 1973) sprayed quack grass. w1th 1.12 (1), 2.28 (2), .
3.36 (3) kg/ha (1bs/A) g]yphosate and at subsequent one week 1nterva1s, o
cu1t1vated and planted bar]ey Glyphosate, in. 1973 destroyed at |
1east’90%vof the quack grass - The. bar]ey y1e1ds, in some cases, were

. -\'“ :
‘wff :



. ' o A P

tr{p]e that of the controls. No herb1c1de res1dua1 damage ta barley
was reported. Bandeen (1973d) a p11ed glyphosate (1.12 (1) 1.68 (1 5)

-and 2 46 (2.2) kg/ha (1bs/A)) to quack grass in the 2 3 leaf stage,
p]owed and seeded winter wheat e1ghteen days later. Wheat yield in
sprayed p]ots was about four ;:mes as much as that of the weedy contro]
“No herb1c1de damage to the winter wheat was reported Bandeen

(1973 b »C) used comb1nat1ons of g]yphosate and other- herb1c1des for

‘quack grass contro] in f1e]d corn and soybeans and also" reported no

T

herb1c1da1 damage to either crop.

: Abstracts on some of the present author s research appear 1n Research

Report of the Ca:ada weed Comm1ttee Western Section (Va]qardson and ‘Corns

L 1972 1973) Fo]]ow1ng 1s a. more deggdled report on various crops, _ "

s // ti]lage and herb1c1de treatments on: dense]y 1nfested quack grass land. Tﬁi?i,

) : work enables . some separat1on of the—compet1t1ve effects of the crops . E
from the comb1ned effects of sprayfng and cropp1ng on quack grass

Gand crop y1e1ds.



e///r zi\h GREENHOUSE EXPERIMENTS LN

*FA Uatervals and Nethods _ . -

'l.. Glyphosate translocat1on in rhizomes.

T a. Effects of spray1ng glyphosate on s1ngle shoots on

short rhlzomes vS. several shoots on long rh1zomes

| A dupl1cate randomized exper1ment was establIshed in the

B ;greenhouse to ga1n ‘some 1nd1cat1on of the relat1ve eff1c1ency of
ufglyphosate treatments on growth which may . occur under field cond1t1ons
‘after llmlted or extens1ve tIllage fragmentat1on of rhizomes.
Rhlzomes, collected in the fall of 1973 fromu@ clonal populat1on -

developed at the UnrverSIty of Alberta farm Ellersl1e, were stored

-~ in plast1c bags in a cold room at 1- 3° for later use. On October 19,

' 1913 rhlZOmes, un1form 1n length (36 cm-46 cm) and th1ckness were

p prepared for genmInation from the cold room stock They were germ1nated '

_i'by placvng them between layers of damp paper towel1ng and: plast1c,

: ;3cover1ng them w1th heavy paper to exc]ude l1ght and 1ncubat1ng them
7'in a greenhouse at 20°C Emght days later when there were f1ve to

-~ seven shoots, 3 5cm hnng, per rh1zome, flve rh1zomes were planted

‘;»3 cm deep in each of twelve flats (30 x 46 x 8,cm), containing . 3 2:1

'“-(soil peatmoss sand) s0il mix. By November 5, .the shoots had grown- .

to 10 -20 cm and the rhlzomes in six flats were then cut into sect1ons _’
“-mid—way between each shoot (20 = 4 shoots per flat) and the rema1n1ng
- ¢ix flats (20 » 4 shoots per flat) were left with rh1zomes 1ntact

-iOn November 10 glyphosate sprays of .56 kg/ha (0.5 1b/A) arid 1. 12
Jkg/ha (1 lb/A) a.e. in 281 l/ha (25 gal/A) water, were appl1ed from
a bottle attached to a spray head and an aerosol -type propellant

15
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container. Two flats each, of'rh}zomevsections and of.intact rhizomes,
were sprayedeleav1ng two boxes of each type for controls. Hater1ng was
delayed for twenty-four hours to prevent washing the. herb1c1de from
the foliage. For the followwng s1xty—f1ve days the flats remained 1n
the greenhouse at about 20 C with a Tight intensity of 400-600 ft cdles,
and supp]ementary 11ght1ng for f1fteen hours per day - They were
 watered tw1ce da11y and were g1ven a liquid fert1]izer (20 .20- 20) once
a week Harvest data consisted of shoot fresh weights and rhlzome
fresh we1ghts per flat as. we]] as number of surv1V1ng shoots per f]at

fb; Effects on the center shoot “of long rh1zomes from _

glyphosate sprays to both end shoots

General procedure applicable to th]S and to ensuing experi-
B ments in ‘the ser1es-of greenhouse exper1ments to determ1ne the extent
of glyphosate trans]ocat1on in long quack\grass rhlzomes was as
follows. In the fa]l rh1zomes were gathered from the Saramaga farm
'_ (1972) or Ellerslie farm (1973), put in plast1c bags and stored at

| 1-3° C. Rh1zomes 36-46 cm long were prepared for germ1nat1on accord1ng
jto the procedure for experiment la Hhen the1r 'shoots" had grown to :
2-4 cm all but three of ‘the shoots (oqg on. each end and - one in the ,
'center) were broken off leav1ng shoots separated by 1 3 nodes

Since. the . nodal bracts or scale leaves on rh1zomes, point away from
:the parent plant, this cr1ter1on was used at plant1ng t1me ‘to orient: .
a]l the rhizomes in, the same d1rect1on Sprays on the end or center r
ﬂshoots could then-be app11ed to obtaln 1nformat1on on relat1ve
-’d1rect1ona1 translocat1on effects on -the other unsprayed shoots a]ong

the rhizome. - The rhlzomes were p]anted 3-4 cm deep in flats (30 X" 46 x aé“"

Gt

»
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8.cm) contafning 3:2:1 soil mix. The‘f]ats were then transferred to
a greenhouse at 20°C with a light intensity of 400-660 ft cdles in
~ winter and 1000-1600 ft cdles in sprlng and fall. Supplemental

light1ng was prov1ded for fifteen hours per day. When shoot growth

:; had reached a su1tab1e s1ze for spraywng the shoots not rece1v1ng

,,,,,,,
e

glyphosate treatment were covered w1th plastlc and the flats were
then sprayed 1n 0.37 sqm areas w1th the assvgned dosage of g]yphosate
“in 281 1/ha (25 gal/A) water, Sprays were appl1ed from a bottle
~attached to a spray head and an aeroso] type conta1ner The flats

_were. watered twice da1]y fo]]ow1ng a twenty four hour de]ay after
spraylng, and a liquid nutrient m1xture (20 ZO 20) was app11ed once a

- week. Fo]low1ng are details .of the exper1ment 1nvo]v1ng g]yphosate
applled to. both end shoots of long rhizomes. -

A tr1p11cate random1zed experlment was establxshed in the green-
house with ‘three treatments (check, 1.12 kg/ha. (1 Ib/A) 2.24 kg/ha
(2 lb/A) a.e. glyphosate) Rh1zomes collected in 1972 were prepared
for germ1nat1on on January 7, 1973 in accordance w1th the general
procedure out11ned under 1b. N1ne days later when the rh1zomes had

ermlnated they were planted ten to a flat On February 9, the

shoots grow1ng on the tip- ends (as opposed to parent-ends) were

clipped back to 15 cm because of excess growth due to ap1ca1 dom1nance, -

over that of the two other shoqts on each rh1zome Three days 1ater,
twhen ai( the quack grass shoots had grown to 20 cm, thercenter shoots
- wére covered WIL p]ast1c and the shoots on: both ends, except those
“*of controls, were exposed to 1.12. kg/ha (1 ]b/A) or. 2.28 kg/ha

(2 lb/A) a. e g]yphosate w1th1n an area 0 37 m. ‘}Observat1ons were_j:'
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made until harvest on March 6. Five rhizomes,'Chosen at random from* .

- each flat, were used for obta1n1ng data on the center shoot area of

thz—rh1zomes The data 1nc]uded height of shoots, number o§ cente

shoots per flat, ]ength and number of new rhiiomes produced and

1fresh and dry weIghts of both shoots and new rh1zomes taken tﬁaether
;fhe numbers of surv1v1ng end shoots, per flat were a]so recorded.

}c{ Effects on end shoots of long rhizomes from g]yphosate

- sprays app]1ed to the center shoot

: The effects on the end shoots, of g]yphosate.sprays'applied4
to the center shoots were tested in two (c 1 and c-2) tr1p]1cate ran--
dom1zed exper1ments each with three treatments. Rh1zomes co]lected s
1n 1972 were prepared for germination on February 7, 1973 (c-l) and
February 23 (¢-2) in accordance with the general procedure outllned

under Ib Tvio weeks later the rh1zomes were p]anted ten to a flat -

: (c-1 and c- 2) On March ;4 the t1p -end shoots of c- l were . cl1pped back

to 15 cm to even the growth w1th -other shoots along the rh1zome and -

] shoots of c-2 were. left untouched Hhen the quack grass had grown

~to about 20 cm, March 20 (c 1) ‘and March 30 (c-2), the end shoots were

covered with p]ast1c and except for the contro]s, the flats were

sprayed in 0.37 sq m areas with 1.12 kg/ha (1 1b/A) or 2.24 (2 lb/A)

' 'a e. g]yphosate (c 2 c- 2) Experiment: €~ 1 was acc1denta11y watered two ,i:'
_to three hours after spray1ng Observatlons were made until harvest

"~ on Apr1] 3 (c-1). and April 12 (c- 2). Five rh1zomes, chosen at random ‘
,from each flat, were used for co]]ect1ng data for shoots on each end

‘of the rh1zomes The data (the sum of f1ve read1ngs per flat)

~

;_included: shoot he1ght number of shoots, length of new rhIzome
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-

f growth and fresh and dry we1ghts of both shoots and ‘new rhwzomes

together For c- 1, the mean condition (scores 0- 9) for the cehter

-shoots were tabulated and for c- 2 the mean cond1t1on (scores 0- 9)

for center shoots as well as end shoots were taken. (Score 0 9 is -

a measure of - the effects of the herb1c1de on p]ants w1th 0 belng a

hea]thy plant and 9 belng comp]etely dead)

_d. Effects dn other shoots a]ong the rhizome from

: glyphosate sprays applled to either the parent end

or tip- end shoots

Two randomlzed exper1ments with three treatments (check

;,0 56 kg/ha (0.5 lb/A) 1.12 kg/ha (1 1b/A) and three repeats were

- e tab11shed 1n thergreenhouse In one exper1ment the parent-end

shoots were treated with glyphosate and in the other exper1ment the
tI‘-end shoots were treated Rhlzomes co]]ected in 1973 were prepared

for germ1nat10n on January 16, 1974 in accordance w1th the procedure :

outllned in 1b. One week Tater the rh1zoMes were planted six to a
' flat. Shoots on several rhlzomes fa1]ed to grow'and on January 28 the

:rhlzomes were th1nned to three per flat.  On February 5 the tlp -end

c shoots were C]]pped back to 15 cm to even the growth with other shoots

'along the - rh1zome Three days 1ater when the shoot growth was 20 25 cm,

{3

h.the center shoots and end shoots oppos1te the one to be sprayed were
| covered with p]ast1c and except for controls the f]ats were sprayed

_w1th the appropr1ate dosages of g]yphosate in O. 37 sqm areas

0bservat1ons were made unt]] harvest on January 22, 1974 The data

‘were taken on the three shoots (parent end center, and t1p end) on

’each rh1zome for each of three rhlzomes per flat. The data 1ncluded:'

S i ale

.:.19‘.1’

-



20

shoot height, shoot count length of new rhizome growth fresh we1ght
and mean score. (0-9) of the shoots for each experiment. ‘ ;
2. The effects on crop seed]1ngs of glyphosate sprayed on the
: soil. ' ' ’

»

a. General procedures

A series of greenhouse exper1ments was estab11shed to test ﬁ%
~ the effects of ‘soil applied glyphosate on crops sown prior to spraylng
»Complete]y random1zed exper1ments were set up having four‘rep]iCations
. w1th a check, 2.24 (2) 4.48 (4) 6.72 (6), and 8.96 (8) kg/ha (1b/A)
'glyphosate treatments Each fIat (12 x 17 x 8 cm), conta1n1ng 3:2: 1
- s0il m1x, was sown with th1rty seeds (bar]ey, buckwheat, oats, rapeseed
or rye), saturated with water, and then set as1de to dra1n : Within

b twenty-four hours of seed1ng, the soil surface of a]] flats except

.eunsprayed contro]s was sprayed w1th g]yphosate from a bott]e attached |

to a spray head and an aeroso] type conta1ner, at 281 1/ha (25 gal/A).

' :water ' The f]ats were then transferred to a growth chamber at 20°C

and 11lum1nated for s1xteen hours per day at a 11ght 1ntens1ty of

1300 1500 ft cd]es Fo]low1ng a twenty four hour de]ay after spray1ng,

q:the flats ‘were watered tw1ce daily and a 11qu1d fert1]1zer 20-20-20

1_was app11ed once a week 0bservat1ons were made from the date of

emergence of the crop seeds to harvest | ‘
Fo]]ow1ng are deta1ls of exper1ments 1nVOIV1ng the general

_procedure out11ned above q{. o ' ‘ . nd

b. Pre]1m1nary test on bar]ey, oats, rye, buckwheat and

rapeseed o
A'pre]iminary_experiment was set up to test ‘'glyphosate on

L



barley, oats, rye, buckwheat and rapeseed on June 15, 1973 The crops
were sown on’dune 15 with rapeseed at twenty seeds per fTat and the i/
remaining crops at thirty seeds per flat. FoTTow1ng a drainage period
of about two hours the flats were sprayed On June 25, the crops
'were harvested for the fo]]ow1ng data recorded per flat: mean shoot

he19ht fresh and dry we1ghts of shoots, number of tillers (barley

and rye), number of plants hav1ng true Teaves (buckwheat) and plants

hav1ng no true Teaves (rapeseed)
¢ ifgﬁi\ o L‘;i;; | , .

e kye, seededwl cmhdeep)on:November 1, 1973 was sprayed on
November 2. The plants’ emerged on November 5. Twelve days later the
experlment was harvested for records, per flat, of mean shoot hefght,‘
number of tlllers, and fresh weight o ‘j, o N
d-1. Buckwheat | - |
-<? : Buckwheat was seeded 1-1 cm deep on October 18, 1973 and R
‘sprayed On October 19. The seed]1nas emerged on October 23. Observa-‘
tlons were made on_ the plants unt1] “harvest on November 7 for records,

r flat of mean plant helght fresh weight (shoots), number of pTants
“ﬁhthout true leaves. and number of p]ants | '
dr2.> ‘Buckwheat :

S!nce buckwheat germination was very poor another experlment

was undertaken using selected pre- germ1nated seed On November 9, 1973,

v'-r.-seed was placed between Tayers of damp paper towe]1ng and - plast1c and

'1ncubated in a greenhouse at 20 C for germ1nat1on . Three days Tater
when the seed11ng radlcle Tength was 1 2 cm, - th1rty seed]1ngs were

_ Sown per flat Six hours ]ater the fTats were sprayed w1th the

21
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e ;
- were harvested for data, per f1at5 f@r.mean shoot he1ghtj%shuo

\ Qo i
number, fresh we1ght of shoots;%agdﬂplants hav1ng fewer'th~mpthree LA

true Teaves.

Q.
.o [T

eél..'Rapeseed o K -"'f"vtli,._'A; s - g 23‘“J~

Rapeseed was sown at 0 75 cm deep on November 8, 1973 and A
was sprayed on November 9. The seed11nos emerged four days later ; e -5
The flats were harvested on December 3 for data, per flat, concern1ng."
mean shoot he1ght number of plants, and fresh we1ght l

e-2, Rapeseed | ,

Rapeseed was sown 0 75 cm deep on January 7 .1974 and was
sprayed on January 8 The rapeseed seedlinas emerged fourwdays later
" and $ere observed as they grew, to the flowering stage -Qn.February_ |
.’11 1974 the flats were harvested for data, per flat, concerning
number of plants mean shoot he1ght plants greater than 30 cm and
hav1ng flowers, plants less than 30 cm and having f]owers, and fresh
we1ght o | |

e-3. Rapeseed

G]yphosate was sprayed on the so1] at the dosages outllned in
exper1ment 2a on January 8 1974, four days pr1or to seed1ng rapeseed
0.75 cm deep. The rapeseed emerged on January 17 and was observed |

unt1] harvest on February 6. Data per flat, were taken for number of

plants mean shoot he1qht and fresh we]ght

. . n e i ’ o
[ . T . ;
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B. Results, Discussion and Conclusions

1. Glyphosate transiocation in rhizomds .

a. Effects of - sprayIng g]yphosate on s1ng]e shoots on_short

rhlzomes vS. severa] shoots on long rhizomes

[

Glyphosate injury symptoms on shoots shown by s]1qht chlorosis
and general lack of v1qor. became evident on shoots of both ]ong and
short rhlzomes w1th1n two to three days after spray1ng 1.12 kg/ha |
(1 1b/A) and three to four days of spray1na 0.56 kg/ha (0.5 1b/A).
'Chloros1s be91nn1ng at the ]eaf tips of plants sprayed at 1.12 kg/ha,
progressed unt11 nlne to ten days after spray1ng at which time most
of the shoots were: dead. Herb1c1de injury progressed more siowly and
fless effectlvely on shoots sprayed at 0.56 ko/ha caus1ng death to
approx1nate1y half of the shoots within twelve days of spray1ng Some |
fhshoots that surv1ved 0.56 kg/ha glyphosate treatment stqpped grow1ng

‘but produced a profu510n of shoots at the base of the pr1mary shoot’ 3
'_'(flgure 1) | | .‘ |
j For the flnal ana]ySIS, the data tor the. two. rates of g]yphosate
“'(0 56 kg/ha and 1.12 kg/ha) were . pooled w1th1n each: ‘of the long and -
'tshort rhlzome treatments (table 1). ‘ There were no s1gn1f1cant
fdlfferences between the effects of g]yphosate app]1ed to shoots on
short rhlzomes in comparlson with’ responses to treatments of shoots on |

long rhlzomes Such results suggest that culti

t1oh and shoot
regeneratlon pr1or to spraying may not resulv 1n(anyfadvantage over S o

. spraylng a quack grass lnfestatlon hav1ng 1ntact r 1zomes




_ Figurefl.

<

B of the herb1c1de.'

“Sublethal effects of glyphosate bn'QUack grass. The

profuse dévelopmeht'of shoots occurred at the base”of |

main shoots within 65 days after app11cat1ons of 0.56 kg/ha

»
e

L

R
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b. Effects on the center shoots of long rhizomes from

| N '
glyphosate sprayed on both end shoots

“Within two day of g]yphosate appldcation.in th1s exper1ment
- fﬁ%s the treated shoots were 11ghter in cblor than those of the contro]
R treatments W1th1n the fo11ow1ng two days the treated plants became
7 more ch]orot1c espec1a11y at the leaf t1ps, and began to lose turgor.
Effects on the shoqﬁf“prayed at 2 24 kg/ha (2 1b/A) were more advanced
than on those treateq\\t 1. 12 kg/ha (1 1b/A).  Six days after spray1ng
“the end shoots mild ch]oros1s 1nd some Teaf twisting or curling were |
- evident on the center shoot At this time the end shoots were very
t ch]orot1c and some were dy1ng back from the t1ps Ten’days afterA
spray1ng,-most end shoots treatedfat 2'24 kg/ha were dead and most
" shoots treated at 1. 12 kg/ha were ye11ow—qreen in color but still
11v1ng 4%3 this t\me the center shoots-had lost turgor and were pale
green to yd@ﬂow in color. The resu]ts of the’ exper1ment (tab]e 2,
show1ng on1y var1ab1es wh1ch are s1gn1f1cant1y d1fferent) 1nd1cate that
both dosages of g]yphosate used in this exper1ment w e equally effective
in producnng the s]gn1f1cant effects of translocation alonggthe-rhizome'
from sprayed to Unsprayed shoOts o o

c. Effects on end shoots of Iong rh1zomes, from g]yphosat@

Aprayed on the. center shoot

| Quack grass grow1ng in experlment c-1 (accidenta]]y watered
2-3 hr after spray1qg) did not show the symptoms of g1yphosate 1nJury
for approx1mate1y five days after spray app]1cat1on The leaves
became m11d1y ch]orot1c and further symptoms developed slowly unt11

, harvest At that t1me the sprayed shoots, a]though a11ve were

Kl
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chlorotic and lacked sufficient turgor to stand upright. It was
difficult to observe whether g1yphosate was thanslocated to either the
parent-end or the'tio—end shoots with‘greater'intensity since the
'herbicidal symptoms were s]ow in developing and. very variab]e

that are s1gn1f1cant1y d1fferent) indicate that the length of new rh1zome

growth was substant1a]]y reduced at both ends of. the rh1zome but was not

g svgn1f1cant1y d1fferent between dosagés app11ed Th1s suggests that

-~

!

V'Tab]e 3. Effects on orowth of shoots at both ends of rh1zomes 14 days -

13

&

. *Heans fol]owed by the same letter a‘f

after spray1ng a single center shoot with g]yphosate
(Means of - 3 rep11cat1ons each involving the sum of data

from ] rn1zomes)

Treatment " o Length of new . v Length of new

. : rhizomes (parent- end) rhizomes (t)p end)’
- kg/ha (1b/A) ~ _ (cm) - ~ (cm) |
L A
L@ 36 b 23 b
2.28 (2. 17.3 g R 22.6 b

ndt 51gn1f1cant1y d1fferent at

2
P

the 1% level using Duncan' s Mu1t1p Range Test (Duncan 1955)

g]yphosate was trans]ocated 1n both d1rect1ons along the rhizome but

&
does not 1nd1cate a predom1nant/ irection of f]ow

28
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shoots were dead except for some green areas at the base of the stems
The effects of glyphosate at 1 12 kg/ha (1 1b/A) developed somewhat

more slow]y but were apparentTy ult1mately as great as from the h?gher
dosage (table q- show1ng onTy var1ab]es wh*ch are s1gn1f1cant1y d1fferent)
Parent-end and t1p-end shoots, elght to nlne days after spray1ng, both
began to develop a ch]orot1c appearance which prooressed sTowly and
apparently equally on both unsprayed shoots on each rhizome.. ‘The'.
appearance of herb1c1de 1nJury in both end shoots on the rhizomes
conflrms the 1nd1cat1on in experIment c-1 that glyphosate was trans-
'located in both dtrect1ons along the rhlzome In add1t10n, the results
of experlment c-2 (tab]e 4) conSIStent]y show s1gn1f1cant d1fferences |
between the var1ables at the t1p end shoot of the control and gTyphosate‘~
: treated rhlzomes but such d1fferences dld not exist in conparlsons D
between parent—end shoots of contro] and g]yphosate treated rh1zomes

: The data recorded from the parent-end shoots of treated rh1zomes were,
..however, sonewhat comparable to the data for the tip-end shoots of
treated rh1zomes.. They were, however, more var1ab]e hence- resu1t1ng

in the lack of. S1gn1f1cant differences between respect1ve control and
glyphosate treatments for parent—end shoots Thxs suggests that
g]yphosate may tend to accompany netabol1tes flowlng predom1nant1y in:

'the d1rect1on of the t1p of the rh1zome
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d. Effects on other shoots a]ong the rhizome from g]yphosate

sprays app11ed to shoots on e1ther the parent end or the

t1p end shoots

.Glyphosate 1n3ury symptoms on sprayed shoots were comparab]e
to those of prev1ous experwments on long rhwzomes W1th1n two to three
‘days after spray app11cat1on, shoots sprayed at 1.12 kg/ha (1 1b/A) began '
to deve]op very s11ght chloros1s at the. 1eaf t1ps and the p]ants | |
~appeared to lack v1gor N1th1n n1ne to eleven days most of these shoots
.were dead Shoots treated with 0. 56 kg/ha ( 5 lb/A) g]yphosate were
slower to. deve]op herb1c1da1 1nJury symptoms and on]y two shoots which
k were on the parent-end. of the long rh1zomes were dead after two weeks.
Symptoms of sub]etha] glyphosate anury as a resu]t of trans]ocat n
“to unsprayed shoots are shown in fwgures 1 and 2. .

Herb1c1de 1nJury symptoms on shoots at “the center and on the ends
:hopp051te the sprayed shoots appeared between s1x and: e1ghtadays after
bspray appllcat1on There appeared to be no d1fferedce sin the 1ntens1ty

of glyphosate 1nJury in unsprayed shoots or in the length of time until

R it occurred whether the parent or t1p end shoots of these long _

rhizomes recelved glyphosate treatment There also d1d not seem to_
jbe a un1form progreSSIOn of symptoms of g]yphosate 1nJury in shoots
a]ong the rh1zome In some cases both the center and unsprayed end
shoots were equa]]y affected by the’ herb1c1de and 1n other 1nstancespﬁ"
" the unsprayed end shoots were affected more than the center shoot |

. The, results of the exper1ments shown in the tab]es (glyphosate B
’appi1ed to parent ends, tab]e 5 and glyphosate app]1ed to tlp ends,';

table 6) glve on]y Jata for the var1ab1es wh1ch are s1gn1f1cant and<



Figure 2.

Sublethal effecté of glyphosate translocation'to the centre
shoot on a quack grass»fhjiome, withfn 14 days after

spraying'thé shoot on the left,withIO.SG'kg/ha of the

herbicide. Malformation of new leaf development is evident.
a | - S |

2
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agaln conf1rm that glyphosate was trans]ocated in both d1rect1ons along
the rhizome. S1nce unsprayed shoots a]ong the rhizomes were almost
hequal]y affected whether the sprayed shoots were on the parent-ends
fﬁor on the tip-ends (f1gure 3), there seems no doubt®that herbicidal
~a§g of glyphosate can readlly result in translocation effects a]ong
_‘t e rh1zomes in both directions. It has already been noted however,

that under the cond1t1ons of exper1ment c-2 there was some 1nd1cat1on

vof greater movement of toxic chemical to the tip- -ends of the rh1zome

-~

In view of the resu]ts of experiment d and the var1ab111ty in exper1ment

c-2, however the ev1dence does not warrant any f1rm conc1u51ons as
to the predomlnant direction of flow of the toxic chemical.
2. The_effects onrcerta1n crop“seed11ngs.of-g]yphosate sprayedv
on the soil. ' ‘ |
-k\\:(Note: Top1c a was comp]eted under “Mater1als and Methods"-

General procedures ).

b.. Pre]iminary experiment on barley; oats, rye,‘buckwheat

| and rapeseed

So1l app11ed g]yphosate d1d not affect either the phys1ca]
appearance, germ1nat1on and emergence or the subsequent growth of o
barley and oats. |

_ Rye lndwcated the poss1b111ty of some growth promot1on by the
' herb1c1de There were some 1ncreases in fresh we1ghts of rye 1n
5011 treated w1th the higher rates of g]yphosate However because'
of some. var1ab1]1ty w1th1n th1s exper1ment another similar tr1a1 was
v establ1shed and is d1scussed under sectlon c.

-.Buckwheat germ1natloncand emergence was poor and may havesbeen
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-Figure 3.

) ./(-“: . . . ) O

Glyphosate at 1.12 kg/ha, whether applied to the near end

{parent-end) shoot or the remote. end (tip-end) shoot,

‘translocated along the rhizome. in either direction

affecting the unSprayed‘§hoot$ along the rhizome.

(Photo 14 days after-sprﬁ;ing; control at top). f;
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responsib]e for most of the var1ab111ty w1th1n this exper1ment.

Nevertheless, some herb1c1de damage was evident. Shoot height, fresh

we1ght, and number of p]ants hav1ng true leaves were decreased by the

"~ 8.96 kg/ha (8 1b/R) rate of glyphosate. Further experiments will be

discussed under sect1on d.
. Rapeseed was very sensitive to re]atlve]y h1gh dosages of so11-

app11ed g]yphosate and the results of this exper1ment (b) w1l1 be

~discussed with the results of subsequent relevant experiments in

‘section e.

c. Rye ,
The repeated experiment with rye fo]low1ng the preliminary

o

test noted in sectlon b, 1nd1cated no s1an1f1cant effects of glyphosate

on mean shoot he1ght number of t111ers or fresh we1qht of rye p]ants.

The comp]ete 1ack of ‘glyphosate effect on rye p]ants in this Txper1ment e

o indicates that the resu]ts from the pre]1m1nary experlment suggesting

st1mu1at1on by. the herb1c1de were caused by the var1ab111ty of growth,

r‘1nc]ud1ng controls, in the f1rst exper1ment.

-d. Buckwheat

Exberiment d-1 was, as in the pre]iminary experiment on.

vbuckwheat very varlable due to poor seed germination. The herbicide

damage. however, was agaln ev1dent on-: the baSIS of the same cr1ter1a

noted.1nithevpre11m1nary experiment. |

The'variahility caused by poor seed‘germination was reduced by.

USing preégerminated seed in experiMent.d-ZQ There were no Observable

-physical d1fferences dur1ng the growth per1od but harvest data 1nd1cated

some effect of the herb1c1de in reducing the height of buekwheat
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Thus in all of the growth chamber experiments w1th buckwheat, some

herb1c1de damage was recorded by the higher dosages of g]yphosate, but

because of the var1ab1]1ty they do notswarrant any firm spec1f1c

) conclus1ons

e, ARapeseedv'- | o
‘0bservation§,of the zapeseed experiments indfcated that there
were no immediate effects of the herbicide gn genninating or emerging'
rapeseed seed]ings’ N1th1n eight or nine days after seeding (4 or § -
days after emergence) (f1oure 4) “however, the coty]edons of the plants-
‘growing in 4 43.(4), 6.72 (6) and 8.96 (8) kg/ha (lb/A) glyphosate

treatments became dark nreen compared to 11qht green of control plants.

IEnsu1ng growth 1n he1ght and f1rst true leaf development was retarded

A

',: (expt. b, table 7, show1nq only vaﬁaebles wh1ch are significant) in

-Jthe 6.72 and 8.96 ka/ha treatments ‘Some plants deve]oped true
'fleaves wh1ch appeared chlorot1c and ma]formed and other p]ants had

no true leaf deve]opment Within two weeks after seed1ng t1me, the
p]ants growlng in the 0, 2.24, and 4.48 kg/ha treatments had deve]oped
the second and th1rd true. leaves and exh1b1ted no phy51ca1 d1fferences

’ from one another By th1s time the p]ants growing in the 5. 72 and 8 96

PR
Aase
“’:‘.} .

kg/ha treatments appeared to be overcom1ng the effects of the herb1cide‘J

.and some plants appeared to be normal. The rapeseed exper1medts (

- and e-1, tab]e 7 show1ng only varlables which are s1gn1f1cant0 harvestedf
| at ten and twenty-f1ve days after- sow1ng also 1nd1cate that the rapeseey
tended to overcome the effects of the herbicide. However, when l”f“f
rapeseed reached the stage of flower 1n1t1ation (w1th1n 30 days of .

sow1ng, when plants were grown in the growth chamber) the p]ants grow1ng
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Figure 4. 'Effects of 5011 app11ed g]yphosate on emergwng rapeseed
Note the stunted retarded deve]opment of the 4.48 kg/ha
and 6 72 kg/ha treatments (on the r1ght) compared to the

' contro] on the left.
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in soil treated w1th the h1gher dosages of glyphosates were again
retarded (e-2, table 8, show1ng only 51gn1f1cant var1ab1es)

| Comparlsons would have been even more sat1sfactory had it been
. feasible t0's\cure data for the various growth responses of rapeseedl
at d1fferent stages of development w1th1n the same exper1ments

L Rapeseed grown in exper1ment e-3 did not show any of the physical

effécts of g]yphosate injury observed in exper1ments b, e-1 and e-2.
The flna] ana]ys1s (table 8 (e- 3) show1ng only variables ‘which are
- sign1f1cant)tnnd1cates that the herb1c1de affected on]y the fresh

.weights

In general. the results of rapeseed exper1ments in the growth

chamber indicate that this crop is sens1t1ve to. so11 app11ed g]yphosate,

! even when the herb1c1de is sprayed on the soil four days pr1or to

o seeding The rates of glyphosate wh1ch caused consistent 1nJury,

) ~a
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II. FIELD EXPERIMENTS

A. Materials and Methods o
| 1. G6lyphosate dosage experiments with or without cultiVation~

a. EffEcts of various dosages of glyphosate on quack grass o

o

o

with or without cu1t1vat10n '"_; B

Two field experiments, one in 1972 (a- 1) and one in 1973 (a-2),

. were establlshed to test ther effect1veness of var1ous dosages of

' glyphosate on quack grass with or wlthout cu1t1vat10n after spray1ng

Dupllcate randomized blocks with plots I x3m (a 1) and tr1p11cate

‘ f}randomized blocks with plots 2.2 x 3 m (a-2) were 1a1d out -on peaty

clay loam" soxl west of Edmonton (Saramaga farm) The p]ots for both )
experiments were on 5011 that had?not been cropped the prev1ous year
and had deve]oped a solid 1nfestat1on of ouack grass. Glyphosate -
(isopropylamIne formulat1on - 3 1b a. e. per u. S gal]on was. used 1nf
al experlments using glyphosate) sprays of 1. 12 (1) 2 24 (2) and :‘

3:36 (3) kg/ha’(lb/A) in 281 1/ha (25 gal/A) water at 1.76 kg/sq cm

-_(25 psi) were applied 1n Ju]y 15, 1972 (a 1) on quack grass regrowth

‘.of 20 cm helght after a)mow1no three weeks preVIously. and on June 21,

1973 (a-Z) on quack grass 26 cm tall in the 4 leaf stage.- A rain

'shouer occurred elght to. ten hours after spray1ng exper1ment a-1. bumn

conditlons for spray1ng experiment a-2 ‘were ideal w1th no rain fa111ng

7.

ulthin a day after Spray1ng In both expermments all of the> ayed

-‘quack grass top growth was dead w1th1n two .weeks except forbSome shoots,

in the 1.12 kg/ha (1 lb/A) plots (a 2). At that time ha1f of each

pl;% includ1ng some controls in a-l and certa1n p]ots ass1gned for each |

treatment in a-2 were cultlvated 13 cm deep w1th a rotot1]1er The'

6

v
' A
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}f sampled from quadrats 0.63 m

' uncultlvated port1ons of plots in a-1 and the uncu1t1vated treatments
Cin a-2 were left undisturbed until harvest. On September 28, 1972 a-1

and August 27 1973 a-2, harvests for quack grass shoot counts he1ght

and forage dry uelghts were taken from 0.85 m? quadrats Rh1;omes were

2, 15 cm deep

b. Effects of cult1vat1on on quack urass before and or

‘after the app11cat1on of g]yphosate

An exper1ment on peaty c]ay loam so1l west of Edmonton
(Saramaga farm), was estab]1shed to test the effects of glyphosate on
quack grass sprayed before or after cult1vat1on and w1th or without -
subsequent cu1t1vat1on. P]ots 2x3m w1th 61 cm cont1nual]y roto-
-tilled borders were laid out 1n tr1p11cate randomlzed blocks on soil
sol1dTy 1nfested with quack grass in an area summerfallowed in 1970
The schedu]e of operatwns for this . exper1ment is summarized in
Tab]e 9. Quack grass on DY (Date 1) was 12 cm, tall in the 2-3 leaf |
stage, and on DZ for treatments 3,4 and 6 was in late shot b1ade stage
68 cm tal] For treatments 1 2 and 5 on DZ the quack grass regrowth

(after cu1t1vat1on on Dl) was. 23 cm tall at the 3-1 Iraf stage. A

/
5 rotot1l]er, t1111ng 13 cm deep, was used on all plots schedu1ed for

cu]t1vat10ﬁ Glyphosate at 2.8 kg/ha 2.5 ]b/A) in 281 1/ha (25 gal/A)_

water atyl 76 kg/sq cm (25 ps1) for all treatments (1, 2, 3 and 4) was

sprajed on DZ under ideal cond1t1ons By D3 all sprayed plots had
comp]ete top- k1111ng, but plots cultivated on DZ had 5cm regrowth

The plots were hand'weeded dur1ng the 1972 and 1973 seasons to remove

:_ annual ueed growth Harvest1ng commenced on September 26, 1972 and on

Jiﬁ& v\/July 26 ln 1973 Quack grass shoot counts, hEIth and forage dry r'
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weights were taken from 0. 85 m? quadrats and rhizome samples were

'v taken from 0. 65 m2 quadrats 15 cm deep.

c. Influence on quack grass of various periods of delay

before remoVingvtop-growth after glyphosate application

A‘fiéﬁd'experiment was established to determine the influence

on quack grass survmval of var1ous per1ods of delay before remov1ng
top growth after spray1ng w1th glyphosate. A dense stand of quack grass
(approx 900 shoots per m2) grow1ng in a Malmo clay-loam soil at | |
fEllersl1e farm was used for lay1ng out the experiment in repl1cated
-blocks. This quack grass area had been planted with rhizomes in 1971.
vOn July 23, 1973, when the quack grass was at advanced headlng stage, )
glyphosate was applied at 1.7 kg/ha (1 5 1b/A) and 2.8 kg/ha (2 5 lb/A)
in 281 1/ha (25 gal/A) water at 1.76 kg/sqrcm (25 ps1). About 2 cm
: of rain began to fall ten hours after spraylng. Duplicate str1ps of
y quack grass 0.8 x4.2m for each rate were mowed about 1. 5 cm above

ground commenc1ng one day after spraying and cont1nu1ng w1th new strips
~each day until the n1nth day. SInce there was by then. some yellow1ng
'but st1ll no major v1s1ble injury, the remaining three cuttlngs were .
done on -the eleventh th1rteenth and f1fteenth days after spray1ng. yBy
- th1s latter time pract1cally all tht foliage treated w1th either dosage v‘;
was’ ‘dead. Unsprayed control strips were mowed one . or eleven days after
the spray date On September 28, s1xty seven days after spraylng, data
-for numbers of shoots, their he1ght and fresh we1gbt per 2. 84 sq m Ei
;str1p sample vere recorded for the sprayed plots. For the control plots3
0.4 sqm quadrats were used and the results extrapolated to. a 2 84

Ty

:sq m area for compar1sons with the sprayed plots. : »
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Qiégi grass seedling compet1t1on w1th oats, rapeseed buckwheat

E and winter rye.

| A field expe§§ment to determ1ne the compet1t1ve effects of
quack grass seed11ngs on oats, rapeseed, buckwheat and winter rye was -
. conducted on summerfallowed Malmo clay loam 5011 at the University of
Alberta farm, Ellersl1e The soil was disced on May 15, 1973 prior to
seeding quack grass 1nto p]ots 1 85 X 2.5 m repl1cated four times for

each. treatment Fert111zer (16 20-0) at 112 kg/ha (100 1b/A) was then

47

broadcast across the plot area and raked 1nto the soil. The quack grass

segds, collected in the fall of 1972 and hav1ng 507 germination, were

then sown on May 17 to a depth of 1 - 1. 5-cm at 20 kg/ha (18 lb/A)

viab]e seed. The quack grass was ‘sown prior to the crops to favor
establ1shment of the quack grass seedllngs On June 6 when the

| quack grass was 7 cm tal] the crops were sown between the rows of

quack grass ang. a'so in plots containing no quack grass. Rates of

;‘seedlng of the ziops (adJusted to 100 v1ab]e seed) were as fol]ows,

Rodney Oats, 91 kg/ha (2 4 lb/A) ‘Polish rape 6.7 kg/ha (6 ]b/A)
Tokyo buckwheat 65 kg/ha (1. 2 bu/A), and Front1er w1nter rye 88 kg/ha

41,8 bu/A). Germination of the quack grass was patchy but suff1c1ent :

to provide for selection of re]at1ve1y unlform samp]e s1tes for harvest.

'Germination of the crops was un1form and excel]ent Seasona]

precip1tat1on (May- September) amounted to 34 cm.  The plots were: hand -

weeded durlng the summer to remove annual weeds; Dur1ng m1d—August
a frost damaged the tops of buckwheat l1m1t1ng its y1e1d to forage.
Harvesting took p]ace on September 4 except for. oats wh1ch matured

’thirteen days later. Quack grass and crop forage dry we1ght y1elds,



Ry ;3; ("3;» ‘
and crop seed y1é1ds were taken from 0. 85 mé quadrats. Quack grass
'rhlzome determ1nat1ons ‘were made from 0.63 m? quadrats 15 cm deep.
3

3. Crop compet1t1on with quack grass w1th and without glyphosate

app11cat1on

a.'-crop competition with quack grass with and without

LY

’glyphosate*apprcatiOn in 1972

l~

Crop competition with quack grass with and without g]yphosate '
' treatment before spring cultivation and seeding was tested in 1972 on |
- two Edmonton area farms One exper1ment on a farm southeast of
Edmonton (a- 1 R1tch1e farm), cons1sted of unr2%11cated pa1red plots
(because of 1nfested area 11m1tat1on) on a sandy ]oam so11 The
second exper1ment ‘on a farm west of Edmonton (a-2 Saramaga farm),
‘conSISted of tr1p11cate randomi zed blocks on a peaty c]ay 1oam soil.
Both farms had heavy cont1nuous 1nfestat1ons of quack grass on gra1n
crop land that had been summerfa]towed two years prev1ous]y Quack
'grass populat1ons were\ISOO shoots per m2 w1th 400 gm dry we1ght

. ,rh1zomes per mz, 15 cm deeép. Plots 2 » 3 cm were set out with 61 cm ;_"

cont1nua1]y rotot111ed borders to prevent quackgrass invasion. - On -
May 19 (a 1) and May 20 (a- 2) when the quack grass was 12 15 cm tall
:4 6 leaf stage, some p]ots were rotot1l]ed about 13 cm deep and others,;
‘were sprayed w1th 2 8 kg/ha (2.5 1b/A) glyphosate in 281 1/ha (25 ga]/A)
water at 1. 76 kg/sq cm (25 ps1) No ra1n fe]] at e1ther s1te w1th1n ’
'twenty-four or more hours after spray1ng Ten days later, after top- .
k11]1ng was 100% in the sprayed plots, al] of the p]ots except one of
;the sets of sprayed contro]s were rototi]]ed 13 cm deep prlor to seedlng

A garden seeder was . used to seed Rodney oats (68 5 kg/ha)(l 8 bu/A), )

\s?j’ i



SangaSte;wfnter rye (113.kg/ha) (1.8 bu/A), Tokyo.buckwheat (97 kg/ha) .
>(1 8 bu/A), Gateway bar]ey (97 kg/ha) (1.8 buVA), and Polish rapeseed
' (185 kg/ha) (13 lb/A) in rows 15 cm apart Bar]ey was. omitted from
a-2. Fertilizer, 16-20-0, at 90. kg/ha (80 }p7A) was broa5§§§t on a]T
plots JUSt pr1or ‘to rototilling. and seed1ng Germ1nat1on was somewhat
h1rregular only in rye p]ots in experiment a- 1 but 1n exper1ment a-2,
' 'was unevenrln a]l sprayed or unsprayed plots, except oats An abundant
growth of annua] weeds also comp11cated exper1ment a- 2 Seasonal
"prec1p1tat1on (May to July) amounted to 4 cm. " Spray drift. from |
mnelghborlng farm operat1ons dur1ng the jég% of July 3 affected the
flowers of buckwheat and rapeseed in both exper1ments wh1ch resu]ted
~in only crop forage we1ghts being taken on August 2-4 and exc]us1on
:.of seed.yieids. At this time barley ad oats were at the head1ng stage
aaData for crop and quack grass forage dry weights and he1ghts were taken
from random«p]ot sampl1ngs.of 0.85 mé quadrats. ~Rhizome samp]es were

’takenvfrom;o 63 mZ quadrats flS'cm deep.

- -b. Extended reduct1on of quack grass by winter rye seeded

in fall’ 1972 after spray treatments and seed1ng of

oats in spring 1972

_ ‘ This experlment was concerned w1th potent1a1 exﬁéns1on of
- reduct1on of quack grass in 1973 by fall (1972) seeded Front1er winter
rye sown in plothsprayed w1th g]yphosate and seeded to oats the.

- preceding spring A portion of the 1972 exper1méht concern1ng crop

E compet1t10n with and wwthout g]yphosate app11cat1on (a-2 Sara ga farm)

'was contlnued to measure the effects of both herb1c1de and continued

o crop compet1t1on dur1ng the season fo]low1ng the or1g1na1 treatments

49
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-tmed on May" 30 orftilled twice: ’(May 20 730). “b

u,

After harvest1ng t@ﬂ croe& ~9G-*

D »o] p]% in August 1972, the oat

ate on %%20 and

p]ots tha; had been sprayed w1th

e -c»-,.

rototi]]ed on August 24 1972 Follow1ng rotot1111ng, the p]ots were

',ffert1l1zed w1th 90 kg/ha 16:20- 0 granules appl1ed to the surface

and were seeded to Front1er w:nter rye at 1.25 kg/ha w1th a V be]t disc

- seeder. Quack grass contro]s that hqg been t111ed in the spr1ng on

* dates note® above, were also tilled again and fert1]12ed on August 24.

Germ1nat1on of rye in the fall (1972) and growth of rye in the spr1ng
(1973) was very good Seasonal (1973) operat1ons were hand weeding to.
remove a luxurlant growthlof annual weeds‘and also periodic rototilling
of{ﬁl cm borders around each’p]ot to prevent outside invasion of

quack grass Prec1p1tat1on durlng the season (May through August)
amounted to 29 5 cm. - Plots were harvested dur1ng the week of August 16,

1973 us1ng 0.85 m2 quadrats for -crop he1ght forage we1ghts and seed -

' y1e1d as well as quack grass forage welghts, shoot counts and he1ght

Rh1zomes were sampled from 0.63 m2 quadrats 15 cm deep e .

¢. Oats and rye compet1t1on w1th quack grass. w1th or w1thout

fall 1972 or spring 1973 glyphosate treatments

A f1e1d exper1ment test1ng oat and w1nter rye compet1t1on '

‘With quack grass with and without fall or sprwng app]1cat1ons of

g]yphosate was started in the fall of 1972. The exper1ment was -

- estab11shed in a peaty clay loam so11 west of Edmonton (Saramaga .arm)

The -area had not been cropped for a year and was so{1dly 1nfested with

about 1050 quack grass shoots per m2. Plots, 2.1 x 2 1'm for each

treatment, were laid out in tr1p11cate random1zed blocks. . A 61 cm

50
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border strip was left around each plot for sprays with glyphosate and
continual cu1t1vat1on dUr1ng the eeason to prevent quack grass re-
1nva510n.“ The schedule of operations for the exper1ment is summar1zed
- in the fo%%ow1ng table (table 10) Fall or spring spray treatments were
- 2.8 kg/ha (2.5 1b/A) glyphosate in 281 1/ha (ZS'gallA) water at
1.76'kQ/sq'cm (25 psi). The quaCk grass atiDl (fall) was 15 em regrowth
from mowing three QEeks‘previousiy and the quack grass at D3 (spring) |
was 15 cm at the 2-3 leaf.staget‘ About 0.25 tm of rain}fell about
| nine hours after the fall appgicatlons but the spr1ng app]1cat1ons were °
-completed under ideal conditions. A]],cu1t1vat1ons, 13 cm deep, were ~
done with a p]ot rototI]]er A 4 row V belt disc seeder was used to
seed Frontler w1nter rye at 94 kg/ha (1.5 bu/A) in the fal] (D2) and .
Rodney oats at 95 kg/ha (2 5 bu/R) in-the spring (D4). Plots schedu]ed
for final treatment in the fa]l rece1ved a broadcast app]1cat1on of
fert111zer (16-20-0) at 90 kg/ha (80 1b/A) dur1ng the final fall
operation (DZ), and those plots scheduled for spring treatments
received’ a comparable fertilizer treatment during the f1na] spr1ng
operat1on. Dur1ng the. growing season (1973) the p]ots were hand weeded .
| several times  to remove a luxuriant growth of annua] weeds Prec1p1tat1on
dur1ng the grow1ng season (April to September) amounted to 37.8 cm.
Plots involving'treatments only in the tai] of 1972 were harvested on
August 23, and the remaininq plots on Septembervlo Quadrats 0. 85..m2
‘were used for data on crop forage dry we19hts and seed ylelds as wel]
Yas quack grass forage dry wewghts and shoot counts Rh1zome dry-

‘ welghts were from 0. 63 m2 quadrats 15 cm deep.

I4
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d. Crop competition with quack arass with orfwithout

glyphOSate applicatiohs iﬁ 1973>_
6ats, buCkuheat, rapeseed and rye competition with quack grass

with and without spring'glyphosate treatment was tested in an experiment
' on Malmo clay loam s0il at Ellersiie; farm in1973.; Tripiicate"v'pjotsl
| 1.5 x 3 m were laid out in an area solidlyginfested uithvouack grass
(900 shoots mz) from rhizomes planted two years previously. Treatments
invo]ved spraying and cultivation before seeding the crops, cultivation
béfore seeding, and unseededicontrols. Sprayed p]otsvreceived 2.8 kg/ha
(2.5 1b/A) glyphosatelin 281 1/ha (25 gal/A) water at 1.76 kg/sq cm
| (25 psi). May 14, when quack grass was 15-18 cm ta]]vat 3- 4“1eaf stage.
'.Cond1t1ons for Spray1ng were ideal and no rain fe]] within twenty-four
hours after spray1ng - Ten days later, when top k1]11ng was complete,
@?]] p1ots were 1mmed1ate]y fert111zed with a surface app]1cat1on of

16 20-0 at 90 ggéﬁ%‘(BO lb/A) prior to rak1ng the plot area. Rodney
oats (91 kg/ha (2.8 bu/A) Pol1sh rapeseed (6 7 kg/ha (6 Ib/A)) Tokyo
buckwheat (64 5 kg/ha (1.2 bu/A}) .ahd Front1er winter rye (88 kg/ha E

(4 4 lb/A)) were then seeded in rows 15 cm apart using a four row V

belt disc seeder, ‘Growth on some of the quack qrass plots that were
P

sprayed cu1t1vated and seeded to. rye cu1t1vated and seeded to rye and -

cultivated and left; was. mowed f1ve times dur1no the grow1no season to
s1mu1ate pastur1na The mow1ng dates were June 29, Ju]y 16, July 30

August 13 and fwnally on the harvest date August 27. Quack grass forage

~was separated from rye forage and drv we1chts were summed Separate]v fom

the f1na1 foraae weIth values for quack arass and rye Seasona]

precipitation (May through August) amounted to 29 cm: The p]ots were’

™
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weeded during the growing season to remove annual weeds. The crops

- grew well but aé?rost in mid- August damaged tops of buckwheatx thus
Timiting 1ts yield to forage A y1e1ds were taken on August 27,
except oats which matured on September 8. Crop forage dry we1ght and
seed yields, and quack grass forage dry we1ghts and shoot counts

were taken from 0.85 m2 ‘quadrats. <Quack grass rh#zome dry we1ghts |

were determined from quadrats 0.63 m2 15 cm_deep.

1 g
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B. Results, Discussion and Conclusions

1. Glyphosate dosage experiments with or nithout cultivation.

a. Effects of various'dosages of glyphosate on quack grass

 with or without cultivation

A rain shower 8- 10 hours after spray1ng operatlons may have

affected the outcome of exper1ment a-1 and may have contr1buted to

the variability in the exper1ment. Shoot countsg forage and. rhizome’
weights were ;hosen as_the major criteria'for analysis of the results
in this and the'following field experiments, since data for height“

g‘measurements of both quack grass and crops, where - 1nvo]ved, showed

&,
Iess cons1stent d1ff&rences between treatments The resu]ts of th1s

| exper1ment 1nd1cated substantial reductions of quack grass forage

s

we1ghts but not rh1zome we1ghts ﬁn plots sprayed at 1. 12 and 2 24
kg/ha rates of g]yphosate in compar1son wjth unsprayed contro]s

Glyphosate app]xed at 3.36 kg/ha reduced forage and rh1zome regrowth

» to about 5-10% of that of the contro]s Cu]t1vat1on after sprays of

1. 12 and 2.24 kg/ha rates of glyphosate was effective 1n reduc1ng v
both forage and rh1zome we1ghts to about the same 1eve1 as d1d 3 36

kg/ha glyphosate with or w1thout cultivation. Many of the harvested

:rhizome samp]es from the g]yphosate treated plots (1. 12 and 2 24 kg/ha)
»thad 11ve sect1ons 1nterspersed between dead part1a1]y rotted sections.

hMany of the nodes 1n the 11ve sect1ons were deve]op1no a profus1on

85

of new shoots, somewhat 51m11ar to the symptoms of sub]ethal glyphosate :

:1nJury noted in greenhouse exper1ments la and 1d. (F1gures 1 and 2)

In exper1ment a- 2 (tab]e 11) 1ncreas1ng rates of g]yphosate

resu]ted 1n 1ncrea51ng reduct1ons of quack grass regrowth wh1ch in a]l ."

-
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cases were s1gn1f1cantly better than the control and which’ lﬁgt'

5 ,gi’

little as 6 ‘of the amount of regrowth which ogcurred in the cu1t1vated g
‘control. Also in compar1ng each treatment wlthout cultivation w1th
the correspond1ng treatment w1th cu]t1vat1on, the trends of the data
1nd1o§te that cult1vat1on d1d 1ncrease control of quack grass. The
analyses, however;<show SIgn1f1cant effects of cult1vat10n on]y

“between the uncu]tlvated and cultivated. control ~ The: treatments 1n-

Jvolv1ng glyphosate were not 519n1f1cant1y d1fferent from each other

’but reductlons of quack grass. forage welght from 2“24 kg/ha treatment

wi thout cultivation and rh1zome we1ght after 1. 12 kg/ha spray plus

' cult1vatlon were not 519n1f1cant1y different. from the cu]tivated
control.- The resu]ts therefore 1nd1cate that g]yphosate app11ed at
higher dosages between 2. 24 and -3.36 ka/ha were most effect1ve for

‘quack grass control. Th]S f1nd1ng supports the reasonableness of ,
chooswng the dosage rate of 2.80 kg/ha g]yphosate used for quack grass
control in crop experiments wh1ch will be d1scussed in the 1atter part

of the fleld exper1meﬂtz‘

At harvest, thewyolume of v1able rhlzomes per’ p]ot was much 1ower
";than comparable treatments in exper1ment a-1. l A]so ‘there were only a
few rh1zomes ln p]ots treated NIth 1.12 and 2 24 kg/ha which had

11V1ng sect1ons along what appeared to be a dead rhizome 3 and there
was no profuse shoot deve]opment as 1n experlment a-1. These resu]ts
suggest that the effect1veness of g]yphosate sprays in exper1ment a-1.

gnay have been reduced by the rain shower thCh occurred after spray1ng

o
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’ quack_gnass\before and /or
after the application of glyphosate ..

~b. Effects of'cultivatT

A\

fThe glyphosate treatments‘and-treatmen involving only

cultivation,significantly reduced quack grasS'Sh t counts, and forage

and rhizome dry weights-compared to the unti]]ed control (table lé)

'Also during the first year of this exper1ment the till, till, t1ll

‘ treatment (tr ‘5) reduced shoot counts, and f0rage and rh1zome regrowth

,comparabIe to glyphosate treatments' The repeated tlllage (tr 5) |

1nduced similar reduct1ons in forage and rh1zomes but greater decreases

in shoot counts compared with the leave, t111 t1ll treatment (tr G)ﬂe

AN glyphosate treatments, except treatment 1. (ti11, spray, leave) on

the other hand, produced s1gn1f1cant1y better control than the treatment

1eave, till, t111 (tr 6). The results also 1ndicated that there was

no apparent advantage from cu]t1vat1on after spray1ng quack grass at the -

heading stage (tr 3 vs: tr 4) Houever, cu1t1vatlon of quack grass

‘sprayed in the vegetat1ve stage fo]low1ng ear11er cult1vat1on was very |

'benef1c1a1 (tr 2 vs.tr 1).° | | | |
Contunued records dur1ng the second year. for tillage on]y,treatments hp

(tr 5 and 6) and the t111, spray, leave (tr 1) table 13 Qanicatethat

" their only s1on1f1cant d1fference from the uncultivated contro] (tr 7)

'occurred in reduct1on of rh1zome regrowth Cu]t1vat1on although

'reduc1no the we1ght of rh1zomes per plot, may have st1mulated dormant |

buds on the rema1n1ng rh1zomes to produce the. h1gh shoot counts and

: forage we1ghts ex1st1ng in the p]ots. As is noted 1n-the 1972 resultsx,a

~the treatments 1nvolv1ng glyphosate app11cat1ons (tr 2 3, 4) were most

effect1ve in’ reduc1ng quack grass regrowth of both forage and rh1zomes

e
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Horeover, the carry-over effects 1n 1973 1nd1cated that cultivation
after spraylng at heading. time: (tr (4) leave, spray, till) 1n fact
reduced the effectiveness of g1yphosate compared to no cult1vat1on
before or after spray1ng at head1ng t1me (treatment (3) ]eave spray,
bleave) The latter procedure was as effective as the treatment (2)

.t111, Spray, till.  The end result of tr 3. (leave, spray, leave)

- ‘was an approx1mate1y 80% reduct1on in shoot counts, 84” reduction

!

“‘1n shoot counts 84% reduct1on in forage weight and over 90% v
reduction in rhizomes compared with tr 5 1nvo]v1ng three t111age .
'operat1ons.

- c. Influence‘on quack grass of various periods of de]ay

3

o before ré&ov1ng top growth after glyphosate app11cat1on

The resu]ts for shoot counts (figure 5) and forage welghts

(figure 6) 1nd1cate that there were no apprec1ab1e decreases in quack

o grass regrowth fo]]ow1ng deTays in mow1ngs longer than two days after

spray1ng 2 8 kg/ha or 1. 68 kg/ha g]yphosate F1gure 7 11]ustrates the |
limited quack grass regrowth f1fty days after mow1ng a p]ot one day ,
‘ after 2.80 kg/ha spray app11cat1on F1gure 8 shows the correspond1ng :
-‘mowed unsprayed contr01 Trans]ocat1on of 1etha1 quant1t1es of
g]yphosate from sprayed té% growth to rhwzomes apparent]y was. more: -

e

rap1d.at the h1gher rate of glyphosate but, after two d ys the resu]ts
f If 51m11ar[ ;

of the two rates were comparab]e and highly effectlve

L4

- resu]ts can be ach1eved from sprayxng of . vegetat1ve quack grass ear]y

. in the spring, fo]]owed by on]y a short de]ay before cu]t1vat1on and

~ seeding of a crop, this wou]d .of course ‘be a d1st1nct advantage in

max1m121ng the use of the growing season
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P ==

~ UNSPRAYED CONTROL FORAGE G/284 5. M AREA
i MOWED DAY | - 2220
MOWED DAY 11 - 1990
SO 1.68KG/HA GLYPHOSATE
| m———— 280KG/HA GLYPHOSATE

4

DAYS BETWEEN | SPRAYING 8 MOWING
( DATA 67, DAYS AFTER SPRAYING)

. : / ‘\ T ’
Effects on fresh we1ght of forage regrowth of quack

grass after fohage sprays w1th g]yphosate and.
" mowmg at d1fferent t1mes after spraqu (Means of'_ :

Tf2 rep]wcat1ons) ~Only the we1ght at day 1 for 1. 68

| ';kg/ha 1s 31gn1f1cant1y d1fferent from the rema1n1ng

“T:ftreatments at the 1% 'level (Duncan 1955)



.Figure i,"fotual absénce of fegfowth 50 daysaéfter spraying
| 2. 80 kg/ha g]yphosate on. quack grass at head1ng stage,

mowed one day after spraywng

. .;‘,,;‘::«gil’ -
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‘ Figure 8.

Extensive regrowth in qontroi_plot 49 days after mowing
unsprayed quack.grass at the heading stage.  (For
comparison with the g]yphosate sprayed area in fig 7,

mowed one ‘day after spray1ng)

.65
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2. ‘Quack grass seedling COmpetition‘with 0z 's, -rapeseed,

buckuheat-and winter ryet’

Develgpaent from its seeds began very slowly but by harvest
nlnety days later, quack grass had produced a vigorous growth of
| forage (76 cm high) and of rh1zomes, 1nd1cat1ng its potential as a .- Q&
gtrong competitor. |

Of the crops grown.in competition’with the quack grass“seedlings;

oats, buckwheat and rye were most effective in reducing the‘deve]opment

of quack grass forage,and oats and buckwheat for reducing rhizomes

(tab]e 14)’ ““““ Rh1zome development has been related d1rect1y to light:

intensity for the plants (Palmar 1958; Williams 1970a) Observations
and results of the present.exper‘ments tend to support that view since
oats and,bucknheat produced'a denser canopy of‘growth'than rapeseed
or winter rye. B o |
| The percentage forage yle]d reduction of - rapeseed ‘was affected
less than the other crops but oats produced both a s1gn1f1cant]y
greater quantity of»forage and seed (table 15). On balance then,
oats was the most effectjvertrom the standpoiht oficombfned crop
productivity and competition against-young QUack grass'

| 3. Crop compet1t1on with quack grass w1th and wlthout g]yphosate

| _app11cat1on ’ v L o .

a. Crop compet1t1on with quack grass w1th and w1thout

; g]yphosate app11cat1on in 1972 e

The resu]ts of exper1ment a- -2 (table 16). wndwcate that all of .

i

the treatments 1nvo1v1ng g]yphosate sprays with OT w1thout cropping and

"1.

those treatments 1nvo]v1ng cu1t1vat1on and cropp1&§, significantly
% L
-

’
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reduced quack grass ‘regrowth compared with the treatment invoTving

<

cu]tfvatidn only (tr 7)' Treatments in wh1ch gTyphosate was used

' s1gn1f1cant1y reduced shoot counts and forage dry we1ghts compared

. With, the treatments wh1ch did not involve glyphosate. On the, gther
hand rh1zome reduct1ohs 1n\pTots cu1t1vated twwce and seeded to oats
(tr 5) were comparab]e to those of-spray treatments Moreover the
"treatment cuTt1vated twice and seeded to rye reduced rhizome regrowth
comparab]e to that of the spray treatment that was Teft w1thout T
cu]t;vat1on (tr 4) ATthough the two g]yphosate treatments that ddd':
notJ1nvoTve cropp1ng (tr 3 4) produced resu]ts that were not s1gn1f1-v'
cant]y different from spray1ng foTTowed by cropp1ng (tr 1, 2), there. @

was an EV1dent tendency for Tess quack grass regrowth on latter pTotsd

Quack grasﬁ%éegrowth in pTots cuTtivated and sown to crops (tr 5 and 6),

i aTthough, 1n generaT more abundant than 1n sprayed plots, was never- ‘.

the]ess, s1gn1r1cant1y Tess than after a s1m11ar trgatment w1thout a

© Ccrop - (tr 7) These resuTts 1nd1cate the potent1aT of oats and rye as.

1mportant factors in reduc1ng uack gr sS regrowth in: sprayed or
q 3 |

o cuTt1vated areas. On cuTt1vated unsprayed are:f they reduced quack _

grass forage we1ght by abqﬁt)47% and rh1zome W ght by about 60% [ -

J o

‘%compared w1th the we1ghts from correspond1ng areas not cropped

Q

7(A1though oats and rye, ‘in this exper1ment (a- 2), were apparently equaTTy p
feffect1ve in reduc1ng quack grass regrowth oats produced more than fourl,

‘times more forage in both sprayed and unsprayed p]ots (tr 1 and 5)

'than spr1ng seeded w1nter rye grown 1n comparab]e treatments (tr 2
and 6) The results of exper;ment a- 1 were similar to the resu]ts

aTready d1scussed for exper1ment a- 2 (a 1 resu]ts were not put in a
N : t/ / ‘ . . P S

\
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: table since the experiment consisted of unrep11cated plots. ) In
additlon however, since the rapeseed" and buckwheat in a-2 were |
discarded because of the great var1ab111ty in estab11shment and in
growth, the observatwons and resu]ts for these crops grown in
experiment a-1, indicated that their compet1tu§§ ability exceeded that '
-of oats rye and bar]ey. Bariey was included only in exper1ment a-1, |
but, Judg1ng by the ]1m1ted data ava1]ab1e, it was comparable -to oats
and rye in cowpet1t1ve ab1]1ty Another exper1ment in section d »
prOV1des more 1nformat1on on the re]at1ve compet1t1ve ab111t1es of
oats, rapeseed, buckwheat and rye | |

b. Extended reduction of quack grass by winter rye ségggg

v 3

in fa]l 1972 after spray: treatments and seed1ng of

;oats in sprlnq 1072

G]yphosate appllcatlon and cropp1ng w1th oats in the spr1ng v
of 1972 fol]owed by post harvest Seed1ng of rye in the fa]l .of that
year (tr 1 table 17) régu;ted in quack grass in 1973 being only 7%

- of that grow1ng in the cu]t1vated contro] (tr B) A]so, regrowth of
"_ quack grass 1n 1973 after compet1t1on with w1nter rye was not much
‘{,greater than regrowth oresent at harvest t1re in the same p]ots}.
t'1n 1972 after spray1ng and seed1ng fo oats (tr 1, tab]e 16)

ihesu]ts of the treatment 1nuolv1ng cu1t1vat1on seed1ng and harvest1ng

g™

‘ lOats before seedlng wlnter rye 1n 1972 (tr 2, tab]e 17) were, by 1973

not SIgn1f1cant1y d1fferent from treatment 1 wh1ch 1nc1uded g]yphosate
;spraying before seeding oats.‘ The crop sequence w1thout spray1ng had
'quack grass shoot counts of 31‘ and rhlzome we1ghts of 39% of the -

corresponding f1gures for the cu]t1vated contro] (tr 3) Forage we1ghts

of quack grass 1n th1s treatment on the other hand were not
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~in th1s exper1ment was much g\sater than it was in the year follow1ng

'}1n1972' S o CoE

73

Sign?gﬁcantly different from the control. In 1973 w1nter rye, in

L}
4

treatment 2, reduced the shoot counts but forage and rhizomes had

A3

1ncreased compared to quack grass regrowth in the fa]] of 1972, in

the same plots; when the oats were. harvested (tr 5, table 16)..

Observatxons, in the fall of 1973 of p]ots spnéyed with g]yphosate LA

in the spr1ng of 1972 but not 'seeded (tr 3, tab]e 16), 1nd1cated that
quack grass had regrown profuse]y and was comparab]e to that of the
plots. which were cultivated tw1ce in the spring of*1972 (tr 7 tab]e 16)
v;-a1n in the fall- (tr»3 table 17) in this w1nter rye

““over,.the regrowth of quack grass in the sprayed p]ots,

/
glyphosate applications in exper1ment 1b (tab]e 13 tr 2, 3, 4). . Since

both exper1ments, 1b and 3a, were conducted on pat@hes of quacP grass
s

"of 51m11ar dens1ty and in the same soi] type and in close prox1m1ty

to each other, there 'sgems to be'no def1n1te exp1anat1on for the

vextent of the d1fferences 1n regrowth D1fferences 1n t1m1ng of the

koperations may, however have had some effect 1n thlS connect1on

Rye forage product1on 1n treatment 1 (spray, cu]tlvate seed oats

n sprlng, 1972 cu1t1vate and seed rye in the fa]] table 18l was g

4

o s1gn1flcant1y deferent than it was 1n treatment 2 (cu]t1vate tw1ce, '

'seed oats in. 1972 cu1t1vate, seed gye in the fa]] 1972), a]th&ugh

seed’ product1on :was not s1gn1f1cant1y d1fferent between treatments

'Forage product1on of rye in both treatments 1n 19/3 ‘on the other hand

was greater than oat. product1on in these same’ plgts (tr 1, 5, table 16)

“In summary, oats fo]]owﬁng g]yphosate spray dur1ng the 1n1t1a]

,1'4‘
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crop year induced greater reductions in quack grass than occurred'when
‘;oats were seeded on. unsprayed cu1t1vated land. Although th1s difference

,djd not per51st w1th rye during 1973 there cont1nued to be a very .

7gn1f1cant dwfference with regard to retardat1on of re1nvas1on of

'uack grass 9n the cropped areas 1n contrast with the uncropped '

LS ; o

contro Also forage we1ghts of rye for treatments 1nvo]v1ng glyphosate

. and.5| table 16). - . N

c. Oats and rye competition with quack grass with or

s w1thout fa]?d}972 or spr1ng 1973 g]yphosate treatments

. w., )
2 Treatments 1nvo1v1ng g]yphosate sprays resulted 1n comparable

1eve1s of quack grass c0ntro1 whether cu]t1vat1on or cu1t1vat1on and

seeb1ng of crops folJowed Spray1ng (table 19) However, these treatments V
‘\,\ \1‘3 - N
j : w&ﬂ&rs1gn1f1cant]y more effect1ve 1n reduc1ng quack grass than those
o /
treatments involving cu1t1vat1on w1th or w1thout subsequent seed1ng of

s

crops, w1th two except1ons the treatment cu1t1vate fa]], cu]tivate

{

sprlng, seed oats (tr 7) had forage and rh1zome we1ghts but not shoot -

gf';t,count reduct1ons comparab]e to the sprayed~plots the treatment

. ',;cu1t1vate two t1mes in spr1ng and seed oats (tr 11) had rh1zome reduc- '

-

- ;t1ons but not shoot count or. forage we1ght reduct1ons comparab]e to
_the spray fa]l, cu1t1vate fall, leave treatment'(tr'Z) ~In comparing
f'treatments 1nvo1v1ng on]y cu]t1vat1on the treatment cu1t1vate fa]l

ﬁ
cu1t1vate spr1ng, seed oats (tr. 7) was’ the most effectwve in reduc1ng

quack grass regrowth ~In compar1son w1th the unseeded control the

crop 1nduced an add1t1ona] 67 'reduct1on.of quack.grass. ;It waSQ
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:n51gn1f1cantly better than the correspondlng treatment wh1ch was not
'tsbwn to a crop (tr 8) Also the treatments, cu]t1vate twice in the_‘"
spring, seed oats" (tr 11), and cuTt1vate twwce in the faTT, seed

Y

o rye (tr 3), aTthough show1ng no d1fferences between the treatments,_'“

d1d g1ve1ev1dence of the compet1t1ve effects of these crops They

i

'ﬂ‘prov1ded s1gn1f1cant]y better quack grass control than the respect1ve '

.Tlcontrol treatments which were not seeded to crops (tr 12 and 4)
Crop forage weights and seed yields of oats and rye grown 1n
pTots treated with glyphosate were not s1gn1f1cant1y d1fferent from
v»each other. However they were s1gn1f1cant1y better than the crop
| yields from oats and rye so@? tn%% pTots rece1v1ng onTy cultivation

prior to seeding (tabTe 20) This can be attr1buted to the fact

'.1nd1cated earller that quack. grass reduct1ons were greatest in pTots p

rece1v1ng gTyphosate treatments< ApparentTy oats and rye ‘as -
_managed in the exper1ment .were equally effectlve compet1tors aga1nst
fquack grass and/the1r y1ers were about equaTTy 1mproved by the use |

‘¢of gTyphosatedspray, viz. about 50”‘ The assoc1ated reduct10n

in quack grass forage and” rh1zomes was approx1mate1y 92» of the amount4»3'f?i"

present in the crops not rece1v1ng spray in add1t1on to cu1t1vat1on

: -~
v d. Crop compet1t1on with quack grass with or W1thout

g]yphosate app11 cation in 1973

Treatments 1-6 (tabTe 21), all 1nvoTv1ng gTyphosate averaoe&:

'about 97” controT of quack grass compared to the treatment cuTt1vate,

leave (tr14). These treatments produced 51gn1f1cantTy better controT

“withf one exceptlon (tr 7: cuntxvate, seed rye, mow f1ve t1mes); than

'trea ments wh1ch were e1ther w1thout spray1ng or w1thout cropp1ng

s

»
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' Also,.treatment 6 (spray,»leave); has data which, although not signifi- ..

cantly different from treatments,l-S does indicate poorer quack grass"

control than was ach1eved by the spray plus cropp1ng procedure.
Treatment 7 (rye seeded after cultivation and mowed five times to
simulate grazing), had about 85% less quack‘grass than the cultivate,
leave treatment (tr 14). As noted above, results of treatment 7 were
not significantly inferior to the spray treatments, and with the

exception of a comparable anoUnt of rhizomes after treatment 10

(cu]tlvate, seed oats), were distinctly better for reducing quack grass -

-

, than were the, procedures 1nvolv1ng cultivation fo]lowed oy qyops
harvested once at the end of the season (tr 10-13, table 22).  Even
repeated mowings of quack grass without a compet1ng rye crop (tr 9
table 21) had some, though smal]er -advantage over such crops |
. Oats (tr 2) and rapeseed (tr 3) grown -in p]ots where quack grass
was sprayed with g]yphosate prlor to seed1ng, produced comparab]e
quant1t1es of crop forage but oats had a s1gn1f1cant1y higher seed -
yield (tab]e 23) Buckwneat (tr 1) sown into p]ots sprayed w1th
| 'gﬂyphosate pr1or to seed1ng had forage y1e1ds comparab]e to those for
41 rapeseed _ F1gure 9 shows rapeseed groﬁgng in a. p]ot wh1ch was only
"cu1t1vated pn1or to. seed1ng and f1gure 10 1nd1cates rapeseed grown
in a p]ot spra ed-with glyphosate pr1or tQ seed;ngg Crop’ forage
- we1ghts from crops grown 1n sprayed p]ots in th1s exper1ment were &
comparab]e to crop -forage y1e1ds taken from adJacent crops grown . in -
. weed free plots., e el S e

Oats grown in cu]tivated p]ots (tr 10) not only produced forage

y1e1ds comparab]e to buckwheat (tr 1) and rye (tr 4 and 5) grown on

~

nﬁ
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Figure  9. , ‘Exteﬁ‘sive.fegrowthv bf d,ua“c'k.' grass af}er 'on1_y' "cmtivatioh
) v, g priior to seeding rapeseéd. ’ vContras't;_Sﬁth ‘g';]yp"h‘.osa’t‘e._ .
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- Near absence of quack grass regrowth af;;er glyphosate

. spray at 2. 80 kg/ha prior to cu]twatmn and seedmg

‘ rapeseed,
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sprayed land Atable 23) but was affected less by quack grass compet1t1on
N\
:(table 22) than all crops grown in p]ots that were not sprayed but °
only cu1t1vated prior to seed1ng and wh1ch were harvested once }n the

fall.: Oats grown in cultivated p]ots also produced s1gn1f1cant]y more
S .

- seed than rapeseed grown orf cu1t1va¢ed land.

-Oats, whether grown in plots sprayed or. cu1t1vated prlor to
seeding, reduced quack grass as much’or more than -did other crops sown-’
after 51m11ar preseed1ng treatments. This and the factrthat oat

.yields from sprayed or cult1vated p]ots were again,-as good or better

- ~than other crops grown in p]ots w1th 51m1lar preseed1nq treatments —

suggests that oats was the best crop compet1tor
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In greenhouse experwments herb1c1dal effectsjof glyphosate on
ybquack grass rhizomes after spraylng srng]e shoots grow1ng from o
’; severed sect1ons of the rh120me were s1m11ar to the effects of spray1ng
'correspondlng shoots from the same total length of 1ntact rh1zome

Th1s suggests that, under . f1e1d cond1t1ons, t1]1age to break rh1zomes |
prlor to spray1ng shoot regrowﬁh may be of no advantage for the actlon
of glyphosate ,* o 3 T , .«

'4 Results from spraying g]yphosate on either the end or central

-shoots of rhlzomes, in greenhouse flats, showed that herb1c1da1 action

occurred both toward and away from the parent plant end of the rh1zomes.

~ '

OccaSIOnally shoots along a rhizome remained 11v1ng, apparently partla]]y

by- pas3ed by the herb1c1de, vhile -shoots rore remote from ‘the s1te qf

b{ treatment d1ed Some s1m1lar effects occurred in the f1e]d 1nd1cated
~by- sma]] Tive sect1ons of excavated rh1zome between dead portlons of |
the same rhlzome | .

There were some tox1c effects on rapeseed and buckwheat sown’ 1n
:5011 sprayed with h1gh dosages of glyphosate (4. 48 6 72 and 8. 96
.kq/ha for rapeseed and 8 96 kg/ha for buckwheat) and grown 1 the-
growth. chamber but there was no detectable ev1dence of any effects on
- any of the crops in areas treated w1th 2.8 ko/ha in the f1e1d. “ |
’w Field experiments on cropland 1nvolv1ng cult1vat1on fourteen
days after spr1ng spraying of dense quack grass stands when its top
]growth had died, indicated that a dosage between 2.24 and 3.36 kg/ha
a.e. of, glyphosate was opt1mum There was genera]]y less 1mprovement
of results by 1ncreasfng the rate from 2.24 to 3.36 kg/ha than from 1. 12
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to 2.24, kg/ha. In a11 cases, g]yphosate spray at 2 48 kg{ha followed by, .
ucu1t1vat1on was more effect1ve for quack grass control tﬁ;ﬁﬂ&u?tivat1on
folvowed by cu1t1vat1on at correSponding t1mes v
F1e1dwapp11cat1ons of g]yphosate;to quack'graSS-in earjy heading
stage after'no Sprfng cultiyation,:and not fol]dwed by'cultivation,
, w/ye as effect1ve dur1ng the f1rst summer (1??2) as, when cultivation
followed such spray1n§\‘ Moreover, quack grass sprayed at the ‘same
’t1me, in a vegetative 2-4 leaf stage of regrowth after spr1ng cu1t1-l
vat1on, then cu1t1vated aga1n sixteen days after spray1ng, was,
‘COntrolled as effect1ve]y<as it was-by the foregoing procedures ‘
inuolving spraygig at head1ng t1me : Howeyer;“during-1973 there'was -'“.
more regrowth in the plots wh1ch had been cu]t1vated after spray1ng
at head1ng t1me in 1972 than there was 1n‘either the plots undisturbed
~ after such. spray1ng, or in the p]otsfcu1t1vated aga1n after spray1ng at
the vegetat1ve stage in 1972. | ‘
| F1e1d spray1ng of g]yphosate on quack grass at heading stage in
July, followed: by removal of all top growth by mow1ng at d1fferent :
times, delayed up to fifteen days.after spray1ng, 1nd1cated that. no .
more than two days delay were necessary to permit max1mum herb1c1da1
- effect on 11m1tat1onfof regrowth from thevrh1zomes dur1ng a period
:.of more than two months after spray1ng )
_ There was v1gorous compet1t1on of seeded quack~grass, in. 1ts
"seed11ng season, with oats, buckwheat rapeseed -and spr1ng sown
’-w1nter rye in the f1e1d The crops 1n order of decreaSIng effect

"against the quack grass were oats buckwheat wlnter rye and rapeseed;

' Oats gave - the h1ghest_y1e1d of-forage and seed. Treatments 1nvo]v1ng

) <
‘
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-g]yphosate sprays on dense, estab11shed qhack grass fo]lowed by cropp1ng
with" oats, rapeseed, buckwheat and w1nter rye reducgd\quggﬁ.grass about
;97% compared w1th cu1t1vated uncropped controls. Spring sown crops
:planted in p]ots cu]t1vated but not sprayed\p{;or toiseeding,vreduced
quack grass regrowth (forage and rh1zomes) n average of from 15

to 60% compared to the’éult1vated uncropped control. Howeveri cropsl '
grown 1n these plots suffered y1eld losses of between 50 and 80%

’ compared to crop product1on in sprayed p]ots Oats had the greatest
l?effects on quack grass reduct1ons and a]so prodeted the greatest crop
.y1e1ds Rapeseed and buckwheat had somewhat less effect .on quack grass
and - poo;er y1e1ds than oats Spring seeded w1nter rye suffered the
greatest losses” f?om quack grass compet1t1on and also had the ]east y:‘,‘
effect on the quack grass However, another treatment 1nvo]v1ng -
cult1vated unsprayed quack crass -which was sown to winter rye in -

:spr1ng and mowed five times dur1ng the grow1ng season to simulate

f pasturlng, resulted in qua k grass control comparable to s, '

'-h the glyphosate and cr63p1ng treatments ‘}" ' . ,

| Hlnter rye seeded in the fa]l 1mmed1ate]y after harvestwng oats]

' grown on. quack grass 1nfested land-sprayed w1th g]yphosate in_the |

| prev1ous spr1ng, apprec1ab1y reduced recovery of quack grass dur1ng "5
, the follow1ng year _“ ‘ . " o ' |

Fall seeded rye and Spr1ng seeded ‘oats on quack grass 1and not (

1n crop the prev1ous summer were equa]]y product1ve and’ near]y equa]]y

. L 4
_effective 1n 11m1t1ng growth of quack grass. Oats may have been '

| <somewhat super1or Both_crops produced-about-SO% more y1e1d_on_sprayed '}‘

- plots than on unsprayed controls,'andgreductfons_in quack grass forage
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" and rhizomes were approximate]y'in’of the amount present in the crops

89

‘not receiving-spray‘in adaﬁtion to cultivation.” Also cult%vatjons
twice 1n the fa]] or tw1ce in. the spring were less effect1ve in’
reducing quatk grass than one cu]twvat1on in the fall and another
cu1t1vat1on in the spring. A‘ | '

Fall treatments 1nvolv1ngtg]ypnosate.were more ef?ective‘than
cu1t1vat1on alone, “but no more benef1c1a1 fer quack grass contro] and

: crop product1on ‘than correspond1ng spr1ng\ygray treatments pr1or
- to seed1ng the crop.
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