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Weed Management with Reduced Rates of Glyphosate in No-Till, Narrow-Row,

Glyphosate-Resistant Soybean (Glycine max)'
JIMMY D. WAIT, WILLIAM G. JOHNSON, und RAYMOND E. MASSEY*

Abstract: Field studics were conducted at twe locations in 1997 and 1998 to evaluale crop injury,
weed control, yield, and net economic returns of single and sequential postemergence applications
of labeled and reduced rates of glyphosate to no-ill, glyphosate-resistant soybean planted in narrow
rows. Sequential applications provided at least 91% conirel of gianl [oxtail, while single applications
provided at least 86% control with lubeled rates and 68-93% control with reduced rales, Common
waterhemp comrol was slightly higher with sequential vs. single (reatments and with labeled rates
ve. reduced rates. Velvetleaf control was greater than 96% with all weatments. Common cocklebur
control was 90% or higher with all treatments except a single application of glyphosate al 210 gfha.
Lower control of giant foxtail and commeon waterhemp with single-application. reduced-rate treat-
ments in two of the four Irials resulted in lower yields, Overall, sequential applications, regardless
of rate, provided greater weed control, yield, and net income and lower cocfficients of variation
(C.V.5) of net income than reduced-rate single applications. Single-applicalion treatments showed a
trend of decreased weed control, yield, and net income and cr C.V.s of net income wilh redoced
rates of glyphosate.

Nomenclature: Glyphosale, N-(phosphonomethyljglycine; giant foxtail, Sefaria Jubert L, # SETFA;
common cocklehur, Xesrhian strumarin L. # XANST, common waterhemp, Amaranthus rudis
Saver # AMATA; velvetleaf, Abutilon theophrasti Medik., # ABUTH: soybean. Giycine max (L.}
Merr. *Pioneer 9363RR.

Additional index words: Economic returns, soybean yield, ABUTH, AMATA, SETFA. XANST,
Abbreviations: C.V., coetficient of variation; EPOST. early postemergence: EPE carly preplant; fb,

[ollowed by; MPOST, midpostemergence; SD, standard deviation.

INTRODUCTION

No-Gll soyhean production has increased in recenl
years [0 the extent that almost 50% of the soybean hect-
ares planted in Missouri are planted no-till (CTIC 1996).
As no-till systems have been adopted, the average row
width of soybean planted in Missouri has deereased. In
1989, 24% of the soybean hectares planted in Missourl
were in rows of 25 cm or less, whereas in 1997, that
number had misen to 48% (USDA 1997). A contributing
factor to this trend is research that has shown that sov-
hean grown in narrow rows will close the canopy more
quickly, suppress weeds by shading the soil more rap-
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idly, and provide more uniform soybean root distribution
(Burnside 1979; Carey and DeFelice 1991). The com-
binaten of reduced Gllage and narrow rows, along with
predictions that over 70% of the soybean hectares plant-
ed in the future will be glyphosale resistant, requires that
information be generated regarding the appropriaic use
of glyphosate in these production systems.

Several studics have shown that reduced racs of her-
bicides can provide adequate weed conirol. soybean
yield, and net retums in both convendonal and no-iill
produclion systems (DeFelice et al. 1989; Devlin et al.
1991: Tohnson et al. 1997, 1998; Prostko and Meade
1993). These studies included evaluations of soil-applied
and postemergence herbicides other than glyphosate.

The efficacy of glyphosate on some annual weeds in
conventional-till systems has been documented. In stud-
ics without the utilization ol a crop, acceplable control
of giant foxtail, fall panicum (Panicum dichotomifiorwn
Michx.), and redroot pigweed (Amaranihus retroflexus
L.) was attained with glyphosate applied early post
emergence (EPOST) or midpestemergence {MPOST)
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Tabfe 1. Planting, spray spplication, and hirvest dotes in no-Gill, nanw-row,
slyphosato-resistant sayhean ot Columbia wnd Novely, MO in 1997 and
1995,

Colunbia Nowelty

Cperation 1597 199K 190
EPr Agril 2 May 4 May 3
Hlaniing May 7 My 11 May 15
EPOST Ju 2 tune 140
MPOST June X June 25
Regrowth on

EPOST Yune 3} Tune 19,23 July 2 Tuly 1,8
Regrowth on

MEOST July T Tuue 24 July 21 uly 14
Hareest Ouluber 17 Cicloher 14 Deieber 3 Seplemher 28

arly poseanergence applialian i wocds 0o
idpostemergenee application o 5- o 10-em-tall
pilication Lo ceurosth of weeds non mace Uiin

"EPOST ireatment, regrowl, on MPOST, appheacinn
ot more fhian 7.6 e tall following the MPOST weat-

(Jordan et al. 1997 Krausz ¢t al. 1996). In these same
studies. marginal control of pitled [fpomoea lacunosa
(L) Jacy.| and entireleaf morningglory (Ipamoea hed-
eracea L), velvetleaf, and prickly sida (Sida spinosa L.)
was reported when applications were made MPOST vs.
EPOST timing. However. effective herbicide programs
combined with a competitive crop canopy arc needed to
provide the necessary weed-free interval to achieve full
yield potential (Burnside and Colville 1964; Johnson et
al. 1997, 1998; Wax el al. 1977), especially il herbicides
without soil residual activity are utilized. Published re-
search is lacking on the utilization of glyphosate in no-
tll, narrow-row. glyphosate-resistant soybean. With the
low commaodity prices experienced in the lule 19905 and
ncreased interest in no-till. narrow-row soybean produc-
tion, rescarch that investigates the use of glyphosate
alone al [ull and reduced rates in no-till, narrow-row,
glyphosate-resistant soybean will be useful in formulat-
ing weed management strategies.

The objective of this research was to investigate soy-
bean injury, weed conlrol, vield, and net cconomic re-
wrng of labeled and reduced rates of glyphosate in no-
Ull. narrow-row, glyphosale-resistant soybean.

MATERIALS AND METHODS

Field experiments were conducted in 1997 and 1998
near Columbia and Novelty, MO, Soil type for the Co-
lumbia site located in central Missowrd was a Mexico silt
loam (fine, montmorillonitic, mesic, Udollic Qchra-
qualfs) with pH 6.8, soil organic matter content of 2.7%,
and soil textural fractions of 7% sund, 73% silt, and 19%
clay. Soil type for the Novelly location in northern Mis-
souri was also a Mexico silt loam (fine, montmorillon-
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air tempernire and precipitation May-Ocinier ar Calumbia
. i 1957 amd 1998,

Temperaiuie Preemitatinn

Calunibia
Manth 1997 1095 1

Novelly

1998 1997 (998

Calumbia

May [ESR] 14 2
June PSSR 5 14
Tuly 23 .28 TRAGE
Aug 23 0 i1 3
Sepl. . n T
e, oo [T
Mean | HEAlE
— 5160 50

Tl S 2

itic, mesic, Udollic Ochraqualfs) with pH 6.8, soil or-
ganic matter of 2.7%, and soil textural fractions of 5%
sand. 74% sill, and 19% clay.

The experimental design ar each location was a ran-
domized complete block with four replications. Plot size
was 3 m wide and 10.7 m long. An catly preplunt (EPP)
treatment of glyphosate at 840 g aefha was applied over
the entire experimental area approximately 10-20 d he-
fore planling (o control existing vegelation. ‘Pioncer
9363RR’ soybean was planted no-till into field corn (Zea
mays L.) residue from the previous vear (Table 1). No-
lill drills were used to plant the soybean in 20-cm row
spacings at Columbia and 19-cm row spacings at Nov-
elly. Soybean was sceded 2.5-4.0 cm deep at a rate of
approximately 95 kg/ha, Weather data for the locations
are shown in Table 2.

All postemergence applications were made with CO.-
pressurized backpack sprayers equipped with
XRBOMIVS! cxtended-range fat-fan nozzles, with a
spray pressure between 117 and 172 kPa and a spray
volume of 187 L/ha. The reduced-rate treatments were
initially applied EPOST to weeds no more than 5 cm tall
and included glyphosate at 420, 420 followed hy (fh)
210, 210, and 210 b 105 g ae/ha, The labeled-rate treat-
ments were initially applied MPOST to 5- to 10-cmi-tall
weeds and included glyphosate al 840, 840 fh 420, 630,
and 630 fb 420 g ae/ha, All sequential treatments were
applied when regrowth/reinfestation of weeds was ap-
proximately 7.6 em. All reatments contained ammonium
sulfate at 3.8 kg/ha,

Visual estimates of soybean injury and weed control
were recorded approximately 5 wk after the nal post-
emergence freatmenl. Crop injury and weed control are
expressed on a 0 (no effect) to 100% (complele plant
death) scale. Soybeuan grain yield was determined by har-
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vesting the center 1.5 mof the plot with 2 plot combine
and adjusting final yield to 13% moisture. All data were
subjected Lo ANOVA, tested for homogeneity, and
pooled over nonsignificant inleractions. Means were sep-
arated with Fisher's Protected LSD test at P = 0.05.

Economic Analysis. Gross income was caleulated by
multiplying soybean yield in kilograms per hectare har-
vested by 50.24/kg. the $-yr average soybean price in
Missouri. Production expenses included the cost of gly-
phosate, ammonium sulfate, the custom herbicide appli-
cation [ee, and the seed tcchuology fee. The prices for
glyphosate (87 92/}, ammonium sulfate ($0.46/kg). and
the custom application fee (S11.12) were based on a sur-
vey of dealer prices in December 1998, The soybean
sced technology fee used was $24.09/ma. The cost for
herbicide, ammonium sulfale, and custom application for
the EPP burndown applicalion was included in the pro-
duction cost of all ireatments. The production costs for
the single-application treatments wore $97.67, $91.65,
$85.63, and $79.61/ha for Lhe 840, 630, 420, and 210 g
aefha treatments, respectively, The production costs for
the scquential application lrcatments were 4128 44,
$116.40, $103.37, and §95.34/ha for the 840 tb 420, 630
b 420 fb 210, and 210 fb 105 g ae/ha treatments, re-
spectively. The production cost for the nontreated check
was $60.87/ha. Net income was determined by subtract-
ing estimated production costs from gross income for
each treatment in each location. Net income and C.V. of
nel income were calculated for all treatments to quantity
the relative income and risk associated with euch treat-
ment. As C.Vs increase, varability in net income in-
creases, and thus, implied risk associated with a partic-
wlar lrcatment is greater. The frcatments are shown
rarked in order of decreasing net income in Figure 1.

RESULTS AND DISCUSSION

Glyphosate did not injure soybean regardless of ap-
plication rate or timing (data not shown) nt foxtail
control showed a significant year by location interaction.
Gianl foxtail was controlled greater than 90% when gly-
phosate was applied sequentially {Table 3). Shghtly
greater variation in gianl foxtail control was associated
with single vs. sequential treatments. Single treatments
at labeled rates provided at loast 86% control, while sin-
gle treatments al reduced rates controlled giant foxtail
63-93%. Since the reduced-rate treatments were applied
carlier in the growing season than the labeled-rate treat-
ments, the lower control with these early treatments was
due to reinfestation, For the reduced-rate trealments, sin-
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EINot income {/ha X 10]
WC.V. of net Income (%)

840 followed by 420 [

420 followed by 210

£30 followed by 420

210 followed by 106 mwmzlrxrﬂm 84

340 63

Glyphosate rate (g ae/ha)

sontted

Fignre 7. Net income angd CN af
wte-tesistant soyboan reed
hosate al Colombia and Nowvely, M), in

1997 and 1998,

gle applications controlled giant foxtail less effectively
than sequential reatments in seven of cight comparisons.
When applied at manufacturers” suggested ratcs, single
applications were less effeclive than sequential treat-
ments in only two out of eight comparisons. This indi-
cates that with single treatments, labeled rates provided
belter conirol overall than reduced rates. Sequential
treatments, however, provided equivalent control of giant
foxtail regardless of rate.

Common waterhemp control also showed a significant
year by location interaction. With all sequential treal-
ments, common waterhemp was controlled at least 95%.
with the exception of the 210 fb 105 g/ha lreatment al
Novelly in 1998 (76% control) (Table 3). Single-applhi-
cation treatments provided equal levels of common wa-
terhemp control at Columbia in 1997 and 1998 and al
Naovelly in 1997, ranging from 85 to 99%. However, in
1998 at Novelly, both reduced-rate single treatments pro-
vided na more than 76% coutrol, Excessive rain and wel
soil conditions at this location reduced soybean stand,
resulting in delayed cunopy closure and allowing addi-
tional emergence of common waterhemp after the re-
dueed-rate treatments were applied. This most likely
contributed to poor control by glyphosate at reduced
rates. Overall, single treatments of labeled rates and all
sequential treatments, regardless of rate, provided greater
{han 854 control. Results emphasize the importance of
canopy closure and crop compelition in managing a

Wolume 13, lsue 3 {July-Seprember) 1999



WEED TECHNOLOGY

Table 3. Weed centcel al § wk after wreatment in no-till, narrow-row. glyphosate-resistunl suybean at Columbia and Nawelry, MO, in 1497 and 1995,

Giiant foxtail

Commun wiletemp

Columbia Novelty Calumbia Novely Common
e e eockle-
Rate Timiigt 1097 1098 1997 [98R 1947 IGUE  1WT 19§ bur-
g e o
Clyphosute 840 MPOST 93 95 6 99 a1 38 3 a1 o 93
Glyphossic th w10 MPOST 9w 100 g w vy 100 9 99 59 £
phosie 420 F.h-cm regrosith
Clyphosals 630 MPOST g u L7l 9% ) ] ud w0 w3
Gilyphnsate (b 630 MPOST g "o Y £ 10 57 9 w0 w
elyphosate 4211 76em regrowth
Glyphusate 420 EPOST K o3 7% 68 &5 5 [ 56 s uw
Cilyphosate fh 420 EFOST e [ ul w 96 09 a9 99 99 1w
phosare 210 7 fr-cm regrosh
Cilyphusate 210 EPOST 4 58 i 7 89 %0 £ 6 w7 h
210 EPOST 46 100 7 96 93 1 a0 k3 98 £
3 Taeem regrowih

* All treutments received un EPP application of glyposate at 530 g acfha. NS, nat significant.

* All treamments inchided 3% kefha of ammuniom sulfute.

“EPOST, carly prstomergence application to weeds aot more than 3 am tall: MPOST, midpostermergence applic
the EPOST or MPOST e

megronwth, wpplicelion W weeds aot more i 7.6 ¢ tall follawin
3 Velvetleal cantrol wt Columbia in 1998 und Novelly in 1997 and 1998,
* Comman cocklconr conirnl at Columbiu and Novelly 1907 and 1998,

weed such as common walerhemp, which has the abil
to emerge throughout the growing season,

Velvetleal and common cocklebur control data
showed no significant year by location interactions. Vel-
vetleaf and some anuual grasses have been reporled
be difficult to control with glyphosate when weeds are
large and weather conditions dry at application (ime
(Buhler and Burnside 1983; Jordan el al. 1997; Krausz
etal. 1996). In our research, velvelleal plants were small
(<< 7.6 cm) and aclively growing when glyphosale was
applied, and control was greater than 95% (Table 3).
Common cocklebur control was at least 90% with all
treatments, except with a single application of 210 g/hu
(86% control). Sequential treatments provided shightly
greater control than single treatments, although differ-
ences were not always statistically significant.

Soybcan yields showed a significant year by location
interaction. Yields for all herbicide treatments were
greater than the nontreated control {Table 4). In 1998 at
Columbia and in 1997 at Novelty. no significant differ-
cnees in yield were noted among any herbicide treat-
ments. At Columbia in 1997, single applications of re-
duced rates of glyphosate and in 1998 at Novelty a single
application of 210 g/ha glyphesate yiclded less than the
other glyphosate treatments. These treatments also pro-
vided the lowest control of giant foxtail and common
waterhermp in these specific trials. Soybean yiclds at Co-
lumbia in 1997 and at Novely in 1998 were slightly

v
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n to 3o fo H-omeall weeds: Thcm

lower than the other site years, Soybean germination and
stands were adversely affected by cool, wel growing
conditions and phytophthera {Phytophthera sojae) dis-
case (L. Sweets, personal communication) at these (wo
sites. The reduced stands provided less soybean leal can-
opy and subsequently allowed giant foxtail and common
waterhemp to germinate more readily and compele with
the soybean crop. resulting in reduced weed control and
soybean yield.

As a result of slightly better weed control, vields tend-
ed Lo be higher with the sequential applications than with
single applications, although the differences were not al-
ways slatistically signifieant (Table 4). Yield means over
all site years [or both single and sequential applications
tended Lo decrease as herbicide rate decreased. The stan-
dard deviaion (SD) of yicld tended to be lower with
single applications of labeled rates of glyphosate when
compured with single applications of reduced rates. This
would indicate more variation in yicld with reduced rates
than with labeled rates. The scquential treatments had
SDs that were similar, regardless of rate, implying less
variability in yield vs. single-application treatments.

The treatments were ranked by nel income, and C. Vs
of net income were calculaled lo determine the amount
of variation within treatmenls in an allempt (o cvaluate
potential risk associated with each treaunent {Figure 1).
Although differences in boih net income and C.V. of net
income were small, several trends were noled. First, as
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Tubie 4, Suybean yied in w-Gll, narow-row, glyphosate-cesistant soybean at Colmtia and Novelry,
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MO, in 1997 and 1998,

Snyhean vield
TR ——
Colnmhis Navehy it
Rale Timing? 1947 1908 uy7 198 Meant 50
g aciha -
50 355
» 840 391
420 B
Glyphusaie 63 MEDST 3306 3541 1071 3130 401
Gilyphusate 13 630 MPOST 3642 3340 3058 3144 sl
glyphosaie Ftn fegrowh
Cilyphusats EPOST 3,501 128 2054 542
Glyphosate (b EPOST 1600 3183 454
7eemn regeowih
EPOST 2 3447 3259 2316 520
LPOST 19 3541 3313 1052 190
Theem regeawth
1344 2308 1549 1310 1302 471

LS {0.05)

+ All treatments received an GPP application uf glyphosate at 840 3 acfha.
* All treacments included 34 kgtha ammanium sulfate.
+ Abbreviations: BPOST, early
7em regroneths, application 1o
© Mo
 Standaed devintion of vield for buth yews and lncalions

wsternergence Appli
. swtly of weeds Tellowing the
of snyheat vield Far holh yeacs and locations.

net income decreased, C.V. of net income tended to in-
erease. Second, sequential applications of glyphosate
tended (o have higher net income and lower C.V.s of netl
income than single applications. Finally, as herbicide
rates decrcased, nei income decreased, and C.V. of net
income increased, similar to that observed for johnson-
grass |Sorghum halepense (L.) Pers.] control in soybean
(Johnson et al, 1991). Higher C.V. values are associated
with greater variability in soybean yicld due to variations
in weed control. There were no statistical ditferences. in
yield between (he sequential applications and the single
applications of labeled rates. However, because the C.V.
of net income increased as herbicide rate decreased, this
would indicate that greater variability in net income and
srealer potential risk for the producer would be a con-
cern of the reduced-rate trealments. The single-applica-
tion, reduced-rale treatments did have lower yields in
two of the four tials due (o reduced control of giant
foxtail and common waterhemp. These treatments also
had the highest C.V.3 of net income and the lowest net
income, indicating increased risk to the producer. This
implies that sequential applicadons, regardless of rate,
would provide less variation in weed control, yield, and
net profit compared to the reduced-rate single applica-
tons.

Results from this rescarch suggest that reduced rates
of glyphosate applied scquenally 1o young. actively
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0 le weeds nut acs than § em tall; MPOST

uidpostemergence application WS- to 10-cm-tall weeds
GPOST ar MPOST treatment.

growing weeds can provide acceptable weed control and
soybean yield with favorable net income. Single appli-
catiens of reduced rates generally provided slightly low-
er weed control and net income, Differences in C.Y.s of
net income were small compared fo other economic stud-
ies with a similar net income analysis (Johnson et al.
1997, 1998). This indicates that weed control and soy-
bean yield were very similar with all treatments in this
study and that they were arguably better than reduced
rales of other soybean herbicides. Another advantage Lo
a reduced-rale program with glyphosate in glyphosate-
resistant soybean is flexibility to control a broad spec-
trum of weeds at a relatively low price for glyphosate.
If weed conlrol is not adequate with the initial reduced-
rale application, a second application of glyphosate can
e made rather incxpensively.
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